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FOREWORD

The Near East and North Africa (NENA) Region has the lowest per-capita fresh water resource
availability among all Regions of the world. Already naturally exposed to chronic shortage
of water, NENA will face severe intensification of water scarcity in the coming decades due
to several drivers related to demography, food security policies, overall socio-economic
development and climate change. Irrigated agriculture in the Region, which already consumes
more than 85 percent of renewable fresh water resources, will face strong challenges in meeting
augmented national food demand and supporting economic development in rural areas.

Countries of the NENA Region promote efficient and productive irrigation as well as the
protection and sustainable management of scarce and fragile natural resources, particularly
water, in their national plans. Through the Regional Initiative on Water Scarcity, FAO
is providing support and focus to efforts in confronting the fast-widening gap between
availability and demand for fresh water resources. A key question to address is: how can
countries simultaneously reduce this gap, promote sustainable water resources management
and contribute effectively to food security and enhanced nutrition?

The traditional assumption has been that increasing irrigation efficiency through the adoption
of modern technologies, like drip irrigation, leads to substantial water savings, releasing
the saved water to the environment or to other uses. The evidence from research and field
measurements shows that this is not the case. The benefit at the local “on-farm” scale may
appear dramatic, but when properly accounted at basin scale, total water consumption by
irrigation tends to increase instead of decreasing. The potential to increase water productivity—
more “crop per drop”—is also quite modest for the most important crops.

These findings suggest that reductions in water consumption by irrigated agriculture will not
come from the technology itself. Rather, measures like limiting water allocation will be needed
to ensure a sustainable level of water use.

The present report provides the evidence needed to open up a discussion with all major
stakeholders dealing with water resources management on the proper and scientifically sound
framework required to address jointly water scarcity, sustainability and food security problems.

A discussion that has been disregarded for too long.

Ol Gt 3

Abdessalam OuldAhmed Clayton Campanhola

FAO Assistant Director General and Regional Representative FAO Strategic Programme Leader
for the Near East and North Africa Sustainable Agriculture
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EXECUTIVE SUMMARY

Unsustainable water use (over-drafted aquifers, seasonally dry rivers, disappearing lakes
and wetlands) is a problem across the world. This is especially true in the NENA region,
which includes many of the most water-short countries in the world. These countries have
always depended on human interventions to regulate water for food security, domestic and
other uses. Historically, these developments were mostly small scale, locally managed and
hydrologically independent. These systems were also hydrologically self-regulating, with
annual rainfall, runoff and recharge setting the limits to annual use. However, in recent
decades the proliferation of large scale storage-based systems and the development of deep
tubewell technology have resulted in dramatic increases in water withdrawals and created
interdependence and competition across new, mostly unregulated, boundaries—often based
on exploitation of non-renewable resources. The governance of these new relationships goes
much beyond the scope of traditional institutions.

The solution to these problems is apparently simple: less water must be consumed, treated
waste water should be reused, and whatever water is available should be used as productively
as possible. The politics of this simple solution are far from simple. Who should reduce water
use? Which country, region, sector, or farmer? What are the economic, social and food-
security implications of reducing water use?

As long as additional water was accessible, the tendency has been to develop additional use
of these resources. More recently, as the environmental impact and unsustainability of current
water use have become evident, solutions that appeared to avoid the difficulties of direct
interventions to reduce water allocations have figured prominently in the agendas of planners,
policy-makers and financial institutions. These solutions involve some form of modernisation
or re-engineering of irrigation management. While institutional reform was often part of
these programs, improved irrigation technology was invariably central to the package. Such
technologies include mostly piped delivery systems, laser levelling of fields, conversion to
pressurised systems for sprinkler, drip, or sub-surface drip. In each case, the objective is to
replace traditional, “inefficient” irrigation with techniques that maximise beneficial water
use by the crop, and improve the timing and reliability of water deliveries. These types of
intervention are collectively referred to in this report as “hi-tech” irrigation.

