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Abstract

Irrigation is an important contributor to global food security. However, it also
contributes to a number of serious water management problems in countries
around the world, including groundwater subsidence, reduced water quality,
salinization and degraded ecosystems. Steps are being taken to modernize
irrigation, both in terms of technologies and institutions. Importantly, while
improvements within the irrigation sector are critical, they alone will not ensure
the continued sustainability of the sector because irrigation contributes to, and is
affected by, the larger challenge of ensuring water security. In this paper, we
explore the concept of water security and link it to irrigation through examining
the link between water allocation and water security. Economic instruments, we
argue, are an important part of strategies to improve allocative efficiency and
thus they promote water security — but on their own they are not sufficient.
Rather, we suggest that water security as a multi-dimensional challenge must be
approached from the broader perspective of improved governance. In this
context, attention is needed to considerations such as transparency in decision
making; equity in stakeholder involvement; integration among related systems
(e.g., land and water, water and economy); the scale of decision making; and the
balance between state and non-state actors.
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1 Introduction

Irrigation increases agricultural yields and outputs and helps to stabilize global
food production. The roughly 17% of the world's cropland that is irrigated
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produces over one-third of the food and fibre grown globally (Oster and
Wichelns [15]). Irrigation’s importance in the global food system is expected to
increase. Approximately 250 million hectares of land are irrigated worldwide, a
five-fold increase relative to the beginning of the 20th century (Rosegrant et al.
[16]). Expansion in the amount of land irrigated is likely in future, with the bulk
occurring in developing countries where population growth and demand for
increased food production are strongest (WWAP [18]).

Balanced against the benefits of irrigation for food security are its
environmental costs. Agricultural production is by far the largest consumer of
water, with up to 70% of water withdrawals being used in irrigation [18].
Globally, water withdrawals for irrigation are estimated at about 2,000 to 2,500
km?® per year. However, on average only 40% of this water contributes directly to
crop production, with the remainder lost to evaporation, infiltration or weed
growth [18]. In many parts of the world irrigation practices have resulted in
lowered groundwater levels, salinization of soils, reduced water quality,
alteration and regulation of natural watercourses, and reduced surface water
availability (Dougherty and Hall [7], Rosegrant et al. [16], WWAP [18]). Poor
drainage and irrigation practices are estimated to have caused waterlogging and
salinization in 10% of the world’s irrigated land [18].

In lights of its importance for global food production and food security [16],
and considering its implications for the quality and quantity of water resources,
effective irrigation water management is a global priority. Whether or not current
levels of irrigation are sustainable, and whether or not additional irrigation is
possible, clearly depends strongly on the availability of water supplies. These
supplies are not assured because demand for increasingly scarce fresh water
supplies is growing rapidly around the world from a variety of human uses.
Simultaneously, expectations regarding environmental quality are growing.
Maintenance and enhancement of aquatic ecosystems has emerged as a priority
in many parts of the world. As a result, demands for water resources in many
regions where pressure already exists are increasing as environmental needs are
addressed.

In this chapter, we explore links between irrigation and the concept of “water
security”. We argue that irrigation is an important determinant of water security
and, at the same time, we suggest that broader water security concerns influence
the long-term viability of the irrigation sector. Water allocation systems can be
an important vehicle for enhancing water security. Economic instruments are a
key part of any strategy to reform water allocation systems in ways that promote
water security, but numerous other concerns relating to governance also must be
addressed.

2 Water security as a governance challenge

“Water security” is a multi-dimensional concept that has widely differing
interpretations. For example, in the United States, fears about terrorist attacks
have spawned an industry focused on identifying vulnerabilities in drinking
water systems (e.g., Haestad Methods [12]). A much broader perspective on
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water security is offered by the Global Water Partnership (GWP), which defines
it as “access to adequate quantities of water, of acceptable quality, for human and
environmental uses” (GWP [10]). It is the broader perspective of the GWP that
informs this paper. Water security exists when sufficient water of good quality is
available for social, economic and cultural uses while, at the same time, adequate
water is available to sustain and enhance important ecosystem functions (de Lo&
et al. [5]). Achieving water security is challenging because it requires good
governance.

