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Foreword

The Near East and North Africa (NENA) region is naturally exposed to chronic shortage of water and may be fac-
ing the most severe intensification of water scarcity in history. Per capita fresh water availability has decreased 
by two thirds over the last forty years and will probably decrease by another 50% by 2050. Some 15 countries 
in the NENA region fall below the deficiency level of 500 cubic meters per capita per annum of the renewable 
water resources – considered an ‘absolute stress’ – and almost all accessible water resources in the region have 
been already over committed.

Key factors driving this scarcity are known: demographic growth, urban expansion, energy demand and overall 
development, further exacerbated by the negative impact of climate change and the considerable degradation 
of water quality. Competition for water by various users (cities, agriculture, industry, environment, recreation, 
etc.) and the relevance of transboundary water resources in the Region (both as rivers and aquifers) are add-
ing considerable strain to the pursuit of sustainable development. Agriculture, which consumes already more 
than 85% of available fresh water resources in the region, will be the sector suffering most, with possibly major 
consequences for food security and the rural economy.

To address these challenges, FAO has launched a Regional Initiative on Water Scarcity in Near East and North 
Africa to assist countries in identifying and streamlining policies, governance and best practices that can sig-
nificantly sustainably improve agriculture productivity and food security in the region. The initiative is premised 
on the principle that in a so complex field as agricultural water management, and in the enormous diversity of 
situations across the NENA region, there is a strong advantage in seeking structured ways and means beyond 
the national level, to understand challenges and potentials, to learn from experiences, to innovate and scale up 
successful cases. In this context, a Regional Collaborative Strategy has been formulated.

The Regional Collaborative Strategy will complement and complete existing initiatives, will seek structured 
mechanisms to address water scarcity beyond the national level and will provide an agricultural water lens to 
the ‘Arab Water Security Strategy’ (2010-30).

More specifically, this Regional Collaborative Strategy, based on ample consultations with member countries 
and other organizations involved in agricultural water management in the region, puts forward an agenda for 
a comprehensive reform, including a number of options, and indicates innovative implementation modalities, 
including: evidence-based decision-making processes through benchmarking, monitoring, evaluation and re-
porting; sound governance and institutions, including decentralization of agriculture water management and 
empowerment of farmers and farmers groups as full partners, food producers and ultimate managers of soil 
and water resources; synergies in innovation and learning based on exchange of solutions amongst practition-
ers within and outside the Region; and an all-inclusive multi-stakeholder approach to changes. The Regional 
Collaborative Strategy will be implemented through regional and national action plans, supported by FAO and 
Partners.

The present report “Towards a Regional Collaborative Strategy on Sustainable Agricultural Water Manage-
ment and Food Security in the Near East and North Africa” is a second edition presenting the elements of the 
Regional Collaborative Strategy that will be an ongoing and dynamic framework, in continuous consolidation 
and progress towards the sustainable intensification of agricultural production under water-scarce conditions.

Mr Abdessalam OuldAhmed
Assistant Director General, FAO

Near East and North Africa Region

Mr Pasquale Steduto
   Delivery Manager of the

Regional Initiative on Water Scarcity
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Introduction

Main messages

Agricultural water management is critical to boosting agricultural productivity, improving food security 
and sustaining water resources in the Near East and North Africa (NENA) region. The Food and Agriculture 
Organization of the United Nation’s (FAO) Regional Initiative on Water Scarcity in the NENA region proposes 
a regional collaborative strategy on agricultural water management and a regional partnership which will 
work closely with the Arab Strategy for Water Security and other regional or sub-regional strategies

.The current document – “Towards a Regional Collaborative Strategy on Sustainable Agricultural Water 
Management and Food Security in the Near East and North Africa” - comprises a stocktaking and 
assessment, and proposals for improvements in agricultural water management in the region which 
could be adopted by NENA countries and institutions and supported by FAO and other regional and 
international partners.

Activities and interventions in this report have yet to be filtered in terms of potential and unintended 
consequences that may arise in different biophysical and societal contexts. This will take place as the 
Regional Strategy will further develop.

FAO’s Regional Initiative on Water Scarcity in 
the Near East and North Africa

NENA region faces the challenges of addressing a 
wide range of complex and intertwined issues associ-
ated with the management of natural resources, par-
ticularly land and water. To address these challenges, 
FAO has launched a Regional Initiative on Water Scar-
city in NENA.

The overall goal of the Initiative is to support mem-
ber countries in identifying and streamlining policies 
and best practices in agricultural water management 
which can contribute to boosting agricultural produc-
tivity, improving food security and sustaining water 
resources.  The Initiative will identify critical areas that 
require action, assist in the formulation of a regional 
collaborative strategy and build broad partnerships to 
support its implementation.

Drawing on FAO’s publication: “Coping with water 
scarcity: An action framework for agriculture and food 
security”, the Initiative will bring new impetus to the 
process of finding sustainable solutions to water scar-
city and food security problems through promoting 
the implementation of cost-effective water invest-
ments, advanced technology and management prac-

tices.  The Initiative will enhance cooperation among 
member countries and between countries and inter-
national and regional partners.  

The Initiative will have two major initial outputs: (i) a 
regional collaborative strategy on sustainable agricul-
tural water management (the ‘Regional Collaborative 
Strategy’); and (ii) a regional partnership to support 
countries in the implementation of the Regional Col-
laborative Strategy.

The Regional Collaborative Strategy

The Regional Collaborative Strategy presented in this 
document is designed to focus on policies, invest-
ments, approaches and practices that are necessary 
to ensure sustainable intensification of agricultural 
production under water-scarce conditions.  In addi-
tion to classic conceptual and empirical approaches, 
the Strategy utilizes innovative assessment method-
ologies in the accounting of the availability and use 
of freshwater resources: (1) a rapid water accounting 
that reviews the current status of water availabil-
ity and use and the potential for further agricultural 
production; (2) a food supply cost curve, a simple but 
powerful method for identifying and ranking options 
for future food supply in terms of their cost; and (3) a 

1
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gap analysis that reviews experiences in policies and 
institutional environments and captures knowledge 
of agricultural water management in the region.1  In 
addition, the Strategy is based on ample consultations 
with countries and other organizations involved in ag-
riculture water management in the region in order to 
capture their experiences and build a partnership for 
the Initiative. A summary of the findings and recom-
mendations of the Regional Collaborative Strategy 
was presented to the 32nd FAO Regional Conference 
for the Near East in February 2014 and endorsed by 
the Conference.  [FAO 2013a:1]

The approach of the Collaborative Strategy is in two 
sequential steps.  The first step examines the question: 
“Where, as a region, does NENA stand today in terms of 
efficiency and sustainability of agricultural water man-
agement and what is the scope for further improving 
efficiency and sustainability through improved policies, 
investments, approaches and practices?”

This step, which is covered by the first three chapters 
of this report, takes account of two significant features 
of the region in respect of agricultural water manage-
ment: the diversity of NENA countries, so that a wide 
range of situations is examined; and the fact that NENA 
countries are generally relatively advanced in agricul-
tural water management compared to other regions, 
which makes the assessment of further potential an 
exacting task.  In this first step, the report conducts a 
stocktaking organized according to major systems of 
agricultural water management, makes intercountry 
and global comparisons, evaluates and benchmarks 
performance and highlights pointers for further devel-
opment.

The second step answers the question: “Where might 
NENA countries go from here in improving the effi-
ciency and sustainability of their agricultural water 
management, and how can country choices be backed 
up and supported at the regional level?”  This step, 
which is covered in the final two chapters of the re-
port, examines options, constraints and trade-offs, rec-
ommends guiding pathways for action and proposes a 
programme of work in support of country decisions.

Integration with the Arab Strategy for Water Se-
curity

In 2009, the Arab Economic Summit in Kuwait request-
ed the Arab Ministerial Council for Water (AMCW) to 
develop a water security strategy to meet the chal-
lenges and future needs for development.  The Arab 
Center for the Study of the Arid Zones and Dry Lands 
(ACSAD) worked with the Technical Secretariat of the 
AMCW to prepare a draft strategy in coordination 
with member states and regional  and international 
organizations.  The resulting Arab Strategy for Wa-
1 Teams from countries in the region have worked to apply these methodologies. 
Three country reports have so far been drafted (Tunisia, Morocco and Oman) and the 
preliminary findings have been incorporated in this Strategy.

ter Security was adopted by a special session of the 
AMCW on 15-16 June 2011 and was approved as a 
guidance document by the Arab Summit in Baghdad 
on 29 March 2012.

The  Arab Strategy for Water Security aims at three 
objectives: (1) improving water services for drinking, 
agriculture and sanitation; (2) protecting shared wa-
ter rights, promoting cooperation on shared water 
and supporting implementation of Millennium De-
velopment Goal (MDG) commitments on water; and 
(3) institutional development and capacity building, 
research, awareness and participation.

Subsequently, the AMCW, working once again with 
ACSAD, has prepared a selective action plan for the 
first five-year phase of implementation of the Arab 
Strategy for Water Security.  

The main axes of the action plan are:

1. Updated information on water
2. Improved implementation of integrated water re-

sources management (IWRM)
3. Strengthened scientific research and technology transfer
4. Improved sanitation and fresh water
5. Enhanced capacity for climate change assess-

ment and adaptation
6. Mechanisms for protection of rights in shared 

watercourses

The main aspects of the Arab Strategy for Water Secu-
rity and its action plan which affect agricultural water 
management are:

•	 IWRM, particularly: (i) issues of water resource 
allocation amongst sectors; (ii) institutional de-
velopment and human capacity building; (iii) 
decentralization and participation (a key theme 
in irrigation management); (iv) water efficiency; 
and (v) the use of nonconventional water.

•	 Scientific research and technology transfer, a key 
area for agricultural water management.

•	 Climate change assessment and adaptation, par-
ticularly: (i) assessment of impacts and vulner-
abilities; (ii) preparation of adaptation measures; 
and (iii) assessment of climate proofing and cli-
mate monitoring options.

Key contributions of the Regional Collaborative Strategy 
will be to provide an agricultural water lens to the Arab 
Strategy for Water Security, to work out the comple-
mentarities between the Arab Strategy for Water Secu-
rity and the more specific agricultural water priorities of 
the Collaborative Strategy and to identify axes of work 
where the Collaborative Strategy can complement the 
Arab Strategy for Water Security and dovetail into it. 



Background on the NENA region
and agricultural water

Main messages

NENA is a very diverse region with some of the richest and some of the poorest countries in the world.  Rapid 
urbanization is changing demand for water and food.  Nearly half the population lives in rural areas, where 40 
percent of the people are poor.  Agriculture remains an important sector.  

Awareness of issues in past water management has grown, and considerable changes have been made.  
Identification of options for next steps is the object of this report.

This section provides a summary background on the 
NENA region and agricultural water.  It looks at eco-
nomic characteristics of NENA countries, including 
key facts on Gross Domestic Project (GDP), at demo-
graphics and their relation to water and at questions 
of poverty and malnutrition. A final part looks specifi-
cally at commonalities and variations in water and 
agricultural water in NENA which affect policy and 
management. 

Economic characteristics of NENA countries

The NENA region comprises 14 low- and middle-
income countries, and several states in the Arabian 
Peninsula which are amongst the wealthiest in the 
world, thanks to their hydrocarbon resources (Ta-
ble 1). Of NENA’s ten largest economies, only Egypt 
and Morocco are not substantial oil exporters. There 
is a wide range in the wealth of NENA nations, with 
some extremely poor countries (three of the poorest 
in the world) and some extremely rich ones (including 
the richest country in the world).  [World Bank 2013]

Table 1: Key facts on GDP of NENA countries

Total GDP GDP annual growth GDP per capita

Countries with annual GDP:
•	 >USD 200 billion annually: Kingdom 

of Saudi Arabia (KSA), Iran, United 
Arab Emirates (UAE) (all oil)

•	 > USD 100 billion annually: Egypt, 
Algeria (oil), Qatar (oil)

•	 > USD 50 billion annually: Kuwait 
(oil), Morocco, Iraq (oil), Libya (oil)

Countries with GDP 
growth averaging:
•	 > 5% annually: 

Qatar, Iraq, Kuwait, 
KSA, Palestine, 
Oman

NENA average: USD 9 600
Range from USD 800 to 55 000 annually
Countries with GDP per capita:
•	 < USD 1 000: Sudan, Mauritania, Yemen
•	 USD 1 000-5 000: Algeria, Egypt, Iran, 

Iraq, Jordan, Morocco, Syria, Tunisia
•	 USD 5 000-15 000: Bahrain, Oman
•	 > USD 15 000: Kuwait, Qatar, UAE, KSA

Source: AQUASTAT; FAO

3
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Population and urban/rural balance 

Demographically the fast growth of cites and indus-
tries is creating ever-increasing demand for munici-
pal and industrial water supplies  

The total population of the region is about 400 million 
people (Table 2).  Two NENA countries are populous 
(over 50 million inhabitants) and eight are medium-
sized countries (over 10 million inhabitants).  NENA 
is relatively urbanized compared to other regions (70 

Table 2: Key facts on demographics of NENA countries

Total population Rural-urban population balance

> 50 million: Egypt, Iran
20-50 million: Algeria, Sudan, Iraq, Morocco, 
KSA, Yemen, Syria
10-20 million: Tunisia

NENA average urban: 70%
Fast urbanizing: average 3.3% yearly
Current urbanization:
•	 > 80% urban: Kuwait, Qatar, Bahrain, Lebanon, KSA, UAE
•	 70-80% urban: Iran, Jordan, Libya, WBG, Oman
•	 < 50% urban: Egypt, Mauritania, Sudan, Yemen

Source: AQUASTAT; FAO

However, rural areas and agriculture remain very im-
portant in most NENA countries, and 38 percent of 
the region’s households are still engaged in farming

Despite the pace of urbanization, there are still about 
170 million rural people in the region.  Of the total 
economically active population of 126 million, 48 mil-
lion (38 percent) are engaged in agriculture, ranging 
from under 5 percent in Lebanon and the Gulf States 
to over 50 percent in Sudan. Rural population growth 
rates – 1.6 percent a year 1990-2004 – are high, and 
the rural population is expected to continue grow-
ing at over 1 percent annually through to 2030.  [FAO 
2001: 83, IFAD/FAO 2007: 70, FAO 2010a]

Table 3: Key facts on poverty and malnourishment in NENA countries

Rural poverty headcount Prevalence of under-nourishment Rural potable water access

Average 34%
Countries with:
•	 > 50%: Yemen, Sudan, 

Mauritania
•	 30-50%: Iraq, Egypt

Countries with more than 25% under-
nourished: 
•	 Iraq, Palestine, Sudan, Yemen

Countries with < 50% of the rural popu-
lation with access to safe drinking water:
•	 Sudan, Yemen, Mauritania

Source: AQUASTAT; FAO

percent of the population region-wide live in towns), 
with only four countries more than 50 percent rural.  
These generally quite dense urbanized populations 
are concentrated in areas where water is available. 
The pace of urbanization is rapid and this is contribut-
ing to fast-rising demand for water supply and sanita-
tion, and for food and agricultural products – increas-
ingly for more water-intensive products like meat and 
dairy.  [World Bank 2013; FAO 2001]

Rural poverty and malnutrition 

Poverty in rural areas is widespread and this trans-
lates into food insecurity and malnutrition 

Today, a quarter of the region’s population is counted 
as poor, and rural poverty is deep and widespread.  
Overall, 34 percent of the region’s rural population are 
poor, ranging from 8 percent in Tunisia to over 80 per-
cent in Sudan (Table 3). Rural unemployment is high, 
averaging about 13 percent, with higher rates for 
women than men, and much higher rates for youth – 
26-53 percent depending on the country. [FAO 2001: 
84, IFAD 2010, FAO/IFAD 2007: 67, 73]
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Poverty affects certain parts especially in the poorest 
nations of the region and hurts high-risk categories 
like women-headed households and the landless

Rural poverty is particularly acute in certain parts of 
the region and under certain specific conditions, and 
is chronic largely for specific countries and vulner-
able segments. In the poorest nations of the region 
– Yemen, Sudan, Mauritania – rural poverty is chronic 
and widespread.  Elsewhere, rural poverty mainly af-
fects three high-risk categories: households headed 
by women, the landless and farm labourers.  [World 
Bank 2013]

Recent data show widespread household food inse-
curity and undernourishment, concentrated in the  
poorest countries

Over one-fifth of the region’s under-five population 
are stunted.  Across the region, rural children are al-
most twice as likely to be underweight as urban chil-
dren. Populations are vulnerable, especially in the 
poorer states, mainly Sudan and Yemen.  In Yemen, 
one of the ten most food insecure countries in the 
world, about 46 percent of the population (some 10.5 
million people) did not have enough food in 2012, and 
almost half of all households (45 percent) are now 
purchasing food on credit. [FAO/IFAD 2007: 66, IFAD 
2010a; World Bank 2013: 2B; www.ipcinfo.org]

Water and agricultural water in NENA: An over-
view of commonalities and variations

The NENA region is quite varied, both between coun-
tries and within countries, in characteristics of agri-
cultural water and in the ways that water is managed. 
There are some common features and some signifi-
cant differences:

•	 NENA is by and large a very water-short region, 
and there are significant challenges to the use 
of water in agriculture stemming from rising de-
mand from other sectors and from depletion of 
nonrenewable resources. 

•	 Nonetheless, four countries have access to very 
significant water resources that flow largely from 
outside their boundaries – Egypt, Sudan, Iraq and 
Syria. Iran has significant internal resources.  

•	 All NENA countries have embraced the spirit of 
integrated water resources management to vary-
ing degrees. Legal and institutional challenges 
vary by country, and results for agricultural water 
management have been mixed.

•	 Groundwater has become a significant source of 
agricultural water across the region, and it has 
been the basis for the rapid growth of new ag-
ricultural economies in the Arabian Peninsula. 

Every country is experiencing the challenge of 
groundwater depletion.

•	 There is generally a high level of development 
of water resources and relatively high levels of 
performance in agricultural water management. 
However, very large differences exist in irrigation 
efficiency and in crop water productivity, and all 
countries face, in varying degrees, challenges 
of efficiency and sustainability, and are seeking 
ways to further raise incomes and employment 
and to reduce poverty.

•	 Agriculture remains important in almost all coun-
tries of the region, and much of that agriculture 
has become market-oriented. However, rainfed 
farming systems still predominate in many coun-
tries, and rainfed farmers face particular chal-
lenges of low productivity and unpredictable 
rainfall, which are growing as climates change.

One factor at the political and institutional level is 
shared across the region. Popular and political aware-
ness of the importance of correct choices in agri-
cultural water management has been raised sharply 
in recent years, particularly as a result of the ‘Arab 
Spring’, and this has opened up criticism of past ap-
proaches and a search for new initiatives. This in-
crease in awareness and participation underpins the 
approach of this Collaborative Strategy.





Chapter 1
The challenge of water and agriculture in NENA 

and the drivers of water scarcity

Main messages

The NENA region is characterized by high levels of water scarcity – it is the most water-scarce region in 
the world – and by a high level of dependence on resources flowing from outside the region. As a very 
arid region, NENA has developed a higher share of its water resources than any other region of the world. 
As a result, water resources are fully or even over-allocated throughout the Region.

Current challenges stem from the fact that there is little scope for further supply development, yet de-
mand is rising fast due to population pressure and the demand for more water for all uses. In particular, 
fast growing cities and rising living standards create pressure for more water for municipal and industrial 
uses, but also create demand for water for agriculture as food demand rises and farmers expect a better 
living. In recent years, water demand for environmental services has become pressing, whilst throughout 
the region the resource is increasingly threatened by climate change.

These challenges set a tough agenda for water in agriculture for the coming years: (i) water resources 
management that promotes efficiency throughout the sector, including the whole food chain; (ii) in-
creases in crop water productivity that can produce more output and provide more income for less 
water in agriculture; (iii) institutional arrangements and land and water management policies and 
practices that incentivize sustainable and productive water use; and (iv) heeding the voice of the en-
vironment. 

  

This chapter reviews the challenge of water and agri-
culture in NENA, and summarizes the drivers of water 
scarcity in agriculture. The chapter looks first at the 
resource base, at water resources and current uses 
(1.1). It then assesses the status and trends in ag-
riculture, agriculture’s contribution to food security 
and the likely impacts of climate change on NENA’s 
farming systems (1.2-1.6). A discussion of the extent 
and role of irrigation in agriculture follows (1.7) and 
the chapter concludes by summarizing the drivers of 
water scarcity for agriculture on both the supply and 
demand side (1.8).

1.1  Water resources and uses

NENA is a very water-scarce region

With 6 percent of world’s population but only 0.6 
percent of the world’s accessible renewable water, 
NENA has the lowest renewable water resources per 
capita of any region in the world. Worldwide, water 

resources average 6 400 m3 per capita, whereas the 
NENA average is currently only one-tenth of that level 
(688 m3), and most NENA countries have significantly 
less than that (see Table 1.1). Only five NENA coun-
tries are not classified as ‘water scarce’ (with less than 
1 000 m3 per capita), and six countries are extremely 
water scarce (less than 100 m3 per capita). Current 
levels are just one-third of those 50 years ago: with 
rapid population growth, resources per capita have 
plummeted from 3 500 m3 to current levels of 688 m3. 
[ACSAD 2013: 6]
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Table 1.1: Key facts on water resources in NENA countries

Total renewable water resources per capita

In NENA, renewable water resources per capita are:
•	 5 countries > 1 000 m3: Iran, Iraq, Lebanon, Mauritania, Sudan
•	 2 countries 500-1 000 m3: Egypt, Morocco
•	 7 countries 100-500 m3: Algeria, Jordan, Libya, Palestine, Oman, Syria, Tunisia
•	 6 countries < 100 m3: Bahrain, Kuwait, Qatar, KSA, UAE, Yemen

Source: AQUASTAT; Annex Table 1

The implications of water scarcity vary by country 
within the region

Of NENA water-scarce countries, five are oil-exporting 
states where water is essential only for municipal and 
industrial use and where desalination allows the sub-
stitution of oil for water. Other countries are middle-
income states where agriculture remains important 
and water dependency is therefore correspondingly 
higher. The poorest countries of the region – Sudan, 
Mauritania and Yemen – are highly water dependent, 
with large agriculture sectors. In Yemen agriculture 
uses 95 percent of available water (Table 1.3).

NENA countries have developed a higher proportion 
of their available resources than any other region in 
the world

Over five millennia, NENA countries have progressive-
ly developed available water resources for use. The 

Table 1.2: Key facts on water storage in NENA countries

Total dam capacity

In NENA, seven countries have more than 1 billion m3 dam capacity:
1. Egypt: 168.2 billion m3

2. Iraq: 151.6 billion m3

3. Iran: 31.6 billion m3

4. Syria: 19.7 billion m3

5. Morocco: 16.9 billion m3

6. Algeria: 5.7 billion m3

7. Tunisia: 2.5 billion m3

The source of water varies greatly by country, and 
consequently countries face particular challenges in 
water resource management

In a group of arid countries which nonetheless enjoy 
some rainfall, the sources of water are predominantly 
rainwater, storage and diversion from internal rivers, 

and groundwater: Morocco, Lebanon, Tunisia, and Al-
geria. These countries face the particular challenge of 
climate change.

In a group of countries where there is little rainfall but 
where large rivers flow in from outside the national 
territory, the main source of water is transboundary 

process accelerated greatly in the second half of the 
twentieth century, with massive public investment 
in storage, irrigation and water supply. Today, NENA 
withdraws almost 80 percent of its available water: 
this compares to less than 30 percent for the next 
region –South Asia – and to a worldwide average of 
around 10 percent. 

One reflection of water scarcity is that NENA also has 
the highest level of water storage in the world

In view of the scarcity of water and the seasonality 
of flows, and also the high proportion of water which 
would otherwise flow unused to the sea, a number of 
countries have built significant interseasonal and long-
term storage capacity (Table 1.2). In some countries, 
the scope for further storage is little, except for small 
hill dams and water harvesting. However, storage could 
probably be increased in some countries where water 
still runs to seas or sinks – Lebanon is one example. 
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water stored and diverted within national territory: 
e.g. Iraq, Egypt and Syria. Jordan benefits from the 
Yarmouk River which is fed from both Syrian and Jor-
danian territory. These countries face the particular 
challenge of dependence on upstream riparians for 
the water resource.

For hyperarid countries where there is little or no rain-
fall, the predominant source of water is groundwater, 
often nonrenewable: the states of the Arabian Pen-
insula, plus Libya and Palestine. These countries face 
the particular challenge of depletion of nonrenew-
able water resources. 

Water scarcity is increasing in the region

With population growth and changes in the pattern 
of demand that attend urbanization and industri-

Table 1.3: Shares of water by sector for selected NENA countries

Country BCM withdrawn for 
agriculture

Percentage withdrawn by sector

Agriculture Domestic Industry

More than 90% of withdrawals used in agriculture

Yemen 6 95 4 1

Syria 19 95 3 2

Iraq 39 92 3 5

Iran 66 91 7 2

Oman 1 90 8 2

More than 80% of withdrawals used in agriculture

Morocco 11 87 10 3

Egypt 59 86 8 6

Saudi Arabia 17 86 10 3

Libya 3 83 14 3

Tunisia 2 82 14 4

Less than 80% of withdrawals used in agriculture

Jordan 1 75 21 4

Lebanon 1 67 33 1

Algeria 4 65 22 13
Source: AQUASTAT; World Bank 2007a: 148

1.2  Climate and farming systems

Climate

Most of the NENA region is arid to hyper-arid, with 
agriculture possible only under irrigation

The dry areas in NENA countries – those with rainfall 
under 300 mm a year – account for 90 percent of the 
land (Table 1.4). In these areas, agriculture can only 
be practiced with various forms of irrigation, includ-
ing water harvesting.  The main land use is pastoral.  
These areas contain less than 30 percent of the agri-
cultural population.  

alization, water scarcity is growing, and with it pres-
sure for reallocation of water from lower value uses 
like agriculture to higher-value uses.  The population 
is expected to grow from the present 395 million to 
around 500 million by 2025, and average resources 
per capita are expected to shrink by one-third.  Of 
this drop, about four-fifths is attributed to increased 
population, and the balance to reduction of supply 
through climate change impacts.  [FAO 2013b: 2, 7] 

Water uses by sector

All NENA countries use most of their water for agri-
culture (Table 1.3).  Six major countries use more than 
90 percent of their abstractions for agriculture, and a 
further six use more than 80 percent.  Only two coun-
tries use less than two-thirds of the water they with-
draw in agriculture.
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Table 1.4: Key facts on precipitation and aridity in NENA countries

Precipitation Aridity and length of growing period (LGP)

Region-wide average precipitation:183 mm
Countries with:
•	 more than 300 mm: Lebanon, Morocco, Palestine, Sudan
•	 less than 100 mm: Algeria, Bahrain, Egypt, Libya, Mauri-

tania, Qatar, KSA, UAE

Share of NENA land area that is classed as:
•	 desert (LGP 0): 5%
•	 arid (LGP < 60 days): 73%
•	 dry semi-arid (LGP 60-119 days): 9%
•	 moist semi-arid (LGP 120-179 days): 7%
•	 sub-humid (LGP 180-269 days): 5%

Source: AQUASTAT

The temperate, higher rainfall areas have a Mediter-
ranean climate, typically long dry summers and mild 
wet winters.

Only in restricted parts of some countries is rainfall 
enough to grow crops without irrigation. These areas 
account for under 10 percent of the land area but 
nearly half of the agricultural population.  

In addition to low rainfall, the region is also charac-
terized by high variability of rainfall

All NENA countries experience the unusual and prob-
lematic combination of low precipitation and high vari-
ability, which not only increases the need for irrigation 
to bridge dry spells but also makes more uncertain the 
availability of springs, stream flow and shallow ground-

Table 1.5: Principal farming systems of the NENA region

Farming system
% of the region’s

Main livelihoods Prevalence of 
povertyland area agricultural 

population

Irrigated 2 17 Fruit, vegetables, cash crops Moderate

Highland mixed 7 30 Cereals, legumes, sheep, off-farm Extensive
Rainfed mixed 2 18 Tree crops, cereals, legumes, off-farm Moderate
Dryland mixed 4 14 Cereals, sheep, off-farm work Extensive
Pastoral 23 9 Camels, sheep, off-farm work Extensive
Agro-pastoral: millet/sorghum - - Cereals, pulses, livestock Extensive
Cereals/root crop mixed - - Cereals, root crops, cattle Limited
Arid zones 62 5 Camels, sheep, off-farm work Limited

Source FAO 2001; World Bank 2013

In rainfed agriculture, lower value cereals predomi-
nate, with yields below world averages

As precipitation falls over most of the Maghreb and 
Mashreq region in winter, rainfed crops are grown in 
the winter months, maturing for harvest generally in 
spring and early summer. The main rainfed crops are 

wheat, barley, legumes, olives, grapes, and fruits and 
vegetables.  Grain production accounts for two-thirds 
of the cultivated area (against a world average of 46 
percent). Yields for rainfed crops vary widely, depend-
ing on the farming system, but are generally below 
world averages.

water which are directly recharged by current rainfall.

Farming systems

Farming systems are diverse, varying by geography, 
climate and natural resource endowments

There are multiple farming systems in the region, their 
character determined in the large part by the avail-
ability and reliability of water sources (Table 1.5).  In 
the higher rainfall areas covering less than 10 percent 
of the land area, combined cropping and livestock 
systems support almost half (48 percent) of the agri-
cultural population.  Large-scale irrigated areas cover 
less than 2 percent of the land area, but account for 
17 percent of the agricultural population [FAO 2001: 
83-4, 87-91].
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By contrast, yields under irrigation are relatively high 
by global standards

Irrigated areas are cultivated all year round, with peak 
demand for irrigation water during the dry summer 
months.  Under irrigation, yields can be very good, 
with yields of irrigated wheat in Egypt, for example, 
averaging 6.5 tonne/ha.

A wide range of higher-value crops is grown

Fresh fruit and vegetable production accounts for 
about 10 percent of the cropped area region-wide, 
but for a much higher share in countries practicing 
intensive irrigated agriculture (Egypt 20 percent, Jor-
dan 28 percent, Lebanon 37 percent) – and very much 
less in the largely subsistence agricultural economies 
of Sudan (1 percent) and Somalia (1 percent). [FAO/
IFAD 2007: 47, 49]

Livestock are integrated in all farming systems

Livestock are integrated in all farming systems, pro-
viding important synergies and complementarities 
between and within systems – from extensive pasto-
ralism to feedlots in peri-urban agriculture.

1.3  The contribution of agriculture

Agriculture is a vital economic and social sector in the 
region

Agriculture’s contribution is through: (i) contribution 
to economic growth and export earnings; (ii) provi-
sion of jobs and incomes for 38 percent of the region’s 

Table 1.6: Key facts on agricultural contribution to GDP in USD and  percent share

Agricultural value added in USD Agricultural value added as a % of GDP

Agriculture contribution to GDP in USD: 
•	 > USD 20 billion annually: Iran
•	 > USD 10 billion annually: Egypt, Morocco, KSA
•	 > USD 2 billion annually: Sudan, Algeria, Syria, Tunisia, 

Yemen

Agriculture share in GDP:  
•	 > 20%: Sudan, Syria
•	 > 10%: Egypt, Iran, Mauritania, Morocco
•	 > 5%: Algeria, Iraq. Tunisia, Yemen

Source: AQUASTAT

1.4  Food security and agricultural water 
management

Food production and consumption in NENA

No NENA country approaches self-sufficiency in cere-
als, and most NENA countries import a large share of 
their food needs

Only four countries – Egypt, Iran, Morocco and Su-
dan – cover two-thirds of their cereal needs from do-
mestic production (Table 1.7). Six NENA states cover 
less than 20 percent of their cereals consumption.  
The two poorest of these countries (Mauritania and 
Yemen) are vulnerable to national-level food insecu-
rity (see below).  Food imports average 13 percent of 
total merchandise imports, and for two of the poor-

economically active population; (iii)  poverty reduc-
tion and the assurance of household and local level 
food security; and (iv) contribution to domestic food 
supply and reducing import dependence [FAO 2013b: 
2, 3].

…. and contributes significantly to regional GDP and 
exports …. and to per capita incomes

Region-wide, agriculture accounts for USD 95 billion 
of value-added annually, with agriculture adding more 
than USD 20 billion annually to GDP in Iran, and more 
than USD 10 billion annually in Egypt and Morocco.  
Food exports (USD 20 billion annually, 4 percent of to-
tal merchandise exports – and more than 10 percent 
in Jordan and Egypt) make a considerable contribu-
tion to the economy of many NENA countries.  Agri-
cultural GDP per head of the agricultural population 
averages about USD 720, ranging from USD 133 in 
Yemen to USD 1 000 in Tunisia  [FAO 2001: 87, FAO/
IFAD 2007:72; World Bank 2013: 2].

Agriculture’s share of the region’s fast expanding 
economies has been declining, but the sector is still 
growing in absolute terms

With modernization and urbanization, the share of 
agriculture in regional GDP has dwindled.  Nonethe-
less, the sector remains key to primary production 
and is the mainstay of the rural economy.  Overall, ag-
riculture contributes 13 percent to regional GDP, and 
considerably more in some countries, ranging from 2 
percent in Jordan to more than 20 percent of the total 
in Sudan and Syria (Table 1.6).
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est countries (Sudan and Yemen) the share of food in 
merchandise imports exceeds 20 percent.  These two 

Table 1.7: Key facts on cereals self-sufficiency and food import dependence

Cereals self-sufficiency Food imports as a share of merchandise imports

NENA countries with rates of cereals self-sufficiency of:
•	 > 70%: NONE
•	 60-70%: Egypt, Iran, Morocco, Sudan
•	 40-60%: Algeria, Syria, Tunisia
•	 < 20%: Lebanon, Libya, Mauritania, Palestine, KSA, Yemen

NENA food imports as % of total merchandise im-
ports:
•	 Average 13%
•	 More than 20%: Algeria, Libya, Sudan, 

Yemen

Source: AQUASTAT

Food security and insecurity

Food security concerns have been a perennial preoc-
cupation in NENA countries

Age-old preoccupations with food security have been 
redoubled by changes in recent years and have driven 
policy makers to question whether reliance on mar-
kets is sufficient to ensure access to stable affordable 
food supplies for their peoples [World Bank 2013: 19-
20].

At the global level, recent years have seen higher 
prices and price volatility but long-term forecasts are 
that food prices will stabilize at lower than current 
levels

Prices rises and volatility might be exacerbated in the 
coming years due to climate change, but this is far 
from certain, as production responses from temper-
ate countries with spare production capacity such as 
Russia and Ukraine may compensate for expected de-
clines in cereals production in hotter regions.  World 
Bank commodity price forecasts are that food prices 
will stabilize at lower than current levels into the me-
dium term.   

At the national level, any global food price rises or 
volatility would affect all Arab countries, due to their 
dependence on imported food, particularly the oil-
importing states

As all NENA countries are net food importers, rises or 
volatility in global food prices would affect them all, 
but in particular the oil-importing countries, because 
food and oil prices tend to rise in parallel.  Macro-
economic impacts would be on the balance of pay-
ments, budget deficits and inflation.  By contrast, oil 
exporting countries would be protected by the same 
parallel movements in prices   [McDonnell and Ismail 
2011].

At the household level, global best practice on food 
security seeks to ensure that all households enjoy ad-
equate nutritional status at all times

The primary mechanisms for achieving household 
level food security are that food markets should make 
adequate supply available at affordable prices, and 
that all households should have the means and the 
knowledge to acquire and consume a balanced and 
calorie-sufficient diet [IFPRI 2010].

In most NENA countries, both sides of this equation 
have worked fairly well ….

According to the Global Hunger Index, the region has 
amongst the world’s lowest proportion of undernour-
ished people, the lowest prevalence of underweight 
children and the lowest under-five mortality rate of 
any non-Organization for Economic Co-operation and 
Development (OECD) set of countries, and has reg-
istered significant improvements in recent decades.  
However, poverty and undernourishment are rising 
again in many countries of the region, attributed to 
rising food prices and global recession.  The Inter-
national Food Policy Research Institute (IFPRI)  have 
projected that a combination of policies is likely to 
sustain a continuing drop in rates of malnourishment 
in children in the region, but that if global food prices 
continue to rise; this may depress demand amongst 
the poor and contribute to a return to higher rates of 
malnutrition [IFPRI 2010].