These innovations are expected to generate two major benefits:

water is “saved” and released to other uses
more production is achieved per unit of water

Understanding how different interventions impact on resource use requires a clear set of
accounting terminology because in the analysis of water systems, stakeholder perspectives
(farmers in rainfed agriculture, farmers in irrigated agriculture, industrialists, system operators,
basin managers, environmentalists, etc.) affect how different flows are labelled and valued.
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The following, neutral set of labels, is applicable at any scale, to any type of water use:
All the water Used for any purpose goes to one or more of the following categories:

1. Consumptive use (conversion of water into water vapour), comprising

1.1 Beneficial Consumption (crop transpiration; evaporation from wetlands;
cooling towers)

1.2 Non-beneficial Consumption (evaporation from free water surfaces and
from wet soil; transpiration by weeds)

2. Non-consumptive use (water that remains in liquid status), comprising

2.1 Recoverable flows (returning to a river or aquifer for potential reuse)
2.2 Non-recoverable flows (flowing to the sea or other economically unviable sink)

3. Change in storage

These accounting terms allow a clearer definition of the issues and options we face in irrigated
agriculture. Headlines claiming (say) 50 percent water savings through better technology
invariably refer to a narrow “local” perspective of water applied to the field, failing to
account for return flows that recharge aquifers or contribute to downstream river flows. If
the underlying aquifer is saline, or outflow goes straight to the sea, then savings are real, but
only a complete set of water accounts will reveal whether real water savings are achieved, so
that water can be released to other users with no negative effects.

The impact of hi-tech irrigation on consumption, therefore, needs to be quantified: what
changes occur in water consumption when areas are converted from traditional techniques
to hi-tech drip and sprinkler?

This leads into the issue of water productivity. If hi-tech irrigation allows the same or higher
quantity of (say) grain to be produced while water deliveries are reduced, then there is an
apparent increase in bio-physical water productivity (bio-physical water productivity [WP])
when expressed in kg-m™ delivered. If the water delivered remains constant and the area
irrigated increases, then again there is an apparent increase in bio-physical WP. But if our
concern is water saving, we need to measure production per unit of water consumed expressed
in kg-m= consumed. This figure, especially for field crops (grains, fibre, forage, sugarcane) is
widely reported in the literature to be “conservative” - in other words for a given crop and
given agro-climatic conditions, the relationship between water consumed and crop production
is linear. The important implication of this relationship is that if yield per unit area increases,
then it is likely that water consumption also increases.

On the other hand, if hi-tech irrigation allows the farmer to grow higher value crops, we
are interested in another indicator: economic water productivity (economic WP expressed in
USD per m® consumed). Here the evidence is stronger that hi-tech (which often ensures more
controlled and better timed irrigation supplies) is one of the various factors that encourages
farmers to invest in higher return crops.

These questions about the impact of hi-tech irrigation are critically important in the NENA
region because the introduction of hi-tech irrigation is central to the programmes that most
countries (and most financial institutions) propose to address water scarcity.



Two diverging entities, pertinent to two different scales and interests, can be identified: the
farmer (farm-scale; driven by its benefit/profit); the water resources manager (watershed, basin
or national scale; that should be driven by sustainability).

In fact, hi-tech irrigation (broadly defined as any technical intervention designed to improve
water delivery on farm) has many benefits: water application is reduced, pumping costs are
reduced’; fertilisers and other chemicals are saved and pollution is reduced; labour costs
are often lower; and cropping options are wider. Are these benefits, derived from improved
irrigation technology, providing also ‘water saving’ at watershed or national scale? The answer
to this question is relevant where water is scarce, and especially where aquifers are over
drafted and rivers are drying.

In the process of writing this paper, more than 150 experts were addressed with requests for
evidence of the impact of hi-tech irrigation on water consumption and water productivity.
Those experts ranged from individual researchers to institutions such as IWMI, the World
Bank, the Asian Development Bank, FAO, etc. The request was posted on the Global Water
and Food Network website, which also has about 150 members (some overlapping with the
first group) and on the Irrigation List.

This review indicates, somewhat surprisingly, that there are rather few examples of carefully
documented impacts of hi-tech irrigation, while there are many examples of projects and
programmes that assume that water will be saved and productivity increased. Such studies
as do exist, are either inconclusive or, more often, show that water consumption actually
increased (as science would predict) when irrigation systems were upgraded, and that
productivity per unit of water consumed was more or less constant. The exception to these
conclusions—included as an example of what can be achieved in tree crops, which are the
most promising candidates for real water savings and increased water productivity—showed
average reductions in water consumption of some 6 percent when comparing flood irrigated
fields with drip, together with an increase in production.

The conclusion of this report is that restoring a balance between sustainable supply and
consumption of water requires first physical control of the water resource by government or
other agencies responsible for sustainable use, followed by interventions to reduce allocations.
Within the allocated and controlled quotas, hi-tech irrigation will evolve and spread to the
extent that it makes sense for the farmer who wishes to take advantage of the various benefits
of hi-tech irrigation.