Governance refers to the processes through which societies make decisions
that affect water. Good water governance depends on broad participation by
affected stakeholders, and 1is characterized by transparency, equity,
accountability, coherence, responsiveness, ethical choices, and integration of
water decision making with other pertinent concerns [18]. Increasingly, people
concerned about governance explicitly recognize that decision making regarding
water should involve not only governments, but also citizens, non-governmental
organizations and businesses.

One specific area in which links between water security and good governance
are strong is water allocation. Water allocation systems are the rules and
procedures through which access to water for both consumptive and non-
consumptive uses is determined. By establishing the availability and priority of
access to water resources for consumptive uses such as irrigation, cities, and
manufacturing, and for non-consumptive uses such as hydropower, recreation
and environmental protection, water allocation systems influence economic
productivity, social and cultural wellbeing and ecosystem quality (Gleick [9];
Ferreyra and Van Beek [8]; Warner et al. [17]).

The socioeconomic, cultural and ecological implications of water allocation
are amplified when water resources become scarce due to population growth,
climate change, and changes in societal preferences. In the context of scarcity —
whether created by societal or natural processes — water allocation systems can
increase or decrease water security. Thus, effective, efficient, and equitable water
allocation systems are critical to maintaining and enhancing environmental
quality, economic productivity, and social wellbeing. This is especially true in
regions where local economies are strongly dependent on irrigated agriculture
(Bjornlund [3]).

3 Irrigation, water security and governance

Modernization of irrigation systems is occurring throughout the world through
upgrading of infrastructure and through improving water use efficiency and
productivity in agriculture. This is being accomplished with technologies such as
drip irrigation and laser-leveling, and through procedures such as improved
irrigation scheduling; measures such as these permit water application in the
optimum quantity and timing for crop development [15], [18].

Improvements in irrigation technologies and practices are not the sole focus
of attempts to modernize the industry. Considerable attention also is being paid
to adapting institutional arrangements and irrigation policies in order to change
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the focus from developing new water supplies to a more holistic approach which
considers agricultural productivity and market conditions. Reform of water
allocation systems and increased use of economic instruments is seen as a
priority (Bjornlund [2], Dinar and Mody [6], WWAP [18], Young and McColl
[19]).

Technological and institutional improvements within the irrigation sector are
important contributors to its long-term viability. To the extent that they lead to
more efficient water use and reduced impacts on land and water resources, they
also may contribute to water security. However, improved practices and
institutions within the sector will not be sufficient on their own to ensure water
security, and thus the continued viability of the irrigation sector. As Bazzani et
al. [1] have noted, “Irrigated agriculture is currently confronted with many issues
relating to its role within the overall management of water at basin level.” This
suggests that what is also required is attention to the broader factors that shape
water security in any particular place. These factors can be revealed through
consideration of the links between water allocation systems and water security.

Considerations such as the ones outlined in Table 1 determine the extent to
which sufficient water of good quality is available for social, economic and
cultural uses while, at the same time, adequate water is available to sustain and
enhance important ecosystem functions. For example, the need to find a balance
between environmental and socio-economic concerns is strongly evident in
concern for ecosystem protection, on the one hand, and economic production, on
the other (Table 1).

e Water security is enhanced when water allocation systems recognize the
need to provide water in appropriate amounts, and at appropriate times,
to support environmental needs, and when they incorporate mechanisms
for monitoring and enforcing environmental water allocations, and are
sufficiently flexible to permit the use of new ecological knowledge.

e Equally, water security is promoted by allocation rules that are clear and
stable, by systems that provide information needed to make
economically sound decisions, and by mechanisms that promote
allocative efficiency.