…. but the picture is not uniform across the region, 
particularly in rural and remote areas and in the 
poorest countries

Nutrition status is worse in rural areas and far worse in 
the very poor countries. In some poorer countries and 
remote or very poor parts of middle-income coun-
tries, markets are often imperfect and households 
lack the income or information needed to maintain 

poor countries are spending large sums of foreign ex-
change on importing food  [World Bank 2013: 3].
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adequate diets. The poorest countries are particularly 
at risk. The high rate of chronic malnutrition and stunt-
ing in Yemen is a witness to this problem. Most at risk 
are rural nonfarm households which spend a higher 
share of their income on food, making them more 
vulnerable to price surges. The periodic catastrophic 
famines in Sudan bear testament to the more general 
systemic food security risk of poor countries depend-
ent on a fragile natural resource base, poorly devel-
oped markets and institutional environments which 
hinder both development and relief operations. In 
addition to these structural problems, the shocks of 
2008 have provoked a reflection on whether there are 
better ways to organize food markets.

Box 1.1: Factors in food insecurity in Morocco

Morocco ranks 59th out of 107 countries in the Global Food Safety Initiative (GFSI) 2013 index. The main 
factors contributing to Morocco’s relative food insecurity are: 
•  Volatility of levels of agricultural production
•  Low purchasing power
•  Low levels of investment in agricultural research

GFSI Global Rankings on Food Security (2013)
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…. but studies have found scant relation between na-
tional food security and the level of self-sufficiency in 
food production

Empirical studies have tried to establish the nature of 
the relationships between national food security and 
the level of self-sufficiency in food production. In fact, 
these studies show the counter-intuitive result that 
policies which tilt the incentive structure in favour of 

domestic food production may bring economic losses 
to the nation and may even increase food insecurity 
of producing households by reducing their potential 
incomes. Table 1.8 below shows three categories of 
NENA countries, together with their main food secu-
rity vulnerability.

Recent policy analysis has found links between agri-
cultural production and food security….

Best practice links food security and insecurity to four 
factors: availability of food, economic and physical 
access to food, the ways in which food is used and 
the stability of these factors over time. The impact of 
these factors on the food security status of popula-
tions varies considerably – see, for example, Box 1.1 
concerning the factors which particularly weighed in 
Morocco. Note that it is not food production but ag-
ricultural production as a whole which is a factor con-
tributing to Morocco’s food insecurity.
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Figure 1.1: Cumulative agricultural total factor productivity 
growth MENA (index 1961 = 1)

Source: IFPRI 2010

Table 1.8: Food security vulnerability in NENA countries

Country characteristics Examples Main food security vulnerability

Poorer countries with vulnerable 
populations dependent on farming

Mauritania
Sudan
Yemen

Rural malnutrition and famine

Middle income countries that want 
moderate food prices for their citizens 
and to maintain a viable rural sector

Maghreb and Mashreq 
countries
Iran

Price spikes
Difficult access and affordability for poorer 
rural areas and households

Better-off countries requiring 
assurance of food supplies

Oil-exporting countries of 
the Arabian Peninsula

Geopolitical risk

1.5  Recent trends: An agriculture already 
under stress

Land and water use in agriculture

As water is the binding constraint and resources are 
already over-allocated, improving productivity is the 
principal path to agricultural growth 

Cultivable land is abundant across the region. There 
are some restrictions on land use due to soil suitabil-
ity, but everywhere it is water not land that is really 
the binding constraint. Due to NENA’s arid conditions, 
irrigation has for millennia been the principal path to 
intensification. As a result, irrigation has become far 
and away the largest water user, but now water is al-
ready fully allocated – or even over-allocated. Hence, 
further expansion of production is likely to come 
largely from productivity gains, especially gains in 
water efficiency in both rainfed and irrigated systems 
rather than from new diversions [FAO 2001].

In general, pressure on water resources and the envi-
ronment is expected to grow as populations continue 
to expand

As population grows and agriculture intensifies, pres-
sures on natural resources increase. Water resources, 
particularly groundwater, are being overused. In-stream 
environmental flows have diminished. Rangelands too 
have come under considerable stress. Growth in de-
mand for fresh meat, linked to income growth, has been 
met by swelling livestock populations, often supported 
by feed subsidies on imported grains. As a result, live-
stock populations are today well beyond the carrying 
capacity of the rangelands. Older systems of rangeland 
management have not adapted.  [FAO 2001: 91]

Productivity, technology and innovation

The last 25 years have witnessed a strong average 
growth rate of 2 percent per annum in agricultural 

value added, attributable to more intensive irrigation 
systems and to an increase in production of higher-
value crops

After two decades of little or no growth in agricul-
tural productivity (1964-1984), the subsequent two 
decades (1984-2004) witnessed a strong average 
growth rate of 2 percent per annum. Total factor 
productivity levels in 2004 stood two-thirds above 
the levels of 1964 (see Figure 1.1). In many coun-
tries the agriculture sector is still growing in ab-
solute terms. In six countries of the region (Iran, 
Jordan, Kuwait, Morocco, Tunisia and Syria), agri-
cultural growth averaged more than 4 percent per 
annum growth over two decades (1990-2011). High 
growth rates have occurred predominantly in coun-
tries using modern irrigation and moving to high-
value exports (regionally and to the EU). Although 
the causes are complex and vary by country, IFPRI 
attribute this strong growth to more intensive irri-
gation systems and to an increase in production of 
higher-value crops following the start of liberaliza-
tion in the 1980s.
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Growth has been in both high-value products and in 
food production – but not all countries have shared 
in this

In recent years, cereal production has accelerated, 
with improvement in the local, regional, and inter-
national terms of trade, and livestock production 
has also expanded fast. This growth is not, however, 
shared all across the region.  In some countries, pro-
ductivity improvements have virtually ceased, as ac-
cess to improved technologies and support services 
has dwindled (for example, in Yemen, Somalia and 
Sudan).  Research has made a substantial contribu-
tion, but has not focused adequately on vulnerable 
production systems or on more efficient use of water 
[IFPRI 2010].

Market orientation

Agriculture in the NENA countries has become pre-
dominantly market-oriented and commercialized, 
responding to fast-growing demand from urban and 
export markets for higher-value products

In the Mediterranean countries, market linkages with 
demand from Europe and formal trade arrangements 
with the EU have provided profitable market outlets 
for fresh fruit and vegetables.  Many households have 
diversified into related off-farm business lines such as 
catering, tourism, etc.

Policies, institutions and public goods

Investment and the policy environment have favored 
agriculture in recent years, but some policies have in-
troduced structural distortions:

Many countries across the region have made consider-
able investment in irrigation, rural infrastructure and 
farmer services such as research and extension.  Ag-
riculture has responded with the rapid growth rates 
noted above.  However, some components of past 
public policy introduced structural distortions in the 
sector which reduced its resilience and sustainability, 
and some of these distortions persist.  These policies 
and distortions included notably:

•	 Past water policies over-allocated water to agri-
culture.  Now water is becoming more valuable 
for other purposes, but mechanisms for reallo-
cating water between sectors can be frail. At the 
same time, lack of demand management through 
pricing or rationing led to reduced water efficien-
cy in some agricultural uses.

•	 Lack of regulation of groundwater extraction led 
to depletion of the resource.

•	 At times, food self-sufficiency policies promoted 
food production with negative impacts on land 

and water resources and with an opportunity cost 
to both households and the national economy, as 
they undermined diversification and production 
of high-value crops.

•	 Incentive structures favoring commercial and ir-
rigated production disfavoured research and in-
vestment in rainfed farming.

Overall, these policies came at the expense of trade-
offs with growth, social equity and environmental 
sustainability and they have been progressively re-
versed.  This trend has, however, been accompanied 
by a decline in public investment in rural areas.

Recent years have witnessed a move away from these 
policies towards a more balanced approach, particu-
larly since the structural adjustment of the 1980s. 
However, rebalancing towards private enterprise was 
accompanied by a decline in public investment – 
the net average public investment in agriculture 
across the region dropped from USD 6.1 billion annu-
ally (1986-1990) to USD 1.9 billion (1996-2000).  In 
addition, terms of trade remain generally unfavourable 
to agriculture, for example in Egypt and Tunisia, and 
there is scope to remove the remaining constraints and 
improve incentives.  This would foster further inclusive 
growth.

Recently, countries in the region have also come to a 
more integrated appreciation of agriculture’s role in 
the economies, ecologies and societies of the region

These new perspectives include appreciation of: (i) the 
value of conserving ecosystems; (ii) the environmental 
services provided by rural areas, such as water infil-
tration and soil conservation; and (iii) socio-cultural 
services such as cultural heritage or traditional agricul-
ture.

1.6  Impacts of climate change on farming 
systems

Climate change events anticipated in the region

The NENA region is likely to be highly vulnerable to cli-
mate change, which will accentuate the already severe 
water scarcity and increase existing high levels of aridity

In summary, the main climate change events affecting 
agriculture in different parts of the NENA countries 
are expected to be:

•	 Higher temperatures during the growing season 
and more frequent and intense heat waves, in-
creasing aridity and changing evapotranspiration 
patterns. By 2100, temperatures in the region 
could face an increase of 0.9 to 4.1oC higher (IP-
CC’s Fifth Assessment Report, 2014).
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•	 Less precipitation, with reduction in soil moisture, run-
off and groundwater recharge.  In some areas, runoff 
is predicted to decrease by as much as 40 percent.

•	 Less reliability in timing and quantity of precipita-
tion, making agricultural planning more difficult.

•	 More extreme rainfall events, causing flooding 
and erosion.

•	 Increased frequency and intensity of droughts 
and floods, increasing uncertainty and reducing 
agricultural productivity.

•	 Loss of winter precipitation storage in snow pack, 
reducing runoff and stream flow in warmer crop-
ping periods.

•	 Seawater intrusion as sea levels rise, leading to 
flooding of coastal areas and exacerbating ongo-
ing salinization of coastal aquifers.

Table 1.9: Exposure - what climate change events are expected to occur

Maghreb2 Mashreq3 Arabian Peninsula4

•	 Overall a hotter, drier Maghreb
•	 Temperature increase of up to 5oC
•	 Decrease in precipitation, fewer rainy days
•	 More drought events, especially in 

summer
•	 Overall increase in aridity, with 20% drying
•	 Seawater intrusion

•	 Overall, a hotter, drier Mashreq
•	 Higher temperatures in both 

summer and winter
•	 Generally drier, especially in the 

rainy (winter) season
•	 Rainfall may drop below 

threshold for some areas

•	 Relatively uniform 
warming

•	 May be increase in 
summer precipitation, but 
highly uncertain and local

•	 More severe rainfall 
events

Expected impacts on agricultural water and farming

Water resources

Water availability is the key determinant of agricul-
tural potential throughout the region, and climate 
change will affect this availability

In the Maghreb, significantly lower rainfall and higher 
temperatures are likely to lead to a decline in soil mois-
ture availability to the plant roots and to decreased 
infiltration and runoff, so that groundwater recharge 
and river flows are likely to diminish.  The Mashreq will 
experience similar increases in water stress, and the 
many parts of the region that are now dependent on 
groundwater irrigation will suffer decreased recharge 
together with continuing loss of groundwater reserves.  

Rivers arising within the region are likely to experi-
ence decreased flows

Reduction in river flows will result from diminished 
runoff, and also some change in seasonal distribu-
tion through changes in snow patterns, for example 

2  Morocco, Algeria, Tunisia, Libya and Mauritania
3  Egypt, Lebanon, Palestine, Jordan, and Syria 
4  Yemen, Oman, Qatar, Bahrain, Kuwait, Saudi Arabia and the UAE

in Lebanon and Morocco.  The region’s major interna-
tional rivers will be largely affected by events outside 
of the region.  The Nile may experience increased po-
tential flows in the coming three decades, the Tigris 
and Euphrates the opposite.  

Irrigation

Demand for irrigation water is expected to increase

Impacts of climate change on irrigation requirements 
will be felt through net changes in precipitation and 
evapotranspiration.  Increased frequency of droughts 
is expected to stress water reservoirs, as more water 
will be necessary to offset increased crop demand. 
It is forecast that crop irrigation requirements may 
increase by 5-20 percent by 2080. Demand for in-
creased irrigation may push up the ratio of irrigation 
withdrawals to available renewable water resources. 
A recent FAO forecast suggested that irrigation water 
withdrawals in the region could rise from 347 million 
cubic metres (MCM) in 2005/07 to 374 MCM by 2050, 
bringing the share of renewable water resources with-
drawn for irrigation up from 58 to 62 percent5 [IPCC, 
2008; FAO 2010a]. 

5  Of course, whether these extra withdrawals take place depends on policies and 
investments.

•	 Increases in winter temperatures, with negative 
impacts on fruit species which need a cold winter 
to flourish the next season.

These anticipated changes are expected to affect dif-
ferent parts of the region in slightly different ways

The Arabian Peninsula is affected by the monsoon sys-
tems of the Indian Ocean with an average annual  pre-
cipitation of less than 80 mm , and the Maghreb and 
Mashreq are predominantly affected by Atlantic and 
Mediterranean conditions (see Table 1.9).  Within dif-
ferent countries, too, there are likely to be differences 
of exposure.  Some mountain areas, for example, may 
benefit from higher temperatures whilst semi-arid in-
terior regions may simply become more arid.
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Crop and livestock yields and production

These changes in agro-climatic conditions will impact 
production

Although the pace and direction of change is far from 
certain, and will inevitably vary considerably across lo-
cations, generally climate change is expected to lead 
to lower production.  For example, it is expected that 
in the longer run, yields of key rainfed cereals may 
drop (Figure 1.2), with a projection that in North Afri-
ca, maize yields could fall by 15-25 percent if temper-
atures rise by 3oC. One case study of maize and wheat 
suggests that by 2080 average yields across the region 
will decrease by 20 and 12 percent, respectively. 

Negative impacts can be offset by improved water 
efficiency and water productivity, but output would 
still be below trend

An IFPRI study suggested that cereal yields may still in-
crease, on average, at least until 2050 (see Table 1.10), 
but by less than would have been the case in the ab-
sence of climate change. Overall, the most likely pic-
ture on cereals that emerges is that: (i) a combination 
of improved incentives due to rising commodity prices 
together with application of productivity-enhancing 
measures will keep yields rising through to mid-cen-
tury, after which they will begin to drop off; (ii) natural 
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Figure 1.2: Average cereal yields in MENA – historic climate and 
alternative scenarios

Source: IFPRI 2010.  NOCC: no change

Table 1.10: Projected rate of annual change for rainfed wheat under one climate change scenario 

Morocco Egypt North Africa Syria Iraq

Yield: annual rate of increase/decrease

Baseline 2010 + 5.4% + 1.4% + 5.4% + 1.3% + 4.6%

2020 + 1.2% + 2.4% + 2.0% + 0.7% + 0.7%

2050 + 0.2% + 1.4% 0 - 0.3% - 0.3%

Area: annual rate of increase/decrease

Baseline 2010 0 + 0.5% 0

2020 -0.1% + 0.1% - 0.5%

2050 -1.0% - 0.7% - 1.0%

Forecast production (000 mt)

Baseline 2010 4 634 4 847 4 585 1 851

2020 5 322 6 511 5 106 2 040

2050 5 622 10 848 5 162 2 133
Source: IFPRI crop models (using CSI A1B), taken from the following IFPRI website on 19 December 2011:
http://www.ifpri.org/publication/food-security-farming-and-climate-change-2050

resource and climate change pressures will contribute 
to a slow fall in the production area from 2010; and 
(iii) overall output will rise in most major producing 
countries – but after 2050, production of wheat and 
maize across the region will start to decline.  IFPRI’s 
comprehensive series of global crop models support 
this assessment (see Table 1.10 for the example of 
rainfed wheat in a number of NENA countries) [World 
Bank 2007b, IFPRI 2010].
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An element of uncertainty is introduced by the ex-
pected increased variability and increased frequency 
of extreme events, especially of drought but also of 
destructive storms, floods and heat waves

These factors will reduce yields in the year of inci-
dence and may also create risk aversion and disincen-
tives to investment, and make planning at household, 
local and national scale more challenging.  Yields of 
several economically important fruit species (olives, 
apples, pistachios, nuts, pomegranates) may also suf-
fer reduced yields or crop failure if winter tempera-
tures are too high.

Table 1.11: Climate change impacts on farming systems of the NENA region

Farming 
system

Exposure
What climate change-related events will 
occur

Sensitivity
Likely impacts on farming systems

Irrigated Increased temperatures
Reduced supply of surface irrigation water
Dwindling of groundwater recharge

More water stress
Increased demand for irrigation and water 
transfer
Reduced yields when temperatures are too high
Salinization due to reduced leaching 
Reduction in cropping intensity

Highland 
mixed

Increase in aridity
Greater risk of drought
Possible lengthening of the growing period
Reduced supply of irrigation water

Reduction in yields
Reduction in cropping intensity
Increased demand for irrigation

Rainfed mixed Increase in aridity
Greater risk of drought
Reduced supply of irrigation water

Reduction in yields
Reduction in cropping intensity
Increased demand for irrigation

Dryland mixed Increase in aridity
Greater risk of drought
Reduced supply of irrigation water

A system very vulnerable to declining rainfall.  
Some lands may revert to rangeland.
Increased demand for irrigation

Pastoral Increase in aridity
Greater risk of drought
Reduced water for livestock and fodder

A very vulnerable system, where desertification 
may reduce carrying capacity significantly
Nonfarm activities, exit from farming, migration

Sources: World Bank 2013 Annex Table 2

The most marginal and affected systems – dryland 
and pastoral systems – are those for which fewest so-
lutions are available

It is in the most marginal systems that impoverishment 
is most likely unless there is policy and programme 
intervention, and even with interventions, exit from 
farming may still be inevitable for some.  Some key 
research themes on risk management, crop-livestock 

integration, and communal approaches to resource 
and risk management become more prominent as cli-
mate change stresses intensify. 

Intensive research is needed to increase the availabil-
ity of technology and institutional options

At least some technology and institutional options 
that can help maintain productivity and livelihoods 
under climate change are known and are either ac-

Impacts by farming system

All farming systems will be exposed to increased arid-
ity and to declines in water availability, with rainfed 
systems most at risk

All systems are sensitive to these changes, especially 
rainfed systems without access to reliable irrigation 
sources (Table 1.11).  More marginal systems may 
be pushed further to or beyond their margins: some 
marginal rainfed lands may revert to pasture or simply 
go out of production.
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Box 1.2: Anticipating and dealing with climate change impacts on agriculture in Tunisia

With an availability of 500 m3/person/year of freshwater, Tunisia is confronting a “chronic water shortage” 
reflected by an imbalance between water availability and agricultural needs.  

This shortage is exacerbated by climate change. In particular, droughts where rainfall is 40 percent below 
average now occur with a frequency of two every six years.

Since 2006, prospective studies on the impacts of climate change have formed the basis for the National 
Strategy of Adapting Agriculture and Ecosystems to Climate Change (MARH, 2006).  The aim of this strategy 
was to move from crisis management (unpredictable successive droughts, floods, etc.) to risk manage-
ment.  The strategy includes an early warning system so that farmers are forewarned and government 
can undertake specific measures such as managing water available in dams and the adjustment of water 
allowances.

Source: FAO 2014b: Regional Initiative on Water Scarcity - Tunisia Country Paper: 5-6

Table 1.12: Key facts on irrigation and rainfed lands in NENA

High levels of irrigation 
in NENA countries

High % of irrigation potential has 
been equipped for irrigation

High % of cultivated land 
irrigated

Large areas of rainfed land 
under cultivation

Area under irrigation in 
NENA countries: 
•	7 countries with 

more than 1 million 
ha: Iran, Iraq, Egypt, 
Sudan, KSA, Morocco, 
Syria

•	5 countries with 
100 000-1 million 
ha: Yemen, Alge-
ria, Libya, Tunisia, 
Lebanon

Share of the irrigable area that has 
been equipped for irrigation in NENA 
countries:
•	4 countries have equipped more 

than 90%: Algeria, Libya, Jordan, 
Yemen

•	3 countries > 70%: Morocco, 
Egypt, Tunisia

•	4 countries 50-70%: Sudan, Iraq, 
Lebanon, Iran

•	Only one country reporting 
substantial unequipped potential: 
Mauritania

Share of the cultivated 
area that is irrigated in 
NENA countries:
•	2 countries > 50%: 

Egypt, Iraq
•	5 countries > 30%: Iran, 

KSA, Yemen, Lebanon, 
Jordan

•	2 countries > 15%: 
Syria, Libya

•	3 countries > 10%: 
Morocco, Sudan, Mau-
ritania

Area under rainfed cultiva-
tion in NENA countries:
•	2 countries with more 

than 10 million ha of 
rainfed cultivation: 
Sudan, Iran

•	4 countries 4-10 million 
ha: Algeria, Morocco, 
Tunisia, Syria

•	3 countries. 0.5 million 
ha: KSA, Libya, Yemen

Source: AQUASTAT

cessible to farmers or could be made accessible.  
What is needed are: (1) economic and institutional 
reforms in the enabling environment to encourage 
faster and wider adoption of these new technologies; 
and (2) further research to prioritize and adapt these 
options to the changing situation in varying locations 
and farming systems.  However, the strength of these 
adaptive measures declines in inverse proportion to 
the sensitivity of the system to climate change.  

1.7  Irrigation in NENA

The importance of irrigation in NENA

Irrigation has been long-practiced and is very wide-
spread

Countries throughout NENA have prepared plans an-
ticipating climate change and preparing to handle 
impacts on agriculture

Across the region, countries have studied likely im-
pacts and have prepared adaptation and mitigation 
strategies. Box 1.2 describes the case of Tunisia.

Irrigation has been long-practiced in NENA and now 
covers a total of 24.6 million ha. Seven countries in 
the region have more than 1 million ha under irriga-
tion (Table 1.12).
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NENA countries have developed more of the irriga-
tion potential and irrigate a higher share of agricul-
tural land than any other region in the world

A high share of the irrigation potential in NENA has 
been equipped for irrigation.  Five countries have 
equipped more than 90 percent of their irrigation po-
tential, and a further seven countries have equipped 
more than 50 percent.  Only one country (Maurita-
nia) reports substantial unequipped potential. A high 
percentage of cultivated land is irrigated (31 percent 
region-wide), with two countries irrigating more than 
half their cultivated land, and a further five countries 
irrigating more than one-third.

At the same time, many NENA countries have large 
areas of rainfed land under cultivation, on which 
various forms of agricultural water management are 
practiced

Region-wide, rainfed cultivated land totals 55 million 
ha.  Two countries have more than 10 million ha of 

Table 1.13: Agricultural water withdrawals by NENA countries

Volume of water withdrawn for agriculture by NENA countries (in billions of cubic metres): 
•	 5 countries withdraw more than 20 BCM: Iran 86; Egypt 59; Iraq 52; Sudan 26; KSA 25
•	 2 countries withdraw 5-20 BCM: Syria 14; Morocco 11
•	 6 countries withdraw 1-5 BCM: Libya 3; Algeria 3; UAE 3; Yemen 3; Tunisia 2; Mauritania 1

Source: AQUASTAT

Countries that have very high rates of withdrawal 
may be depleting nonrenewable resources and they 
may be vulnerable to claims from other sectors or to 
climate change

A number of countries are withdrawing for agricul-
ture more than their entire renewable resource. In 
the case of several rich arid states, withdrawals of 
nonrenewable groundwater are several multiples of 
the renewable resource (up to 25 times), a policy of 
groundwater depletion that merits an economic re-
view. Other countries at or near 100 percent of with-
drawals for agriculture are vulnerable to growing de-
mand from other sectors. These countries – especially 
the water-scarce urbanizing countries: Yemen, Egypt, 
Syria, Jordan, Iran, Iraq – may experience pressure 
for transfer of water out of agriculture. They are also 
more vulnerable to the impacts of climate change.

Countries withdrawing less than 50 percent of their 
renewable resources may have options for further de-
velopment of water for agriculture

Amongst the five countries currently using only 20-
50 percent of their water for agriculture – Tunisia, 
Sudan, Morocco, Algeria, Palestine – there might be 
some further potential for irrigation expansion, al-
though this is limited by institutional, environmental, 
economic, and political constraints.  

Types of irrigation in NENA

Surface irrigation is the predominant form of irriga-
tion

NENA-wide, surface irrigation accounts for 20.6 mil-
lion ha, 85 percent of the total irrigated area (Table 
1.14). Iran alone accounts for more than one-third of 
the total, with 7.4 million ha. Pressurized irrigation ac-
counts for just over 3 million ha, 13 percent of the 
total.  Spate irrigation accounts for 0.46 million ha, 2 
percent of the total irrigated area.

rainfed land each, and four more countries have over 
4 million ha each under rainfed agriculture.

Agricultural water withdrawals

Five countries are irrigating on a massive scale, with 
attendant risks stemming from transboundary wa-
ters or from groundwater depletion – or both

Five countries are using vast volumes of water in irri-
gation (> 20 BCM, Table 1.13).  Of these, four have the 
benefit of huge rivers running through them – Iran, 
Egypt, Iraq, Sudan – but these rivers are generally 
transboundary resources, with the accompanying is-
sues. Several countries (particularly KSA and Yemen) 
are withdrawing very sizable volumes of nonrenew-
able groundwater for agriculture.

But most NENA countries are dependent on low rain-
fall and runoff and limited groundwater withdrawals

…and so are highly constrained in the quantities of 
water they can withdraw for agriculture.
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Table 1.14: Types of irrigation in NENA

Type and extent of irrigation Main countries (million ha)

Surface irrigation (85%)

Surface irrigation: 20.546 million ha
(6 countries > 1 million ha)

1. Iran:  7.432
2. Iraq:  3.517
3. Egypt:  3.029
4. Sudan:  1.758
5. Morocco:  1.209
6. Syria:  1.043

Sprinkler (7%)

Sprinkler: 1.680 million ha 
(5 countries > 100 000 ha)

1. KSA:  0.716
2. Iran:  0.280
3. Egypt:  0.172
4. Syria:  0.187
5. Morocco:  0.152

Localized (6%)

Localized: 1.396 million ha 
(5 countries > 100 000 ha)

1. Iran:  0.420
2. Egypt:  0.221
3. UAE:  0.195
4. KSA:  0.198
5. Syria:  0.111

Spate (1%)

Spate: 0.459 million ha 
(2 countries > 100 000 ha)

1. Yemen:  0.218
2. Sudan:  0.132

1.8  Drivers of scarcity and the challenge of 
agricultural water management

Five factors on the supply side are driving the grow-
ing scarcity of water for agriculture 

Water scarcity is defined here as a structural imbal-
ance between supply and demand for water.  On the 
supply side, the growing water scarcity in the region 
is being driven by: (1) the low water resource endow-
ment – NENA is the most water-scarce region; (2) the 
vulnerability of that resource stemming from the high 
degree of dependence on waters flowing from out-
side the region; (3) the likely shrinking of the resource 
under climate change; (4) the rapid depletion of non-
renewable groundwater; and (5) the already very high 
level of development of water resources, which makes 
the mobilization of new supplies difficult and costly.

…and three demand-side factors increase the scarcity

And on the demand side, scarcity is being driven by: 
(1) the ever-growing demand, particularly from the 
municipal and industrial (M&I) sector; (2) the little-

voiced but pressing needs for water to meet envi-
ronmental and ecological requirements; and (3) an 
enabling environment and incentive framework that 
encourages over-use of water in agriculture.

The result is the challenge for agriculture in the re-
gion for the coming years – more production and 
more income with less water

This picture of diminishing and vulnerable supply and 
increasing competition from other sectors drives the 
challenge of scarcity for NENA’s agriculture. Inevita-
bly, in the coming years, agriculture will have no more 
water, and probably less, yet in so dry a region water 
is essential to the agricultural growth needed for the 
rural economy to prosper and contribute more to the 
GDP, for rural incomes to be maintained or increased 
and for more food to be produced.  

Agriculture must therefore become ever more water-
efficient.  How this may happen is the subject of the 
next chapters.





Chapter 2
 Policies and institutions for managing NENA’s 

water resources for agriculture

Main messages
This chapter reviews NENA experience with policies and institutions for managing water resources for 
agriculture and highlights options for future change.

NENA countries have had considerable experience in setting up institutions and adopting policies to 
implement best practices in integrated water resources management (IWRM).  Next steps could be: to 
further improve existing institutions and management practices and to make iterative adaptive improve-
ments that lead to governance systems that are tailored to the socio-political context; enhance transpar-
ency and accountability; strengthen capacity for regulation and investment planning; and further reduce 
the fiscal burden.

The basin approach has been adopted: a key challenge will be institutional mechanisms for intersectoral 
water transfer.

Across NENA, water user associations (WUAs) and community natural resource management have been 
supported: second generation issues concern empowerment and how to organize relations amongst 
stakeholders.

Supply side management could bring some extra water for agriculture from reservoirs and nonconven-
tional sources, but this requires scrupulous planning and management. Transboundary issues need to 
be addressed through a patient and flexible strategy, set within political realities.  Climate change and 
groundwater depletion are major threats to the resource and need strategic responses to limit their 
negative impacts on agricultural production.

On the demand side, there is scope for further careful adjustment of the overall incentive framework that 
farmers face in agricultural water management. 

Chapter 1 reviewed the challenges of water and agri-
culture in NENA and summarized the drivers of scar-
city in agriculture.  The present chapter examines the 
policies and institutions that NENA countries have put 
in place to allocate water to agriculture and to manage 
the agricultural water resource efficiently.  The chap-
ter opens with a brisk review of how NENA countries 
have revised their policies and institutions in recent 
years (2.1), and then reviews in turn: overall water 
governance and institutions (2.2); IWRM and the ba-
sin approach (2.3); subsidiarity, decentralization and 
participation (2.4); supply management measures, 
including new supply options and nonconventional 
water, transboundary issues, tackling climate change 
and groundwater depletion (2.5); and the incentive 
framework for promoting water efficiency and water 
productivity in agriculture (2.6).

2.1  Bringing integrated water resources 
management to bear on agricultural water 

management to promote efficiency

Over the two decades since the Dublin International 
Conference on Water and the Environment and the 
elaboration of best practice guidance for integrated 
water resources management (IWRM – see Box 2.1 
below), NENA countries have made great strides in 
improving their water resources management in pur-
suit of the agreed upon goals of social equity, eco-
nomic efficiency and environmental sustainability.  In 
general, the countries have embarked on a progres-
sive transition from supply augmentation and direct 
provision of water services toward a greater focus on 
water management, decentralization and inclusion.

23
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Steps have been undertaken at various paces in dif-
ferent countries to strengthen water management 
institutions and to apply principles of decentraliza-
tion and participation. Supply and demand manage-
ment measures have been used to manage water 
scarcity.  Countries have practiced integrated wa-
ter resources planning anchored at basin level and 
have worked to improve allocative efficiency and to 
integrate investment programming. Setting and en-
forcement of environmental regulations have been 
strengthened.  

The objective of bringing IWRM to bear on agricultural 
water management (AWM) is to achieve higher levels 
of efficiency: allocative efficiency between and within 
sectors and water efficiency and water productivity, 
together with social equity and environmental sus-
tainability. Specifically in the irrigation sector, many 

Box 2.1: IWRM - Global best practices in integrated water resource management

Over the last 30 years, global best practices in water management have emerged which are typically 
grouped under the title ‘integrated water resource management (IWRM)’.  Essentially, best practice IWRM 
sets three goals for good water management, and three principles for forming policies and actions.

Three goals for good water management. These are: (a) social equity; (b) economic efficiency; and (c) en-
vironmental sustainability.  

Under (a) social equity:
•	 water services are available for all
•	 existing water uses are respected
•	 benefits of development are shared equitably, with a care for the poorest

Under (b) economic efficiency:
•	 income per drop is maximized
•	 water is available for its highest value economic use

Under (c) environmental sustainability:
•	 the water resource and the broader environment are not harmed
•	 the needs of future generations are taken into account

Three ‘Dublin Principles’ for forming policies and actions. The three principles adopted by the Dublin In-
ternational Conference in 1992 for forming IWRM policies and actions are: (i) the institutional principle; 
(ii) the awkwardly named ‘instrument’ principle; and (iii) the ecological principle.

(i) The institutional principle provides for:
•	 participation of all stakeholders
•	 separation of responsibility for water allocation and management from the interests of water users
•	 decentralization, and management of water at the lowest possible level

(ii) The ‘instrument’ principle provides for:
•	 efficient management of supply and demand through an incentive structure reflecting the 

true value of scarce water to society

(iii) The ecological principle provides for:
•	 integrated, intersectoral management, with the basin as the unit of management

Source: Ward 2014

countries have moved to improve the efficiency of ir-
rigation through modernization of both infrastructure 
and institutions. Decentralization and an inclusive 
approach towards irrigators and the constitution of 
WUAs have been adopted on a wide scale, together 
with tariff reform for irrigation. Government agencies 
responsible for irrigation and drainage planning and 
investment have been strengthened in many coun-
tries. [World Bank 2007a: 24; xxii; xxiv]

This impressive list of measures in a number of coun-
tries has certainly improved efficiency of water use 
and increased output and farmers’ incomes. What 
remains is to apply these measures across the board 
in all countries, adapted to local conditions. The re-
mainder of this chapter looks in more detail at what 
has been achieved and what are the options for next 
steps.



25

2.2  Overall water governance and institu-
tions in NENA

Water institutions in NENA have been rated as ‘better 
on average than in other regions’

Most NENA countries have one ministry responsible 
for water planning and investment programming.  
Where these ministries have the responsibility for 
large investment budgets – as in Iran, Egypt or Moroc-
co – or for service provision – as in Jordan – they are 
well-staffed and competent, and politically influential. 
Where they are responsible only for planning and co-
ordination functions, they can be less effective, as is 
the case in Yemen.  In most NENA countries, there 
are water laws which reflect the Dublin Principles of 
good water management (see Box 2.1). One study has 
rated water institutions in NENA, taken together, as 
‘better on average than in other regions’.  [World Bank 
2007a: 43-45; World Bank Country Policy and Institu-
tional Assessment Database]

Irrigation agencies are progressively decentralizing

Irrigation development in NENA has typically been the 
responsibility of central ministries, sometimes decen-
tralized to local boards, as in Iran.  In Egypt, separate 
authorities are responsible for irrigation, drainage and 
groundwater. Historically these organizations adopted 
a ‘top-down’ engineering approach and favoured capi-
tal intensive projects. The influence of global best prac-
tice approaches of ‘subsidiarity’ – decentralization and 
participation – has gradually exerted itself. In Egypt, for 
example, local-level irrigation and drainage boards have 
been established, working with water-user organizations 
on both investment and on management, operations 
and maintenance (MOM).  [World Bank 2007a: 47]

The quality of public investment has been variable, 
with some capital-intensive investments still showing 
signs of a ‘top-down’ engineering approach

Some public investments still show the results of a 
‘top-down’ engineer’s approach. For example, Iran 
has 85 operating large dams and plans to build anoth-
er 171. Existing dams store enough water to irrigate 
3 million ha, but only 400 000 ha are currently being 
irrigated. A similar imbalance exists in Algeria, where 
only 8 percent of the area that could be irrigated with 
water already stored has been developed for irriga-
tion. [World Bank 2007a: 105-106]

Next steps could be to further improve efficiency and account-
ability and to adopt participatory approaches and strength-
ened economic analysis in the investment planning process

Areas for further development of overall governance 
and institutions are essentially to continue the ongo-

ing transition from centralized management and cap-
ital-intensive engineering approaches to approaches 
where public agencies delegate, regulate, monitor and 
support, and invest efficiently, all with a raised level 
of transparency and accountability. Specific actions 
for progress could include: (1) improving the account-
ability of public agencies and strengthening incentives 
for their good performance and for transparency; (2) 
strengthening management and execution capacity for 
implementing legislation and enforcing regulations; (3) 
improving the quality of public investment by more 
participatory and local-level approaches to investment 
planning and by improving the quality of economic 
analysis; and (4) further reduction in the fiscal burden 
and dependence on the general budget, through in-
creased cost sharing and public/private partnerships 
(PPP) and other mechanisms for moving more towards 
a business-like relationship between farmers and ser-
vice providers.  [World Bank 2007a; FAO 2013b: 10]

2.3  Integrated water resources manage-
ment and the basin approach

Basin approach

There have been many initiatives across NENA in inte-
grated basin planning

A key principle of integrated water resources manage-
ment is intersectoral management of water integrat-
ed at the basin scale.  Several NENA countries have 
made progress in this respect. Egypt, for example, has 
strengthened its integrated management of Nile re-
sources within its territory, and has also worked with 
upstream riparians on planning at the scale of the en-
tire Nile basin (see below). Morocco and Algeria have 
established basin agencies and have associated water 
stakeholders, including civil society, in basin planning. 
Some basin plans for water resources development 
and management have been prepared. An integrated 
planning process for the entire Blue Nile/White Nile 
basin has been undertaken.