However, introducing hi-tech irrigation in the absence of controls on water allocations will
usually make the situation worse: consumption per unit area increases, the area irrigated
increases, and farmers will tend to pump more water from ever-deeper sources. This implies
that controlled access to water must precede introduction of hi-tech irrigation.

These conclusions have important implications for key actors in the water sector: Governments
have to take up their important and difficult responsibility in stewarding a critical national

! Though not always: in converting flood irrigation into drip or sprinkler, water must be pressurised and energy costs of
irrigation increases.

Xi
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resource, and donors should promote the sequence of actions defined above—avoiding funding
for hi-tech modernisation projects in the absence of prior control over water allocations.

With this report, we advocate to open up a discussion with all major stakeholders dealing
with water resources management on the proper and scientifically sound framework required
to address water scarcity and sustainability problems. A discussion that has been disregarded
for too long.

Policy-makers, water resources managers, irrigation developers and financial institutions are
invited to provide their views and feedbacks to our dedicated e-mail: WSI@fao.org.

At the same time, FAO will be organizing workshops (in person or web-based) to discuss in
an open and constructive manner the pathway for water resources sustainability.

Xii
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CHAPTER 1

Competition for water and unsustainable rates of use are evident across the world from
California to the Near East and North Africa Region (NENA) to the North China Plain (Kendy
et al., 2003; Zamora, Kirchner and Lustgarten, 2015). Even temperate areas of Europe that are
relatively well endowed with rainfall are now experiencing localized scarcity (OECD, 2015)
that will require interventions to protect the environment and the long term sustainability
of water use.

Focusing on the Middle East and NENA Regions, Table 1 summarizes the 2014 data from
AQUASTAT? on the availability of water by country. Many of the most water-scarce countries
in the world are in the NENA Region and only Iran, Iraq and Turkey (which already report
serious local scarcity) are not in the top 50 of the 200 countries having yearly renewable water
resources less than 1 000 m® per capita, the threshold for countries to be classified ‘water
scarce’ (Falkenmark, Lundqvist and Widstrand, 1989).

Per capita fresh water availability, currently about 10 percent of the world average and which
has already decreased by two-thirds over the last forty years, is expected to decrease of
another 50 percent by 2050. Furthermore, there is an alarming trend observed over the last
decades showing that the NENA Region is experiencing more frequent, intense and prolonged
droughts as a consequence of Climate Change (IPCC, 2014).

Overall, the water systems of the NENA Region are considered ‘fragile’ and ‘unsustainable’
with the current management approach.

Irrigated agriculture is the major water user, withdrawing about 85 percent of all renewable
water resources, impinging heavily on rivers and groundwater.

The trends for the future indicate that the NENA Region will be exposed to a severe
intensification of water scarcity due to several drivers, including demographic growth,
tendency to increase food self-sufficiency to reduce vulnerability to import and price volatility,
changes in diets with higher, more water intensive, animal protein content, urbanization
expansion, energy demand and overall socio-economic development (FAO, 2015).

Several measures are put in place to cope with water scarcity. From the supply side, focus
is on reuse and recycling of treated wastewater, desalination of brackish and seawater and
rainfall or storm water harvesting, conjunctive management of surface and groundwater, and
storage. Special attention is given to water quality preservation and conservation. From the
demand side, the focus is on increasing efficiency and productivity of water use, along with
reduction of waste and loss of agricultural products in the supply chain.

2 http://www.fao.org/nr/water/aquastat/data/query/index.html
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There is increasing focus on trade, noting the contribution of virtual water and the importance
of “sustainable” diets. However, the dominant component of investment programmes continues
to be physically modernising irrigation systems mostly through interventions such as piped
delivery systems, laser levelling of fields, and pressurized systems delivering water through
sprinklers, or drip emitters (including sub-surface). The underlying assumptions supporting
this approach are that:

o a lot of water can be “saved” because traditional irrigation methods have an irrigation
efficiency of 50 percent or less
o yields per hectare will increase, so that the productivity of water will increase.

In short, modern irrigation (here indicated as hi-tech) is seen as a basic solution to water
scarcity.

In this report, we argue that, due to the absence of control of quotas, these measures have
actually contributed to worsen the water scarcity situation in the NENA Region. The insights
obtained by sound water accounting (Batchelor et al., 2016), a literature review, and project-
result analysis will provide the evidence base for this argument.