As is illustrated by Table 1, economic instruments should be part of any
strategy to enhance water security. A well developed literature exists that
explores approaches to improving efficiency in water allocation generally, and in
the specific context of irrigation (e.g., Grimble [11], Kemper [13], Bjornlund [2],
Dinar and Mody [6], Cantin et al. [4]). However, increase allocative efficiency in
irrigation by itself is unlikely to ensure the sustainability of irrigation
(Massarutto [14]), let alone water security. In light of the numerous ways in
which agricultural water use affects communities and the natural environment
[1], additional concerns are critical. These include the development of
scientifically-sound bases for environmental water allocation; collection and
dissemination of information needed to make economically sound decisions;
creation of mechanisms to address conflicts at different scales, and to permit
sustained in meaningful stakeholder and public participation; development and
implementation of technologies and practices that promote water conservation;
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consideration of the impacts of climate very ability to change on water resources
and water allocation systems; incorporation of adaptation strategies in water
allocation decision making; attention to state sovereignty; and, in areas where
indigenous people exist, respect for indigenous customary water allocation
systems.

Table 1: Linking water allocation and water security.

Broad Water Security | Specific Concerns Pertinent to Water Allocation

Consideration

Ecosystem Protection o Environmental water allocation

e Monitoring and enforcement for ecosystem
protection

e Creation and incorporation of ecological
knowledge

Economic Production e Clear and stable allocation rules

e Water allocation and related information to
make economically sound decisions

e Ability to re-allocate water between users,
sectors and/or regions

Equity and Participation | ¢ Equity

o Sustained and meaningful stakeholder and
public participation

e Mechanisms to address potential conflicts at
different scales

Integration o Integration between groundwater and surface
water resources occurs

o Integration between water quality and water
quantity

 Integration between land use planning and water
allocation

Water Conservation o Conservation-related charges

e Re-allocation of water to more efficient and less
consumptive uses

« Incorporation of water conservation practices

Climate Variability and | « Investments to understand impacts of climate

Change variability and change
e Development and application of adaptation
strategies
Transboundary o Coordination of water allocation systems across
Sensitivity political boundaries

o Respect for state sovereignty
o Respect for indigenous customary allocation
Source: Adapted from de Loé et al. [5].

The extent to which many of these concerns can be addressed successfully
depends strongly on the effectiveness of governance. Dinar and Mody [6]
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emphasize the importance of creating appropriate institutional frameworks
within which policies relating to water pricing and cost recovery should be
developed and implemented. This is an important consideration. However, from
the broad perspective of water security, effective governance depends on much
more than the institutional frameworks within which economic instruments are
established and used. This was illustrated in a recent study of the links between
water allocation and water security in Canada (de Loé€ et al. [5]), which revealed
the following:

e Failing to involve stakeholders equitably can produce conflicts, as can
failing to acknowledge and respect aboriginal water rights.

e Conflicts also can result when decision making relating to water
allocation is not linked effectively with decision making around land
use and economic development.

e A lack of transparency in decision making processes can create
uncertainty, and can lead to poor investment decisions on the part of
water users.

e Efforts to protect ecosystems through land-use planning, soil and water
conservation programs, and water quality management initiatives can be
undermined — or nullified — if water allocation systems ignore
environmental water requirements.

e Carefully designed environmental water allocations can be undermined
by a failure to recognize the impacts of decision making in other
contexts, such as suburban development, waste water treatment, or
aggregate development.

e The scale at which governance relating to water allocation should take
place is a critical determinant of its success, and is highly context
dependent. Equally context dependent is the appropriate role of non-
state actors in water governance (e.g., citizens, industries,
nongovernment organizations) relative to state (government) actors.

4 Conclusions

In this paper, we argue that that irrigation is an important determinant of water
security because of the volumes of water used, and the impacts of this use on
communities and the environment. However, we also argue that broader water
security concerns influence the long-term viability of the irrigation sector. In
other words, irrigation affects water security, and water security affects
irrigation. Water allocation systems can be an important vehicle for enhancing
water security. In that context, economic instruments are a critical concern in that
they facilitate allocative efficiency, and thereby can contribute to increased water
security. However, by themselves economic instruments cannot create water
security. Numerous other concerns relating to governance also must be
addressed. Effective governance, we argue, demands attention to considerations
such as transparency in decision making; equity in stakeholder involvement;
appropriate linkages and integration among related systems (e.g., land and water,
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water and economy); the scale of decision making; and the balance between state
and non-state actors.
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