Next steps in basin planning need to build on this experience

Next steps could include: (1) the generalization of the 
basin approach, both within countries and across bor-
ders (on which, see below, Section 2.5); (2) further 
decentralization of decisions on investments and al-
locations to the basin level; and (3) an increase in ac-
countability by giving more voice to non-state stake-
holders6.  [World Bank 2007a: 101] 

Water allocation and reallocation

The basin approach reflects the multiple interde-
pendencies of agricultural water, and can also con-
firm specific allocations to the agriculture sector

6  This is particularly important in view of the rising level of disputes about water.
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The basin approach well reflects the interdependence 
of water sources, uses and users within a basin plan: 
(i) the interdependence of agricultural water manage-
ment with overall water resources management; (ii) 
the social interdependence of agricultural water use 
with other users and other sectors; and (iii) ‘ecological 
interdependence’ as AWM interacts with the environ-
ment. The approach thus integrates agricultural water 
management with the entire natural resource and so-
cio-economic context of the basin. It should also bring 
the advantage that water allocations are firm within 
the basin plan, which is significantly better than the 
previous first come, first served approach. In Morocco, 
for example, water allocations to irrigation are now 
confirmed within basin plans, and irrigators can plan on 
this basis. The results have been encouraging: in one 
basin, allocations were cut to 60 percent of previous 
levels but the assurance of a set quantity and improve-
ments in agricultural water management resulted in 
higher yields per ha and high water productivity.

As demand from other sectors grows, institutional 
mechanisms for orderly transfer of water between 
uses will become increasingly necessary

Historically, agriculture has had far and away the larg-
est share of water (see Chapter 1). Now, as other 
claims on water increase, agriculture may have to give 
up water. The basin framework has thus to provide a 
mechanism for intersectoral water transfer. To date, 
this has proved extremely difficult. The transfer of 
water from Jordan Valley agriculture to Amman mu-
nicipal use in the 1980s and the replacement of that 
freshwater with treated wastewater from al-Samra 
treatment plant created persistent contentions. But 
this was at least done within an orderly governance 
framework. By contrast, transfers of groundwater 
from the Habir and al-Haima valleys to the southern 
Yemeni city of Ta’iz in the 1990s led to armed clash-
es that continue to this day. In Sana’a, the stealthier 
transfer whereby government drills deeper and 
pumps harder than neighbouring farmers is seen as 
no less an infringement of existing agricultural water 
rights. As demand from other sectors grows, institu-
tional mechanisms for orderly transfer of water be-
tween uses will become increasingly necessary.  

2.4  Subsidiarity, decentralization and par-
ticipation

Water user associations

All across the region, water user associations (WUAs) have 
developed as the lowest level of irrigation governance

Central to the implementation of IWRM’s ‘subsidi-
arity’ principle is the ‘bottom-up’ participatory ap-
proach that has been applied in recent years in irriga-

tion schemes across the region in the form of WUAs. 
WUAs are essentially the modernized equivalent of 
the ubiquitous community groups which managed 
water resources in NENA since time immemorial.

WUAs have taken on tasks ranging from simple repre-
sentation right up to management at branch canal level

Most NENA countries have helped these modern 
WUAs to establish themselves and have provided ca-
pacity building support. WUA functions have ranged 
from mere representation of users (for example, as 
counterparts to a project) up to financing and man-
aging parts of the infrastructure. In Egypt, higher lev-
el ‘branch canal WUAs’ represent a number of lower 
level ‘tertiary WUAs’ and manage systems from the 
district level down, covering not only irrigation and 
drainage but environmental issues as well. Across 
the region, where WUAs exist, they are generally re-
sponsible at least for tertiary canal management and 
for collecting and paying over water charges.

There is scope for stocktaking and the drawing of les-
sons to date

There has been no general study of WUAs in NENA 
to examine how effective they are in improving water 
management and reducing fiscal burden. One study 
found that WUAs were less effective in NENA than 
elsewhere in the world, primarily because they were 
not sufficiently empowered, but this was based on a 
limited sample. After more than a decade of experi-
ence, there is scope for stocktaking and the drawing 
of lessons to date.

Decentralization and community collaboration on broad-
er natural resource and environmental management

The same community-based collaboration has been 
applied to watershed management, groundwater 
management and conservation of ecosystems and 
environmental services

The approach of decentralizing decision making to 
the lowest possible level, encouraging participation of 
stakeholders and fostering of local-level community 
or interest groups as primary agents of development 
and as counterparts to public services has been ap-
plied in AWM beyond formal irrigation schemes. It has 
been applied, for example, to: (i) watershed-based 
(rather than individual) soil- and water-management 
systems; (ii) development of collective groundwater 
management; and (iii) conservation of ecosystems 
and environmental services.  [FAO 2001: 121]

Experience in Morocco, however, showed that there 
were difficult trade-offs in promoting community nat-
ural resource management
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There is considerable experience in the region with 
this kind of bottom-up and integrated approach – 
and mixed results. In Morocco, a decade of invest-
ment in a series of community-driven integrated 
rural development projects (Irrigation-based Com-
munity Development Project [DRI-PMH], the Rain-
fed Agricultural Development Project [DRI-MVB] and 
Oued Lakhdar Watershed Management Project) gave 
good results but proved expensive, and the needed 
cross-sectoral approach was difficult to realize in 
practice. In the end, the effort was absorbed into 
a larger community-driven approach, the National 
Initiative for Human Development (INDH) Support 
Project, which had the advantage of lower costs and 
nationwide scale, but which lost the focus on com-
munity natural resource management. 

Public services need to develop and adapt to this kind 
of integrated collective approach, which also fits new 
‘business lines’ like green agriculture and landscape 
management

The challenge will be for public services to organize 
themselves cross-sectorally, so that support is forth-
coming not only in agriculture, but also in water man-
agement, marketing, downstream processing, off-
farm activities, environment, etc., as well as human 
development aspects key to sustaining livelihoods. 
Bottom-up community organizations gaining support 
from top-down ‘convergent’ public services and com-
munity development funds comprise a key set of ca-
pabilities that can achieve substantial impact on rural 
livelihoods. New business lines such as ‘green agricul-
ture’, eco-tourism, and landscape and cultural herit-
age management require these public/community 
partnership approaches. Next steps could start with 
a region-wide review of successes and challenges.  
[FAO/IFAD 2007: 61]

2.5 Acting on the supply-side drivers of 
scarcity

Mobilizing new supplies

As mentioned in Chapter 1, there will be increasing 
demand for irrigation water, but as climate change re-
duces the available resource, where would increases in 
irrigation supply (or water to make up for transfer from 
agriculture to Municipal and industrial (M&I)) come 
from? FAO have predicted that water withdrawals for 
irrigation in NENA will increase from 287 BCM in 1997-
1999 to 315 BCM in 2030. Although most countries are 
already at – or beyond – the limit for safe withdrawal 
of water, there may still be possibilities of increased 
impoundment and storage in dams, largely in Iran and 
Syria, and there is scope for increasing supply of non-
conventional water to agriculture.  [FAO 2003: 140, Ta-
ble 4.10; FAO 2013b: 8, Doc 9]

Dams

Although most resources are fully developed, there 
may be some potential to develop further storage 
and to optimize releases on existing storage

In many NENA countries, suitable major projects have 
been exhausted, and under climate change, the re-
liability and cost-effectiveness of any future storage 
will decrease. In fact, worldwide, the high cost of large 
storage dams is usually only justified by hydropower 
or municipal supply benefits. There is, however, still 
some limited scope for expansion – Lebanon is an 
example of a NENA country where storage is low by 
regional standards and where significant further de-
velopment is plann -  -ed. Some irrigation water could 
also be added by optimizing release rules on existing 
dams. Transboundary cooperation on water resourc-
es development and management could also increase 
water available for irrigation. For example, hydropow-
er dams on the Blue Nile in Ethiopia could provide ex-
tra irrigation water for Sudan and Egypt downstream.  
[World Bank 2006a; FAO 2011]

However, the economic and environmental tests for 
new development will be very hard to pass

Any new storage projects will have to cope with more 
variable and extreme flows, and they are likely to be 
set in an environmentally more sensitive landscape. 
Options will need to be flexible and have low capital 
and operating costs. Local hill dams, water harvesting 
or on-farm water storage may prove to be the most 
economical solution. But all such impoundments re-
quire social, economic and environmental assessment 
of the trade-offs involved. Projects need to be stud-
ied within a basin planning framework. In addition, all 
water storage is likely to suffer increased evaporation 
due to higher temperatures. The extreme case is Lake 
Nasser where higher temperatures may cause an ad-
ditional 2 BCM of water to be lost to evaporation each 
year. [FAO 2010a: x, FAO 2011: 5.2.4]

Nonconventional sources of water for agriculture

Worldwide, only about 60 percent of water withdrawn 
is actually consumed, and 40 percent returns to the 
hydraulic system in the form of used water. Particular-
ly in water-short NENA countries, investment in reuse 
of treated wastewater and drainage water can offset 
water scarcity. Treated wastewater, rich in nutrients, 
will be increasingly used, especially where scarcity is 
extreme and demand from peri-urban agriculture is 
strong. Institutional arrangements for allocation and 
safe use will be required. Drainage water reuse can be 
an even more important source for agriculture. 
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Treated wastewater use 

There is good experience in the region on treated 
wastewater use

There are several examples of good practice on 
wastewater reuse in NENA. Currently, reuse of treat-
ed wastewater accounts for around 2 percent of total 
withdrawals for agriculture region-wide – and for over 

Box 2.2: Nonconventional water provides 13 percent of Oman’s water resources

In the Sultanate of Oman, conventional water resources (including surface and groundwater) represent 
about 87 percent of the nation’s water resources, and nonconventional water resources, including desali-
nation water and treated wastewater, account for 13 percent.

Nonconventional water resources are desalinated seawater or brackish water and treated wastewater. The 
total volume of desalinated water in Oman reached 196 million m3 in 2011. The total volume of treated 
wastewater was 42 million m3, representing 21 percent of the total desalinated water used for urban pur-
poses. It is expected that the treated wastewater volume will reach 100 million m3 by 2030. Most of the 
treated wastewater is being used for landscaping and public gardens. Part of the excess treated wastewater 
(15 percent) is being discharged to the sea during winter. In Dhofar, 20 000 m3 of treated wastewater is 
injected daily in the coastal aquifer to combat seawater intrusion. 

Source: FAO 2014c: Regional Initiative on Water Scarcity – Oman Case Study: 1

…but wastewater can only be a modest new source, 
and a more workable incentive framework is required 
to maximize reuse

Overall, although cities and M&I use are growing con-
stantly, it is likely that reuse will not exceed 10 percent 
of influent because of: (1) the high cost, including re-
moval of heavy metals; (2) location, with most effluent 
arising in coastal cities; and (3) the difficulty of getting 
farmers to use treated wastewater, largely due to cost. 

Box 2.3: Success with treatment and reuse of wastewater

FAO piloted low-cost wastewater treatment in Algeria, Egypt, Morocco and Tunisia with either constructed 
wetlands or a simplified wastewater treatment plant. Successful results include:
•	 Algeria: constructed wetlands developed to solve the massive problem of wastewater pollution in the 

wadis. The effluent has irrigated palms and agro-forestry downstream
•	 Egypt: wood production over two decades, within a forest management plan
•	 Morocco: fertigation for the green belt around Marrakech

Source: FAO Rome Technical Discussions, September 2013

Saline and sodic drainage water and groundwater

Salinized and sodic drainage water and groundwater 
can be reused, again with restrictions

Saline and sodic drainage water and groundwater 
can be reused, although these relatively saline wa-

4 percent in the Mashreq countries. Use of treated 
waste water is particularly high in the Arabian Pen-
ensula (see Box 2.2). FAO has been piloting low-cost 
wastewater treatment and subsequent reuse in Alge-
ria, Morocco, Tunisia and Egypt (see Box 2.3). In Tuni-
sia reuse is common practice, after tertiary treatment. 
The large-scale return of treated wastewater from the 
Jordanian highlands to  irrigated agriculture in the Val-
ley has been mentioned above. [FAO 2009: 5a]

Regulation and restrictions on reuse add to costs and 
limit benefits. Although untreated wastewater use is 
not encouraged as a source for irrigation, recent expe-
rience in both Lebanon and Yemen has been that farm-
ers can be reluctant to switch from using untreated to 
treated wastewater, because of cost and loss of nutri-
ents. This is an area where a region-wide study could 
establish best practice and develop proforma guide-
lines, including an incentive framework that would 
maximize reuse.  [ICARDA 2007: 80-85]

ters pose risks due to soil salinization and water qual-
ity degradation downstream. A legal and regulatory 
framework is needed, and programmes have to be 
assessed at the level of overall basin efficiency and 
socio-economic benefit. These features characterize 
successful programmes such as that of Egypt, which 
reuses over 5 BCM of drainage water, equivalent to 
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10 percent of its annual freshwater withdrawals, with-
out deterioration of the salt balance7. Recent research 
has also revealed the value of brackish water sources 

Box 2.4: Brackish water sources for biosaline agriculture

Research shows the value of brackish water sources for biosaline agriculture (Taha and Ismail 2010, Taha 
et. al. 2005). In research commissioned by the International Fund for Agricultural Development (IFAD), the 
International Center for Biosaline Agriculture (ICBA) analysed the potential use of saline/brackish water 
resources in NENA countries for animal feed production. The study showed that sufficient saline and brack-
ish water resources exist to irrigate up to 330 000 ha. These findings are particularly relevant to the Arab 
region, given the increasing salinization of groundwater.

Source: ICBA, McDonnell and Ismail 2011

Box 2.5: The Nile Basin Initiative

Recognizing potential gains from cooperation, nine Nile riparian states established the Nile Basin 
Initiative (NBI) in 1999 as a regional partnership. NBI was intended as a transitional cooperative 
mechanism. At the same time, a process was launched to study how to draw up a multilateral 
agreement on cooperative development of the Nile, the Cooperative Framework Agreement (CFA).
The NBI seeks to develop the river in a cooperative manner, share socio-economic benefits, and 
promote regional peace and security. Its mission statement is set out in the Policy Guidelines for the 
Nile River Basin Strategic Action Program (NBI 1999): to achieve sustainable socio-economic devel-
opment through equitable utilization of, and benefit from, the common Nile Basin water resources’.
The Policy Guidelines set out the specific objectives of the NBI: 

•	 develop the Nile Basin water resources in a sustainable and equitable way to ensure pros-
perity, security and peace for all its peoples

•	 ensure efficient water management and the optimal use of the resources
•	 ensure cooperation and joint action between riparian countries, seeking win-win gains
•	 target poverty eradication and promote economic integration
•	 ensure that the programme results in a move from planning to action

Source: Ward 2010a; Cascao 2009

Transboundary issues

Although transboundary waters are a major challenge, 
there are no comprehensive agreements in NENA

In the NENA region, 60 percent of surface water is 
shared across boundaries and huge – largely fossil – 
aquifers lie beneath several countries. However, there 
are no comprehensive cooperative agreements or 
joint river basin organizations. Bilateral agreements 
do exist – for example between Egypt and Sudan over 
the allocation of Nile water, but these have not been 
shared with other riparian countries. 

Agreements based on equitable sharing of develop-
ment opportunities among the riparian countries are 
the healthy and sustainable way for countries to en-

7  Issues of drainage and drainage water reuse are discussed in full in Chapter 3.

for biosaline agriculture (see Box 2.4). [McDonnell 
and Ismail 2011, FAO 2011a, World Bank 2006a: 177; 
Abou-Hadid 2007: 62A; ICARDA 2007: 86-90]

joy economic prosperity, security, and peace for their 
people.

Egypt and Sudan have been working towards an 
agreement with all riparians on Nile waters

Egypt and Sudan have been working intensively with 
upstream riparians within the Nile Basin Initiative (NBI) 
to work out and agree a cooperative framework agree-
ment on benefit sharing (see Box 2.5).  Extensive in-
vestment has been made in setting up institutions for 
information and data gathering and sharing and for 
joint studies, planning and investment programming. 
The Eastern Nile Technical Regional Office (ENTRO) of 
the NBI has prepared an investment planning frame-
work and several transboundary projects on behalf of 
the Blue Nile riparians (Egypt, Sudan and Ethiopia).  
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The lack of cooperation between Turkey, Syria and 
Iraq over the Euphrates has prevented the develop-
ment of an integrated water management plan for 
the Euphrates basin, and creates particular risk for 
Iraq as the downstream riparian of a diminishing and 
increasingly uncertain flow. At full development, Turk-
ish and Syrian projects could reduce Iraq’s share of the 
Euphrates from the present 19-21 BCM to just 9 BCM, 
and less in a drought year. Iraq’s share of Euphrates 
water could drop from 75 to 28 percent.  [World Bank 
2006a, Bingham: 10.67]  

Box 2.6: How cooperative development on the Nile could result in win-win outcomes

Cooperative development can greatly increase economic and environmental benefits. Investments and 
management interventions jointly planned at the basin scale within an integrated framework can produce 
more benefits than investments limited by national boundaries. One study, for example, estimated that 
if Nile investments were planned at the basin scale, the annual benefits from the Nile would more than 
double, from USD 4.2 billion to USD 8.9 billion, and these benefits could be shared so that all nations were 
better off. More efficient use can be made of the water, which can be first used for hydropower upstream 
and then for irrigation and water supply downstream. Cooperation would also help preserve ecosystems, 
increasing sustainability and enhancing environmental assets. Climate change impacts can also best be 
managed at the basin level. 

Cooperation can also have broader benefits. Cooperation on international rivers increases water security, 
reduces risks of water-related conflict and increases the chances that conflict can be turned to good ac-
count. Cooperation can also serve as a catalyst for greater regional integration, both economic and political, 
with benefits far exceeding those derived from the river itself. For example, the case of the World Bank’s 
Red Sea-Dead Sea Water Conveyance Study programme has demonstrated unprecedented engagement on 
transboundary environmental and water management issues, even during the most difficult political times.

Unilateral development brings lower economic benefits and social and political problems. In contrast, 
unilateral development results in suboptimal investment choices, lower overall returns to water and hence 
lost income for riparians, and could lead to degradation of the river system and result in increased tensions 
amongst riparians. This in turn can have political and economic consequences in terms of international 
relations, as well as domestic social and political impacts as constituents within countries wrestle with 
adverse localized impacts. 

Source: Whittington et al. 2005; Ward 2010a; Ruckstuhl 2009

Towards best practice in cooperation on 
transboundary waters

Best practice in transboundary water management 
and conflict resolution seeks to achieve the goals of 
fair distribution of benefits, economic efficiency and 
environmental sustainability through agreement on 
some level of cooperation

The ultimate goal would be a comprehensive agree-
ment between all riparians providing for: agreement 
on how water or benefits are to be shared; institu-
tional mechanisms, rules and organizations for deci-

A cooperative framework can create win-win benefits

In addition to the risks of noncooperation, there are 
also very important benefits that can be gained from 
cooperation, largely because this allows investments 
to be planned at the basin scale, which can generate 
considerable extra benefits (see Box 2.6).

sion taking, conflict resolution and implementation; 
and arrangements for mutual monitoring8.

The persuasive concept of benefit sharing – rather 
than assigning quantified water rights – could be at 
the heart of cooperation

The economic value of cooperation is not propor-
tional to water diverted or consumed.  It is sharing 

8   These points essentially reflect the principle of cooperation enshrined in the 1997 
UN Convention on Non-Navigational Uses of International Watercourses, which 
requires: equitable utilization; no significant harm; and a duty to cooperate in pro-
tection and development.  The convention was approved by the General Assembly, 
but has not been ratified by a number of states, including major riparians on NENA 
resources (Israel, Turkey and Egypt).
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of water-related benefits rather than water alloca-
tions per se that give the increased value the ripar-
ians are seeking. A framework based on benefit shar-
ing rather than water sharing would underpin a more 
rational planning function based on economic value 
and would prioritize high value, low consumptive uses 
such as hydropower.  

Lessons on the process of negotiating cooperation on 
transboundary waters

It is essential to act early before the situation be-
comes critical and to take advantage of windows of 
opportunity.  In the process, mediation and external 
support can be key.

Time and stamina are needed. In the case of the Nile, 
multilateral cooperation began tentatively as a low 
key technical process in 1967 (see Figure 2.1), and 
only forty years later is that process gathering real 
momentum.

Communications, transparency, and stakeholder in-
clusion are vital

The Nile Basin Initiative has invested massively in 
communications and stakeholder inclusion, and this 
has brought important dividends in terms of engage-
ment and support. Transparency is essential.

Lessons on tackling the substantive cooperation is-
sues

There is a need to analyse the political economy and 
to form strategies

Realistic and participatory analysis is required of the 
political economy of the riparian countries and of their 
actual and potential relations over the water source, 
together with other geopolitical issues in the region, 
such as commerce, defence, etc. Overall, the strategy 
has to take realistic account of power relations, and to 
embody mechanisms to empower the weaker ripar-

Source: Cascao 2009
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Figure 2.1: Timeline of cooperation in the Nile River Basin 

ians. The Nile process, for example, has given a voice 
to the weaker upstream riparians through their sys-
tematic inclusion in all bodies and institutions with an 
equal voice. The process has enabled these states for 
the first time to influence the regional water agenda 
and policies. [Cascao 2009]

A progressive and flexible institutional strategy is 
needed

Institutional mechanisms are the reflection of the 
state of agreement of cooperation at any point. A 
river basin organization cannot be set up until there 
is agreement on cooperative water management. A 
flexible approach to institutional design is therefore 
required. The progressive establishment and develop-
ment of institutions for the Nile, keeping pace with 
successive degrees of cooperation amongst the par-
ties, is a good illustration of this step by step approach.

A sequence working from technical cooperation to-
wards institutional and political cooperation will al-
low confidence and habits of joint working to devel-
op, whilst generating essential knowledge

There is a virtue in starting with lower key technical 
cooperation which can act politically as a confidence-
building measure. If the cooperation proves benefi-
cial, it could represent a first step towards integrated 
basin planning. 

The economic strategy should concentrate on sharing 
benefits rather than water

Apart from the economic gains that can be made, ben-
efits are less sensitive to negotiate than headline wa-
ter quantities. Agreeing on an investment programme 
that brings benefits to all partners is politically easier 
than negotiating quotas of water. 

Early identification of one or two joint multi-purpose 
operations would be helpful, as they could bring evi-
dent economic benefit

In the Nile Basin, for example, the three major ripar-
ians – Ethiopia, Sudan and Egypt – have launched 
preparation of a series of multi-purpose operations 
both within and between their countries for hydro-
power, irrigation and watershed management. [USAID 
2006-7, Cascao 2009]

The benefits should be considerable, as reaching 
agreement over water will reduce risk and encourage 
economically optimal investment for all riparians

As cooperation leads to joint planning at the basin 
scale, investment and management can be progres-
sively optimized – for example to take account of 
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basin-wide externalities. Reaching agreement over 
water will reduce risk and encourage economically 
optimal investment for all riparians. Ultimately, basin 
level planning can maximize the aggregate value that 
a unit of water can generate as it moves through the 
river system before it is consumed or lost.

Next steps on transboundary waters

For the main transboundary resources of the region – 
the Nile and Tigris/Euphrates – there is a cooperative 
programme only for the Nile. Consideration could be 
given to cooperative approaches for Tigris/Euphrates, 
building on the Nile experience.

Tackling climate change

Background on climate change in NENA

Climate change will have a negative impact on agri-
cultural water availability and will increase farmers’ 
vulnerability 

The vulnerability of NENA water resources and agri-
culture to climate change was discussed in Chapter 1 
(Section 1.6). The present section now discusses how 
the region, its countries and its farmers are adapting, 
and how they may manage present and future risks. 
The topic is vital as although patterns of change in 
precipitation under climate change are not yet clear, 
water is certainly the region’s top vulnerability.

Farmers will devise their own responses – but would 
benefit from structured support within national ad-
aptation strategies

Farmers are likely to deploy a wide range of adaptive 
measures as the impact of climate change makes it-
self felt in different farming systems. The challenge 
will be to ensure that farmers are properly support-
ed, and that farmer reactions contribute to – and do 
not undermine – larger national objectives of sus-
tainable, equitable and efficient development. In this 
respect, climate change serves to highlight a num-
ber of opportunities for better integration between 
farmers, systems and national levels of concern and 
action. These include: (i) how to develop the needed 
climate modelling and resource monitoring; (ii) the 
preparation of adaptation strategies; and (iii) poli-
cies and programmes to support farmers.

Climate modelling and resource monitoring

Good data and modelling are essential to preparing 
responses to climate change

In order to plan for climate change adaptation in 
agriculture, NENA countries need access to good 

data. Hydrological and crop modelling needs to be 
coordinated in order to anticipate likely impacts of 
climate change on water availability and crop pro-
duction and to assess the effectiveness of adaptation 
options. This would allow governments to inform all 
stakeholders of what changes are likely, to plan in 
a participatory way for the correct balance of local 
initiative and top-down interventions, and to design 
appropriate support programmes. The same data 
would allow governments to manage food security 
and social protection programmes related to climate 
change-induced poverty and migration. [FAO 2010a]

New technologies for tracking change are freely 
available and need to be accessed

New technologies, particularly remote sensing, are 
contributing to mapping and monitoring a wide range 
of natural resource parameters. Satellite data com-
bined with Geographical Information Systems (GIS) 
now have the capability to measure changes in land 
cover, forecast crop yields, monitor crop stress and 
quantify production and yields, measure stream flows, 
soil moisture and water storage, and follow pollution 
plumes in water or in the soil. Using recent develop-
ments in information and geospatial technology, a 
number of international programmes are developing 
resource inventory and monitoring tools, including 
use of evapotranspiration remote sensing-based wa-
ter management approaches such as the CropWatch 
System (Bingfang Wu et. al., 2014).  The potential of 
these spatial technologies for improving land and 
water management is enormous, and many of these 
tools are open-access (see Annex 2).  [FAO 2011]

Preparation of adaptation strategies

Experience shows that adaptation strategies require 
an iterative top-down/bottom-up approach based on 
evidence, research and farmer experience

Best practice adaptation strategies for agriculture in 
NENA may have several key characteristics: 

•	 working from the top down (from climate models 
and data) and from the bottom up, basing strat-
egy on the actual constraints, possibilities and in-
centives that shape farmers’ adaptation capacity;

•	 building on and refining existing improvements 
and trends in soil, water and crop management, 
which are already adapted to the water-stressed 
conditions of NENA countries;

•	 investing in further adaptation technologies 
drawn from both farmer innovation and from 
adaptive research;

•	 prioritizing ‘no regrets’ options that are none-
theless robust, given that variability is likely to 
increase; and
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•	 developing solutions that integrate adaptation 
and mitigation.

An example of an innovative approach that satisfies 
all the above criteria would be the adoption of slow-
release nitrogen fertilizers that improve efficiency 
and reduce the amount applied, so that production 
costs are reduced, output and income increased, the 
greenhouse gas (GHG) cost of production is less, and 
the mobilization of nitrous oxide (a GHG) reduced. 
[FAO 2010a] 

The options for different farming systems, for institu-
tional development and for public investment would 
be driven by the context, and also by public policy 
according to the relative priority accorded to: equity 
in benefit amongst stakeholders; impacts on ecosys-
tems; rural development and urbanization policy; 
economic and fiscal costs; and the trade-offs amongst 
these varying policy objectives.

Responses need to clearly target agricultural produc-
tivity and environmental protection

Responses should anticipate changes and opportuni-
ties rather than just react, should be comprehensive 
and innovative and should mobilize all stakeholders, 
including local communities and local knowledge. 
Strategies should be developed with both technical 
and institutional measures to: enhance agricultural 
productivity through crop, water and land manage-
ment supported by knowledge dissemination and 
increased investment; and develop the institutional 
setting at different levels to support investment, col-
lective action and environmental protection. [Clem-
ents et al. 2011, FAO 2010a]

Policies and programmes to support farmers in adapt-
ing agricultural practices

A practical partnership approach between farmers 
and public agencies is needed

Farmer responses to climate change and to the un-
derlying natural resource scarcities indicate the direc-
tion that sustainable intensification of farming will 
take and highlight how other stakeholders can sup-
port beneficial change. As discussed above, farmers 
who come under pressure from climate change ef-
fects will respond by managing risk and introducing 
improvements. There is a clear role for government 
support in:

•	 ensuring that the policy and incentive framework 
facilitates adaptation;

•	 providing information about likely climate change 
effects and impacts;

•	 ensuring that adaptive technology is available;

•	 ensuring farmers have access to the technical 
and financial resources necessary to change;

•	 promoting appropriate institutional change, such 
as participatory local planning, farmer coopera-
tives and farmer field schools;

•	 integrating changes from the local level into high-
er level planning, e.g. for water resources plan-
ning and allocation at the basin scale, for devel-
opment of irrigation, etc.;

•	 ensuring that externalities – particularly environ-
mental impacts and upstream/downstream im-
pacts – are managed equitably and sustainably; 

•	 conducting research to ensure optimal productiv-
ity and risk management measures are available;

•	 facilitating development of appropriate forms of 
crop/weather insurance; and

•	 improving meteorological capacity and services 
geared to farmers’ needs.

…but at the limit a change of farming system may be 
needed, or even assisted out-migration

However, natural conditions may deteriorate to the 
extent that a ‘system change’ will be necessary: semi-
arid croplands may become rangelands, humid sea-
sonally dry lands may become semi-arid, and so on. 
At the limit, the solution may be retirement or aban-
donment. Here, too, there is a role for government 
in accompanying transition of farming systems, and 
in preparing for and assisting changes in livelihoods 
and eventual migration of people. [FAO 2010a: xi, FAO 
2001: 123A]

Research, extension and information are critical com-
ponents

Throughout the region, governments have provid-
ed research and extension services to agriculture, 
backed up by regional and global research institu-
tions. The presence of the International Center for 
Agricultural Research in the Dry Areas (ICARDA) in 
the region has been a valuable asset in developing 
technologies and practices for the arid conditions of 
the region, and this research should intensify in the 
face of climate change. At the national level, govern-
ments are already reviving farmer services, notably 
through participatory approaches, involving farmers 
in planning and in practical research and extension. 
Recent successes in reorienting services include mo-
bile veterinary clinics in Sudan and the development 
of farmer-to-farmer extension through ‘farmer field 
schools’, and these could be scaled up. Local com-
munities and stakeholder groups can play an active 
part in technology development and dissemination. 
In a recent study in Syria, it was found that farmer-
to-farmer seed distribution was an efficient means 
of enhancing uptake of new drought-resistant bar-
ley varieties. Two-way learning processes between 
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farmer groups and extension agencies can help in 
learning and dissemination [McDonnell and Ismail 
2011, Mazid et al. 2007, FAO/IFAD 2007: 55].

As climate change effects are felt, more attention will 
be needed at both national and regional level to the 
development of climate change resilient technical 
packages, and also to updating systems of farmer in-
formation, education and training, including distance 
learning, internet technology for technical themes, 
market information, and extension based on a variety 
of public and private providers. [FAO/IFAD 2007: 59]

Learning from and with farmers will be vital 

Farmers are likely to be innovative and proactive in 
adapting to climate constraints, and an understanding 
of their behaviour will help match services to needs 
and assist in broader adoption and dissemination 
of best practices. It will be important to study and 
capture such responses across farming systems and 
countries throughout the NENA region.[FAO 2010a: x, 
FAO 2011: 3.29, 3.55].

…including from traditional farmer knowledge

Traditional agricultural systems, usually character-
ized by a high degree of complexity and plant bio-
diversity, can provide valuable knowledge for ad-
aptation. Traditional agricultural systems comprise 
indigenous forms of ecological agriculture resulting 
from the co-evolution of social and environmental 
systems. Much can be learned from the very spe-
cific use of environmental knowledge and natural 
resources in these systems. It will be necessary to 
evaluate, document and disseminate good practice 
at farm, system and strategic levels [FAO 2010a].

Finance will be required, including rural financial ser-
vices…

Finance is important for adaptation strategies, help-
ing households widen their economic opportunities, 
increase their asset base, and diminish vulnerability 
to shocks. This will require development of rural fi-
nancial services, particularly microcredit and savings 
and loan approaches  [McDonnell and Ismail 2011, 
Saab 2009]

…and Community Driven Development (CDD-type fi-
nancing) for natural resource management

There has been considerable success with invest-
ments in communal infrastructure supported by So-
cial Funds such as those in Egypt and Yemen. INDH in 
Morocco is a successful home-grown version of the 
same approach that is supporting agricultural projects 
as well as community investments.  Extension of these 
activities to communal investment in natural resource 
management – watersheds, irrigation development 
etc. – could support adaptation9 [FAO/IFAD 2007: 57]. 
Furthermore, special adaptation funds with lower in-
terest rates for qualified uses are another option.

Groundwater depletion

The groundwater boom has revolutionized agricul-
ture in many countries

From the 1970s, all countries of the region expe-
rienced the arrival of the tube well and motorized 
pump technology at the same time as internal and 
export markets for higher-value agricultural produce 
were growing. This happy combination revolutionized 
the economics of agriculture based on groundwater 
use and led to rapid growth of private irrigated agri-
culture and of farm incomes. The rate of adoption was 
accelerated by favourable government programmes, 
including tax-free imports, cheap credit and low-
cost energy, and by the absence of any regulation of 
groundwater development. The use of groundwater 
for supplementary irrigation also boosted rainfed ag-
riculture in many locations.

…but unregulated development has led to inequitable 
access and now to rapid depletion in many locations

Alongside these benefits, two negative results 
emerged.  First, the ‘open access’ nature of the re-
source and the absence of institutions to regulate 
development and abstraction led to a free-for-all in 
which water rights have been appropriated by the 
more nimble or more powerful, and other related 
rights have been attenuated – for example, where 
groundwater abstraction has led to the drying up 
of springs.  Second, the common pool nature of the 
resource has led to a ‘race to the bottom’, as no in-
dividual has any incentive to conserve the resource, 
but rather to pump it out before his or her neighbour 
does.  These two results have contributed to conflict 
and have driven rapid depletion of the resource in 
many locations (see Figures 2.2-2.4).

9  Next steps in climate change adaptation at national and regional level are dis-
cussed in Chapter 4 (Section 4.2).
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Figure 2.2: Morocco – Annual renewable groundwater potential and current withdrawal rates
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 Figure 2.3: Drop in the water table at Souss                                             Figure 2.4: Drop in the water table at Saiss

                                     Source: DRPE from the Regional Initiative on Water Scarcity – Morocco Country Paper
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Establishing a governance framework for groundwa-
ter is exceptionally hard

The NENA countries have tried to recover state con-
trol over groundwater through licencing and regula-
tion systems, but these – as everywhere in the world 
– have proved extraordinarily difficult to impose. The 
case of Jordan is amongst the more successful: this 
combined a military-style licencing and regulation op-
eration with incentives to compliance in the form of 
permits to sell groundwater to the profitable potable 
water market.

Attempts in Yemen to reduce over-abstraction simply 
by raising the price of diesel were not successful, as 
this led to price rises throughout the economy which 
provoked considerable civil turmoil. Subsequently, 
Yemen has registered more success with approaches 
that decentralize water resources management to 
local areas and communities and give incentives to 
greater water efficiency through subsidies to water-
conserving infrastructure (in-field pipe distribution, 
hydrants, pressurized irrigation) and which advise on 
water management and irrigated cropping.  Supply 
side measures like aquifer recharge enhancement, 
rainwater harvesting and urban wastewater reuse in-
crease incentives.
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A similar approach has been successful in Egypt, for 
example at Salhiya in the East Delta where a local 
groundwater association established a common man-
agement system and invested in a piped network, and 
now manages the aquifer sustainably.  [World Bank 
2006a: 110] 

Options thus include both top-down and bottom-up 
approaches – or a blend

Problems and solutions on groundwater depletion are 
discussed in full in Chapter 3 below (Section 3.4), and 
next steps are assessed in Chapter 4 (Section 4.2).  In 
practice, options for NENA countries are:

•	 a rights and regulation approach;
•	 changing the incentive structure to favour con-

servation and efficiency;
•	 decentralizing groundwater resource manage-

ment to the local level;
•	 The use of evapotranspiration remote sensing- 

based water management approach. 
•	 complementary supply-side measures to increase 

water availability; and
•	 monitoring, information, education and commu-

nication.  [World Bank 2006a: 108-114]

2.6  The incentive framework for promoting 
water efficiency and water productivity

in agriculture

NENA countries have long recognized the need for 
demand management in irrigation through adjust-
ment to the incentive structure to encourage water 
conservation and more efficient use

Policy analysis in recent years has pointed to the role 
of the incentive structure in promoting over-use and 
inefficient use of water in irrigation. A recent study 
lists four ‘perverse incentives for excess irrigation’: 
barriers to imports, domestic price support, subsi-
dized credit and energy subsidies, and then goes on 
to document how the irrigation incentive structure in 
most NENA countries practices all four of these per-
verse incentives – and in only two NENA countries 
where irrigation is important are any of these distor-
tions absent10.  NENA countries have therefore long 
recognized the need to adjust the incentive structure 
in irrigation to encourage water conservation and 
more efficient use. This section looks at three compo-
nents of the incentive structure where there has been 
progress in NENA – but where there is scope for fur-
ther steps: (i) irrigation water pricing; (ii) protection 
of domestic production; and (iii) energy subsidies.   
[World Bank 2006a: 13]

10  Only Iraq does not set barriers to imports, and only Lebanon does not offer sub-
sidized credit.

Irrigation water pricing

‘Best practice’ would suggest water prices should re-
flect scarcity and opportunity cost…

A best practice principle within IWRM is that the price 
of water should reflect not only its production cost 
but also its value in alternative uses. This would mean, 
for example, that water that could be switched from 
agricultural use to satisfy industrial demand should 
be priced to farmers at the margin at the price that 
industries are prepared to pay for it.