Finally, the implications for sustainable water resources management are set out.

Table 1. Renewable Water Resources in the Near East and North Africa (AQUASTAT)

Precipitation I[ntgrpal Ext_er_nal T(.)t;.al e gl R\;V:I;il:g
[ ml3[l|0n [mlslllon [m|3ll|on .[m3/yr] (from Lowest
m?3/yr) m?3/yr) m?3/yr) in 2014 o les]

Algeria 89 11 250 420 11670 294 15
Bahrain 83 4 112 116 84 7
Egypt 51 1800 56 500 58 300 637 22
Iran (Islamic Republic of) 228 128 500 8500 137 000 1732 54
Iraq 216 35200 54 660 89 860 2 467 69
Israel 435 750 1030 1780 221 13
Jordan m 682 255 937 123 "
Kuwait 121 0 20 20 5 1
Lebanon 661 4 800 - 300 4500 770 26
Libya 56 700 0 700 112 9
Mauritania 92 400 11000 11 400 2802 76
Morocco 346 29 000 0 29 000 844 27
Occupied Palestinian Territory 402 812 25 837 179 12
Oman 125 1400 0 1400 312 16
Qatar 74 56 2 58 26 3
Saudi Arabia 59 2 400 0 2 400 76 4
Sudan 250 4000 33800 37 800 940 30
Syrian Arab Republic 252 7132 9670 16 800 908 28
Tunisia 207 4195 420 4 615 410 18
Turkey 593 227 000 - 15 400 211 600 2 690 74
United Arab Emirates 78 150 0 150 16

Yemen 167 2100 0 2100 78 5




CHAPTER 2

The concept of “sustainability” has come to be associated with a variety of perspectives and
dimensions - social, economic, environmental, ecological, etc. The focus of this report is water,
and although water contributes significantly to several important aspects of sustainability, the
analysis centres quite narrowly on physical indicators of sustainability, which is a fundamental
point of departure for all additional considerations of sustainable development. From this
perspective, the indicators of unsustainable use are progressively declining groundwater tables
and seasonally or permanently dry rivers not reaching estuaries. These indicators are generally
accompanied by deteriorating water quality, saline intrusion into coastal aquifers, and poor
water quality in rivers.

In the arid environment that predominates in the NENA region, food security has always
depended on the control of scarce water. Approaches varied, depending on the topography,
geology and hydrology, but were largely locally designed and locally constructed. Operation
and maintenance were similarly organised around local ‘institutions’ (formal and informal),
so that the priorities for allocating water reflected the social and economic priorities of
a relatively small and socially coherent group. Developments were mostly scattered and
generally operating in hydrological independence of one another.

Here we report three examples of sustainable water management for irrigation developed in
the Region before the introduction of large scale, modern irrigation systems, i.e. about up to
the middle of the twentieth century.

Example 1 - Spate irrigation systems have been significant in a number of Arab countries
accounting for about 20 percent of the irrigated areas in Algeria and Yemen. These systems
consist of earth dams—often temporary—that divert water from fast-flowing ephemeral streams
after significant rainfall events. The farmers collectively owned the infrastructure and the
land that can be irrigated is clearly demarcated—as is the land from which runoff is derived.
Yemen has areas of land that provide runoff where (for example) grazing of animals is open
to anyone, but planting crops or otherwise intervening to affect the natural rainfall/runoff
relationship is prohibited.

Since spate irrigation occurs suddenly and unpredictably, the procedures for sharing water
have to be correspondingly easy to apply and communicate. Typically, the area sanctioned for
irrigation is defined; the allowed depth of application is a simple measure (e.g. up to the knee),
and one method of indicating the end of a farmers turn is to fire a rifle into the air, which
alerts the next farmer that he can open his outlet and start irrigating. While all this seems
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crude, it ideally suits the need in a spate system to share a very uncertain quantity on the
basis of simple rules and quick communication. The outcome (see Figure 1) is an apparently
rather uniform distribution of water among users.

Figure 1. Spate system in Yemen

©Gerhard Lichtenthaler

Example 2 - Qanats (also variously known as kareez, foggara, aflaj, etc.) are found in many Arab
countries, as well as in Afghanistan and in China to the east. North African communities took
the technique to Spain, where some are still functioning and subsequently the Spanish took the
technique to South America. They are still found in Mexico, Peru and Chile. A ganat (see Figure
2) consists of tunnel that starts at ground level at the foot of hills and is constructed towards the
hill, sloping upwards at a lesser angle than the ground so that the tunnel becomes progressively
deeper, eventually intersecting the water table in the hillside. Qanats are essentially man-made
springs —providing a route for infiltration from higher areas to flow out at a single point.
The vertical shafts allow access during construction - some ganats are several kilometres long.