…but this does not happen in practice except in pri-
vate water markets

In the cases where functioning intersectoral water 
markets exist – for example, the rural-to-urban water 
sales in Yemen or Jordan – this pricing mechanism 
works automatically11.  However, no NENA govern-
ment has considered adopting scarcity or opportu-
nity cost for irrigation water pricing, on the grounds 
that water has been allocated to agriculture and 
prices should reflect only production costs within 
that sector.  In the case of private irrigation, particu-
larly private groundwater irrigation, this has resulted 
in prices of water considerably below economic lev-
els, notably where water is scarce and/or nonrenew-
able. This under-pricing has promoted over-use.

NENA governments have generally sought to recov-
er management, operation and maintenance costs 
(MOM) and sometimes a share of the capital costs 

On publicly managed schemes, NENA governments 
have concentrated their approach on covering costs, 
normally only MOM costs, although in some cases 
a land betterment charge or a fee to cover costs of 
rehabilitation has been levied.  [World Bank 2007a: 
71-72]

…and there is a shortfall on many schemes, which 
limits autonomy and may impair services

Since 1984, Morocco has operated volumetric tar-
iffs linked to supply costs. Tunisia also operates a 
volumetric tariff system.  In 1996, following a lengthy 
study of the costs of providing irrigation water in the 
Jordan Valley, Jordan introduced a block tariff system 
designed to cover costs. None of these approaches 
have yet arrived at full coverage of MOM costs and 
hence no NENA irrigation scheme has achieved the 
financial autonomy that would come from full cover-
age of MOM by farmers. Either governments continue 
to subsidize, which reduces the benefits of decentrali-
zation and allows central government to continue to 
dictate, or MOM is underfunded.

11   Although prices do not necessarily reflect resource cost.
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Not recovering costs also limits the scope for private 
sector participation

The shortfall in cost recovery has also reduced the 
scope for public/private partnership (PPP) in irriga-
tion. Only on the Guerdane perimeter in Morocco has 
a PPP project become operational – and then only in 
the circumstances of heavy government capital sub-
sidy and well-off commercial fruit farmers. 

Protection of domestic production

Protection still keeps farm gate prices high in many 
countries, distorting incentives

Protection of domestic cereals production or direct 
price support to local cereals production encourages 
the use of water for lower value cereals cultivation. 
One striking example has been KSA where domes-
tic production of wheat has been procured at three 
times the import parity price or more.  Recognizing 
the economic cost of this policy, several countries 
where there are alternative higher-value crops that 
could profitably be produced using the same water 
have reduced or eliminated barriers to cereals im-
ports or phased out price support to cereals in recent 
years.  In addition, the rise of cereal prices globally 
in recent years has made domestic production more 
competitive.  Nonetheless, import controls and price 
support persist across the region; while phasing them 
out would improve incentives to water productivity 
in agriculture (USD per drop). Food security concerns 
often prevail to argue for maintaining the existing in-
centive framework [World Bank 2007a: 13].

Energy subsidies

Cheap energy prices have driven groundwater deple-
tion in several countries

In many NENA countries, energy subsidies have made 
it cheaper to pump water, and this has improved the 
financial profitability of both surface water lift pump-
ing for irrigation and of groundwater abstraction.  
This has contributed to the decline of nonrenew-
able groundwater reserves in some locations.  The 
most extreme examples are in the Arabian Peninsula 
where, at current rates of abstraction for agriculture, 
groundwater in the supply areas of two national capi-
tals (Riyadh and Sana’a) will run out in the next two to 
three decades at most.

Adjusting the entire incentive structure

Adjusting the incentive structure requires careful bal-
ancing of trade-offs

Often the incentive structure is highly complex and 
comprises elements from not only the agriculture 
sector and water sector policies but also elements 
of broader macro-policy. Apart from national food 
security considerations, in KSA, for example, adjust-
ment was required on a number of levers in order to 
reduce incentives to over-use of water in agriculture 
and to reallocate water to higher-value crops (see 
Chapter 3).  

Next steps are discussed in Chapter 4 (Section 4.2).  
They could begin with a region-wide review of the 
components of incentive structures for agricultural 
water use, and of the results from adjustments – what 
happens when the incentive structure is changed? 





Chapter 3
Water efficiency and crop water productivity in 

agricultural water management in NENA

Main messages

This chapter reviews each of NENA’s agricultural water management systems in turn and asks the ques-
tions: How efficient are they, and how can productivity be boosted?

Overall, water efficiency and crop water productivity are relatively high in NENA, as expected in so arid a 
region. There is, nonetheless, considerable scope for further increase.

NENA performance on surface irrigation is at the higher end of the global range but can be raised 
further by improving the flexibility, equity and reliability of water service, by in-field intensification to 
raise crop water productivity, and by further modernization of both infrastructure and institutional 
arrangements.

Pressurized irrigation has proved efficient and profitable, although costs and risks are relatively high.  Govern-
ments could help farmers, particularly poorer ones, to overcome barriers to entry and to manage risks.

Groundwater is a bountiful resource but overuse has led to widespread depletion.  Technical and economic 
measures can help manage demand but institutional measures are needed to develop groundwater gov-
ernance for sustainability.

Rainfed agriculture is the predominant farming system in NENA. New technology, investment and institu-
tional adaptation are needed to raise productivity and to help farmers adapt to climate change.

Watershed management has worked where approaches have been participatory and conservation tech-
niques have been profitable to farmers.  In the dry and degraded lands, water is the vital input for for-
estry, for livelihoods and for anti-desertification.  Successful models of watershed management have been 
tested.  The challenge is scaling up.

Drainage has been the poor relation to irrigation, yet both drainage and reuse of drainage water have 
proved to be low cost ways to boost productivity. 

Chapter 2 discussed the overall management of 
water resources and the policies and institutions 
that guide efficient allocation of water to agricul-
ture and the incentive framework that motivates 
farmer behaviour. The present chapter looks at 
how water service providers and farmers man-
age agricultural water for maximum efficiency and 
productivity.

The first section (3.1) discusses the relevant meas-
ures: measures of efficient water service – water ef-
ficiency and irrigation efficiency – and measures of 

water productivity – physical crop water productivity 
and economic crop water productivity.

The following sections then assess a range of agricul-
tural water management systems: larger-scale surface 
irrigation and the challenge of modernizing systems 
to improve irrigation efficiency and crop water pro-
ductivity (3.2); pressurized irrigation (3.3); groundwa-
ter irrigation (3.4); rainfed agriculture (3.5); and wa-
tershed management and drylands agriculture (3.6).  
A final section reviews issues of salinization, waterlog-
ging and drainage and drainage water reuse (3.7).

39
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3.1  Water efficiency and crop water pro-
ductivity

Water efficiency (WE) is here defined as the propor-
tion of water consumed through plant transpiration   
(and so contributing to to plant growth) over the total 
water applied12. It is a dimensionless ratio, often ex-
pressed in percentage. 

Crop water productivity (CWP) is here defined as the 
production per unit of water transpired or ‘crop per 
drop’.  The simplest measure is kg/m3 transpired (physi-
cal CWP), but another meaningful measure is net income 
per unit of water transpired (USD/m3 or economic CWP).

Box 3.1 Different perceptions of water efficiency (Knox et al, 2012)

For many (possibly most) farmers, concepts of water efficiency are linked to maximising the farm’s eco-
nomic productivity rather than saving water, except perhaps when their own allocated resources may be 
inadequate. As a consequence, using financial criteria for water efficiency rather than engineering crite-
ria appears to be a sensible approach when assessing irrigation performance at the farm level, since any 
managerial (e.g. scheduling) and operational (e.g. equipment) inefficiencies associated with irrigation 
are implicitly included in the assessment. Hence, the concept of catchment or basin level irrigation effi-
ciency is largely irrelevant to most farmers. Instead they aim for best (or reasonable) use of a potentially 
limited water supply, aiming not to over or under irrigate, whilst minimising any non-beneficial losses. 
This is often described as ‘applying the right amount of water at the right time in the right place’. Any wa-
ter ‘saved’ would be allocated to additional crops. In contrast, water regulatory authorities whose prime 
objective is to balance the water needs of all abstractors (including the aquatic environment) generally 
view increasing water efficiency as a means of saving water and promoting environmental sustainability.

Reducing apparent water losses may recover much 
less water for other uses than expected

Excessive emphasis is often placed on the first option, 
with efforts aimed at reducing water ‘losses’ from 
water supply or distribution systems (FAO, 2011).  In 
many contexts, the scope for and impact of water 
loss reduction is limited because only part of the wa-
ter ‘lost’ is non-recoverable either within or outside 
the specified domain.  Field studies, functional analy-
sis and modelling can be used to: (1) measure or esti-
mate the volume of non-consumptive water use that 
is non-recoverable in space and time and (2) provide 
the input data for calculating water productivity at 
different temporal and spatial scales

Increasing productivity with respect to water can 
be achieved throught improved water control, soil 
management and agronomic practices and is a high 
potential option

In most cases, the single most important avenue for 
managing water demand in agriculture is through 
increasing agricultural productivity with respect to 
water.  Yield increases can be achieved through im-

12  This measure, just one of several ways to express water efficiency, is sometimes 
called, in the opaque lexicon of specialists, ‘effective efficiency’.  [IWMI 2007: 139]

There are three broad ways to improve water effi-
ciency and crop water productivity

In broad terms, agriculture has three options for im-
proving the efficiency and productivity in a specified 
domain:  

•	 Increase the efficiency of water use by reducing 
non-beneficial consumptive water uses and non-
recoverable non-consumptive water uses;

•	 Increase the productivity of water use via meas-
ures that increase, for example, crop yields;

•	 Reallocate water from low to higher value uses. 

proved water control, improved land management 
and agronomic practices. This includes the choice of 
genetic material, and improved soil fertility manage-
ment and plant protection. It is important to note 
that plant breeding and biotechnology can help by in-
creasing the harvestable parts of the biomass, reduc-
ing biomass losses through increased resistance to 
pests and diseases, reducing soil evaporation through 
vigorous early growth for fast ground cover, and re-
duced susceptibility to drought. Therefore managing 
overall demand through a focus on water productivity 
rather than concentrating on the technical efficien-
cy of water use alone is an important consideration 
(FAO, 2012a).

Reallocatin from lower to higher value crops is also a 
good choice  - but may face technical,, financial and 
market challenges

If productivity is considered in terms of added value 
and not production, reallocating supply from lower 
value to higher value crops is an obvious choice for 
farmers seeking to improve income levels. For this to 
happen, changes are required in both the manage-
ment and technology associated with irrigation to 
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provide farmers with a much higher level of control of 
water supply. In addition, shifts to higher value crops 
also require access to inputs, including seeds, fertiliz-
ers and credit, as well as technology and know-how, 
and reasonable conditions to operate in much more 
competitive market conditions. However, in practice, 
not all farmers are able to make this choice since the 
market for higher value crops is limited compared 
with the market for staples. 

Another means of improving water efficiency and pro-
ductivity is to limit or cap the water available to farmers.  
This often has the result of encouraging farmers to seek 
out opportunities that improve efficiency and/or pro-
ductivity.  Ultimately, it is at the farmer level that most 
water is consumed. Their behaviour and their capacity 
to adapt can be altered by incentives such as improved 
reliability and increased flexibility of water supply.

Water efficiency (WE)

Despite generally high WE in NENA, there is still scope 
for improvement in many situations  - but costs rise 
steeply at the margin

There is very little monitoring data available for com-
parison or benchmarking. In practice, subsidiary com-
ponent indicators easier to measure tend to be used, 
and each has its value.  The two most common are: the 
consumptive fraction (total water consumed through 
evaporation and evapotranspiration divided by total 
abstractions), and irrigation efficiency (total water de-
livered to the farmer divided by total abstractions).

Globally, the consumptive fraction in irrigated agriculture 
averages about 59 percent. Efficiency can be increased 
to 70 percent or beyond, and in the case of protected ag-
riculture or drip to almost 100 percent. However, in open 
irrigation, going beyond 70 percent could lead to saliniza-
tion and pollution, especially if leaching is ignored.

In open channel surface irrigation, irrigation efficiencies 
of 40-50 percent are usual, but efficiency can reach 70 
percent or more with lined canals, more with closed 
pipe irrigation.  However, low irrigation efficiency does 
not necessarily mean a low consumptive fraction, 
as water not transpired by the plant may not be lost 
through nonbeneficial evaporation: it may return to 
the system as canal seepage or as drainage water and 
be available for reuse downstream within the basin. In 
Morocco, the water accounting case study conducted 
as part of the Regional Initiative on Water Scarcity 
found that about 35 percent of water supplied to irri-
gation was ‘lost’ but of that between 22 and 34 percent 
were potentially reusable13 [IWMI 2007: 119, 295].

The objective of irrigation and agricultural water man-
agement is to increase WE to the maximum whilst tak-
ing account of the cost of improvement at the margin. 

13   FAO 2014a: Regional Initiative on Water Scarcity - Morocco Country Paper: 25, 
Table 2.  For the water accounting exercise, see the Introduction to this paper.

WE can approach 100 percent with drip irrigation in 
greenhouses, but drip irrigation may be more expen-
sive than open field furrow irrigation, particularly in 
terms of operating costs. Therefore, the cost per m3 
transpired has to be set alongside the WE as a perfor-
mance indicator.

WE can be improved by improving water service to 
the field through minimized canal losses, timely de-
livery, correct quantity and quality, all areas served 
including the tail end; and by in-field water manage-
ment, conveying water efficiently to the plant root 
zone at the right time and in the right quantity and 
minimizing nonproductive evaporation from the field. 
The Regional Initiative Case Study for Morocco found 
that improved water service and in-field water man-
agement could improve irrigation efficiency on aver-
age by 25 percent.  Box 3.2 shows how investment 
in modern water savings in Tunisia increased the effi-
ciency of water service to the field and in-field water 
management, and so improved irrigation efficiency.

Crop Water Productivity (CWP)

There is a range of soil, crop and water management 
options to improve CWP in NENA - but again cost-
benefit ratios are critical

As indicated above, CWP can be improved by soil, 
crop and water management. Parameters include:

•	 crop and varietal choice to provide increased 
yield per unit of water consumed or to consume 
less water;

•	 soil and water management to promote soil fer-
tility and reduce salinity;

•	 land preparation, including soil moisture conser-
vation through zero or minimum tillage;

•	 using deficit, supplemental or precision irriga-
tion, especially when combined with other man-
agement practices;

•	 improving irrigation water management to re-
duce stress at critical moments in crop growth;

•	 nutrient management;
•	 lessening nonproductive water consumption 

(evaporation) by mulching, enhancing soil infiltra-
tion and storage properties, enhancing canopy 
cover, subsurface drip irrigation, matching planting 
dates with periods of less evaporative demand;

•	 weed and pest management; and
•	 harvest and post-harvest management. [IWMI 

2007: 301, 280]

Again the costs of inputs and husbandry in relation to 
benefits at the margin are relevant, as well as the cal-
culation of risk. A very high input crop may not yield the 
highest financial return to water. It might, therefore, 
have a high physical CWP but a lower economic CWP.
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Box 3.2: In Tunisia, water efficiency and crop water productivity are boosted by modern irrigation

In Tunisia, the current average water demand per hectare actually irrigated is estimated at 4 500 m3, vary-
ing depending on the crop and climatic zones from 1 000 to 2 000 m3/ha for cereals and fodder in the north 
up to 15 to 20 000 m3/ha for date palms in the oases of the south.

Irrigation efficiency (water arriving at the field divided by total abstractions) varies from 60 percent for older 
gravity systems to 90 percent for modern pressurized systems, with a nationwide average of 80 percent (up 
from 60 percent 20 years ago).  In-field efficiency averages 72 percent (in 2012), ranging from 50 to 60 percent 
for traditional gravity irrigation to 80 to 90 percent for localized irrigation. Average water consumption for to-
matoes dropped from 7 275 m3/ha in 1995 to 6 100 m3/ha today, and for potatoes from 4 763 to 4 075 m3/ha.

Tunisia: Improvements in water conveyance efficiency and in-field efficiency
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Currently about 374 000 ha – 77 percent of the irrigated area – are equipped with modern water-saving 
technology, including 135 000 ha under drip (22 percent), 112 000 ha under sprinkler (27 percent) and 
98 000 ha uner improved surface irrigation (28 percent) .  The spread of drip irrigation has been particularly 
rapid (see chart below).

Tunisia: Development of water-saving irrigation technology 1995-2009
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Average productivity of water for cereals varies between 0.88 and 1.5 kg/m3 for crops grown in semi-arid and 
sub-humid lower Tunisia. Irrigation produces much greater water productivity and lower interannual variations.

Source: FAO 2014b: Regional Initiative on Water Scarcity - Tunisia Country Paper: 6-7, 33-35

There is a key role for technology development to in-
crease CWP.  Plant breeding and biotechnology can 
develop planting material to increase the harvest in-

dex and strengthen drought and pest resistance, or to 
allow earlier planting or maturing or extend the grow-
ing period, etc.
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Available information suggests that there is every-
where scope for improvement in CWP

Although growing conditions and farming systems 
vary enormously around the world, available infor-
mation suggests that there is everywhere scope for 
some improvements in CWP. Table 3.1 below shows 

Table 3.1: Physical and economic crop water productivity ranges for selected crops

Crop
Assumed price
(US cents/kg)

Physical CWP
(kg/m3)

Economic CWP
(US cents/m3)

Wheat 20 0.20-1.20 4-30

Rice 31 0.15-1.60 5-18

Maize 11 0.30-2.00 3-22

Lentil 30 0.30-1.00 9-30

Faba bean 30 0.30-0.80 9-24

Potato 10 3.00-7.00 30-70

Tomato 15 5.00-20.00 75-300

Onion 10 3.00-10.00 30-100

Olive 100 1.00-3.00 100-300

Date 200 0.40-0.80 80-160
Source: Based on IWMI 2007: 292 Table 7.3

…and in NENA there is some scope for improve-
ments in both physical and economic crop water 
productivity

In order to assess the scope for improving CWP in 
NENA, some benchmarking is needed. Limited work 
has been done on this, but what there is discussed lat-
er in this chapter (Section 3.2). In general, in a water-
scarce region like NENA, physical CWP is already quite 
high but with scope for improvement, particularly in 
progressive conversion to pressurized irrigation and 
protected agriculture to improve WE and physical 
CWP, and in switch to higher-value crops to improve 
economic CWP.

Chapter 4 (Section 4.3) summarizes issues on water 
efficiency and water productivity, and proposes a spe-
cific agenda, including actions at both country and re-
gional levels.

that physical crop water productivity varies between 
and within locations and systems by factors of from 
2 to 10, and economic crop water productivity varies 
by factors of from 2 to 8. The table also shows that 
there is a huge variation between crops in CWP, with 
cereals and legumes providing relatively much lower 
economic CWP than vegetables and fruits.  

3.2  Surface irrigation: increasing WE and 
CWP through modernization

The NENA region has practiced irrigation for more 
than five millennia, and constant improvements have 
made irrigated agriculture highly productive

The NENA region pioneered irrigation even before 
history began, and NENA’s earliest civilizations were 
founded on the people’s skill in harnessing water for 
productive agriculture. Improvements in technology 
and management have been continuous since then, 
and today irrigated production in NENA can boost 
yields per hectare by up to four times compared to 
rainfed production. In one study on a 100 000 ha 
scheme in Morocco, irrigated yields for wheat, faba 
beans and sugar beet were more than twice as high 
as rainfed yields – and four times as high in the case of 
maize (see Table 3.2). The case for irrigated cultivation 
is technically very strong.  The main constraints are 
water availability and economic viability.
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Table 3.2: Irrigated versus rainfed yields measured at Doukkala 2010/2011

Area on which 
measured 
(ha)

Average irrigated 
yield measured 
(tonne/ha)

Average rainfed 
yield measured 
(tonne/ha)

Irrigated/rainfed

Wheat (winter) 78 700 3.87 1.75 2.2 times
Faba bean (winter) 17 500 3.96 1.67 2.4 times
Sugar beet (winter) 7 100 51.94 23.26 2.2 times
Maize (summer) 6 700 4.71 1.10 4.3 times

110 000
Source: WaterWatch 2011

This section discusses ways in which water efficien-
cy and crop water productivity can be improved on 
NENA’s larger surface irrigation systems. These ac-
count for some 20 million ha, 85 percent of the total 
irrigated area. Hence, improvements on these larger 
schemes would have a considerable impact on pro-
duction and incomes.

Comparing NENA irrigation with global perfor-
mance

Recent benchmarking studies show that NENA 
schemes are relatively efficient overall at delivering a 
timely, quality water service

In a series of recent studies, FAO worked with country 
teams to measure performance on seven NENA irriga-
tion schemes and to compare that performance with a 
sample of 50 schemes in other regions of the world. The 
schemes included both surface water diversion schemes 
and groundwater-based schemes, and included both 
pumped and gravity fed systems. Scheme size varied 
from 362 ha to 96 000 ha. Overall, results were com-
parable across all types and sizes of scheme. The NENA 
schemes examined were: Morocco Doukkala; Jordan 
Valley; Syria Monshahat; Egypt Mit Yazid; Iran Dez; Tuni-
sia Ain Bou Marra; and Lebanon Dardara.

NENA irrigation infrastructure and operating systems 
generally compare favourably with those elsewhere

The studies found that NENA irrigation infrastructure 
and operating systems are generally good, and ‘far 
better than those found elsewhere’. Unsurprisingly, 
modernized schemes were found to do better, al-
though it took time for modernization improvements 
to bring tangible results. At the Iran Dez scheme, for 
example, all parameters improved after moderniza-
tion but only gradually over a ten-year period.

Water delivery service is rated higher in NENA than 
elsewhere at all levels of the system

The studies found that, measured against criteria of 
flexibility, reliability, equity and control/flow, water 
delivery service at all levels of the system was more ef-
ficient in NENA than elsewhere. At lower levels (low-
est level operated by a paid employee, and at the indi-
vidual farmer level) performance was somewhat less 
strong, a fall off attributed to loss of control and lack 
of flow measurement.

In addition to specific factors, the overall political en-
vironment, management and staff competence were 
found to be factors affecting performance

The studies found that a good political environment 
and strong scheme management made a difference. 
Staff quality and development were also key factors 
in the higher levels of staff productivity, which were 
more than 50 percent higher in NENA than globally. 
With average staffing density for canal systems of 
165 ha/staffer, and for pressurized systems of 68 ha/
staffer, NENA schemes were well below comparator 
staffing densities. NENA schemes are certainly not 
bloated. [CIHEAM/FAO 2013: 14]

Generally good water service translates into yields/
ha and yields/m3 which are well above global aver-
ages

On NENA schemes, land productivity was found to 
be high compared to irrigation systems in other re-
gions

The studies found that the median value of produc-
tion for NENA was USD 4 071/ha against a global 
median of USD 1 400/ha. Analysis showed that the 
reason was that NENA production systems are more 
intensive and a higher proportion of high-value cash 
crops is grown. NENA schemes are thus achieving 
high land productivity.

Physical crop water productivity is at the high end of 
the global range
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For specific crops, physical crop water productivity 
(kg/m3) on one scheme in Morocco compared well 
with the global average (see Table 3.3). Physical crop 
water productivity for irrigation water was above the 
global average for wheat, and for maize towards the 
higher end of the global range. Crop water productiv-
ity for faba bean was above the top end of the global 
range. The results suggest that NENA schemes are rel-

Economic crop water productivity is almost five times 
that on schemes in other regions

With a median value of USD 0.47/m3 compared to 
USD 0.087/m3 for other schemes, economic crop wa-
ter productivity across all systems in NENA was found 
in the studies to average five times that on schemes 
in other regions. At USD 0.85/m3, pressurized systems 
in NENA achieved almost twice the median for pres-
surized systems globally.  Comparing these figures 
for economic crop water productivity with the global 
ranges in Table 3.1 above, the NENA performance is 
certainly at the higher end – but with some global 
comparators returning well in excess of USD 1.00/m3, 
there should be scope for further increases.

There is nonetheless a wide variation between schemes, 
particularly in overall irrigation efficiency, where the 
most water-scarce schemes are the most efficient

There is nonetheless a wide variation between 
schemes in NENA, particularly in overall irrigation ef-
ficiency.  The studies found an inverse correlation 
between the depth of water applied and water pro-
ductivity, with the most water abundant schemes 
having the lowest return per m3.  Similarly, the more 
water abundant schemes have lower overall irrigation 
efficiency. This suggests that the most water-scarce 
schemes are the most efficient. [CIHEAM/FAO: 29]

There is also wide variation in performance amongst 
farmers on the same scheme and a considerable 
‘yield gap’

Table 3.3: Physical crop water productivity measured at Doukkala 2010/2011

Area on which 
measured

(ha)

Average CWP meas-
ured: all water (kg/m3)

Average CWP meas-
ured: irrigation water 

(kg/m3)13

Global range 
CWP

(kg/m3)
Wheat (winter) 78 700 0.93 1.29 0.20-1.20
Faba bean (winter) 17 500 1.08 1.47 0.30-0.80
Sugar beet (winter) 7 100 14.20 20.17 n.a.
Maize (summer) 6 700 1.18 1.44 0.30-2.00

Source: WaterWatch 2011; global range from Table in 3.1

atively water-efficient, with the corollary that further 
gains will be harder to attain. However, there were 
considerable variations found within schemes and 
between schemes, suggesting potential for improve-
ment. This view is strengthened by the existence of 
a considerable yield gap (see below).14 [WaterWatch 
2011; Doukkala: local study on yield gaps]

A large-scale study of an area of 110 000 ha (80 per-
cent irrigated) at Doukkala in Morocco showed con-
siderable yield gaps under irrigated conditions (see 
Table 3.4 below). Average yields were well above the 
national average for wheat (more than double) and 
maize (more than four times the national average), 
but there were nonetheless yield gaps under irrigated 
conditions of between 2 and 44 percent depending 
on the crop.  These yield gaps represent the difference 
between average yields and the maximum attainable 
yields as measured by the best actual yields recorded 
in the study area.  There was a wide variation of yields 
around the average.

…which improved agricultural water management 
could help to close

Given that farmers, soils, planting material and crop 
husbandry are broadly similar throughout the Douk-
kala study area, most of the yield gap could be ex-
plained by differences in AWM. These findings sug-
gest that even in a fairly intensive production system, 
there are many farmers who could greatly improve 
their productivity and close the yield gap through im-
proved AWM, for example: (i) improved quality of wa-
ter service; and (ii) better in-field water management 
(including conversion to pressurized).  

14  One recommendation is to follow up with the AquaCrop model to identify why 
areas with lower productivity occur and what improvements could close the gaps in 
yield and water productivity [WaterWatch 2011:74].
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 Table 3.4: Yield gap measured at Doukkala 2010/2011

Area on which 
measured
(ha)

Average yield 
measured 
(tonne/ha)

Max attain-
able yield (t/
ha)*

Average yield 
gap (%)

National 
average yields 
(tonne/ha) 

Wheat (winter) 78 700 3.41 6.47 33 1.49

Faba bean (winter) 17 500 3.68 5.70 23 n.a.

Sugar beet (winter) 7 000 47.78 98.37 29 52.19

Maize (summer) 6 700 3.99 7.18 44 0.69
Source: WaterWatch.  National average yields from WaterWatch: 82.
* 98 percentile value measured

There is thus scope to improve crop water productiv-
ity (more USD for less drop)

This could include not only actions to improve system-
level efficiency through infrastructure modernization 
and investment in software and staff but also in-field 
water management and agronomic choices and levels 
of husbandry. Strengthening control and measure-
ment at lower levels through use of measurement de-
vices and strengthening the quality of staff, particular-
ly at lower levels, could improve service considerably.

Emerging constraints

Three areas where improvement is indicated but 
where there are trade-offs to be considered in any 
modernisation programme are:

Empowering WUAs

WUAs in NENA are considered weaker than in other 
regions, and more study and investment are needed 
to establish and develop empowered user associa-
tions

As discussed in Chapter 2 (Section 2.4), WUAs have 
developed throughout the NENA region as the low-
est level of irrigation governance. In the cross-coun-
try benchmarking studies discussed above, although 
WUAs were established and functioning, they were 
perceived as under-performing, largely because they 
were not empowered in water distribution and mem-
bers considered that they had little influence over re-
al-time water deliveries. [CIHEAM/FAO 2013:22] The 
pathway would be to strengthen WUA capacity and 
empower WUAs so that they are able to influence out-
comes.  There is some good experience with WUAs in 
the region along these lines. The basic conditions for 
a WUA to work are well known – legal framework and 
mandate, empowerment, with responsibility, capacity 
building – and there are some NENA-specific lessons 
emerging – for example that larger WUAs with paid 

employees tend to work better.  [FAO 2012b:11-13]  
Irrigation managers and professionals are unanimous 
that empowered WUAs have an important role to play 
in improving water service and in cost recovery. How-
ever, despite this knowledge and good practice and 
intentions, WUAs remain under-performing in the re-
gion, for which there must be both context-specific 
and socio-political reasons. While some studies and 
investment are indicated (see Section 4.2 below), fur-
ther analysis is required.

The energy/AWM nexus

Energy costs are high, particularly on pressurized or 
lift schemes, and this makes for high operation and 
maintenance (O&M) costs. Investments to raise irri-
gation efficiency may not always be cost-effective as 
energy prices rise

The cross-country benchmarking studies revealed 
high energy consumption on nearly all schemes.  
This was attributed to the use of lifting and pumping 
on most schemes.  On some schemes, overall irriga-
tion efficiency was relatively low, and this resulted 
in relatively higher energy costs/m3 as substantial 
quantities of water were being lifted only to go to 
non-beneficial uses. Here a solution would be to 
work to improve overall irrigation efficiencies (see 
Table 3.5 below on raising overall system efficiency).  
However, this is a scheme-specific challenge and not 
necessarily energy-reducing (for example, in cases 
where excess water would have to be pumped back 
up). In the case of pressurized schemes, or pressur-
ized farms within schemes (e.g. pumping from ba-
sins), the farming becomes even more energy-inten-
sive. The irrigation/energy nexus is likely to become 
a key area for trade-offs, with water efficiency be-
coming less viable as energy prices rise.  [CIHEAM/
FAO 2013: 29, 34]
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Table 3.5: Raising overall system efficiency

System Estimated overall  
irrigation efficiency (%) Possible improvements

Iran Dez 30 Large savings can be made at both canal and field level.

Syria Monshahat 40

Egypt Mit Yazid 48 Could reuse outflows downstream but this would require 
pumping, with consequent energy cost.

Lebanon Dardara 50 Water supply is double the design requirements.  Hence, 
irrigation efficiency is already at its maximum.

Tunisia Ain Bou Marra 67

Morocco Doukkala 75 Eliminate water losses along the canal.
Improve field water application techniques.

Jordan Valley 100 Fully piped and pressurized system.  No action.

Source: CIHEAM/FAO 2013: 29 (Table 18)

Financing operations and recovering costs from 
farmers

Scheme management, operation and maintenance 
are often not adequately financed, and farmer contri-
butions are frequently too low

Policy issues on irrigation water pricing and cost re-
covery were discussed in Chapter 2 (Section 2.6).  
At the practical, scheme level, one key finding from 
the cross-country benchmarking studies was that 
recovery of the costs of scheme management, oper-
ation and maintenance (MOM), although consider-
ably increased in recent years, was still everywhere 
short of what wolud be required to cover MOM. In 
no scheme studied was MOM fully financed, and in 
no scheme did farmers cover 100 percent of MOM, 
even though revenues were high enough for farm-
ers to afford to pay. This resulted in lack of budget 
for MOM, and also in a less accountable scheme 
service. Even after years of study that show that 
full financing of MOM by farmers increases auton-
omy and accountability and improves scheme per-
formance, and even after legion bruising political 
battles, cost recovery in NENA remains too low to 
finance scheme operations, leading to substandard 
performance. Full cost-recovery for MOM would 
allow schemes to be free of subsidy and hence 
farmers to play a full role in determining their pro-
grammes and to hold management accountable.  

Yet in general, irrigation farmers’ incomes in NENA 
are relatively high because of the higher-value cash 
crops grown, and incomes should allow farmers to 
pay full MOM costs

With median value of production for NENA at USD 
4,071/ha (against a global median of USD 1,400/ha), 
MOM costs generally represent 10 percent or less of 
production revenue.  Table 3.6 below shows the po-
tential on selected regional schemes. 
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Table 3.6: Cost recovery on selected schemes: actual and potential

Scheme Cost/ha
% of gross revenues 

assuming USD 4 
000/ha

Cost/m3
Current 

cost 
recovery

Potential for full cost recovery of 
MOM

Morocco 
Doukkala

USD 144 4% USD 0.065 (dry 
year)

USD 0.047 
(normal year)

USD 
0.044/m3

O&M cost is reasonable.
Full cost recovery is affordable.

Jordan Valley USD 572 (with 
rehab costs)

USD 236 (O&M)

14%

6%

USD 179/
ha

O&M cost is reasonable (pressurized 
system).
Full cost recovery is affordable.

Syria 
Monshahat

USD 392 10% USD 78/ha O&M cost is high as 80% is for energy.  
Nearby groundwater farmers pay 
pumping costs of USD 485/ha. 

Egypt Mit Yazid USD 46 (MOM)
USD 129 (MOM 

+ rehab and 
modernization)

1%
3%

n.a. O&M cost is very reasonable.
Full cost recovery is affordable.

Iran Dez USD 96 2% USD 92/ha O&M cost is reasonable
Full cost recovery is affordable

Source: CIHEAM/FAO 2013

Planning for irrigation modernization

Modernization packages should integrate physical, 
economic, institutional and agronomic improvements

Each scheme is different and work is required at the 
scheme level to define modernization objectives and 
to draw up modernization programmes. Moderniza-
tion must comprise both hardware and software. In-
tegrated rather than single solution approaches are 
needed, incorporating physical improvements to the 
delivery system, along with economic, institutional 
and agronomic improvements. Given NENA’s existing 
high levels of efficiency and in the light of experience 
with modernization to date, the following package 
contains most of the elements likely to be appropri-
ate for modernization of a NENA scheme. [CIHEAM/
FAO 2013: 34ff; World Bank 2006a: 157]

1. Raising water efficiency by improving the flex-
ibility, equity and reliability of water delivery ser-
vices. This could include:
o infrastructure investments in gates and control 

structures, lining of canals, construction of in-
terceptor canals and reservoirs;

o modern information and control systems like the 
supervisory control and data acquisition (SCADA) 
system that permit monitoring of actual deliver-
ies to farms and comparison with target deliver-
ies, and allow sharing of data with farmers, to 
ensure equitable and predictable service, and 
ultimately permit a volumetric tariff schedule;

o implementation of rotational delivery sched-
ules with variable intervals rather than a fixed 
rotation; and

o (on piped systems), higher-frequency deliveries 
on demand to permit sprinkler or drip irrigation.

2. Improving water productivity.  This could include:
o encouraging investments in improved irriga-

tion technology and improvements in better 
on-farm water management; and

o encouraging investments in crop intensifica-
tion and diversification and improvements in 
crop husbandry.

3. User participation in modernization strategy, 
system management and full cost-sharing. This 
would be targeted at achieving improved system 
performance, service-oriented management and 
financial self-sufficiency, and could include:
o development of effective, empowered and self-

sufficient WUAs at different levels in the system 
that could take part in water distribution and in-
fluence the quality of water service; and

o full cost-sharing that would allow the scheme to 
be free of subsidy and hence farmers to play a 
full role in determining its future. [FAO 2012b:13]

Elements for an action plan

Modernization measures could focus on eight sets of 
investments
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Again, all schemes differ and modernization measures 
need to be identified at scheme level. Box 3.3 below de-
scribes the Mapping System and Services for Canal Opera-
tion Techniques (MASCOTTE) tool that can help identify the 
required measures.  Modernization measures could focus 
on eight sets of investments: [CIHEAM/FAO 2013: 35]

1. Upgrading of physical infrastructure to improve 
water services and irrigation efficiency.

2. Measurement, control and monitoring of system 
operation and of irrigation delivery services, in-
cluding: installation of measurement devices; 
and procedures for service monitoring, water ac-
counting and volumetric tariffs.

3. Accountable contracting for water service, with 
special reference to flexibility and equity.

4. Establishment or strengthening of empowered 
WUAs, with powers to influence water distribu-
tion scheduling and the quality of water service, 
and with responsibility for covering MOM. 

Box 3.3: Mapping System and Services for Canal Operation Techniques (MASSCOTE)

MASSCOTE has been developed by FAO from the rapid assessment and benchmarking tools elaborated by Burt 
and Styles in 1999 (FAO/IPTRID/World Bank) to provide a complete evaluation of external and internal perfor-
mance indicators and help with design of practical modernization programmes.

MASSCOTE organizes project development through an iterative process based on 11 successive steps in a sequence:
•	 Mapping system characteristics, the water context and the actors that affect management
•	 Delimiting manageable subunits
•	 Defining a strategy for service and operation of each unit
•	 Aggregating and consolidating the operating strategy at the main system level

The 11 steps include five designed to collect baseline information:
1. Rapid assessment of current performance
2. Assessing the capacity and sensitivity of the system
3. Analysing perturbations
4. Assessing the hierarchy of the infrastructure networks and the water balance
5. Mapping the costs of MOM

The six subsequent steps are to develop a vision and help with planning for system modernization:
6. Mapping and economic analysis of services to be provided to users
7. Dividing the system into discrete management units
8. Assessing the resources, opportunities and demand for improvements
9. Identifying the improvement options for each management unit
10. Integration of the preferred options at system level
11. Finalizing a modernization strategy and a capacity building plan, and monitoring and evaluation (M&E) 

arrangements
The following specific modules have also been incorporated in MASSCOTE:

•	 MASSLIS: for lift irrigation systems
•	 MASSMUS: where there are multiple uses of water in the command area
•	 MASSFISH: where fisheries are associated with irrigation
•	 MASSPRESS: for pressurized irrigation systems

Applying MASSCOTE in NENA
MASSCOTE was applied to selected irrigation systems in seven NENA countries, 2007-2012. FAO and the In-
ternational Centre for Advanced Mediterranean Agronomic Studies-Mediterranean Agronomic Institute of 
Bari (CIHEAM-MAI Bari) worked with local teams, typically involving about 20 local engineers and staff over a 
period of two weeks per scheme, to measure performance on seven NENA irrigation schemes and to compare 
that performance with a sample of fifty other schemes in other regions of the world. 

5. Capacity building for managers, operators, WUAs 
and farmers, through the whole chain from diver-
sion down to field application.

6. Increasing water efficiency to convey water to 
the plant roots more efficiently (including moving 
to pressurized and drip irrigation, provided that 
the energy bill is not too high.

7. Improving yields per m of water consumed by 
providing irrigation advisory and extension ser-
vices to farmers and other means to improve ir-
rigation water management and crop husbandry 
by managing cropping patterns, farming prac-
tices, input costs and marketing to increase in-
comes and employment per m3 consumed.

8. Introducing systematic periodic benchmarking.
Issues on irrigation modernization are summarized in 
Chapter 4 (Section 4.3), together with suggested ac-
tions at both country and regional levels.

3
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3.3 Pressurized irrigation and high-value 
agriculture

NENA is a global leader in pressurized irrigation

In the last two decades, farmers worldwide have 
adopted pressurized and micro-irrigation – drip and 
sprinkler.  Currently, about 1 percent of the world-
wide irrigated area is under drip, and about 4 percent 
under sprinkler. Development has been much faster 
in the very dry and water-scarce countries of NENA, 
where about 6 percent of the irrigated area (1.4 mil-

Table 3.7: Key facts on pressurized irrigation in NENA

Drip Sprinkler

Drip irrigation: about 1.4 million ha across NENA, 6 percent 
of the total irrigated area, with five NENA countries having 
more than 100 000 ha equipped:
•	 Iran:  420 000 ha
•	 Egypt: 221 000 ha
•	 UAE:  195 000 ha
•	 KSA:  198 000 ha
•	 Syria:  111 000 ha

Sprinkler irrigation: about 1.7 million ha across NENA, 7 
percent of the total irrigated area,  with five countries 
having more than 100 000 ha equipped:
•	 KSA:  716 000 ha
•	 Iran:  280 000 ha
•	 Egypt:  172 000 ha
•	 Syria:  187 000 ha
•	 Morocco:  152 000 ha

Source: AQUASTAT

There are many advantages to pressurized irrigation

Drip is often used in greenhouse agriculture but 
also in open field irrigation for vegetables (often 
with plastic tunnels) and for tree crops.  With ap-
propriate management, drip irrigation can increas-
es water efficiency to as high as 90-100 percent, as 
little or no water is lost either to seepage and per-
colation or to non-beneficial evaporation.  Drip also 
increases economic water productivity as it allows 
a shift to higher-value crops.  It also allows savings 

Box 3.4: Rapid adoption of drip irrigation technology for high-value crops in Jordan

Water shortage in the Jordan Valley is extreme, and demand management measures have long been prac-
ticed, including irrigation water quotas and a step tariff that penalizes excess water use.  However, farmers 
also have profitable market outlets for high-value fruit and vegetables. As a result, about two-thirds of the 
farmers in the Valley have shifted from surface to drip irrigation over a ten-year period.  Farmers have con-
structed on-farm storage reservoirs to provide the flexibility required for drip irrigation.

Source: Author; World Bank 2006a:165

lion ha) is under drip and about 7 percent (1.7 million 
ha) under sprinkler (Table 3.7). The 1.4 million ha of 
drip irrigation in NENA countries represent about 40 
percent of the global total of 3.2 million ha. In the re-
gion, Iran (420 000 ha) and Egypt (220 000 ha) are 
the largest drip irrigators, and Saudi Arabia (720 000 
ha) and Iran (280 000 ha) are the largest sprinkler irri-
gators. Two-thirds of Jordan’s irrigated area has been 
converted to pressurized irrigation.

on inputs (for example through fertigation, where 
fertilizer is applied mixed in with the dripped irriga-
tion water) and on labour, as fewer workers are re-
quired to open and close gates etc. In Yemen, con-
version of open channels to pressurized hydrants 
allowed farmers to reduce labour inputs by half.  It 
also does not require the land levelling that con-
ventional irrigation does, and allows cultivation of 
lower quality lands, including hilly, sandy and rocky 
lands. [Abou-Hadid 2012: 60, 116]
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However, pressurized irrigation also leads to higher levels 
of cost and risk and to vulnerability to energy prices 

Depending on the system, capital costs can be very 
high, as much as USD 5 000/ha and more.  The O&M 
costs are also high, particularly energy costs.  Pres-
surized irrigation requires a readily available water 
source.  It is best suited to groundwater, which is reli-
able and clean (and so does not clog the emitters on 
drip systems).  Using pressurized irrigation where wa-
ter is being supplied by canals on a scheme is more 
problematic, as water may not be available when re-
quired. Many farmers have overcome this constraint 
by constructing on-farm water storage. This relatively 
hi-tech system requires skills to get the best out of 
it, and it requires a supply chain for equipment, parts 
and maintenance.  Perhaps most importantly, the in-
vestment will only pay good returns if there are profit-
able ready markets for higher-value produce.  Overall, 
pressurized irrigation, in the conditions of NENA, is a 

Box 3.5: Irrigation subsidies slow down adoption of drip technology
Drip and sprinkler technologies were aggressively promoted in India since the mid-1980s; yet, after two 
decades, the area under them was only 60 000 ha. A big part of the problem was subsidies that, instead of 
stimulating the adoption of these technologies, actually stifled their market. Subsidies have been directed 
at branded, quality-assured systems, but in the process have not allowed viable, market-based solutions 
to mature. 

Subsidies are channelled through the big irrigation equipment companies. Their equipment typically costs 
USD 1 750/ha, which puts it out of reach of most farmers – apart from the few that manage to access the 
subsidy programmes.

Fortunately, a grey market of unbranded products began to offer drip systems at USD 350/ha. Then, one 
innovative manufacturer introduced a new product labelled ‘Pepsi’ – basically a disposable drip irrigation 
system consisting of a lateral with holes. At USD 90/ha, Pepsi costs a fraction of all other systems.  

Source: World Bank 2006a:136,  van Steenbergen 2002

Interventions may also be needed to ensure profit-
able market outlets

For pressurized irrigation to be viable, there must be 
access to profitable markets. Moving to higher input 
agriculture, farmers face increased market risk and 
there may be scope for developing market risk man-
agement instruments – price information, promoting 
increased competition among buyers, promotion of 
cooperative marketing institutions, storage to allow 
sales to be spaced out, outgrowers contracting, etc.

first-rate technical solution, but it is dependent on the 
existence of profitable market outlets, and vulnerable 
to market risks and price variability.

Options for future development

Interventions may be needed to reduce barriers to entry

The entry cost is typically high, so that adoption is 
constrained, and poorer people are excluded.  Op-
tions may be to encourage the development of low-
er-cost technology (see Box 3.5), and to consider 
programmes to improve the efficiency of the supply 
chain (for example, training of stockists).  Programmes 
to make credit available through hire purchase, leas-
ing or micro-finance may help.  Capital cost sharing, 
possibly targeted to poorer farmers, may also be an 
option: Plan Maroc Vert, for example, provides a 50 
percent cost sharing on adoption of pressurized irriga-
tion (see Box 3.6 on Doukkala below).

Research may develop packages that can help farm-
ers manage risk

Cropping patterns must balance profit and risk man-
agement. For example, on one scheme in Morocco, 
farmers converted to drip irrigation and opted to grow 
sugar beet because they could get advances on inputs 
and a sure price.  However, as they needed cash in the 
house to live on and with the beet they had to wait 
until after delivery to get their money, they also grew 
fodder which had a lower return but which could pro-
vide a regular short term income. [FAO 2012a]

Chapter 4 (Section 4.3) summarizes issues and op-
tions on pressurized irrigation and suggests an agenda 
for action at both country and regional levels.
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Box 3.6: Helping small farmers convert to drip on Morocco’s Doukkala scheme

Morocco’s Doukkala scheme (96 000 ha) is experiencing water shortages, and has received in recent years 
only 50-60 percent of the designed supply. To eke out the reduced quantity of water, larger farmers intro-
duced drip irrigation on 2 500 ha.  Smaller farmers were excluded as they could not afford it. The Govern-
ment therefore implemented a project (2009-2010) to test the conditions under which drip irrigation could 
be adopted profitably by smaller farmers.

The approach was to group farmers with a total of about 40 ha of land holding around a storage basin and 
to train and accompany these farmers in the installation and operation of drip irrigation. The management 
agency, Office Régional de Mise en Valeur Agricole de Doukkala (ORMVAD), was contracted to supply a 
specific quantity of water at set intervals.  The approach was tested and evaluated on four pilot sites, with 
technical options adapted to each.  Results on the positive side were:

•	 diversification of cropping patterns away from lower value cereals and fodders to higher-value 
horticultural and industrial crops;

•	 more intensive land use, including more double cropping in summer thanks to water stored in the 
storage basin;

•	 reduction in water consumption by 30-50 percent;
•	 increased return per m3 of water, with a gross margin per m3 amounting to > Moroccan Dirham 

(DH) 8/m3 (equivalent to USD 1.00/m3), compared to the average for the whole scheme of DH 5/
m3 (equivalent to USD 0.57/m3). One site was getting even higher returns of DH 13/m3 (USD 1.50/
m3) for tomatoes and DH 18/m3 (USD 2.07/m3) for sugar beet; and

•	 WUA were well organized and were motivated to prompt payment of water charges, as water 
supply was conditional on this.

In farmers’ eyes the negative side was increase in costs:
•	 the cost of water went up to DH 0.7/m3 (USD 0.08/m3) from DH 0.3/m3 (USD 0.03/m3).  Includ-

ing the cost of equipment, the cost of water came to an average DH 1.28/m3 (USD 0.19/m3); and
•	 high cost of energy – DH 0.32/m3 (USD 0.04/m3) – although this varied between sites and better 

water management could reduce it.
Lessons

•	 It is possible to help small farmers convert from open channel irrigation to pressurized irrigation if 
a package of technical and marketing support is offered.

•	 In view of the high capital costs, some cost sharing is essential. In this case, Plan Maroc Vert gave 
50 percent capital subsidies.

•	 The irrigation agency ORMVAD proved capable of reorienting itself towards groups and basins, 
and was able to ensure reliable water services.

•	 As the technology is quite demanding, introduction of pressurized irrigation has to be in close col-
laboration with farmers, with good follow-up and technical training and advice.

Source: FAO 2012a

3.4  Sustainable groundwater irrigation

Policy and institutional issues of groundwater and 
groundwater depletion were discussed in Chapter 2 
(Section 2.5).  The present section discusses ground-
water from the viewpoint of farmers and from the 
perspective of groundwater irrigated farming.

Eight of the world’s top 20 groundwater irrigating 
countries are in NENA

Over 11 percent of the world’s groundwater-irrigated 
area is in eight NENA countries which figure on the 
list of the world’s ‘top 20’ users of groundwater for ir-
rigation (Table 3.8). Two of these countries – Iran and 
Saudi Arabia – irrigate together 5.2 million ha with 
groundwater, 7.5 percent of the world’s total.  In six of 
the eight countries, groundwater is the predominant 
source of irrigation water, even in Iran, which also has 
vast surface water resources.
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Table 3.8: Eight of the world’s top 20 groundwater irrigating countries are in NENA

Country
Area under 
groundwater irrigation
(‘000 ha)

Share of global 
groundwater irrigated 
area (%)

Share of 
irrigated area 
(%)

Share of total 
cultivated area 
(%)

Iran 3 639 5.3 50 21

Saudi Arabia 1 538 2.2 96 40

Syria 610 0.9 60 11

Libya 464 0.7 99 22

Morocco 430 0.6 29 5

Yemen 383 0.6 80 23

Egypt 361 0.5 11 11

Algeria 352 0.5 62 4
Source: Adapted from IWMI 2007: 401 Table 10.2

The advantages of groundwater

There are many reasons why groundwater develop-
ment and abstraction have proved very popular with 
farmers throughout the region

Everywhere in the world, groundwater has proved 
extraordinarily popular.  It is an ‘open access’ re-
source that farmers can typically appropriate simply 
by drilling a well on their own land. Once developed, 
groundwater offers full water control – it can essen-
tially be turned on and off like a tap. It is generally 
managed as an individual resource, through a well on 
the farmer’s own land.  The farmer is sovereign in his 
or her decisions about use, and there is no need for 
challenging collective management arrangements.  
It is typically a high quality source of water, suitable 
for irrigating without restrictions.  It adapts readily 
to pressurized irrigation and is ideal for the demands 
of high-value cropping. It is easy to convey, through 
flexible hoses, and does not require heavy fixed in-
vestment in canals or high annual maintenance. It 
also has multiple uses in addition to agriculture and 
can readily be conveyed to other points of use – do-
mestic, home garden, etc. [Abou-Hadid 2012: 61].

Groundwater also plays a key buffer role in maintain-
ing optimal soil moisture during dry spells, and this 
role will grow with increasing climatic variability

Groundwater productivity can be improved by con-
junctive use, and by adopting precision techniques 
such as drip irrigation, combined with agronomic 
measures such as fertigation and protected green-
house agriculture.  

The problems of groundwater

The principal problem with groundwater is the ob-
verse of the ‘open access’ characteristic. As dis-
cussed in Chapter 2 (Section 2.5), this characteristic 
has led to competitive over-pumping, mining of non-
renewable resources, deterioration of water qual-
ity, saline intrusion, and in some locations collapse 
of the geological formation and sinking of the land.  
The governance and incentives issues and options 
are also discussed in Chapter 2.  [Abou-Hadid 2012: 
62]

The rest of this section explores how two neighbour-
ing but very different countries in the Arabian Penin-
sula – Saudi Arabia and Yemen – are facing up to the 
groundwater challenge in agriculture.

Groundwater in KSA

Groundwater depletion is threatening the nation’s fu-
ture

The Kingdom is blessed with very extensive reserves 
of nonrenewable groundwater. However, the nation 
is using four times as much water as is replenished

At present, KSA is depleting its nonrenewable re-
sources by about 12 BCM a year. If nothing changes, 
it is likely that the rate of depletion would increase 
to 13 BCM, and that this precious resource will be ef-
fectively exhausted within two to three generations 
– sooner around major population centres. Municipal 
water supply targets can be met – but only at very 
high economic, fiscal and environmental cost.



Towards a Regional Collaborative Strategy on Sustainable Agricultural Water Management and Food Security in the Near East and North Africa

54

In the Riyadh supply area, groundwater will be ex-
hausted within 30 years 

Even before reaching this final point, there will be 
a continuous deterioration in the quality and in the 
economic and technical conditions for exploiting the 
resource: more and more wells will be drilled ever 
deeper and ever more distant from water-using cen-
tres to squeeze out water of continually worsening 
quality and at spiralling cost.

KSA’s important agriculture sector is not sustainable

Agriculture is almost entirely dependent on mining of 
the fossil water resource

Agricultural depletion has slowed down recently, but 
the sector still accounts for 85 percent of the unsus-
tainable rate of drawdown. The effects of depletion 
already threaten the future of agricultural production 
in many locations.  

Yet the use of most agricultural water produces little 
or no benefit for the nation. More than half the water 
used in agriculture actually produces a negative so-
cial benefit, reducing GDP  

In 2010, more than half of the annual abstraction of 
the nation’s nonrenewable water capital (8 BCM) was 
used to produce a reduction in GDP of 0.1 percent.  

There is planning for an agricultural transformation 

The Kingdom is forming a national consensus around 
a clear strategy for reducing dependence on nonre-
newable groundwater

Table 3.9: Saudi Arabia’s plan for transformation to a more sustainable agriculture

Measures Status Impact

Promoting water-saving irrigation and 
developing efficient agricultural practices

Ongoing.  Major new programme start-
ing up.

No systematic monitoring data, but im-
provements likely

Phasing out support for cereals produc-
tion

Started in 1996.  Ongoing reduction in 
public purchases at support prices.

Cereals area declined by 65 percent in 
1995-2010, groundwater use in agriculture 
dropped by 40 percent

Phasing in a ban on export of vegetables 
grown in the open field

Vegetable export ban started in 2012

Removing tariffs on agricultural imports Most have been removed
Direct regulation of groundwater use by 
halting well drilling, plugging unlicensed 
wells, and imposing metering and tariffs

So far, applied only for industrial supply 
wells

Suspending new land development No wells developed in new areas
Developing a national groundwater man-
agement programme

Water resource assessment and well 
inventory almost compete.  No ground-
water management plan or regulation 
yet

Capacity for management is being built, but 
there has been no impact on groundwater 
over-abstraction to date.

Source: Author’s compilation

Strategic options are available under which the over-
draft of nonrenewable resources could be held at 
5 BCM – increasing the life of the resource to more 
than 200 years – and under which irrigation,  raising 
efficiencies across the board, can live within a leaner 
water budget, whilst agricultural GDP, employment 
and incomes are held steady. 

The future of both agriculture and of the water re-
source requires a plan for transformation of agricul-
ture into a highly water-efficient industry, coupled 
with a plan for sustainable water resources manage-
ment

An agricultural transformation strategy could, in fact, 
reduce agricultural water use over time to as little as 
5 BCM whilst protecting – or even enhancing – farm 
incomes, employment and GDP, if the quota were 
used for crops for which KSA has a comparative ad-
vantage. This agricultural transformation plan would 
need to be accompanied by a clear plan for return-
ing groundwater extraction to sustainable levels, and 
by an engagement from government to back up the 
plan with stable water allocations to agriculture and 
needed investment and safety nets for small farmers. 
This strategy could produce two beneficial outcomes: 
a sustainable, profitable agriculture sector, and con-
servation and optimal use of precious, nonrenewable 
groundwater. Following intensive policy analysis sup-
ported by FAO, the Kingdom is adjusting a number 
of levers in order to reduce incentives to overuse of 
water in agriculture and to reallocate water to higher-
value crops (see Table 3.9).  The result is expected to 
be water conservation, improved allocative efficiency, 
and improved water efficiency and water productivity.
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Groundwater boom and bust in Yemen

A challenging case of groundwater depletion is Yem-
en, which is fast depleting its reserves but which lacks 
the financial resources of the richer states to move 
progressively to a less water-dependent economy or 
to develop new nonconventional sources such as de-
salination.

Agriculture consumes more than 90 percent of Yem-
en’s water and is the source both of much prosperity 
and of Yemen’s chronic water problems, particularly 
of the very rapid depletion of the nation’s nonrenew-
able groundwater

The rapid growth of markets and demand for higher-
value products, including the much-reviled qat, and 
the explosive spread of tubewell technology and prof-
itable groundwater irrigation have driven growth and 
employment in agriculture. Now, however, productivity 
is stagnating and groundwater availability is fast declin-
ing. A second transformation is needed, focused on 
boosting productivity and conserving water.

Agricultural water management faces critical chal-
lenges. Traditional water harvesting is widely uneco-
nomic, and springs have largely dried up.  Large spate 
schemes under government management have suf-
fered from the pervasive fiscal crisis.  Groundwater 
irrigation is in full transition from boom to bust. A na-
tional programme to build small hill dams has gener-
ally brought little benefit and at high cost.

Public programmes have been successful in introduc-
ing piped groundwater conveyance, less so in promot-
ing pressurized irrigation. Coverage of improved irri-
gation technologies remains limited, and there is little 
spontaneous adoption by farmers. Without an insti-
tutional framework to regulate abstractions, it is not 
even clear that ‘saved’ water really is saved and not 
just used elsewhere. The rationale for public subsidy 
looks questionable, as most of it goes to the better off 
to enhance a private good.

Reforms in irrigation in Yemen to improve efficiency 
and sustainability essentially aim at two related 
goals: to sustain (or even improve) farmer incomes 
whilst reducing groundwater use – not just more in-
come per drop but more income for less drop

Yemen’s water strategy is striving towards these twin 
goals through three means: (1) changes in the incen-
tive structure, so that farmers have a motive to pur-
sue water efficiency and groundwater conservation; 
(2) the spread of knowledge about technology that 
can bring more crop for less drop, and empowerment 
of farmers to adopt it; and (3) development of an 
institutional structure that will allow farmers to un-

derstand the challenge of groundwater depletion and 
to take collective action to control it. So far, results 
are mixed – government’s adjustment of the energy 
price has reduced incentives to groundwater use but 
costs have fallen mainly on the poor and have driven 
up prices throughout the economy. The knowledge 
agenda is lagging. Water user associations formed at 
the behest of projects are proliferating, with variable 
results – from empty shells set up to garner subsidies 
to associations that look capable of taking collective 
action on water resources management.  

The best hope is to build from the bottom up on the 
many initiatives of communities for managing their 
own groundwater resources, in partnership with pub-
lic agencies

It is clear that in the Yemeni situation, state-led water 
governance is weak and decision-making over water is 
generally decentralized to the level of the microcatch-
ment, the local community and the household.  In 
practice, many communities have become well aware 
of the need for collective action, and there are many 
examples of communities organizing themselves to 
reassert control over their local water resources and 
to manage them for sustainability.  In some cases, 
these initiatives have benefitted from public support 
for information, monitoring and investment. The chal-
lenge is to catalyse the replication of this bottom-up 
partnership approach across all areas of the country.

Options for further development

Initially, groundwater has proved a bountiful resource 
which has revolutionized agriculture and the lives of 
farmers in many locations in NENA countries.  Howev-
er, rapid depletion has led to an unsustainable situa-
tion in many locations. Future development pathways 
need to promote higher levels of productivity coupled 
with sustainability of groundwater quantity and qual-
ity and with equitable access.

•	 Technical measures can include water-saving 
technology to reduce non-consumptive water 
use, such as protected agriculture, changes to 
higher-value or more water-efficient crops, and 
improvements in water management, farming 
and post-harvest.

•	 Economic measures could address the incentive 
framework which influences the revenue side 
(e.g. trade policy) and the cost side – the cost 
of pumping (e.g. energy policy) and the cost of 
technological upgrading (e.g. cost-sharing pro-
grammes like those in KSA and Morocco).

•	 Institutional measures set the regulatory frame-
work, which in high-governance countries may 
comprise the application of laws (as in Jordan); 
or – in lower-governance environments – may 
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decentralize resource management on a partner-
ship basis to the local level (as in Yemen).

•	 Social measures can help, through targeted pro-
grammes, to remove barriers to entry or im-
provement for those with difficult access (e.g. the 
poor, women).

Chapter 4 (Section 4.2) summarizes groundwater is-
sues and suggests agendas at both country and re-
gional levels.

3.5  Rainfed agriculture

Across NENA countries, the three farming systems 
that are wholly or predominantly rainfed – highland 
mixed, rainfed mixed, and dryland mixed (see Chapter 
1) – cover barely 13 percent of the total land area but 
support almost two-thirds of farming households (62 
percent).  The main crops (see Section 1.2) are cere-
als, legumes and tree crops, with cereals predominat-
ing – two-thirds of the cultivated area.  Cropping is 
integrated with livestock keeping.  Incomes are gener-
ally low and poverty is prevalent in many communi-
ties.  Raising productivity of these systems, including 
through improved water management, would have a 
significant impact on reducing poverty.

Rainfed agriculture in NENA faces multiple con-
straints 

Although varying greatly by locations, the main natural 
resource constraints faced in NENA’s rainfed systems 
are: low and variable water availability; and environ-
mental and soil problems of salinity, temperature and 
lack of nutrients.  Although technological change has 
occurred, there has never been a Green Revolution 
for rainfed agriculture, and the availability of technical 
solutions to NENA farmers is limited. Risks are preva-
lent – climatic and hydrological risk, including drought 
and floods, and intensified by climate change risks, 
market risk and land and water tenure risk.  Farming 
strategies are naturally characterized by risk aversion 
and low levels of investment.  [FAO 2001: 82-4]

Box 3.7: In situ rainwater harvesting allows cropping in areas of just 120-130 mm rainfall

The NENA region is home to some of the global best practices in in situ water harvesting, a technology 
which concentrates runoff on individual plants or trees. In the Muwaqqar area of Jordan, for example, 
where rainfall averages only 125 mm and droughts are frequent, almond trees planted in small basins 
(negarim) have been growing and producing crops for more than two decades. In the Mehasseh area of 
the Syrian steppes, where rainfall averages only 120 mm, shrubs were planted in microcatchments with 
a survival rate of 90 percent. At Matruh in Egypt, with rainfall averaging 130 mm, small water harvesting 
basins with catchments of just 200 m2 support olive trees. In the same area of northwest Egypt, rainwater 
harvested from greenhouse roofs provides half the water for vegetables grown inside the greenhouse.

Source: IWMI 2007: 336-7; Oweis and Taimeh 1996; Somme et al. 2004

Pathways to improved productivity

A number of possibilities for improved productivity 
and risk management are known

These possibilities include: soil moisture manage-
ment; rainwater harvesting; supplementary irrigation; 
managing crop water risk by choosing the right crops 
and varieties; soil fertility; and integrated soil, crop 
and water management. Among the more attractive 
and low-risk of these options are:

Soil moisture management

WE and CWP can be improved by a combination of soil 
moisture management and choice of crops and varieties

In dry areas, soil moisture conservation techniques 
– changed tillage and mulching practices, intercrop-
ping and shade planting – can reduce nonbeneficial 
evaporation and make more moisture available to the 
plant roots, so improving water efficiency. These tech-
niques can be combined with the adoption of more 
drought-tolerant or shorter-cycle varieties and (where 
available) supplementary irrigation, so improving crop 
water productivity.

Rainwater harvesting

Farmers may use rainwater harvesting techniques to 
increase soil moisture

Rainwater harvesting techniques have been practiced 
since time immemorial in the rainfed systems of the 
region. The terrace systems of the Yemeni highlands, 
for example, are legendary, and some date back at 
least 3 000 years.  Rainwater harvesting captures run-
off from a managed catchment area and reserves it 
either in a storage area or in the soil profile (Box 3.7).  
Technologies range from simple in-field structures di-
verting water to a planting pit, through structures in 
the catchment which divert runoff to storage or run-
on fields, to permanent terraces or to dams.  
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Furrow-enhanced rainwater (runoff) harvesting, Syria 
(courtesy F. Turkelboom)

Rainwater harvesting can boost yields by two to 
three times over conventional rainfed agriculture, es-
pecially when combined with improved varieties and 
minimum tillage methods that conserve water

Several of the Consultative Group on International 
Agricultural Research (CGIAR) centres, particularly 
ICARDA, are researching issues of rainwater harvest-
ing, and related issues of drought-tolerant and water-
efficient germplasm and agronomic management for 
dryland conditions. [FAO 2011: 5.3.4]

If rain events become more concentrated under cli-
mate change, this may increase the availability of 
water for water harvesting and irrigation

Concentration of rain events reduces water available 
in the soil and therefore reduces beneficial evapotran-
spiration (ET) and plant growth – but it also increases 
runoff and surface water availability.  Concentration 
of rain events may thus reduce the productivity of 
rainfed agriculture but increase the availability of wa-
ter for irrigation and water harvesting.  Farmers are 
likely to seek to develop more surface irrigation and 
water harvesting infrastructure to capture the in-
creased runoff. 

Supplementary irrigation

Supplementary irrigation provides a ‘just in time’ 
source of water in rainfed systems

Even in areas with adequate rainfall, there is always 
risk of delayed or poorly spaced rains, and also of 
drought and floods. Supplementary irrigation, typi-
cally from water harvesting or from wells or springs, 
can provide a ‘just in time’ increase in moisture avail-
able to the plant to avoid water stress and maintain 
optimal growth. Supplementary irrigation is thus a 
first-class risk-management instrument for rainfed 
cropping.  Where more than one source is available, 
conjunctive management of rainfall and surface and 
groundwater irrigation provides even better risk man-
agement.

Supplementary irrigation provides famers with a 
range of risk management options

Unpredictable rainfall may translate into delayed 
planting, with negative impact on yields. At the limit, 
if planting is delayed by more than a few weeks, crops 
may fail to mature. There may be crop failure or re-
duced yields.  In addition, unpredictable rainfall may 
lead to drought spells during the growing season, con-
tributing to yield losses.  These risks can be managed 
if supplementary irrigation is available. For example, 
the impact of delayed rains could be offset by using 
supplementary irrigation early in the season.  Farmers 

can also use supplementary irrigation to bridge any 
unexpected drought spells during the growing season, 
and to extend the growing season into the autumn.  

Managing crop water risk by choosing the right crops 
and varieties

Faced with risks of unpredictable rainfall, farmers 
may use drought-tolerant or shorter-cycle crops, or 
change their cropping calendar. For example, the im-
pact of delayed rains could be offset by growing short-
er-cycle crops or varieties. Farmers may also switch to 
fast-growing crops, such as maize, that can be planted 
later.

Soil fertility

Maintaining soil texture and fertility will improve 
crop water productivity

Soils throughout the region are generally low in natu-
ral fertility and are likely to suffer further depletion 
through erosion and decline in organic matter. Low 
fertility and poor soil composition reduce the water 
retention capacity and impede water and nutrient up-
take, reducing crop water productivity.  A wide range 
of soil conservation measures is available. Soil fertility 
can be restored through integrated soil fertility man-
agement, including manuring and crop rotations. In-
clusion of nitrogen-fixing legumes in the rotation im-
proves the nutrient balance in the soil.  Farmers may 
seek to further diversify their mixed farming systems 
with crop rotation, intercropping and agroforestry. 
This diversity will reduce risks, and also allow resto-
ration of soil nutrients. Chemical fertilizers can also 
play a role. To conserve moisture and prevent erosion 
through runoff, farmers may also combine structural 
measures like terraces with vegetative or agronomic 
measures. [FAO 2011: 5.3.1]



Towards a Regional Collaborative Strategy on Sustainable Agricultural Water Management and Food Security in the Near East and North Africa

58

Integrated soil, crop and water management

Farmers can adapt and adopt any of the above tech-
niques, and they will certainly blend them into an 
integrated approach to soil, crop and water manage-

Table 3.10: AWM strategies and techniques for improving rainfed productivity

Aim AWM strategy Purpose Techniques

Improve water-
efficiency by 
increasing water 
available to the 
plant roots

Soil and water 
conservation

Concentrate rainfall 
around crop roots

Planting pits

Maximize rainwater 
infiltration

Terracing, contour cultivation, conservation 
agriculture, dead furrows, staggered trenches

Water 
harvesting

Mitigate dry spells, 
protect springs, extend 
growing season, 
enable off-season 
irrigation

Surface dams, subsurface tanks, farm ponds, 
diversion and recharging structures

Evaporation 
management

Reduce nonproductive 
evaporation

Dry planting, mulching, conservation agriculture, 
intercropping, windbreaks, agroforestry, early 
plant vigour, vegetative bunds

Improve water 
productivity 
by increasing 
productivity per 
unit of water 
consumed

Integrated soil, 
crop and water 
management

Increase proportion 
of ET flowing 
as productive 
transpiration and so 
obtain ‘more crop per 
drop’

Increase plant water uptake capacity through 
conservation agriculture, dry planting (early), 
improved crop varieties, optimum crop spacing, 
soil fertility management, optimum crop 
rotation, intercropping, pest control, organic 
matter management

Source: adapted from IWMI 2007, Table 8.3 page 331

Adapting rainfed farming in NENA under climate 
change

Chapter 1 (Section 1.6) assessed the possible dimen-
sions of climate change in NENA and the likely im-
pacts on the water resource, whilst Chapter 2 (Sec-
tion 2.5) looked at options for countries to adapt to 
climate change and mitigate its impacts.  But what 
about the impacts at farm level, particularly in the 
vulnerable rainfed farming systems? The region’s 
rainfed famers in fact face a series of new challenges 
with the likelihood of climate change. Although im-
pacts will vary greatly, overall conditions are expected 

ment which will optimize productivity and obtain the 
highest income with manageable risk.  Table 3.10 
shows the choices that farmers can make and com-
bine to improve water efficiency and overall crop 
water productivity.

to be hotter and drier with a general increase in arid-
ity and drought, more floods and increased variability 
within years and between years.  Rainfed farmers will 
have to adapt to these new challenges (see Box 3.8). 
The risk management strategies described above will 
become more relevant, and in different systems new 
adaptations may be needed.
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Box 3.8: Yemeni farmers grasp the challenge of adapting to climate change

A study found that most Yemeni farmers (77 percent) knew about climate change and thought that it 
could affect their farms (64 percent). Most farmers thought that climate change was manifested through 
increases in average temperature, variability and irregularity of rainfall, and higher frequency of extreme 
events such as droughts. These views coincide with those of climate scientists.

Many farmers (37 percent) said that they had changed their agricultural practices in the past to cope with 
adverse climate conditions, and more than half of farmers (54 percent) thought they should start now to 
adjust their farm activity to cope with possible future adverse climate conditions. The options they pro-
posed consisted of a mixture of traditional and modern farming practices, such as changing cultivation 
practices, rehabilitating terraces and spate irrigation systems, switching to higher-value crops and increas-
ing the scale of farm operations.

The researchers commented: “Farmers appear to take a dim view of climate change as a further curse on 
their already precarious livelihoods, but at the same time they seemed confident about their adaptation 
capacities, and in several cases even thought that climate change might offer positive opportunities (such 
as a longer growing season)”.

The study concludes: “Climate change may be a fruitful source of innovation in that it inspires old and new 
remedies, more respectful of the environment, more preoccupied with recovering traditional land man-
agement techniques and plant varieties, and in general more attentive to the needs and the capabilities of 
rural communities”.

Source: Climate change, risk and adaptation in Yemeni agriculture by Pa`squale Scandizzo and Adriana Paolantonio. 
World Bank 2010

Combined changes in water availability and tempera-
ture under climate change may encourage farmers to 
switch to better adapted cropping patterns, to ‘con-
junctive management’ of rainfall and surface and 
groundwater and to efficient protected agriculture 
and pressurized irrigation

If aridity increases, farmers may switch to better-
adapted crops. A first level of response could be to 
switch between crops with differing responses to cli-
mate change within an agro-ecologically homogene-
ous ‘crop group’ – for example, switching between 
faba beans and lentils within the legume crop group. 
The most prevalent crop switch is likely to be from 
wheat to barley, accompanying a switch in farming 
systems from cereals production for human consump-
tion to production of barley and straw as part of an 
integrated semi-intensive production of sheep and 
goat meat to satisfy rising domestic demand. The role 
of barley as an adaptation strategy is enhanced by the 
fact that even during very dry years when grain yields 
are minimal, straw production or ‘green grazing’ for 
flocks remain viable production alternatives.