Figure 2. Cross section of a qanat

FARMS

BEDROCK ﬂ

Source: redrawn from www.livius.org, with permission
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CHAPTER 2
From sustainable to unsustainable water use

The owners of a ganat share the water. Examples in Oman have sophisticated procedures
for prioritizing allocation—first to households, then to gardens and trees, then to field crops.
Sundial-type instruments were used to time the allocations among users.

As well as the channel or diversion structures that deliver water, the infrastructure may also
comprise facilities to assist in allocation, including stone water-dividing structures—where
each channels is of a different width, reflecting different shares of the stream.

Example 3 - Sakias - In Egypt prior to construction of the Aswan Dam, inundation canals
diverted the annual Nile floods. The government was nominally responsible for diversion
of water into the canals — although in reality the rise and fall of the Nile River automated
this process. Uniquely, the tertiary distribution canals to the farmers are below grade so that
farmers had to pump water using animal-powered (sakias), which provided a natural incentive
to minimize the water applied to the fields. The sakias were generally communally owned,
and the farmers would agree on the procedures for sharing water from this common source.

Aside from these regionally important techniques for exploiting water, open dug wells capable
of exploiting shallow aquifers were also widespread.

Two features are common to each of the irrigation technologies described above:

Water exploitation was naturally limited to the annual renewable resource. Thus
“sustainability” was ensured in each of these systems because what was available for
exploitation was determined by precipitation, hydrology and hydrogeology.

There is minimal interaction among systems, except at the most local level, so that
“governance” at aquifer, basin, regional or national levels was not needed to ensure
sustainability.

This situation changed dramatically in the latter half of the 20" century, driven by a familiar
combination of factors: population increased so that the basic demand for food and fibre
increased; rising living standards and changing diets further increased demand per capita;
and industrialisation and urbanisation added new demands for water. Finally, and perhaps
most decisive for the growing imbalance between demand and the renewable supply, was the
technological change.

In surface systems, the development of large-scale reservoir and diversion systems converted
flood events to storage. Controlled releases to irrigation often increased total consumptive
use and eventually generated competition among geographically separated users within a
river basin. In groundwater systems, the arrival of cheap, portable engines and submersible
pumps vastly increased the potential to exploit water—pumping from rivers, streams, and most
significantly from aquifers at rates that resulted in continuous falls in water tables.

Elsewhere in the region, and indeed across the world, submersible pumps allowed deepening of
wells, exploiting deeper aquifers at rates that interfered with other users (Foster and Garduno,
2006) and the issue becomes a classic “tragedy of the commons” (Hardin, 1968). Similarly
in surface systems, increased consumption in all “upstream” areas also reduced river flows,
so that many rivers in the region now only reach the sea during exceptional rainfall events.
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CHAPTER 3

A basic framework for
analysing the impact of
responses to water scarcity
and high water demand

The combination of continuously increasing demand for water, the ability to access water in
excess of the renewable supply, and new means of access that crossed the traditional “local”
boundaries for mediating among competing demands, present completely new challenges to
water resources management:

o Governance now requires institutions that set priorities, set rules and engage in system
operations that reflect interdependencies at basin and aquifer scale.

o Technically it means ensuring that users are encouraged to operate within bounds that
respect the rights of others, while minimizing physical losses and wastage.

o Economically it means maximising the socio-economic benefits derived from reduced water
availability, including the re-allocation of water to the highest priority uses.

Understanding how technical and economic interventions impact on the demand for, and
consumption of, water requires a consistent water accounting framework, which is set out
below as the basis for the subsequent discussion of technical and economic issues.

3.1. PHYSICAL WATER ACCOUNTING

The most common use of the term “accounting” refers to financial record keeping. The
principles on which financial accounting is based are common to any type of accounts:
financial accounting is the application of a set of definitions and rules to incomes,
expenditures, and other transactions so as to describe, for a given period of time, the financial
flows, including increases and decreases in savings, profits and losses for a financial entity.