Alternatively, farmers might switch to a different 
crop group. For example, where temperate fruit 
yields are affected by failure to meet vernalization 

requirements, farmers may begin to plant subtropi-
cal fruits like citrus in new zones and elevations that 
are less exposed to frost due to climate change. 

Growing salinization will prompt changes in cropping 
patterns and soil and water management

Salinization is likely to increase in coastal areas due to 
the effect of rising sea levels and seawater intrusion 
into aquifers. Farmers generally may also use more sa-
line water as depleting aquifers grow more salty and 
water scarcity drives development of more saline wa-
ter sources. Farmers will seek out more salt-tolerant 
crops, use freshwater to blend with saline sources 
and use off-season freshwater sources to leach salt 
residues in the soil profile.

Where rainfall is higher, for example in highland 
mixed farming systems, warmer temperatures under 
climate change could improve yields provided that 
adequate soil moisture is available

In Yemen, for example, where rain falls in the sum-
mer months, an increase in average temperatures 
of 20C could be expected to extend the growing 
season by about six weeks.  [World Bank 2013: 6-9]
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Technology, institutional adaptation and the re-
search agenda

Adaptation and adoption are continuous throughout 
farming systems (see Box 3.8 on Yemen above). Often the 
process has been aided by action-research programmes 
and by projects, such as the Tunisia North-West Highlands 
Projects or the Morocco Integrated Community Develop-
ment in Rainfed Areas Project (DRI-MVB).   

Institutional adaptation needs to accompany techno-
logical innovation

Some of this institutional adaptation and enhanced 
partnership can occur spontaneously at the local level, 

 Table 3.11: Technology options, institutional adaptation and the research agenda for NENA rainfed farming systems

Farming system Technology options, institutional adaptation and the research agenda

Highland mixed Selected technology options: (i) watershed management; (ii) conservation tillage; (iii) better integration 
of crops and livestock; and (iv) agronomic and post-harvest improvements. 

Institutional adaptation measures: (i) participatory approaches, equitable sharing of benefits; (ii) 
compensation for externalities and downstream benefits (payments for environmental services [PES]); 
and (iii) reducing overgrazing through more equitable regulation and control of common grazing 
resources – with participation, plus investment in water points, and eliminating subsidies on animal 
feed.

Rainfed mixed Selected technology options: (i) improved management of water; (ii) terrace restoration and soil 
contouring; and (iii) agronomic and post-harvest improvements.
Institutional adaptation measures: (i) land consolidation; (ii) community-based watershed 
management; and (ii) support mechanisms like PES.
Further research agenda: technologies on crop-livestock integration, risk management.

Dryland mixed Selected technology options: windbreaks, water harvesting, water management and conservation, 
zero tillage, together with agronomic and post-harvest improvements. 
Institutional adaptation measures: (i) communal land and water management; (ii) participatory 
research and development (R&D); and (iii) financial support mechanisms like PES.
Further research agenda: (i) varieties with shorter growing period, drought resistance, improved 
grain and straw quality; (ii) new varieties and techniques such as intercropping; and (iii) systems 
research on crop-livestock interaction and resource conservation, with a focus on risk reduction 
and sustainability.

Sources: FAO 2001: 87-91, FAO/IFAD 2007.  Summarized from Annex Tables 3 and 4 of World Bank 2013

What next?

Given the importance of rainfed farming to agricultur-
al production, rural incomes and poverty reduction, 
there needs to be a full focus on technology and in-
stitutions for improved productivity in rainfed farming 
systems. The following are possible next steps:

•	 A focus on rainfed agriculture in the basin and wa-
tershed context, integrating upstream resource 
management with downstream management of 
water quantity and quality.  The watershed man-
agement approach in Morocco’s Oued Lakhdar 
Project provides an example at a pilot scale of 
how this can be effected, building on bottom-up 
community-based approaches and technological 

for example farmer organization for better catchment 
management; collaborative approaches to spate, 
spring or groundwater management; or community 
management of pasture. Some adaptation and adop-
tion requires partnerships with public agencies – re-
search and technology transfer; adjudication and reg-
ulation of land and water rights; decentralization of 
management of common assets or public goods such 
as water, forest and rangeland, resource management 
at the watershed scale; or payments for environmen-
tal services to compensate for externalities. Table 
3.11 below summarizes both technology options and 
institutional aspects, as well as the research agenda. 
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and institutional innovation [IWMI 2007: 344].
•	 Promoting research, innovation, ‘adaptive adop-

tion’ and strategies for risk reduction, through 
knowledge development and sharing as an itera-
tive process between local people and technical 
staff and researchers. This includes indigenous 
knowledge drawn from farmer experience.

•	 Strengthening land tenure jointly with local 
people, through land consolidation, land ten-
ure confirmation and co-management arrange-
ments for common or state land (forests, range-
land).

•	 Integrated development programmes for rain-
fed areas, incorporating both cropping and live-
stock, with research, technology development 
and transfer; farming services such as extension 
and strengthening of input and product market-
ing chains; rural finance; and rural infrastructure 
development, particularly farm to market roads 
and water infrastructure.

•	 Joint monitoring of climate change trends and 
the development of adaptive strategies and in-
vestment programmes at the local and regional 
level.

•	 Introduction of diversification and innovative 
sources of financing, such as PES.

Chapter 4 (Section 4.3) brings together all the issues 
on rainfed farming and proposes elements for agen-
das at both national and regional levels.

3.6  Watershed management and water 
management in NENA drylands

Watershed management

Watershed management typically targets land and 
water management in the upper catchment with 
twin objectives: improved upstream livelihoods and 
improved water resources downstream

Watershed management is the integrated use of 
land, vegetation and water in a particular drainage 
area. Typically, watershed management programmes 
have been conceived at the basin or sub-basin scale 
and have twin interrelated objectives: (i) to improve 
water resources quantity and quality in the basin by 
increasing infiltration, reducing floods and erosion, 
enhancing orderly runoff and stream flows and mini-
mizing damage to water quality; and (ii) to improve 
land and water management and farming practice in 
the upper catchment to the benefit of the inhabit-
ants. Typically programmes have been conceived 
within some structured land and water manage-
ment plan or basin plan, and have often had down-
stream goals such as reducing siltation of reservoirs 
or enhancing water for downstream uses, such as 
municipal water use. Watershed management in-

terventions typically have also had poverty-reducing 
objectives because of the links between resource 
depletion in the upper catchment and poverty.

The challenge has been to find packages that achieve 
the downstream objective and are also profitable 
enough to make it worthwhile for upstream farmers 
to sustain them 

After a false start with a top-down, engineering ap-
proach in the 1970s and 1980s, approaches from the 
1990s emphasized farming systems and demand-
driven approaches implemented at the decentral-
ized level.  Although this approach was attractive 
in terms of poverty reduction and ‘putting people 
first’, it was confronted by two dilemmas: (i) could 
packages be found that achieved the soil and water 
conservation objectives in the upper catchment that 
were also attractive enough for farmers to adopt 
them and – more importantly – to sustain them once 
outside support ended; and (ii) would the combina-
tion of investments adopted by the demand-driven 
approach actually achieve the downstream objec-
tives of improving hydrological services and reduc-
ing negative externalities?  [World Bank 2008b: ES]

Projects have succeeded in improving livelihoods up-
stream, but downstream results are questionable – 
and the approach is costly to replicate

Experience globally has been mixed.  A 2008 review 
of 15 years of experience of watershed manage-
ment projects concluded that projects had been by 
and large successful in the upper catchments in im-
proving integrated management of land and water, 
in improving local people’s incomes and in laying 
the ground for sustainability of the conservation ac-
tions.  However, little evidence could be found that 
the downstream objectives had been met, although 
this was in part due to the lack of proper baseline 
and monitoring.  These conclusions are illustrated 
by an experience in one NENA country, Morocco 
(Box 3.9), where problems of erosion and siltation 
have been particularly acute, threatening half the 
area of watersheds in the country [FAO 2014a: Re-
gional Initiative on Water Scarcity - Morocco Coun-
try Paper: 26; World Bank 2008b]



Towards a Regional Collaborative Strategy on Sustainable Agricultural Water Management and Food Security in the Near East and North Africa

62

Box 3.9: Matching community expectations and programme objectives
in the Morocco Lakhdar Project

The Morocco Lakhdar Project was developed to test in one watershed the feasibility of a broad national 
watershed management approach aimed at the twin objectives of improving livelihoods in the poor upland 
areas through a community-driven development approach and reducing the rate of siltation of Morocco’s 
important reservoir system.

A menu of intensification and conservation measures was offered to the communities. Initially communi-
ties opted entirely for the intensification components, particularly for irrigation improvement. A balanced 
programme had to be negotiated, with the financial allocations to the intensification measures capped and 
with agreement from the communities that they would implement the conservation measures – but only 
in the latter years of the project. In the event, many of the conservation measures – terracing, check dams, 
fruit tree planting – were designed to be economically attractive, so that by the end of the project some 
degree of sustainable momentum for the conservation measures could be detected.

At the broader scale, however, there was no monitoring that could demonstrate an impact on downstream 
objectives. The Lakhdar Project did not lead into a generalized watershed management approach either in 
the Oued Lakhdar or in the country as a whole. It was essentially a successful community-driven develop-
ment pilot project which proved too costly and demanding to replicate on any scale.

Source: Author

Although a wide range of interventions are practiced, 
five components are most typically found, which com-
bine objectives of conservation, natural resource use 
and livelihoods improvement. These components are: 
(1) increasing water availability through water harvest-
ing and storage; (2) crop production; (3) rangeland 
management; (4) planting trees (both fruit and fuel); 
and (5) livelihoods diversification.  

Best practice adopts participatory approaches and 
uses conservation techniques that are also profitable 
for farmers

The best results come where there are conservation 
techniques that are also profitable for farmers, and 
where participatory approaches are used that cre-
ate ownership amongst the local community. Current 
best practice in watershed management approaches 
therefore emphasizes:

•	 watershed management as part of local socio-
economic development processes;

•	 multistakeholder participation and collabora-
tion;

•	 flexible demand-driven programme design;
•	 long-term planning and financing;
•	 local institutions such as committees and asso-

ciations responsible for implementation, with 
programmes and official agencies playing a sub-

sidiary and facilitating role;
•	 upstream-downstream linkages well defined, 

and local actions linked to overall basin out-
comes;

•	 constant action-research; and
•	 social capital building and continuing nego-

tiations over access, tenure and social conflict. 
[FAO 2006]

In addition, the approach of PES has been used with 
some success elsewhere in the world, and could be 
piloted in NENA (see Boxes 3.10 and 3.11).

Issues on watershed management are summarized in 
Chapter 4 (Section 4.3), together with an agenda for 
action at both country and regional levels.
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Box 3.10: Advantages and limits of payment for environmental services

Advantages

 Efficiency: PES conserves only what is considered worth conserving from the economic standpoint. It 
can make differentiated payments according to the degree to which services are provided.

 Sustainability: PES generally requires that service providers be paid indefinitely for the services they 
provide. This requires that service users be satisfied that they are receiving the services they are pay-
ing for. Hence, sustainability depends on objectively verifiable quality of service. 

 Auto-financing: PES generates its own funding without requiring substantial budgetary outlays from 
the government. 

Limits

 A good understanding of upstream-downstream linkages is needed: PES has to be based on valua-
tion of services provided by upstream management interventions.

 Needs continuous readjusting: changes in market conditions may make a PES payment that is ac-
ceptable today insufficient tomorrow.

 Market based: PES can only value quantifiable services which can be priced. Externalities that can-
not be quantified or priced – biodiversity, for example – may not be suitable for the approach.

 Transaction costs for setting up and administering the payment mechanism may be high, especially 
if beneficiaries are not already organized or if the watershed is large and densely populated.

 Not necessarily a poverty reduction mechanism: in many upper watersheds, a large proportion of 
the population is likely to be poor, but even within watersheds with primarily poor populations, 
there is no guarantee that payments will reach the poorest.

 There will remain a substantial role for governments: there is still a need for public financing. Fi-
nancing for research and monitoring is a clear role for governments. Governments also have to help 
develop and supervise the institutional and regulatory framework.

Source: World Bank 2008b: Box 40 (Pagiola and Platais 2006)

Box 3.11: Examples of PES in Latin America

 In Colombia, irrigation water user groups and municipalities in the Cauca valley are paying to conserve the 
watersheds that supply them with water (Echevarría 2002a).

In Ecuador, the city of Quito has created a water fund, Fund for the Protection of Water (FONAG), with con-
tributions from the water utility and the electric power company to pay for conservation in the protected 
areas from which it draws its water (Echevarría 2002b).

In Costa Rica, the town of Heredia has established an ‘environmentally adjusted water tariff’, the proceeds 
of which are used to pay landholders to maintain and reforest watershed areas (Castro 2001; Cordero 
2003).

Source: World Bank 2008b: Box 41 (Pagiola and Platais 2006)
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Water and forestry

Water management and forestry go hand in hand in 
reforestation on degraded lands, in peri-urban tree 
planting using treated wastewater, and in agro-sylvo-
pastoral farming systems

Within the Global Partnership on Forests and Land-
scape Restoration, with financing from the Depart-
ment for International Development (DfID) and 
the International Union for Conservation of Nature 
(IUCN), FAO is helping countries to plan for reforesta-
tion on degraded lands worldwide. On the 2 billion ha 
of degraded land worldwide, the target is 150 million 
ha of reforestation by 2020. The focus is on drylands, 
and NENA countries are participating. There is already 
success in NENA with associating water management 
and forestry, including afforestation using treated 
wastewater in Egypt, Algeria and Tunisia; and with re-
forestation under the Lebanon National Forestry Pro-
gramme, where there is potential for water manage-

Table 3.12: Aridity index ranges used to define drylands

Dryland zone Aridity index range

Hyper-arid 0.00 – 0.05

Arid 0.05 – 0.20

Semi-arid 0.20 – 0.50

Dry sub-humid 0.50 – 0.65

Sources: FAO 2001: 87-91, FAO/IFAD 2007.  Summarized from Annex Tables 3 and 4 of World Bank 2013

Defined in this way on the basis of the aridity index, 
about 40 percent of the earth’s land surface is dry-
lands, but nearly all of MENA (89 percent) is dry-
lands. Drylands are characterized by high variability 
between years and by frequent droughts. Storage of 
the scant rain is generally an expensive proposition. 
Progressive further drying is predicted as a result of 
climate change. Where farming is possible, mixed pas-
toral/arable systems prevail in the semi-arid and sub-
humid zones but activity is very sparse indeed in the 
62 percent of the region which is classed as arid or 
hyper-arid.  [ICARDA 2007:18]

Three sets of measures are generally practiced for 
improving productivity in NENA drylands through ag-
ricultural water management:

•	 Increasing water availability through water trans-
fer and water harvesting to capture and direct 
rainfall onto fields (see 3.5 above). Water trans-
fer has long been practiced in the region – for 
example the Ghor canal bringing water from the 

Yarmouk to the Jordan Valley, the Nile water car-
riers taking water to the desert new lands, and – 
the most ambitious of all – the Great Man-Made 
River in Libya, originally intended to irrigate agri-
culture in the coastal region. Generally these are 
social rather than economic projects. New lands 
development in Egypt has been halted since the 
fall of the old regime. 

•	 Increasing water productivity, either through in-
creasing the moisture in the soil profile, or by using 
soil moisture more efficiently, for example by im-
proving soil conservation and fertility, or by adopt-
ing integrated agro-sylvo-pastoral approaches, or 
simply by planting trees and bushes.

•	 Reuse of wastewater or use of marginal water 
such as saline water or drainage water.

Programmes to support water management in very 
dry areas have been implemented across the region, 
with some success, for example, that at Matruh in 
Egypt.  Substantial yield increases can be achieved but 
costs and risks are high (see Box 3.12 below).

ment for reforestation. The Tunisia National Strategy 
for Development of the Forest Sector has targeted the 
rehabilitation of 500 000 ha of rangeland and affores-
tation on a further 320 000 ha. In addition, there is a 
focus region-wide on urban and peri-urban forestry 
and the role of trees in cities, plus peri-urban protec-
tion of urban water sources, which is very important 
for fast-urbanizing dry areas like NENA.  [Technical dis-
cussions, FAO Rome, September 2013; ICARDA 2007: 
16]

Water in the drylands

Drylands are continental areas of low rainfall and high 
evapotranspiration, and with restricted growing peri-
ods. Drylands are defined as regions having an ‘aridity 
index’ of 0.65 or less (see Table 3.12 below). Drylands 
are furthermore subdivided into four zones: hyper-
arid, arid, semi-arid and dry sub-humid. The aridity 
index ranges used to define these four zones appear 
in Table 3.12 below [ICARDA 2007: 11-14].
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Box 3.12: In Egypt, water harvesting and improved agronomic techniques
increased yields by 250 percent

In a drylands programme in the Umm al Ashtan watershed in Egypt, an agrotechnical package of improved 
wheat and barley varieties was introduced, watered by harvested runoff.  The seeds were soaked and 
coated with biofertilizer, and plots were tilled and fertilized with slow release fertilizer. Grain and straw 
yields increased by 250 percent. 

Source: ICARDA 2007: 70 

Water and desertification

Much land in NENA is under threat from desertifica-
tion, and much is lost each year. Some 9 million ha are 
threatened in Algeria and about 7 000 ha of arable 
land is being lost each year. Some of this is simply nat-
ural process, but much is due to changes in land use, 
for example, change from sustainable pastoral use to 
crop production. In Morocco, the spread of cereals 
cultivation onto marginal bor lands during the times 
of high cereals procurement prices led to soil erosion 

Box 3.13: Sand dune fixation in Tunisia using tree/bush combinations

In Tunisia, a programme in the dryland Gabes area used tree-bush combinations to stabilize sand dunes 
that were emerging in overgrazed areas. Using harvested water, drought- and salt-tolerant bushes and 
trees (including date palms and olives) were planted both as sources of cash and as dune stabilizers. By the 
end of the sixth year, which included years of drought, sand drift was totally arrested, natural vegetation 
was spontaneously emerging and range productivity increased fourfold. 

Source: ICARDA 2007:73

3.7  Salinization, waterlogging and drainage

The discussion in Chapter 2 (Section 2.5) on supply-
side issues for water resources management raised 
the challenge of drainage and the reuse of drainage 
water as a resource for agriculture. The present sec-
tion examines the issues of drainage and the potential 
for reuse in detail.

Much of the world’s irrigated land suffers from drain-
age problems, and an estimated 30 million ha world-
wide need improved drainage. The resulting waterlog-
ging and salinity due to the rise of water tables and the 
accumulation of salts are reducing productivity over 
wide areas. It is estimated that 45 percent of Syria’s 
irrigated area suffers from salinization, and in Egypt 
50 percent. On the positive side, at most only about 
60 percent of irrigation water is actually consumed in 

direct evaporation. The rest is returned to the hydro-
logical system, and much can be recovered for reuse. 
However drainage is often the poor relation, with at-
tention and investment going to upstream irrigation 
and farming. Opportunities for increasing the water 
available to agriculture through drainage water reuse 
are missed.  [Abou-Hadid 2012: 67; FAO 2011: 155]

Reasons for neglect of drainage

Few countries have integrated drainage planning and 
investments within overall water resources manage-
ment. The reasons are in part institutional…

Globally, there are many reasons why drainage has 
been a neglected area of planning, investment and 
management. Some of these are institutional, par-
ticularly in countries where there has been a lack of 

and sand dune invasion. In Tunisia, increased stock-
ing rates led to overgrazing and sand dune invasion 
into rangelands, a process that can be reversed but 
only with considerable effort and cost (see Box 3.13).  
[Abou-Hadid 2012: 66-67]

Chapter 4 (Section 4.3) brings together the issues on 
water and forestry, water in the drylands and anti-
desertification, and suggests actions for national pro-
grammes and regional collaboration.
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an integrated approach to agricultural water man-
agement and where drainage has typically been seen 
as a separate activity. Yet, the experience of modern 
irrigation right from the time of the irrigated cotton 
revolution in Egypt in the 19th century has been that 
there should be no investment in irrigation without 
planning for drainage. The neglect of drainage at the 
planning stage is reflected in governance and insti-
tutional arrangements, where drainage is usually a 
subsidiary task of an irrigation agency15 which serves 
primarily agriculture and emphasizes resource devel-
opment over integrated resource management. This 
institutional failing is multiplied in modern irrigation 
with the advent of decentralized WUAs, as these are 
rarely called on to deal with drainage. Many countries 
lack a legal framework for setting up drainage organi-
zations, or for levying fees.

…and also economic, as investment in drainage has 
been limited and cost recovery has proved problem-
atic

The institutional shortcomings are mirrored at the 
economic level. In many countries, there is no finan-
cially sustainable system for investing in and manag-
ing drainage. Government investment budgets for 
drainage are low, and cost recovery is rarely properly 
factored in. Often, stakeholders do not understand 
why they should pay for drainage.

…and drainage has been little considered in either 
water or agricultural policy

Drainage is rarely integrated into agricultural or water 
policy. For example, many countries promote more 
and more irrigation, sometimes with low overall effi-
ciencies that result in very large quantities of drainage 
water. With these policies may come also promotion 
of heavy fertilizer use but there is rarely any counter-
vailing consideration of downstream effects. 

The impacts have fallen mainly on the poor

Inattention to drainage raises social issues of inequity. 
The bad effects of lack of drainage are mostly on tail 
enders and on the often poorer downstream popula-
tion, who receive all the pollutants. 

The case for drainage in NENA

Drainage can improve productivity at relatively low 
cost and investments bring good returns

Drainage improves land productivity, reduces the 
need for new land development and has positive im-
pacts on health and the environment. Costs are low: 
from USD 100-200/ha for on-farm surface drainage 

15  Or of a separate but weaker drainage agency.

up to USD 1 000/ha for pipe drainage in arid areas. 
Production responses are good: in Egypt gross pro-
duction increased with drainage by USD 500/ha and 
net income by USD 200-375/ha. With a good benefit 
stream and relatively low costs, drainage investments 
produce good rates of return.

In water-scarce NENA, the priority is on salinity con-
trol and on the potential for reuse

Drainage is particularly important where water is 
scarce or where there is a productivity problem re-
lated to waterlogging or salinization or where drain-
age can contribute to flood control, groundwater or 
wetland conservation etc. In water-scarce NENA the 
priority is on salinity control and on the potential for 
reuse.

Good practice: policy issues and trade-offs

Drainage should be seen as a multifunctional invest-
ment within an IWRM approach, serving all water 
sources and users, a legal and governance frame-
work needs to be set up and a participatory approach 
should be applied

Drainage is a complex phenomenon with multiple im-
pacts, positive and negative, on other functions of the 
resource system, resulting in the need for an IWRM 
approach and multifunctional investment. Planning 
and decisions should be taken at the basin scale.

Drainage needs to be built into the design of irriga-
tion systems from the start, along with considera-
tion of reuse. An integrated planning tool should be 
used that can take account of all social, economic and 
technological aspects. One example is DRAINFRAME, 
developed and used in Egypt, which evaluates all the 
different functions of the resource system at the val-
ues society places on them and then optimizes invest-
ments.

Planning and management require participatory ap-
proaches involving all upstream and downstream 
stakeholders. Because of the trade-offs involved – 
between upstream and downstream, between water 
use and the environment – a multistakeholder gov-
ernance and management structure is required that 
can arbitrate these trade-offs and seek compromises 
amongst stakeholders.

The legal framework needs to provide for the levying 
of fees on an equitable basis, and here stakeholders 
need to be involved throughout, so that they under-
stand why they may be asked to pay.
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Technology and investment choices

Various technologies and innovations are available, 
which have to be adapted to the local situation

Best investments are often very site-specific. The 
most widespread application of drainage technology 
in NENA has been in Egypt (see Box 3.14), but Iraq, Iran 

Box 3.14: Egypt’s National Drainage Programme
Draining over two-thirds of its irrigated lands, Egypt is the world leader in land drainage practice

Beginning in the late 1960s, Egypt has invested heavily in land drainage and has become a world leader in 
technology and practice. The extensive National Drainage Programme has been developed over the last 
four decades to control waterlogging and salinity. About 6 million feddan out of the total 8.5 million fed-
dan (70 percent of the cultivated area) are equipped with subsurface drainage.

Drainage water in the Valley is returned to the Nile for possible reuse. In the Delta it may be pumped di-
rectly back into the canals for reuse or it is pumped to the lakes or the sea.

The Programme is one of the largest water management investments in the world, with investment ex-
ceeding USD 1 billion. The result has been reduction in salinity and increase in productivity. Cost recovery 
is reported to be good, in fact better than for irrigation.

Drainage water is reused on a massive scale – but water quality problems prevent expansion 

From the beginning of its drainage programme, Egypt also invested in reuse on a wide scale as a way to 
increase overall system efficiency at the basin scale. Drainage water is reintroduced into the irrigation 
system at points where it can be economically mixed with freshwater. Currently, up to 5 BCM is reused in 
this way, 10 percent of Egypt’s total Nile resource of 54 BCM, and reuse is practiced on 90 percent of the 
irrigated area. Over time, the deterioration of water quality due to rising levels of poorly treated sewage 
and industrial effluent has begun to limit reuse. It is estimated that these quality problems prevent the re-
use of up to 3 BCM more drainage water that could be reused and for which the infrastructure is in place.

Source: Abou-Hadid 2012: 62; Fahmy (personal communication)

Drainage water reuse

Drainage water represents a considerable water re-
source and, with careful planning, participatory ap-
proaches and investment, it can add 10 percent or 
more to national water resources, as in Egypt

Farmers can reuse drainage water for irrigation, either 
as a sole source, mixed or alternated with freshwater 
from canals, groundwater or rainfall. Drainage water 
reuse requires a recovery loop system that can bring 
drainage water back into the system. Gravity systems 
that require low investment can typically be added on 
to existing systems, through installation of pumps to 
lift water from drains to canals, construction of mixing 
basins etc. Farmers may invest themselves and pump 
water from the drains, but this has to be guided by 
a framework of rules. Egypt has the most advanced 

national system, reusing over 10 percent of the an-
nual freshwater withdrawal without deterioration of 
the salt balance (see Box 3.14). Reuse of drainage wa-
ter on a more limited scale is practiced in Iraq, Saudi 
Arabia and Syria. Based on Egypt’s experience, the 
following are the features that characterise successful 
programmes for drainage water reuse:  [World Bank 
2006a: 174-5; Abou-Hadid 2012: 62]

•	 Drainage water reuse has to be assessed at the 
level of overall basin efficiency and socio-eco-
nomic benefit. A particular issue is the down-
stream environmental effect: there may be less 
salt discharged but reduced return to water-
courses.

•	 A legal and regulatory framework is needed to 
control drainage water reuse. This framework 
would include: (i) regulation of water quality, par-

and Tunisia have also invested on a wide scale. There 
have been innovations in drainage technology in recent 
years that have reduced costs and increased function-
ality. One example is the use of controlled drainage to 
slow down the movement of water through the soil pro-
file and so reduce loss of moisture and nutrients. Other 
approaches include evaporation ponds and biodrainge, 
especially using trees.
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ticularly salt content and agricultural chemical 
residues that may have an impact on productiv-
ity; and (ii) protection of human health – reintro-
ducing drainage water into the hydraulic system 
may hold some dangers. Mechanisms are need-
ed to monitor the volume and quality of drainage 
water and to provide management information 
for decision making.

•	 Programmes for drainage water reuse need to be 
developed in association with users and to be the 
subject of explicit water entitlements in the same 
way as fresh canal water. Farmer awareness and 
training for this relatively saline water is essential.

•	 There are trade-offs that need to be managed. 
The two most important are: (i) reuse may re-
duce environmental flows, so reuse needs to be 
assessed and trade-offs decided on in an overall 
basin framework; and (ii) quality problems need 
careful control, or salts and contaminants will 
build up in the soil profile, and judgements have 
to be made – as in Egypt - about cut-off levels 
for the quality of water to be used.  [World Bank 
2006a: 167-170]

Drainage and drainage water reuse issues are summa-
rized in Chapter 4 (Section 4.3), which also suggests 
elements for national programmes on drainage and 
reuse, as well as an agenda for regional collaboration.



Chapter 4
Options for change – national programmes and 

regional collaboration

Main messages

This chapter reviews options for improving agricultural water management, assesses the scope for collabo-
ration at the regional (and international) level to help NENA countries draw up and carry out the needed 
changes, and discusses how to design and gain consensus on programmes of investment.

Scope for regional collaboration to improve management of NENA’s water resources for agriculture

The priorities for governance and institutions are to improve efficiency and accountability, strengthen par-
ticipatory approaches and improve the investment planning process; here, regional learning and technical 
cooperation could assist.

Regarding IWRM and the basin approach, a regional review of past experience and sharing data, informa-
tion and knowledge could help countries to build on experience and generalize the basin approach (collabo-
ration here also forms part of the plan of action for the Arab Strategy for Water Security).

The agenda for subsidiarity, decentralization and participation could benefit from a region-wide assessment 
of WUAs and subsequent regional technical cooperation to empower WUAs and strengthen their capacity. 

More broadly, regarding community-based water management, a review of regional experience and best 
practice and constraints, together with cross-country exchanges and development of guidelines, could help 
in strengthening institutions for local-level natural resource management.

There are several ways in which regional collaboration could help NENA countries act on the supply-side 
drivers of scarcity:  

 To maximize economic reuse of treated wastewater, a region-wide exchange of experience could help 
to establish best practice and guidelines; and regional or bilateral cooperation programmes could help 
with benchmarking, capacity building, applying standards and regulatory frameworks, etc.

 Ways to optimize benefits from transboundary resources at the basin scale form a priority topic for the 
region (collaboration here forms part of the plan of action for the Arab Strategy for Water Security).

 Regarding climate change, there is scope for regional collaboration on modelling and monitoring, and 
for regional technical cooperation on preparation of adaptation strategies and on research and tech-
nology development (collaboration here also forms part of the plan of action for the Arab Strategy for 
Water Security).

 Establishing a governance framework for groundwater could benefit from region-wide sharing of data, 
information and knowledge, as well as from a review of experience across the region and in other regions.

Regarding demand management, region-wide review of the components of incentive structures and de-
velopment of best practices could help NENA countries to establish an incentive framework for promoting 
water efficiency and water productivity in agriculture. A regional focus on awareness raising could also help 
win consensus on the framework.
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Scope for regional collaboration to improve water efficiency and crop water productivity through agri-
cultural water management

Research, technology development and technology transfer are needed to increase efficiency and produc-
tivity. This agenda would benefit from a regional approach, working through a partnership of international, 
regional and national research agencies.

Increasing water-use efficiency and closing the yield gap in surface irrigation requires irrigation moderni-
zation, which would benefit from: a regional process to share data, information and knowledge on mod-
ernization and best practices; regional technical cooperation on methodologies, benchmarking, capacity 
building, etc.; and regional alignment on the MASSCOTE planning tool and development of regional centres 
of excellence.

NENA countries will need to factor the implications of the rising cost of energy into planning and operations, 
and this could be helped by a regional collaborative review of the implications of the energy/water nexus.

On pressurized irrigation, a regional programme of research and development, capacity building and tech-
nical cooperation could help countries design programmes to increase efficiency and productivity, and to 
reduce barriers to entry and help farmers manage price risk.

For NENA’s very important rainfed farming systems, synergy and joint work across the region in research, 
exchange of best practice, mutual farmer visits, etc. could provide a full focus on technology and institutions 
for improved productivity.

For watershed management and water management in drylands, a regional review and establishment of 
best practice could help countries to build on experience and develop second-generation programmes.

Regarding water and forestry, regional collaboration for sharing of data, information and knowledge, estab-
lishment of best practices and R&D could help with programmes to develop forests and trees on degraded 
lands, around cities and for antidesertification.

Programmes for drainage and drainage water reuse could be helped by regional collaboration for sharing 
of data, information and knowledge on drainage and reuse; establishment of best practices; benchmarking; 
capacity building; and regional technical cooperation.

Deciding on trade-offs

Reforming governance and institutions and making changes in investment strategies will call for trade-offs, 
including between productivity and food self-sufficiency, and between free trade and protection. Mecha-
nisms and processes need to be found to arbitrate between the incentives the farmer faces and the per-
spectives of society.
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Drawing on the assessments in Chapters 2 and 3, this 
chapter looks at options for change within country-
level initiatives, and at the scope for collaboration 
at the regional level to support the development 
and implementation of national programmes of im-
provement in agricultural water management. The 
chapter first looks at the formulation of country-level 
strategies and at how regional collaboration might 
complement national policy analysis and strategy 
formulation (4.1). The chapter then reviews ways of 
improving management of water resources for agri-
culture in NENA countries and examines how regional 
collaboration could contribute (4.2), looking in turn 
at governance and institutions; IWRM and the basin 
approach; subsidiarity, decentralization and participa-
tion; at ways of managing supply side issues; and at 
how to adjust the incentive framework.

The following section (4.3) takes the same approach 
to look at options for improving the use and value of 
water within agriculture and for regional collaboration, 
looking in turn at: measures to raise water efficiency 
and crop water productivity in the various water man-
agement systems; issues of irrigation modernization; 
pressurized irrigation; improving practices and produc-
tivity within rainfed systems; watershed management 
and water management in drylands; and the key topic 
of drainage and drainage water reuse.

Section 4.4 then addresses the trade-offs that nations 
have to face in making choices about agricultural water 
management. These include the issues of: productivity  
vs. food self-sufficiency; free trade vs. protection; and 
alignment of incentives between the farmer’s perspec-
tive and society’s perspective.

Section 4.5 discusses how to create a momentum for 
change, looking at the drivers of change within NENA 
and then drawing a series of important lessons from 
other, largely Australian, experience on how to design 
and reach consensus on change programmes for wa-
ter, and how to implement the changes.

The final section (4.6) summarizes, in table form, the 
scope for regional approaches and cooperation on ag-
ricultural water management. 

Annex 2, Existing cooperation related to agricultural 
water in NENA, reviews available mechanisms for co-
operation, including: regional and international coop-
eration on agriculture and agricultural water manage-
ment research; mechanisms for coordinated policies 
and actions; and new partnerships and mechanisms. 
The annex also assesses regional and international 
cooperation on data and modelling, and highlights 
possible sources of extra finance for agriculture and 
agricultural water management (e.g., payment for en-
vironmental services or PES). 

4.1 The scope of discussion

This final chapter is intended to set out an agenda 
for change in agricultural water management for the 
NENA region. The options highlighted build on experi-
ence over recent decades, and much of the material 
has long been common currency in strategies in the 
region. So, how do the approaches suggested differ 
from previous sets of recommendations? The answer 
is not so much in the measures suggested as in the 
ways in which they are approached – in innovative ap-
proaches to preparing national agendas, and in new 
ways of mobilizing the contributions of regional and 
international collaboration.

New approaches to formulating national pro-
grammes for agricultural water management

Clearly NENA countries have progressed on many 
fronts to improve agricultural water management 
and this has raised productivity, supported a shift to 
higher-value cropping, brought many more farmers 
into the market and strengthened household-level 
food security through higher incomes and improved 
market functioning.

Growing water scarcity, rising farmer expectations and 
the needs of the two-thirds of NENA farmers depend-
ent largely on rainfall imply that further improvement 
in sustainable agricultural water management is im-
perative. The list of options highlighted in this paper 
is long. Many of them are a continuation and scaling 
up of existing changes – the governance and institu-
tional measures, IWRM and the basin approach, sup-
ply and demand management, measures to improve 
water efficiency and crop water productivity. What is 
new for the coming years is not so much the lists of 
measures but the approaches suggested for applying 
them. Four linked and innovative approaches could be 
adopted in the preparation of national agendas in ag-
ricultural water management in NENA.

Evidence-based approach. This employs benchmark-
ing, monitoring, evaluation and reporting to assess 
the results of measures applied and to feed the 
knowledge gained back into adjustments. The evi-
dence-based approach can apply across the whole 
range of measures: policies and strategies; changes to 
institutions and incentives; and technical and socio-
economic interventions.

Farmers as full partners in building policies and pro-
grammes that correspond to the farmers’ needs and 
constraints. Innovative approaches to farmer involve-
ment can go beyond consultation to recognizing their 
status as commercial operators in the value chain  - as 
businesses not beneficiaries. This has implications both 
for the value chain – farmers and farmer organizations 
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working directly with suppliers and buyers – and for 
farmer/public agency accountability: for example, the 
public/private partnership of a public irrigation scheme 
supplying water to farmers involves a commercial con-
tract of water services in exchange for client payment 
for the value of those services.

Effective synergies in innovation and learning. In so 
complex a field as agricultural water management, 
and in the enormous diversity of situations across the 
NENA region, there is a strong advantage in seeking 
structured mechanisms beyond the national level to 
understand challenges and potential, to learn from 
experiences, and to innovate and scale up successful 
innovations. The process is founded on the evidence-
based approach and on the primacy of the farmers’ 
viewpoint, but it needs to bring together institutions 
and programmes at all levels, from the local to the 
regional and global, and it needs to forge more ef-
fective partnerships and ways of collaborating, from 
farmer to farmer exchanges in, for example, Farmer 
Field Schools, to exchanges of solutions amongst 
practitioners rather than through conventional capac-
ity building, to region-wide partnerships like the Arab 
Strategy for Water Security, and to global partnerships 
such as the CGIAR network.

Box 4.1: Applying the Food Supply Cost Curve – the case of Tunisia

The Tunisia Case Study for the Regional Initiative on Water Scarcity applied the methodology of the food 
supply cost curve to determine the optimal balance between increasing domestic production through im-
proved water management or other means, and trade. 

Projections show that by 2020, demand for cereals in Tunisia will be about 2.8 million tonnes, and that 
domestic production is likely to meet only 61 percent of that demand (1.7 million tonnes).  Where should 
the balance of 1.1 million tonnes come from – domestic production or imports?

Analysis done for the Regional Initiative on Water Scarcity – Tunisia Case Study showed six technically fea-
sible options for increasing domestic production: 

1. Improved productivity of rainfed wheat production on 0.8 million ha in the sub-humid zone of 
Tunisia 

2. Improved productivity of rainfed wheat production on 0.45 million ha in the semi-arid zone 
3. Expansion of wheat production under sprinkler irrigation on 15 000 ha 
4. Expanding the area of irrigated wheat production from 70 000 to 130 000 ha
5. Increased yields in irrigated agriculture on 70 000 ha
6. Reduction of losses in the food chain from the current 30 percent to 20 percent in 2020

Using the Food Supply Cost Curve, the study showed that all six options applied together would produce an 
extra 1.1 million tonnes of wheat, essentially eliminating the likely deficit in 2020. However, applying an eco-
nomic lens, the exercise showed that Option 2 (wheat productivity in semi-arid zones) and Option 5 (increas-
ing yields in irrigated agriculture) would not be economically justified – it would be cheaper to import wheat.  
The recommendations, therefore, would be to adopt four options, which taken together would produce an 
extra 820 000 tonnes a year, and to import the balance of 320 000 tonnes.  In terms of virtual water, these 
imports would save around 320 million m3 annually.

Source: FAO 2014b: Regional Initiative on Water Scarcity - Tunisia Country Paper: 14

An inclusive approach to change. Recent years have 
seen the emergence of new ways in which change 
comes about across the NENA region. Education and 
social changes have heightened awareness of water 
issues across broad constituencies, and a new politi-
cal openness has encouraged inclusive debate. There 
is broader understanding that objective problems 
of scarcity, intersectoral competition and climate 
change are worsening, and that water institutions 
are not always well-adapted to this changing context. 
Future programmes for improving agricultural water 
management can be founded on inclusive processes 
of study and debate leading to consensus amongst 
stakeholders16.

The contribution of regional collaboration

Over many years, regional collaboration has been 
strong and fruitful in NENA. A recent example under 
the Regional Collaborative Strategy has been the use 
of the Food Supply Cost Curve (see Introduction) to 
help Tunisia to determine the optimal balance be-
tween increasing domestic production through im-
proved water management or other means, and trade 
(Box 4.1).

16  For a full discussion of this approach – and for the luminous example of Australia’s 
National Water Initiative – see below (Chapter 5).
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A wide range of further opportunities for regional, sub-
regional and country-to-country collaboration has been 
identified throughout this paper, and these opportuni-
ties are summarized and discussed in the following sec-
tions. This kind of collaboration can add enormous value 
given the commonality of issues, policies and institutions 
across the region and the synergy that can be generated 
by a cross-country sharing of knowledge and effort.  In 
proposing this approach, strategic focus and prioritiza-
tion are essential, for which the following criteria have 
been adopted:

•	 The topic should address issues of economic im-
portance relevant to improving sustainable agri-
cultural water management and food security.

•	 There should be scope for evidence-based 
change and for benchmarking, monitoring and 
evaluating progress.

•	 There should be scope for involving farmers and 
building in a farmer perspective.

•	 The expected benefits from cross-country collab-
oration at the bilateral, subregional and region-
al level should be clear and important, and the 
topic should not already be covered by effective 
regional collaboration such as the Arab Strategy 
for Water Security.  

4.2 Managing NENA’s water resources for 
agriculture: gaps and options

Governance and institutions17

Over the two decades since the Dublin Conference 
and the elaboration of best practice guidance for 
IWRM, NENA countries have made great strides in 
improving their water resources management in pur-
suit of the agreed goals of social equity, economic ef-
ficiency and environmental sustainability. In general, 
the countries have embarked on a progressive transi-
tion from supply augmentation and direct provision of 
water services toward a greater focus on water man-
agement, decentralization and inclusion.

Steps have been undertaken at various paces in differ-
ent countries to strengthen water management insti-
tutions and to apply principles of decentralization and 
participation.  

The objective of bringing IWRM to bear on agricultural 
water management is to achieve higher levels of effi-
ciency: allocative efficiency between and within sec-
tors, water efficiency and water productivity, together 
with social equity and environmental sustainability.

In fact, water institutions in NENA have been rated as 
‘better on average than in other regions’.  Irrigation 
agencies are progressively decentralizing. The quality 

17  This section draws on the discussion in Chapter 2 (Sections 2.1 and 2.2).

of public investment has improved, although there 
remains a legacy of capital-intensive, supply-driven 
investments still showing signs of a ‘top-down’ engi-
neering approach.

 Next steps for NENA countries could be to further 
improve efficiency and accountability and to 
adopt participatory approaches and strengthened 
economic analysis in the investment planning 
process. Areas for further development of overall 
governance and institutions are essentially to 
continue the ongoing transition from centralized 
management and capital intensive engineering 
approaches to approaches where public agencies 
delegate, regulate, monitor and support, 
and invest efficiently, all with a raised level of 
transparency and accountability.  
 Specific actions for progress could include: 

(1) improving the accountability of public 
agencies and strengthening incentives for 
their good performance and for transparency; 
(2) strengthening management and execution 
capacity for implementing legislation and 
enforcing regulations; (3) improving the quality 
of public investment by more participatory and 
local-level approaches to investment planning 
and by improving the quality of economic 
analysis; and (4) further reduction in the fiscal 
burden and dependence on the general budget, 
through increased cost sharing and public/private 
partnerships (PPP).
 Given the pervasive nature of these issues, this is 

an ideal opportunity for regional learning across 
countries, through sharing of knowledge and best 
practices in governance and institution building.  
There could also be scope for regional technical 
cooperation.

Integrated water resources management and 
the basin approach18

Several NENA countries have embarked on integrated 
water resources planning anchored at basin level. Ba-
sin planning has improved allocative efficiency and 
helped to integrate investment programming. Setting 
and enforcement of environmental regulations have 
been strengthened.  

The basin approach has the advantage of confirm-
ing sectoral allocations, which provides certainty and 
transparency even if allocations are reduced.  This has 
been a driver of greater efficiency in irrigation.  In the 
future, as demand from other sectors grows, basin-
level institutional mechanisms for orderly transfer of 
water between uses will become increasingly neces-
sary.

18  This section draws on the discussion in Chapter 2 (Section 2.3).
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 Next steps in basin planning at country and 
basin level need to build on NENA’s generally 
positive experience. This could include: (1) 
the generalization of the basin approach, both 
within countries and across borders; (2) further 
decentralization of decisions on investments and 
allocations to the basin level; and (3) an increase 
in accountability by giving more voice to non-
state stakeholders.  
 Given the varied nature of the experience and the 

critical need for orderly water resources allocation 
and management as demand pressures grow, 
the agenda might include: a regional review of 
past experience, drawing pointers and guidance 
for the future; and sharing at the regional level 
of data, information and knowledge on basin 
planning, particularly with respect to provisions 
for and impacts on agriculture, and related results. 
The review and the sharing process could help 
consolidate and improve approaches to basin 
management in NENA countries, and thereby help 
improve allocative efficiency, water efficiency and 
crop water productivity.  This topic also forms part 
of the plan of action for the Arab Strategy for Water 
Security, where the IWRM programme is to focus 
particularly on: (i) issues of water resource allocation 
amongst sectors; (ii) institutional development and 
human capacity building; (iii) decentralization and 
participation; (iv) water efficiency; and (v) the use 
of nonconventional water.

Subsidiarity, decentralization, participation19

A leading principle of integrated water resource man-
agement is ‘subsidiarity’, and this has underpinned ini-
tiatives in many NENA countries towards decentraliza-
tion and community collaboration on natural resources 
and environmental management. The approach has 
been extensively applied on irrigation schemes in the 
shape of WUAs, but the same community-based col-
laboration has been applied in NENA to watershed 
management, groundwater management and conser-
vation of ecosystems and environmental services.

Empowering water user associations

All across the region, WUAs have developed as the 
lowest level of irrigation governance, taking on tasks 
ranging from simple representation right up to man-
agement at branch canal level.  However, WUAs in 
NENA are considered weaker than in other regions, 
largely because they are not sufficiently empow-
ered, for example in water distribution. Yet irrigation 
managers and professionals are unanimous that em-
powered WUAs have an important role to play in im-
proving water service and also in sustaining scheme 
operations through cost recovery.

19  This section draws on the discussion in Chapter 2 (Section 2.4).

 There has been no general study of WUAs in 
NENA to examine how effective they are in 
improving water management and reducing 
fiscal burden. The basic conditions for a WUA 
to work are well known – legal framework and 
mandate, empowerment with responsibility, 
and capacity building, but how these are 
applied and in what sequence, what are the 
accompanying measures – these issues will vary 
by country, and each country needs to formulate 
its own action plan. As there are many common 
threads, these subjects could be addressed in a 
region-wide assessment that could help identify 
areas of strengths and weakness, draw up best 
practice, and define guidelines for further 
development.  Subsequently, the development 
and empowerment of WUAs could be the subject 
of regional technical cooperation, benchmarking 
and capacity building.

Strengthening institutions for local-level natural re-
source management

Experience in NENA has shown that there are dif-
ficult trade-offs in promoting community natural 
resource management, particularly the cost of sup-
port programmes and the difficulty of organizing 
the needed cross-sectoral support.  Nonetheless, 
bottom-up community organizations, supported by 
top-down ‘convergent’ public services and commu-
nity development funds, have achieved substantial 
impact on sustainable resource management and 
also on rural livelihoods.  The approach is becoming 
more relevant with the likelihood of climate change 
and growing pressure on natural resources.

 The question of how best to organize with 
communities and public programmes to support 
local-level natural resource management is 
relevant for many aspects of agricultural water 
management – including local level small scale 
irrigation, groundwater management and 
watershed management. Much has been done in 
the region, but scaling up has proved challenging. 
NENA countries need to conduct stocktaking, 
evaluate results and plan for structured next steps.  
A review of regional experience and best practice 
and constraints, and the development of cross-
country exchanges and guidelines, could be helpful.

Acting on the supply-side drivers of scarcity20

Mobilizing new supplies

Although most resources are fully developed, there 
may be some potential to develop further storage 
and to optimize releases on existing storage.  How-

20  This section draws on the discussion in Chapter 2 (Section 2.5).
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ever, the economic and environmental tests for new 
development will be hard to pass.  Any new storage 
projects will have to cope with more variable and ex-
treme flows, and are likely to be set in an environmen-
tally more sensitive landscape.  Options will need to 
be flexible and have low capital and operating costs.  
Local hill dams, water harvesting or on-farm water 
storage may prove to be the most economical solu-
tion.  But all such impoundments require social, eco-
nomic and environmental assessment of the trade-
offs involved, and projects need to be studied within a 
basin planning framework.

Wastewater and brackish/salline water

There is good experience in the region on treated 
wastewater use. As cities grow and invest in treatment 
plants, the resource will increase and can provide a 
useful – if relatively modest – new source for agricul-
ture. There are barriers of cost, location and incen-
tives to overcome, and a regulatory framework and a 
workable incentive structure are required.  Similarly, 
salinized and sodic drainage water and groundwater 
can be reused, again with restrictions.

 Potential and issues vary by country and location, 
and each country needs a legal, regulatory and 
incentive framework.  Region-wide exchange 
of experience could establish best practice 
and develop proforma guidelines, including 
an incentive framework that would maximize 
reuse. Subsequently, regional or bilateral 
cooperation programmes could assist with 
research, benchmarking, capacity building, 
technical cooperation on applying standards and 
regulatory frameworks, etc.21 

Optimizing benefits from transboundary resources at 
the basin scale

Although the absence of a cooperative framework 
has been a constraint for the optimal development of 
the region’s major transboundary rivers (Nile, Tigris, 
Euphrates), progress has been made in recent years 
to reach varying degrees of cooperation.  The ben-
efits of cooperation can be considerable: one study 
estimated that cooperation amongst Blue Nile ripar-
ians (Egypt, Sudan and Ethiopia) could increase net 
annual benefits from the river by as much as USD 5 
billion.  Riparians have an interest in reaching coop-
erative agreements on benefit sharing, along the lines 
intended under the Nile Basin Initiative.

Best practice in transboundary water management 
seeks to achieve the goals of fair distribution of ben-
efits, economic efficiency and environmental sustain-

21 There is already a significant regional research programme on biosaline agricul-
ture.

ability through agreement on some level of coop-
eration. The persuasive concept of benefit sharing 
– rather than assigning quantified water rights – could 
be at the heart of cooperation.

Overall, the benefits to be brought by cooperation are 
likely to be considerable, as reaching agreement over 
water will reduce risk and encourage economically 
optimal investment for all riparians.  A cooperative 
framework can create win-win benefits, as planning 
and investment can be conducted at the basin scale, 
allowing upstream hydropower development, for ex-
ample, whilst securing downstream benefits from ir-
rigation and water supply. A cooperative framework 
also removes contentious issues that may harm the 
interests of other riparians.   

 For the main transboundary resources of the 
region – the Nile, Tigris/Euphrates – there is 
a cooperative programme only for the Nile.  
Cooperative approaches to other transboundary 
waters within the region could learn from the Nile 
experience, and region-wide and subregional 
collaboration could be extremely valuable.  This 
topic forms part of the plan of action for the Arab 
Strategy for Water Security.

Climate change

Climate change will have a negative impact on agri-
cultural water availability and will increase farmers’ 
vulnerability.  Farmers will devise their own responses 
– but would benefit from structured support within 
national adaptation strategies.

 At the regional and national level, climate mod-
elling and resource monitoring are essential to 
preparing responses to climate change.  Tech-
nologies for this are now well developed and 
are freely available. For the preparation of ad-
aptation strategies, experience shows that an it-
erative top-down/bottom-up approach based on 
evidence, research and farmer experience yields 
best results.  The responses need to clearly tar-
get agricultural productivity and environmental 
protection.  Research, extension and information 
are critical components in adaptation strategies, 
and learning from and with farmers will be vital, 
including from traditional farmer knowledge.  For 
implementation, policies and programmes will 
be needed to support farmers in adapting agri-
cultural practices based on a practical partner-
ship between farmers and public agencies. At the 
limit, support may be required for a change of 
farming system, or even outmigration.
 NENA countries have good experience in 

preparing adaptation strategies and sharing this 
experience amongst countries. Regional technical 
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cooperation on modelling and monitoring and on 
aspects of implementation, such as research and 
technology development, would bring substantial 
benefits. This topic also forms part of the plan of 
action for the Arab Strategy for Water Security.

Tackling groundwater depletion

Groundwater has proved a bountiful resource which 
has revolutionized agriculture and the lives of farm-
ers in many locations in NENA countries – eight of 
the world’s top 20 groundwater irrigating countries 
are in NENA. Groundwater has proved very popular 
as an easily developed, flexible source of just-in-time 
water under the farmer’s direct control. Groundwater 
also plays a key buffer role in maintaining optimal soil 
moisture during dry spells, and this role will grow with 
increasing climatic variability.

However, the ‘open access’ characteristic of ground-
water has led to unregulated development, inequita-
ble access and competitive overpumping, resulting in 
mining of nonrenewable resources and rapid depletion 
in many locations. Depletion has been accompanied 
by deterioration of water quality and saline intrusion.

Future development pathways need to promote more 
robust governance conducive to higher levels of pro-
ductivity coupled with sustainability of groundwater 
quantity and quality and with equitable access.

 Country progammes to improve productivity 
could include technical, economic, institutional 
and social measures.  Technical measures can 
include ever more efficient and water-saving 
technology, especially pressurized and localized 
irrigation and protected agriculture, changes to 
higher-value or more water-efficient crops, and 
improvements in water management, farming 
and post-harvest. Complementary supply-side 
measures such as recharge infrastructure to 
increase water availability may be available. 
Economic measures could address the incentive 
framework which influences the revenue side 
(e.g. trade policy) and the cost side – the cost 
of pumping (e.g. energy policy) and the cost 
of technological upgrading (e.g. tariffs on 
equipment and cost-sharing programmes like 
those in Saudi Arabia and Morocco). Institutional 
measures set the regulatory framework, which 
in high-governance countries may comprise 
the application of laws (as in Jordan); or the 
decentralization of resource management on a 
partnership basis to the local level (as in Yemen).  
Social measures can help, through targeted 
programmes, to remove barriers to entry or 
improvement for those with difficult access (e.g. 
the poor, women).

 Country programmes to improve sustainability 
have to recognize that establishing a governance 
framework for groundwater is exceptionally hard 
once the resource has been fully developed.  This is 
true whether top-down or bottom-up approaches 
are selected – or a blend.  In practice, options 
for NENA countries to manage groundwater 
demand are: (i) a rights and regulation approach; 
(ii) changing the incentive structure to favour 
conservation and efficiency; (iii) decentralizing 
groundwater resource management to the local 
level, supported by (iv) monitoring, information, 
education and communications.
 Region-wide sharing of data, information and 

knowledge on groundwater governance and 
management would be useful, including sharing 
of regional best practices in governance and 
institution building.  A start has been made with 
a review of experience across the region and in 
other regions. This should help to identify best 
practice and allow country-to-country exchange 
of experience and skills.

The incentive framework for promoting water 
efficiency and water productivity in agriculture22

NENA countries have long recognized the need for de-
mand management in irrigation through adjustment 
to the incentive structure to encourage water con-
servation and more efficient use.  Cost recovery also 
ensures financing of services and reduces the fiscal 
burden.  All NENA counties have implemented reform 
of the incentive structure along these lines.  The pic-
ture is one of real progress but with still some way to 
go to eliminate lingering distortions.

Most NENA countries have revised the basis for charg-
ing farmers for irrigation water, and fees have been 
increased everywhere. Best practice would suggest 
water prices should reflect scarcity and opportunity 
cost, but this does not happen in practice except in 
private water markets. As a proxy, NENA governments 
have generally sought to recover management, opera-
tion and maintenance costs (MOM) and sometimes a 
share of the capital costs.  However, there is a shortfall 
on many schemes and fees paid by users do not cover 
full costs, which limits autonomy and may impair ser-
vices. Not recovering costs also limits the scope for 
private sector participation. Yet, in general, irrigation 
farmers’ incomes in NENA are relatively high because 
of the higher-value cash crops grown, and recent FAO 
studies show that farmer incomes in the region are 
high enough to allow them to pay full MOM costs.

NENA countries have moved progressively towards 
free trade and compliance with their commitments 
under the World Trade Organization (WTO). Nonethe-

22   This section draws on the discussion in Chapter 2 (Section 2.6).
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less, remaining protection of domestic production still 
keeps farm-gate prices high in many countries, distort-
ing incentives and encouraging uneconomic use of 
water. Energy prices below border parity continue to 
drive groundwater depletion in several countries.

The incentive structure is linked to food security strat-
egy, in which the optimum situation at the household 
level is adequate incomes and access to reliable food 
markets, and at the national level a trade and food 
supply policy founded on the principles of compara-
tive advantage and virtual water.  Ensuring that farm-
er incentives are aligned with this optimal paradigm 
is hard, especially when production and market risks 
are high. Here the key is to ensure that the underlying 
economics the farmer faces are favourable (otherwise 
social protection measures or a move out of farming 
may be in order), that the value chain in which the 
farmer operates is efficient with no insurmountable 
barriers to access, and that he or she faces incentives 
aligned with the economics.  In this situation, the 
farmer can farm efficiently and make an income suf-
ficient to meet family needs and ensure household 
level food security, and also to pay the fair cost of ser-
vices.

 Often the incentive structure is highly complex 
and comprises elements from not only the 
agriculture sector and water sector policies 
but also elements of broader macroeconomic 
policy. An objective basis is required for countries 
to revise the incentive structure, and here a 
regional dimension could be most helpful. Next 
steps could begin with a national and/or region-
wide review of the components of incentive 
structures for agricultural water use and of the 
results from adjustments to date – to know 
what are the components of incentive structures 
for agricultural water use that drive farmer 
behaviour, how well does the incentive structure 
support household-level food security and 
what are the results from adjustments to date.  
Evaluation should assess what happens to the 
use of the resource and to the people who use it 
when the incentive structure is changed, and how 
closely incentives are aligned with the underlying 
economics, how well value chains function and 
how barriers to access are removed.  This review 
could form the basis for an evidence-based set of 
best practices and for moves by NENA countries 
to further adjustments that reflect national 
objectives in the water sector and that are also 
consistent with broader policy objectives such as 
growth, employment, rural poverty reduction and 
environmental sustainability. A regional focus on 
awareness raising on the reasons for adjustments 
to incentives could be helpful.

4.3  Improving water efficiency and crop 
water productivity: gaps and options

Water efficiency and water productivity23

Overall, water efficiency (WE) and crop water produc-
tivity (CWP) are relatively high in NENA, as expected in 
so arid a region.  There is, nonetheless, considerable 
scope for further increase, especially economic CWP.

The objective of irrigation and water management 
is to increase water efficiency (WE) to the maximum 
whilst taking account of the cost of improvement at 
the margin.  WE can be improved by improving water 
service to the field through minimized canal losses, 
timely delivery, correct quantity and quality, all areas 
served including the tail end; and by in-field water 
management, conveying water efficiently to the plant 
root zone at the right time and in the right quantity 
and minimizing nonproductive evaporation from the 
field.

Crop water productivity (CWP) is production or net in-
come per unit of water consumed by the plant.  CWP 
can be improved by soil, crop and water management. 
Parameters include crop and varietal choice, soil and 
water management, irrigation water management, 
nutrient management, weed and pest management 
and harvest and post-harvest management.

 In general, in a water-scarce region like NENA, 
efficiency and productivity are already relatively 
high. There is nonetheless scope in most countries 
for improvement, particularly in progressive 
conversion to pressurized irrigation and protected 
agriculture, in switching to higher-value crops 
and in improving all aspects of irrigation and of 
land, crop and water management.  
 There is a key role for technology development 

(in a broad sense) to increase productivity. 
Plant breeding and biotechnology can develop 
planting material to increase the harvest index 
and strengthen drought and pest resistance, or 
to allow earlier planting or maturing or extend 
the growing period etc. There is also water 
accounting, auditing and scope for research on 
water management and on integrated land/
crop/water management. In order to assess the 
scope for improving efficiency and productivity in 
NENA, benchmarking is also needed.  A regional 
approach to this research is highly desirable, 
with a partnership of international, regional and 
national agencies working on a combination of 
basic research, applied and adaptive research 
and farming systems research, together with 
benchmarking, monitoring and evaluation.  
Collaboration here forms part of the Arab Water 

23  This section draws on the discussion in Chapter 3 (Section 3.1).
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Security Strategy, which focuses on scientific 
research and technology transfer.

 There is an increasing risk that interventions 
aimed at enhancing efficiency and productivity 
of rainfed and irrigated farming systems will have 
the unintended consequence of contributing to a 
net increase in consumptive water use.

Surface irrigation: increasing WE and closing 
the yield gap through modernization24

The NENA region has practiced irrigation for more 
than five millennia. Recent benchmarking studies 
show that NENA irrigation schemes are relatively ef-
ficient overall at delivering a timely, quality water ser-
vice. Irrigation infrastructure and operating systems 
generally compare favourably with those elsewhere, 
and water delivery service is rated higher in NENA 
than elsewhere at all levels of the system.  In addition 
to site specific factors, the overall political environ-
ment has favoured irrigation, and management and 
staff are generally effective and motivated. The result-
ing generally good water service translates into yields 
per ha and yields per m3 which are well above global 
averages. Financial returns per unit of water can be as 
much as five times those on schemes in other regions.

There is nonetheless a wide variation between 
schemes, particularly in overall irrigation efficiency, 
where the most water-scarce schemes are the most 
efficient. There is also wide variation in performance 
amongst farmers on the same scheme and a consid-
erable ‘yield gap’ which improved agricultural water 
management could help to close. There is thus scope 
to improve crop water productivity.

Irrigation modernization

The best approach to improving the efficiency and 
productivity of irrigation schemes is integrated mod-
ernization, incorporating physical improvements to 
the delivery system, along with economic, institution-
al and agronomic improvements.

 Planning modernization: Within a country’s 
irrigation sector, a multitude of site-specific 
conditions will exist. The first step in planning 
is identification of objectives and prioritization 
of schemes and measures according to those 
objectives.  Each scheme is different and work 
is required at the scheme level to define specific 
modernization objectives and to draw up 
modernization programmes.  Integrated rather 
than single solution approaches are needed.  
Modernization of a NENA scheme should 
typically cover: (1) infrastructure, software 

24 This section draws on the discussion in Chapter 3 (Section 3.2).

and management changes to raise water 
efficiency by improving the flexibility, equity 
and reliability of water delivery services; (2) 
investments, technology transfer and capacity 
building to improve water productivity; and (3) 
institutional changes to ensure user participation 
in modernization strategy, system management 
and full cost-sharing.  What would be helpful 
to the development of national improvement 
programmes would be a regional process 
to share data, information and knowledge 
on modernization and best practices.  What 
could also be envisaged is regional technical 
cooperation on methodologies, benchmarking, 
capacity building, etc. 
 Programming modernization investments: Actual 

investments may include: upgrading of physical 
infrastructure; measurement, control and 
monitoring of system operation and of irrigation 
delivery services; accountable contracting for 
water service; establishment or strengthening 
of empowered WUAs; capacity building for 
managers, operators, WUAs and farmers; 
infrastructure and management measures to 
increase water efficiency; advisory and extension 
services to improve crop water productivity; 
and introduction of systematic periodic 
benchmarking.
 Using the MASSCOTE planning tool: To prioritize 

investments amongst and within schemes, a 
planning tool is needed. There has been success 
region-wide and globally with MASSCOTE 
(Mapping System and Services for Canal Operation 
Techniques) developed by FAO, and which can be 
applied not only to conventional gravity schemes 
but also to lift and pressurized systems and to 
multi-functional schemes.  MASSCOTE can be 
applied to both large and small schemes. There 
is already demand from within the region for 
further application of MASSCOTE. An option 
would be to standardise the use of this tool, and 
to develop regional centres of excellence that can 
help countries and schemes to apply it. Already, 
Tunisia has proposed to adopt MASCOTTE as 
its standard methodology for evaluating any 
pumped system.
 Tools to improve crop water productivity: As on-

farm management tools, FAO provides AquaCrop 
for field crops management strategies to 
increase crop water productivity, and CROPWAT 
particularly in the presence of tree crops and 
other field crops not calibrated for AquaCrop use.

The energy/water nexus

Energy costs are relatively high in NENA, particularly 
on pressurized or lift schemes, and this makes for high 
O&M costs.  As a result, investments to raise irrigation 
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efficiency may not always be cost-effective as energy 
prices rise.  In many countries, farmers have been pro-
tected by what are in effect energy subsidies, but this 
has introduced its own distorted incentives.  

 On the cost side, rising energy prices create a new 
reality for pump-based irrigation, which needs 
to be factored into planning and infrastructure. 
On the recovery side, there are significant trade-
offs involved in decisions about whether to 
pass on the real cost of energy to farmers. Low 
energy prices keep agricultural employment and 
incomes up but create incentives to overuse and 
misapplication.  Economic pricing is politically 
more difficult, it can lead to impoverishment 
of farmers, and it will have knock-on effects 
throughout the economy.  A regional collaborative 
review of the implications of the energy/water 
nexus, both within NENA and worldwide, could 
provide a menu of options for governments in 
the region.

Pressurized irrigation25

NENA is a global leader in pressurized irrigation, which 
can lead to significant increase in returns per m3.  How-
ever, pressurized irrigation also leads to higher levels 
of cost and risk and to vulnerability to energy prices.

 Interventions may be needed in country 
programmes to reduce barriers to entry for 
poorer people, for example by encouraging 
the development of lower-cost technology and 
improving the efficiency of the supply chain (for 
example, training of stockists).  Programmes to 
make credit available may also help: for example, 
hire purchase, leasing and microfinance, or 
capital cost-sharing.  Interventions may also 
be needed to ensure profitable market outlets 
and help farmers manage price risk: price 
information, promoting increased competition 
among buyers, promotion of cooperative 
marketing institutions, storage to allow sales 
to be spaced out, outgrowers contracting, etc. 
Research may also develop packages that can 
help farmers manage risk.  Given the shared 
nature of the technology, a regional programme 
of research and development, capacity building, 
and technical cooperation could be envisaged. 

Rainfed agriculture26

Across NENA countries, the three farming systems 
that are wholly or predominantly rainfed – highland 
mixed, rainfed mixed, and dryland mixed – support al-
most two-thirds of farming households (62 percent).  

25   This section draws on the discussion in Chapter 3 (Section 3.3).
26   This section draws on the discussion in Chapter 3 (Section 3.5).

Incomes are generally low and poverty is prevalent 
in many communities.  Raising productivity of these 
systems, including through improved water manage-
ment, would have a significant impact on reducing 
poverty.

There are a number of possibilities for improved pro-
ductivity and risk management through agricultural 
water management, generally combined with other 
factors.  Productivity can be improved by a combina-
tion of soil moisture management and choice of crops 
and varieties.  Farmers may use rainwater harvesting 
techniques to increase soil moisture, which can boost 
yields by two to three times over conventional rainfed 
agriculture, especially when combined with improved 
varieties and minimum tillage methods that conserve 
water. Where supplementary irrigation is available, it 
provides famers with a range of risk management op-
tions.  Farmers can manage crop water risk by choos-
ing the right crops and varieties.  Maintaining soil tex-
ture and fertility will improve crop water productivity.  
All these elements can be combined together in inte-
grated soil, crop and water management.

However, rainfed farmers face multiple constraints 
and barriers to adoption of improved techniques, in-
cluding low and variable water availability; and envi-
ronmental and soil problems of salinity, temperature 
and lack of nutrients.  Risks are prevalent – climatic 
and hydrological risk, including drought and floods, 
which are intensified by climate change risks; market 
risk; and land and water tenure risk.  Farming strate-
gies are naturally characterized by risk aversion and 
low levels of investment. In addition, there has never 
been a Green Revolution for rainfed agriculture, and 
the technical solutions listed are inherently quite low 
yielding. The need for new solutions is pressing, and 
is exacerbated by the prospect of climate changes 
which are likely to be drying and warming and to her-
ald increasing unpredictability and extreme events.

 Given the importance of rainfed farming to ag-
ricultural production, rural incomes and poverty 
reduction, there needs to be a full focus across 
national programmes on technology and institu-
tions for improved productivity in rainfed farming 
systems.  The following are possible next steps:

o Promoting research, innovation, ‘adaptive 
adoption’ and strategies for risk reduction, 
through knowledge development and sharing 
as an iterative process between local people 
and technical staff and researchers.

o Institutional adaptation accompanying tech-
nological innovation. Some of this institutional 
adaptation can occur spontaneously at the lo-
cal level, for example farmer organization for 
better catchment management, collaborative 
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approaches to spate, spring or groundwater 
management, or community management of 
pasture. Some adaptation and adoption re-
quires partnerships with public agencies – re-
search and technology transfer, adjudication 
and regulation of land and water rights, de-
centralization of management of common as-
sets or public goods such as water, forest and 
rangeland, resource management at the wa-
tershed scale, or payments for environmental 
services to compensate for externalities.

o A focus on rainfed agriculture in the basin and 
watershed context, integrating upstream re-
source management with downstream man-
agement of water quantity and quality.  The 
watershed management approach provides an 
example of how this can be effected, building 
on bottom-up community-based approaches 
and technological and institutional innovation.

o Integrated development programmes for rain-
fed areas, incorporating both cropping and 
livestock, with: research, technology develop-
ment and transfer; farming services such as ex-
tension and strengthening of input and prod-
uct marketing chains; rural finance; and rural 
infrastructure development, particularly farm 
to market roads and water infrastructure.

o Strengthening land tenure jointly with local 
people, through land consolidation, land ten-
ure confirmation, and co-management ar-
rangements for common or state land (forests, 
rangeland).

o Joint monitoring of climate change trends and 
the development of adaptive strategies and 
investment programmes at the local and re-
gional level.

o Introduction of innovative sources of financ-
ing, such as payment for environmental ser-
vices (PES).

Although all countries in the region have worked ex-
tensively on the above agenda, there would be mul-
tiple benefits from synergy and joint work across the 
region in research, exchange of best practice, mutual 
farmer visits, etc.

Watershed management and water management in 
drylands27

Watershed management

Watershed management typically targets land and 
water management in the upper catchment with 
twin objectives: improved upstream livelihoods, and 
improved water resources downstream.  The chal-
lenge has been to find packages that achieve the 

27   This section draws on the discussion in Chapter 3 (Section 3.6).

downstream objective and are also profitable enough 
to make it worthwhile for upstream farmers to sus-
tain them.  This challenge has been partly met – pro-
grammes in the region have succeeded in improving 
livelihoods upstream, but downstream results are 
questionable – and the approach is costly to replicate.

 The best results come where there are 
conservation techniques that are also profitable 
for farmers, and where participatory approaches 
are used that create ownership amongst the 
local community.  In addition, the approach 
of PES (payment for environmental services) 
has been used with some success elsewhere 
in the world, and could be piloted in NENA.  
Given the experience in the region, but the 
current hesitation over next steps and scaling 
up, a regional review and establishment of best 
practice would help countries to articulate or 
update national-level programmes.

Water in the drylands and antidesertification

Three sets of measures are generally practiced for im-
proving productivity in NENA drylands through agri-
cultural water management: (i) increasing water avail-
ability through water transfer and water harvesting; 
(ii) increasing water efficiency, either through increas-
ing the moisture in the soil profile, or using soil mois-
ture more efficiently; and (iii) reuse of wastewater or 
use of marginal water such as saline water or drainage 
water.  Programmes to support water management in 
very dry areas have been implemented across the re-
gion, with some success.

Much land in NENA is under threat from desertifica-
tion, and much is lost each year.  Some of this is simply 
natural process, but much is due to changes in land 
use, for example, change from sustainable pastoral 
use to crop production or increased stocking rates 
leading to overgrazing and sand-dune invasion. 

 Given the extensive experience in the region on 
these themes at the pilot scale, and the ongoing 
larger scale programmes in some countries, this is 
an area where regional collaboration could bring 
major benefits, including in particular: sharing of 
data, information and knowledge; establishment 
of best practices; and research and development.  
A regional technical cooperation programme 
could be envisaged.

Water and forestry

Water management and forestry go hand in hand, in 
reforestation on degraded lands, in peri-urban tree 
planting using treated wastewater, and in agro-sylvo-
pastoral farming systems.
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 Regional collaboration for sharing of data, 
information and knowledge, establishment 
of best practices and R&D could help with 
programmes to develop forests and trees on 
degraded lands, around cities, and for anti-
desertification.  Forestry or trees should be 
factored in to all planning for treated wastewater 
use, and the role of trees in both rainfed and 
irrigated farming systems should be considered.

Drainage and drainage water reuse28

Waterlogging and salinity due to the rise of water ta-
bles and the accumulation of salts are reducing pro-
ductivity over wide areas in NENA.  It is estimated that 
45 percent of Syria’s irrigated area suffers from salini-
zation, and in Egypt 50 percent.  On the positive side, 
drainage water can be collected and reused, so that 
drainage gives the possibility of increasing effective 
water resources.

Few countries in the world have integrated drainage 
planning and investments within overall water re-
sources management.  The reasons are in part insti-
tutional, and also economic, as investment in drain-
age has been limited and cost recovery has proved 
problematic.  Drainage has been little considered in 
either water or agricultural policy.  Yet drainage can 
improve productivity at relatively low cost and invest-
ments bring good returns.  In water-scarce NENA, the 
priority is on salinity control, and on the potential for 
reuse.