We are accustomed to many of the terms used in financial accounting - expenditure, income,
savings, balances, etc. and can readily understand many associated concepts such as profit
and loss. We are also accustomed to understanding that the procedures are independent of
scale — each term has the same meaning whether applied to a child’s pocket money, a corner
shop, or a nation. Furthermore, the temporal frame of reference is relevant: sales in one season
may be usually much higher or lower than sale in another season, so that accounts must be
qualified in referring to relevant time periods. Most importantly, within the selected time frame
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and scale, all the flows of funds must be accounted for, and any difference between income
and expenditure must be reflected by an increase or decrease in savings.

Historically, the science of hydrology and the practice of water engineering have developed
at different scales and with different objectives. In consequence, there is no common set of
definitions on which a compatible accounting system can be based. When irrigation becomes
a significant component of basin hydrology, the divergence of terminology poses at least a
difficulty, and sometimes a threat, to the understanding of irrigation and other categories of
water use within the overall hydrological context.

At the global scale and in the long term, evaporation from water bodies plus evaporation
and transpiration from the landscape must equal precipitation. However, when the frame of
reference is less than the global, long-term scale, careful attention must be paid to the flows
across the borders of the area being analysed, and to changes in storage within that area.

When analysing how best to respond to unsustainable water use, it is essential to adopt
appropriate, unambiguous terminology. The first important clarification is to distinguish
between “using” water (for example to generate hydro-power or to wash clothes) and
“consuming” water (for example in an irrigation system by evapotranspiration (ET) through
crops). In the former case, the vast majority of the water used returns directly to the same
hydrological system from which it was abstracted, perhaps at a different location, perhaps
polluted in some way, but physically the water remains available for re-use. When water is
consumed through evaporation and transpiration, however, it is no longer available.

The second clarification relates to the engineering perspective, which is entirely valid and
appropriate for planning, designing and operating irrigation facilities. This perspective tends
to treat water that flows beyond the boundary of the scheme as losses. An environmental
analyst, on the other hand, might be very interested in these “losses” as a source of recharge
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to aquifers or flows into wetlands, i.e. the engineer’s “loss” is the environmentalist’s “source”.

The following framework (Perry, 2007; Batchelor et al., 2016) differentiates the various flows
that are associated with any type of water use, and can be applied to any sector, at any scale,
without modification:

Water use: any application of water to a defined purpose (irrigation, diversion through a
power station, domestic washing, industrial processes, etc.).

All Water Use goes to one or more of the following categories:

1. Consumptive use (conversion of water into water vapour), comprising:
a) Beneficial Consumption (crop transpiration; evaporation from cooling towers)
b) Non-beneficial Consumption (evaporation from free water surfaces and from wet soil;
transpiration by weeds)
2. Non-consumptive use, comprising:
a) Recoverable flows (returning to a river or aquifer for potential reuse)

b) Non-recoverable flows (flowing to the sea or other economically unviable sink)

3. Change in storage



DOES IMPROVED IRRIGATION TECHNOLOGY SAVE WATER?

The law of conservation of mass requires that:
Water Use=1a+1b+2a+2b+3

When the impact of an intervention is evaluated, each flow component must be defined pre-
and post-intervention to ensure a complete description of the impact. Partial descriptions, as
will be exemplified later, can be very misleading.

The majority of interventions designed to address scarcity have focused on technical options
that improve the “efficiency” of physical water distribution (reducing “losses”) and/or improve
the productivity of water delivered to users (e.g. increasing “crop per drop”).

Irrigation efficiency is traditionally defined as the ratio between water available at separate
points in an irrigation system — for example, water delivered to farmers divided by water
delivered to a scheme, or water retained in the root zone divided by water delivered to the
farm. Irrigation efficiency is a dimensionless ratio (for example, m*:m°) or percentage. For
traditional flood irrigation systems, delivering water through earthen channels, the ratio of
water consumed by the crop and water delivered to the project is often as low as 40 percent.
The common inference from this figure is that 60 percent of the water is “lost”, and that lining
and improved on-farm water management (drip, sprinkler, laser levelling, etc.) can “save”
large quantities of water.

However, translating this scenario into the accounting framework set out above, it is readily
apparent that until we know where the “losses” are going, we cannot be clear as to the extent
of water “savings”. For example, percolation from “inefficient” irrigation (item 2a, above) is
often a major source of aquifer recharge. If a farmer is able to increase the irrigated area (and
hence also increase beneficial consumption, item 1a above) while reducing percolation to a
usable aquifer or return flows to d