 Across the region, countries need to pay 
particular attention to drainage, which should be 
seen as a multifunctional investment within an 
IWRM approach, serving all water sources and 
users.  A legal and governance framework needs 
to be set up, and a participatory approach should 
be applied. Various technologies and innovations 
are available, which have to be adapted to the 
local situation.

Drainage water reuse

 Drainage water represents a considerable water re-
source and with careful planning, participatory ap-
proaches and investment, it can add 10 percent or 
more to national water resources, as in Egypt.

 As for drainage, drainage water reuse has to be 
assessed at the level of overall basin efficiency 
and socio-economic benefit.  A particular issue 
is the downstream environmental effect: there 
may be less salt discharged but reduced return 
to watercourses.

28  This section draws on the discussion in Chapter 3 (Section 3.7).

 A legal and regulatory framework is needed to 
control drainage water reuse, and programmes 
for drainage water reuse need to be developed 
in association with users and to be the subject 
of explicit water entitlements in the same way as 
fresh canal water.
 There are trade-offs that need to be managed, 

the two most important of which are: (i) reuse 
may reduce environmental flows, so reuse needs 
to be assessed and trade-offs decided on in an 
overall basin framework; and (ii) quality problems 
need careful control, or salts and contaminants 
will build up in the soil profile, and judgements 
have to be made – as in Egypt – about cut-off 
levels for the quality of water to be used.
 Given the uneven levels of experience with both 

drainage and drainage water reuse, regional 
collaboration could be very helpful, including, 
in particular: sharing of data, information and 
knowledge on drainage and reuse; establishment 
of best practices; benchmarking; and capacity 
building.  Regional technical cooperation could 
be envisaged. 

4.4 Trade-offs

Every policy choice involves a trade-off to some ex-
tent: there is always a ‘road not taken’. Nations bal-
ance the pros and cons and make the best choices 
they can in line with their objectives.  In recent years 
in NENA countries the mechanisms for dealing with 
trade-offs have become more transparent and par-
ticipatory.  There is open discussion in the press and 
national debate, and the people have a voice that has 
grown louder since the ‘Arab Spring’.  It is therefore all 
the more important that the major trade-offs involved 
in policy choices over agricultural water management 
be clearly set out.  This section discusses just three, 
but analysis of others is implicit or explicit throughout 
this report.

Productivity versus food self-sufficiency

The self-sufficiency trade-off

There is a cost to aiming at food self-sufficiency, and 
a potential trade-off with productivity and incomes

A series of shocks since the First Gulf War have sharp-
ened preoccupations in the region about food secu-
rity and have led to calls for increased food produc-
tion to achieve a higher level of self-sufficiency. As 
discussed in Chapter 1 (Section 1.4), no country in 
the region is self-sufficient in cereals, although four 
major countries are two-thirds self-sufficient (Egypt, 
Iran, Morocco and Sudan).  National strategy may call 
for increases in levels of food self-sufficiency. This may 
sometime be in the interests of the nation on eco-
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nomic grounds as well as security grounds: Egypt, for 
example, is amongst the world’s most efficient pro-
ducers of rice, and it may be that at the margin it is in 
the interests of both farmer and the nation that the 
choice of crop be rice.  In other situations, the state 
may call for cereals production but the farmer won’t 
comply: in Yemen, for example, there is a call for cere-

Box 4.2: Morocco – trade-offs between self-sufficiency and food security

A recent study showed that Morocco could achieve 85 percent self-sufficiency in cereals at current yields, 
and that full self-sufficiency could be achieved if yields rose by 40 percent.  However, this self-sufficiency 
would come at a high cost – about USD 10 billion, 2008-2022 – through revenue forfeited by not producing 
higher-value crops.  If Morocco produced instead the high-value crops, the USD 10 billion could be used to 
purchase a much greater quantity of imported cereals. In addition, production of higher-value crops would 
create far more agricultural employment for landless labourers than cereals production.

Magnan, N. et al.  2011, Lampietti et al. 2011

For poor rural areas and farming systems, actions to 
raise the productivity of all crops would certainly im-
prove household-level food security

The challenge of food security is different at the local 
or household level, particularly in the remoter areas 
and in the semi-subsistence farming systems of poor-
er countries like Yemen, Mauritania and Sudan.  The 
most at-risk households are those of the landless and 
where women are the heads, but where poor house-
holds have land, food crop production is necessarily a 
priority unless there is a possibility of producing and 
selling high-value cash crops.  It is not only econom-
ics that drives the extensive cereals cultivation across 
NENA’s rainfed systems – cereals cultivation accounts 
for two-thirds of NENA’s cultivated area. There is no 
doubt that investment in the productivity of rainfed 
cereals cultivation – and of all crops – alongside in-
vestment in rural infrastructure and services, would 
strengthen the food security of these poor house-
holds, and national food security policies need to align 
with agricultural and rural development programmes 
to this end. 

Alternative food security approaches

Following the shocks of 2008, policy analysis for the 
region has emphasized the need for: (1) improved 
data and strengthened capacity for evidence-based 
decision making; (2) protecting vulnerable house-
holds nationwide by strengthening safety nets (cash 
transfers, labour-intensive employment programmes, 
health and nutrition interventions, with a particular 
focus on women and children), education, family plan-
ning; (3) protecting rural households and contributing 

to national food supply and price stability by a rural 
livelihoods strategy principally focussed on enhanc-
ing agricultural and off-farm incomes and production 
through investment in R&D, rural infrastructure and 
market development; and (4) reducing exposure to 
supply and price risks.  

Mechanisms to manage supply and price risks in-
clude: an export-led growth strategy to earn foreign 
exchange to import food; improving supply chain ef-
ficiency; and introducing cost-effective risk manage-
ment instruments (food reserves, buffer stocks, for-
ward contracting, financial hedging products, etc.) 
Countries in the region have also discussed how to 
promote and support regional and global responses 
to protect against price volatility.  Food security strat-
egies clearly have to be adapted to the nature of the 
risks.  A variety of strategic responses is possible for 
different groups of countries (see Table 4.1).

als production, but the farmer knows that he can get 
ten times the return per m3 of water if he produces 
vegetables (or qat) for market, and he has a family 
to feed from his half-hectare plot.  At the macroeco-
nomic scale, the cost of the trade-off involved can be 
massive (see Box 4.2 on Morocco).  
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Table 4.1: Food security strategy options

Country characteristics Examples Main food 
security risks Principal strategic responses

Poorer countries with 
vulnerable populations 
dependent on farming

Mauritania
Sudan
Yemen

Rural malnutrition 
and famine

•	 Safety nets, education, family 
planning

•	 Rural livelihoods strategy focussed 
on agricultural productivity and risk 
management

•	 Bilateral and multilateral agreements 
for food aid

Middle income countries 
that want moderate food 
prices for their citizens 
and to maintain a viable 
rural sector

Maghreb and 
Mashreq countries

Price spikes

Difficult access 
and affordability 
for poorer 
rural areas and 
households

•	 Safety nets, education, family 
planning

•	 Rural livelihoods strategy focussed 
on agricultural productivity and risk 
management, off-farm, etc.

•	 Improving supply chain efficiency.

Better off countries 
requiring assurance of 
food supplies

Oil-exporting 
countries of the 
Arabian Peninsula

Geopolitical risk •	 Improving supply chain efficiency.
•	 Risk management instruments.

Free trade vs. protection 

As discussed above, NENA countries have moved pro-
gressively towards free trade and compliance with 
their commitments under the WTO.  Nonetheless, 
there are arguments for keeping a measure of pro-
tection of domestic production – to prevent dumping, 
to counteract the effect of subsidies in major export-
ing countries, and to ensure that local production, 
on which the livelihoods of the poor depend, remains 
profitable.  

The contrary arguments have also been mentioned 
above: distortions in the incentive structure induce 
choices which are wasteful for the economy, create 
an agricultural structure that will ultimately not be 
sustainable, with dire repercussions for the farmer, 
and encourage overuse of water and land resources.

Extreme water scarcity makes the NENA region heav-
ily dependent on imported agricultural commodities, 
and also makes it vital that each drop of water earn 
the highest income.  NENA agriculture, therefore, has 
good reason to specialize in production – and often 
export – of high-value commodities like cotton, fruits 
and vegetables, and so generate the resources need-
ed to import lower value commodities like grains.  This 
kind of economic exchange, conceptualized recently 
as ‘virtual water trade’, helps achieve good use of wa-
ter resources, provided that the global trade system is 
well-functioning.29

29  The concept of virtual water developed by Professor Tony Allan is that a well-
functioning global trade system would induce countries to either export or import 
goods based on their natural resource endowment: water and/or land poor coun-

Most NENA countries are already net importers of 
agricultural goods, therefore importing large volumes 
of virtual water. Jordan imports about 6 BCM of vir-
tual water per year and withdraws only 1 BCM from 
domestic sources. Apart from national food security 
considerations, for the future, economic policy in the 
NENA countries could concentrate scarce water on 
encouraging the production of crops that have the 
highest returns and on ensuring that trade functions 
well, for example by aligning with WTO requirements 
[FAO 2001: 117-8, McDonnell and Ismail 2011].

Managing trade-offs and aligning incentives

Adoption of techniques to improve water productivity 
requires an enabling policy and institutional environ-
ment that aligns the incentives of producers, resource 
managers and society and that provides a mechanism 
for dealing with trade-offs that inevitably arise from the 
differing interests of farmers and the rest of the nation.  
Table 4.2 below highlights how the individual farmer 
wants to maximize his benefits, whereas society fre-
quently has other views.  Trade-offs take place to better 
align incentives.  [IWMI 2007: 280-281]

tries would be net importers of agricultural commodities produced by water-abun-
dant countries.
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Table 4.2: Identifying misaligned incentives and deciding on trade-offs

The farmer’s perspective Society’s perspective How is trade-off decided?

Farmer needs a high price to encourage 
investment and risk taking

Consumer wants lower prices Probably best through income support 
to the poor.  Align social and agricultural 
policy

More production leads to price drop, 
reducing the farmer’s incentives

Government and consumers 
want more production

Probably best to leave it to the market.  
Align trade and business policy with 
agricultural policy

Farmer is reluctant to improve water 
efficiency as this increases risks

Water is short and the nation 
wants efficient use of scarce 
water resources

Government may develop markets or 
provide limited support to investment 
in e.g. drip irrigation.  Align agricultural 
and water policies

New technology is costly and there are 
barriers to entry, particularly for the 
poor and for women

Society sets the goal of equity

Government may provide limited 
targeted support to investment, help 
credit mechanisms to develop, etc.  
Align agricultural and water policies

More efficient or more influential 
farmers may obtain a larger share of 
resources or subsidies

Government may refine targeting 
mechanisms and adopt pro-poor 
approaches.  Align agricultural and 
water policies

Farmer may increase production at the 
expense of the environment

Society has an interest in 
environmental conservation

Environmental laws and regulations 
implemented in consultation with 
farmers

Producer wants as much water as 
possible

Society may have higher-value 
uses for that water

Water resource management 
strengthened

There may be downstream uses 
for the water

Producer has little incentive to 
conserve a common pool resource like 
groundwater

Society may wish to conserve 
groundwater for the future 

Source: Author’s compilation based on IWMI 2007: 280-281
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Chapter 5
Towards a regional collaborative strategy

5.1 Creating momentum for change

Drivers of change in the water sectors of NENA 
countries

Although each country context is different, it is pos-
sible to identify a number of changes in attitudes, in 
awareness of problems, and in institutions and power 
relations that, taken together, have created a context 
for change in NENA countries.

The thinking about water amongst different NENA con-
stituencies has changed.  Demographics and economic 
growth have led to a rapid urbanization and to increased 
consumption of water and of water-intensive food 
products.  As a result, NENA’s urban constituencies are 
now an important voice in water.  Accompanying this 
change, education and broader social change, includ-
ing in the status of women, have led to more emphasis 
in the region on potable water and safe sanitation, and 
less emphasis on water for agriculture.  Government 
thinking has evolved, too, and policies which in the past 
favoured supply increase and tended to skew demand 
through subsidies and protection have moved more to-
wards concerns for efficiency, environmental protection 
and reduction in the fiscal burden.

These changes in attitude have been accompanied by 
the emergence across NENA of serious water prob-

lems that are now the subject of open discussion. 
The groundwater revolution has led to unmanageable 
over-exploitation.  The rapid expansion of supply in-
vestments has created an inflexible pattern of rights 
and expectations. Climate change is introducing costs 
and risks that are hard to manage.   There is aware-
ness that management of environmental degradation 
has been neglected.  Public and private investments in 
water infrastructure are altering existing water rights, 
in some cases increasing inequity. 

There is an awareness too that water sector institutions 
are not always adapted to this changing context.  New 
technology and the development of resources, particu-
larly groundwater, have outstripped the governance 
mechanisms that should have regulated them.  More 
generally, there is a sense that governments have de-
veloped the resource and allocated water between 
sectors and to users but have not developed the flex-
ible and participatory institutional mechanisms and 
accountability structures needed to respond to chang-
ing demand, create accountability or resolve conflicts.  
There is an awareness too that access to water is not 
always equitable, and that vulnerable and marginalized 
groups are most at risk as they lack the resources to 
manage the systemic factors that contribute to poverty.

All these developments create a climate receptive to 
change, and this may be given an impulse by some 

Main messages 

Creating momentum for change requires first an understanding of the drivers of change and of the interests 
of different constituencies. Successful change programmes respond to imperatives such as severe water 
shortages and disputes amongst sectors, and may be helped by ‘decisive moments’. They are founded on an 
inclusive process of study and debate leading to consensus on a national water reform agenda and coherent 
policies. Successful programmes provide for good water governance arrangements, with well-designed insti-
tutions having clear authority, the necessary resources and stability. Finally, the change process is evidence-
based, systematically using data, science and knowledge, and the practical application of economics.

Regional collaborative actions are identified within the domain of improving management of NENA’s water 
resources for agriculture: governance and institutions, IWRM, subsidiarity, decentralization and participa-
tion, supply- and demand-side management. Scope for regional collaboration to improve water efficiency 
and crop water productivity through agricultural water management is also identified.
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‘decisive moment’.  Crisis can focus attention on lin-
gering problems and trigger beneficial change by 
sudden, dramatic events.  For example, riots in Alge-
ria in 2002-4 were a stimulus to acceptance of water 
reforms.  Conflict in Iran has demonstrated the need 
for a more consultative approach to relocation issues.  
Successive severe droughts in Morocco in the early 
1980s stimulated water policy reform, including the 
passage of the 1995 Water Law.  A long interruption 
in urban water supply in Ta’iz, Yemen, in 1995 trig-
gered a national debate and the start of water sector 
reform. [World Bank 2007a:74]

Box 5.1 Comprehensive reform of water management in an arid country: Australia’s National Water 
Initiative

Driven by growing water shortages, Australia conducted an inclusive process of study and debate to arrive 
at consensus on its National Water Initiative.  This comprehensive reform plan says: 

Resource management
 Return all water systems to sustainable levels of extraction
 Manage groundwater sustainably
 Respect needs for environmental water

Water allocation
 Provide secure water entitlements for irrigators
 Provide secure water entitlements for the environment
 Introduce water sharing plans with legal force 

Demand management
 Encourage open trading of water rights
 Introduce water pricing based on economics
 Ensure support for affected communities where irrigation supplies are reduced

Governance and institutions
 Invest in knowledge about water, and build capacity for good water management
 Improve water data collection and water accounting

Water services
 Improve the management and security of urban water supplies 

The Initiative has led to greatly improved water management by:
 Building up certainty for water investors and communities 
 Building science and evidence into water management
 Building up markets in the water sector
 Building the environment into water management
 Building the private sector into the water sector
 Building capacity for good water management
 Building water into the national infrastructure program
 Building up a national narrative for water reform

Source: Adapted from Water Reform in Australia – the Key Success Factors, a presentation by Ken Matthews AO, For-
mer Chairman and CEO, Australian National Water Commission.  8 June 2011.  ken.matthews100@gmail.com

Introducing best practice water policies

Experience from elsewhere in the world can show 
how a programme of best practice changes in the wa-
ter sector can be decided and implemented by con-
sensus.  Australia has many characteristics similar to 
NENA countries in terms of aridity, water shortages, 
and stresses between sectors competing for water.  
Over a decade, Australia debated its water problems 
and developed a comprehensive reform programme 
of water management.  Box 5.1 below shows the 
main elements in the Australian reform programme, 
and identifies the elements of the reform that have 
contributed to its success in improving water man-
agement.
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The question is: what were the elements in the process 
which enabled Australia to bring about such sweeping 
reforms.  The key factors in this success have been five:

•	 An imperative for reform: Australia was experi-
encing severe water shortages and over-alloca-
tion to agriculture and the situation was worsen-
ing with climate change.  These realities became 
‘drivers of change’ – the triggers that drove policy 
action and led to consensus that something had 
to be done.

•	 An inclusive process of study and debate leading 
to consensus on a national water reform agenda: 
A long process of study, national debate and po-
litical discussion led to agreement on objectives 
and on a national water reform agenda, the Na-

Box 5.2: Governance and institutions matter: Australia’s experience establishing the right institutions, 
with clear authority, the necessary resources, and stability

Australia’s National Water Initiative adopted the principle: Governance and institutions are always critical 
to good water management and to the success of reform.  As a result, institutional change and strength-
ening were at the heart of Australia’s water sector reform.

Reform of government agencies comprised:
 A federal water department and legislation where there previously was none
 A new independent authority for the Murray Darling Basin
 Intergovernmental coordination committees
 Oversight by the Council of Australian Governments (Prime Minister and State Premiers)
 An independent public assessor of progress (the National Water Commission)

The National Water Commission as independent assessor:
 Is required by law to report on reform progress
 Reports to the Prime Minister
 Publishes assessments and reports
 Can suggest new reform needs (e.g., groundwater, water data, water science)
 Advocates reform and change
 Invests in reform and better water management

Other specialist institutions were set up or strengthened:
•	 Catchment management authorities
•	 Environmental water managers
•	 Irrigation and urban supply utilities
•	 Environmental regulators
•	 Health regulators
•	 Water market regulators
…all administratively separate

There was emphasis on institutions to build capacity for data, information and knowledge:
1. A major new agency and funding for water data (the Bureau of Meteorology)
2. Major investments in water science
3. National Water Commission inputs to public debate and understanding about water   

Source: Adapted from Water Reform in Australia – the Key Success Factors, a presentation by Ken Matthews AO, 
Former Chairman and CEO, Australian National Water Commission.  8 June 2011.  ken.matthews100@gmail.com

tional Water Initiative, which acted as a blue-
print for the changes.

•	 Policy coherence: The National Water Initiative 
contained the right suite of policies to achieve 
the policy objectives and the right measures to 
tackle the many water challenges within a coher-
ent, integrated national plan.

•	 Good water governance arrangements: The re-
forms established the right institutions, with 
clear authority, the necessary resources, and 
stability (see Box 5.2 below).

•	 An evidence-based process: The National Wa-
ter Initiative was based on the systematic use of 
data, science and knowledge, and on the practi-
cal application of economics, taking account of 
key concerns like property rights, and introduc-
ing the discipline of markets.
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5.2 Themes for regional approaches and 
cooperation on agricultural water manage-

ment

The discussion in Section 4.2 above identified a num-
ber of themes and objectives where regional collabo-
ration could contribute to improving management of 
NENA’s water resources for agriculture.  This collabo-

Table 5.1: Scope for regional collaboration to improve management of NENA’s water resources for agriculture

Theme Next steps Possible scope for regional collaboration

Governance and institutions

Improve efficiency and accountability, strengthen 
participatory approaches, and improve the 
investment planning process.

•	 Regional learning through sharing of 
knowledge and best practices in governance 
and institution building.  

•	 Regional technical cooperation.

IWRM and the basin approach

Generalization of IWRM and the basin approach, 
further decentralisation to the basin level, and 
an increase in accountability would help improve 
allocative efficiency and agricultural productivity. 

Collaboration on this theme forms part of the plan of 
action for the Arab Strategy for Water Security.

Subsidiarity, decentralization, participation

Empowering WUAs Next steps on empowering WUAs and farmer 
organizations need to be evidence-based, 
grounded in an understanding of their role in the 
value chain and of their potential and limitations 
in specific contexts. 

•	 Region-wide assessment to identify strengths 
and weakness, draw up best practice, and 
define guidelines for further development

•	 Regional technical cooperation, benchmarking, 
and capacity building.

Community-based 
water management

Strengthen institutions for local-level natural 
resource management

•	 A review of regional experience and best 
practice and constraints

•	 Cross-country exchanges and guidelines

Acting on the supply-side drivers of scarcity

Use of brackish and 
waste water

Help farmers to develop and use brackish water 
and treated wastewater resources.

•	 Region-wide exchange of experience to 
establish best practice and guidelines 

•	 Regional or bilateral cooperation programmes 
for benchmarking, capacity building, applying 
standards and regulatory frameworks, etc.

Transboundary Optimize benefits from transboundary resources 
at the basin scale 

This topic forms part of the plan of action for the 
Arab Strategy for Water Security

Climate change Priorities are modelling and monitoring, 
preparation of adaptation strategies, research 
and technology development.

Collaboration here forms part of the plan of action 
for the Arab Strategy for Water Security.

Groundwater 
depletion

Options include rights and regulation, adjusting 
incentives, decentralized management, and 
education.

•	 Region-wide sharing of data, information and 
knowledge

•	 Review of experience across the region and in 
other regions

Demand management options and the incentive framework

Evidence-based adjustments founded on a better 
understanding of the relationship between the incentive 
framework, the use of resources, and the impact on 
farming households (incomes, food security, etc.)

•	 Region-wide review of the components of 
incentive structures and development of best 
practices

•	 Regional focus on awareness raising

ration might cover in particular: sharing of data, in-
formation and knowledge on agriculture water man-
agement; best practices in governance and institution 
building; benchmarking; research and development; 
capacity building; technical cooperation; and aware-
ness raising.  Table 5.1 below gives a synoptic view 
of options as a basis for discussion and prioritization.
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Similarly, the discussion in Section 4.3 above identi-
fied topics where regional collaboration could help 
to improve water efficiency and crop water produc-

Table 5.2: Scope for regional collaboration to improve water efficiency and crop water productivity through agricul-
tural water management

Theme Next steps Possible scope for regional collaboration

Research, technology development and technology transfer to increase efficiency and productivity

Conduct basic research, applied and adaptive 
research, and farming systems research, together 
with benchmarking, monitoring and evaluation and 
technology transfer to increase efficiency and productivity

Collaboration here forms part of the Arab Strategy for 
Water Security.

Surface irrigation: increasing water efficiency and closing the yield gap 

Irrigation 
modernization

Irrigation modernization and benchmarking which 
involves farmers in the decision-making process.

•	 Regional process to share data, information and 
knowledge on modernization and best practices

•	 Regional technical cooperation on 
methodologies, benchmarking, capacity 
building, etc.

•	 Regional alignment on the MASSCOTE planning 
tool and development of regional centres of 
excellence

The energy/water 
nexus

Factor the implications of the rising cost of energy 
into planning and operations

•	 A regional collaborative review of the 
implications of the energy/water nexus

Pressurized irrigation

Increase efficiency and productivity, and reduce 
barriers to entry along the value chain and help 
farmers manage price risk.

•	 Regional programme of research and 
development, capacity building, and technical 
cooperation

Rainfed agriculture

Increase productivity and reduce barriers to 
sustainable intensification and help farmers 
manage price risk.

•	 Assessment of yield and water productivity gaps 
through modern technologies (remote sensing, 
modelling)

Focus on technology and institutions for improved 
productivity in rainfed farming systems

•	 Synergy and joint work across the region in 
research, exchange of best practice, mutual farmer 
visits, etc.

Watershed management and water management in drylands

Watershed 
management

Build on experience and develop second 
generation watershed management programmes

•	 Regional review and establishment of best 
practice

Water and forestry Develop forests and trees on degraded lands, 
around cities, and for anti-desertification

•	 Regional collaboration for sharing of data, 
information and knowledge; establishment of 
best practices; and R&D

•	 Regional technical cooperation 
Drainage and drainage water reuse

Programmes for drainage and drainage water reuse 
are a high priority in NENA, and some countries 
– notably Egypt – are world leaders.  Next steps 
include understanding the challenges and options, 
establishment of best practices, capacity building, 
and investment.

•	 Regional collaboration for sharing of data, 
information and knowledge on drainage and reuse; 
establishment of best practices; benchmarking; 
and capacity building.  Regional technical 
cooperation

tivity through better agricultural water management. 
These topics are summarized in Table 5.2, which again 
is designed simply to give a synoptic view of options 
as a basis for discussion and prioritization.
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Setting priorities for collaboration above the 
national level

The themes presented in Tables 5.1 and 5.2 above 
were discussed with national representatives from 14 
countries and with 12 regional and international or-

Table 5.3: Themes proposed for collaboration under the Regional Collaborative Strategy

Improving management of water resources for agriculture

Multi-stakeholder 
scenario building

•	 IWRM and 
allocation 
efficiency

•	 Water-food-energy nexus 
analysis

•	 Policy, institutions and 
overall governance 
revision

Improving water efficiency and crop water productivity

Farming system Governance and 
policy issues

Resource management issues Productivity issues

Rainfed systems •	 Community-
based natural 
resource 
management

•	 Climate change
•	 Watershed management 

(including forestry, 
rangeland)

•	 Water harvesting

•	 Research, technology 
development and 
transfer

•	 Reducing yield gap
•	 Increasing water 

productivity

Surface irrigated 
systems

•	 Empowering 
water user 
associations

•	 Nonconventional water 
use

•	 Demand management 
and intersectoral 
reallocation

•	 Climate change 
adaptation

•	 Irrigation modernization
•	 Increasing efficiency and 

productivity in water use

Groundwater systems •	 Groundwater 
governance and 
policy issues

•	 Collective water 
management

•	 Monitoring of 
groundwater depletion

•	 Increasing efficiency and 
productivity in water use

ganizations in the Land & Water Days held in Amman 
in December 2013.  Based on the discussion and on 
the application of the agreed criteria (see Section 4.1 
above), a short list of priority themes has been drawn 
up (Table 5.3).  These themes were validated at the 
FAO Regional Conference in February 2014.
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Annex 1 

Internal Renewable Water Resources of NENA countries   

                                       
Countries with occasional or no water stress IRWR (m3/year per capita)

Iran (Islamic Republic of) 1753

Countries with water stress

Iraq 1170

Lebanon 1144

Countries with chronic water scarcity

Morocco 918

Oman 503

Countries with absolute water scarcity

Tunisia 413

Syrian Arab Republic 336

Algeria 327

Mauritania 124

Jordan 111

Libyan Arab Jamahiriya 95

Saudi Arabia 95

Yemen 92

Qatar 44

Sudan 40

United Arab Emirates 33

Egypt 22

Bahrain 5

Kuwait 0

Source: FAO-AQUASTAT
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Annex 2

Existing cooperation related to agricultural water in NENA

Regional and international cooperation on agri-
culture and agricultural water management

Research

International agricultural research has been one of 
the shining examples of successful cooperation and 
has achieved significant impacts on livelihoods in 
NENA countries.  Coordinated by the CGIAR, the co-
operation includes 15 international centres of excel-
lence.  The work of ICARDA based in Syria has been 
particularly productive for the arid conditions of NENA 
countries.  The International Centre for Biosaline Ag-
riculture (ICBA) – not a member of CGIAR – is doing 
pioneering work on cropping in marginal production 
systems.  [FAO 2011a, McDonnell and Ismail 2011]

Coordinated policies and actions

NENA countries are linked by a number of regional 
and international cooperation institutions.  Regional 
cooperation on land and water has been driven by the 
existence of multiple shared agendas - economic link-
ages, shared land and water resources; and common 
development challenges, including climate change. 
There have already been regional initiatives covering 
anti-desertification.  Mauritania also participates in 
the Club du Sahel, a discussion and information ex-
change forum for the West African drylands.  Sudan 
participates in IGAD - the Intergovernmental Author-
ity on Development - a regional agricultural research 
coordinating body for the Horn of Africa. In addition, 
NENA countries are participating in international 
programmes such as the UN Convention to Combat 
Desertification (UNCCD) and the Global Environment 
Fund (GEF).  [FAO 2011a]

New partnerships and mechanisms

A number of recent initiatives and partnerships from 
the private sector such as Fairtrade and organic label-
ling can have positive effects on farm incomes and 
also on sustainable land and water management.  

Ecotourism, for which there is strong consumer de-
mand, also has the potential to conserve the environ-
ment and simultaneously to create opportunities for 
local and rural poor communities.  The key to sustain-
able ecotourism is sustainable ecosystem manage-
ment with benefit sharing among local populations.  A 
number of environmental interest groups are actively 
engaged in partnerships to promote sustainable land 
and water management.  They play both a financing 
and an advocacy role to promote policies and pro-
grammes to enhance agricultural productivity, ad-
dress climate change impacts and enhance biodiver-
sity, water quality and quantity.  Private foundations, 
such as the Rockefeller, Ford and Bill & Melinda Gates 
Foundations, are promoting sustainable agriculture.  
[FAO 2011a]

Regional and international cooperation on data 
and modelling

For planning and managing water for agriculture, 
NENA countries need access to good data.  Hydro-
logical and crop modelling needs to be coordinated in 
order to assess supply and demand and to anticipate 
likely impacts of climate change on water availability 
and crop production and to assess the effectiveness 
of adaptation options.  [FAO 2010a]

New technologies, particularly remote sensing, are 
contributing to mapping and monitoring a wide range 
of natural resource parameters.  Satellite data com-
bined with GIS now have the capability to measure 
changes in land cover, forecast crop yields, moni-
tor crop stress and quantify production and yields, 
measure stream flows, soil moisture and water stor-
age, and follow pollution plumes in water or in the 
soil.  Using recent developments in information and 
geospatial technology, a number of international 
programmes are developing resource inventory and 
monitoring tools.  The potential of these spatial tech-
nologies for improving land and water management is 
enormous, and many of these tools are open-access.  
[FAO 2011a]
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Table: Programmes for data generation, harmonization and sharing 

Programmes Goal related to land and water management URL

GEOSS Earth Geospatial data network http://www.earthobservations.org/

UNEP/FAO digital 
charts

Provide information on land cover and population density http://www.fao.org/docrep/009/a0310e/
A0310E09.htm

Geonetwork Support decision making in L&W management through 
providing better access to spatial data and information

http://www.fao.org/geonetwork/srv/en/
main.home

FAO L&W Digital 
Media Series

Provides data as well as educational resources on land 
and water issues

http://www.fao.org/landandwater/lwdms.  
stm

Global soil 
partnership
(under 
discussion)

Harmonization of global soil databases http://www.fao.org/nr/water/news/soil-
db.html  ; http://www.iiasa.ac.at/Research/
LUC/External-World-soil-database/HTML/
index.html

Wocat Global network to disseminate knowledge on SLWM 
practices

http://www.fao.org/ag/agL/agll/wocat/
default.stm

Global Soil Map 
Consortium

Soil analysis to inform land management practices http://www.globalsoilmap.net/

LADA Land degradation assessment in drylands http://www.fao.org/nr/lada/

UN-Water
Fostering information-sharing and knowledge building 
across all UN agencies and external partners dealing 
with freshwater management 

http://www.unwater.org/flashindex.html

GTOS Interagency coordinating mechanism for earth 
observation of natural resources

Source: FAO 2011a

Sources of extra finance for agriculture and ag-
ricultural water management

Carbon markets

One important innovation is the development of car-
bon markets.  At present, the Clean Development 
Mechanism (CDM) under the Kyoto protocol excludes 
agriculture   However, work is underway to reverse 
this.  In addition, new initiatives are under discussion 
to allow reward for carbon sequestration in all land-
scapes.

Markets in environmental services

The trade in environmental services through Pay-
ment for Environmental Services (PES) mechanisms 
has attracted interest and financing both within 
countries and from international investors.  PES sys-
tems exist for a number of initiatives, including wa-
tershed services, biodiversity conservation, benefit 
sharing in transboundary river basin development, 
and reduction in carbon emissions.  PES could be a 
key instrument for supporting improved agricultural 
water management and climate change adaptation 
in the Highland mixed and Rainfed mixed systems 
(compensation for externalities and downstream 
benefits of watershed management), and could also 
support conservation investments like terracing, bio-
diversity conservation or the maintenance of tradi-
tional agricultural heritage in a number of systems, 
including Dryland mixed and Pastoral systems.  [FAO 
2011a]
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Annex 3

Preliminary results from the Regional Initiative on Water Scarcity Country Case Studies

Applying the Food Supply Cost Curve – the 
case of Tunisia

The Tunisia case study for the Regional Initiative on 
Water Scarcity applied the methodology of the food 
supply cost curve to determine the optimal balance 
between increasing domestic production through 
improved water management or other means, and 
trade.  

The study showed that the main avenues for improv-
ing water productivity are: 

Reduction of all forms of loss: drainage, infiltra-
tion, percolation, and evaporation

Increase in crop yields per unit of water tran-
spired

Increasing the efficient use of rainfall, stored wa-
ter and nonconventional water

A series of policy options was identified to achieve the 
above, of which four were subject of economic evalu-
ation and ranking as part of the exercise.  The options 
were:

Within agricultural production and agricultural water 
management

Anticipate climatic risks and manage drought 
(not evaluated)

Intensify irrigation to improve water efficiency 
and water productivity (evaluated)

Mobilize remaining conventional water resources 
(evaluated) and nonconventional resources (not 
evaluated)

Improve productivity of rainfed agriculture, par-
ticularly for staples (evaluated)

Promote intensive smallholder agricultural water 
management (not evaluated)

Manage hot spots: overexploited aquifers, areas 
subject to salinization due to poor agricultural 
practices or saline intrusion (not evaluated)

Promote local level water governance, more sub-
sidiarity and empowerment of local populations 
(not evaluated)

Outside agricultural production

Act upstream and downstream from the food 
chain to reduce food losses (evaluated)

Determine food import policy on the basis of 
comparative advantage and ‘virtual water’ analy-
sis (not evaluated)

The case study concludes by recommending the eval-
uation of the remaining options in order to rank them 
and so guide water management, production and 
trade policy.

Source: Regional Initiative on Water Scarcity – Tunisia 
Case Study

Applying the Food Supply Cost Curve – the 
case of Oman

The Case Study for Oman conducted under the Re-
gional Initiative on Water Scarcity examined the po-
tential options available to bridge the gap between 
supply and demand of water.  The Study showed that 
supply increase options, such as recharge dams and 
storage dams, result in a high cost per cubic meter 
and are unprofitable.  The least expensive demand 
management options were to improve surface irriga-
tion, followed by a change in cropping pattern, then 
adoption of modern irrigation systems. 

The Study then evaluated the Food Supply Cost Curve 
for wheat, potato and tomato. For each of the prod-
ucts three alternative options of supply increase were 
considered. The results showed that production of 
soft wheat and of potatoes is not recommended as 
the expected costs of production are higher than the 
international market price.  For tomato the results are 
more encouraging as domestic cost of production is 
below import parity.  However, domestic market is 
quite small and both economics and production re-
quirements are different if export surpluses are pro-
duced.  Exports would require organization of the sup-
ply chain and respect of the international standards 
in terms of pesticides and chemical uses, packaging, 
storage and transportation to the final destination.  
These requirements would, however, have a positive 
impact on quality of vegetables sold in the local mar-
ket in the long term.

Source: Regional Initiative on Water Scarcity – Oman 
Case Study
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An agenda for improving agricultural water 
management in Morocco

The exercise conducted by Morocco for the Region-
al Water Scarcity Initiative came up with an agenda 
for improving agricultural water management in the 
country:

•	 Morocco faces growing food production risks 
(volatile international markets, climate change), 
whilst production is increasingly constrained by 
economically available water and its cost.  De-
mand is rising and supply is highly constrained.  
Therefore, improving agricultural water produc-
tivity is a top priority. 

•	 Options are many, starting from the very tops 
of watersheds (e.g. erosion control) right down 
through irrigation efficiency and potential for im-
proving rainfed agriculture (e.g. direct seeding, 
supplementary irrigation) to farm level (e.g. re-
duction of evaporation and other losses).

•	 Economic analysis shows that many options for 
improving water productivity are viable and can 
be achieved through a combination of invest-
ment adapted to local needs and an appropriate 
incentive structure.

•	 Institutional change is an essential accompani-
ment to provide more flexible and responsive 
management of water resources and irrigation 
services.  Ongoing and planned legal and insti-
tutional reforms open up pathways to these im-
provements.

Source: Regional Water Scarcity Initiative – Morocco 
Case Study: 8










