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Chapter 1

Sustainable irrigation: Setting the scene

Henning Bjornlund
University of South Australia and University of Lethbridge, 
Alberta, Canada

1 Introduction

Including the words “Sustainable Irrigation” in the title of a book necessarily 
raises the question what is sustainable irrigation? The terms sustainability and 
sustainable development have entered our language over the past 30 years 
and have gained increased use, often leaving the impression that they have 
become fashionable “buzzwords” used by politicians and companies because it is 
the “right” thing to say to increase votes or sales. The terms have also found their 
way into modern legislation, usually in the context of preambles or objectives, 
rather than in operational clauses. They are therefore less likely to have an impact 
on outcomes and can give rise to confusion and litigation.

This book will not weigh into the debate over defi nitions of sustainability 
or sustainable development or the difference between the two. That literature 
is already waste with an overwhelming array of often contradictory defi ni-
tions (Van pelt et al., 1992; Flint, 2004). The purpose of this book is to discuss 
incentives and instruments which can be used to promote sustainable irriga-
tion or assist irrigation to stay within sustainable limits as discussed in this 
chapter.

Sustainable development is a kind of overarching or parent concept which 
among its offspring has sustainable agriculture and sustainable water manage-
ment; sustainable irrigation is a lower order concept relative to these two. Sus-
tainable irrigation cannot exist without sustainable agriculture and sustainable 
water management. Most discussions of sustainable development and lower-order 
concepts make reference to the Brundtland Report Our Common Future (WCED, 
1987), which refers to sustainable development as development that meets the 
needs of the present without compromising the ability of future generations to 
meet their own needs. The ability to achieve this is closely linked to the state 
of the resource base (Csurgo et al., 2008); in the case of sustainable water man-
agement, a core issue is healthy ecosystems. Without healthy ecosystems, water 
resources cannot continue to meet a constant or growing level of needs into 
the future. The “needs” of current and future generations can also not be dealt 
with in isolation; but they have to be seen in the context of a certain watershed 
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4 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

and the social, economic and environmental aspirations of its stakeholders and 
within a framework of higher order priorities as expressed in state or national 
water plans. Viewed at the national level, it might be desirable to defi ne healthy 
ecosystems and environments differently for different water sources as some have 
already been worked so hard that parts of ecosystems have been permanently 
destroyed. For example, in Australia a distinction is made between working
rivers and wild rivers with very different interpretation of what a healthy river 
looks like, and hence what constitutes a healthy ecosystem.

From this discussion, it is apparent that sustainable water management must 

1. be the joint responsibility of governments, communities and water users such as 
farmers (Blomquist et al., 2005);

2. be seen in the context of a specifi c location, at a specifi c period in time, while 
acknowledging that it is subject to dynamic environmental and socio-economic 
forces requiring fl exibility and adaptive management (Brierley et al., 2006);

3. be seen in the context of a specifi c set of stakeholder interests (Brierley et al., 
2006) and 

4. refl ect the local environmental, social, economic and cultural values (Elliott, 
2004). It has been argued that society must determine to what extent ecosys-
tem needs will be met in a particular watershed (Gleick, 1998a.; Postel & 
Richter, 2003).

Hence, sustainable water management involves a compromise that balances 
environmental, social and economic needs and is acceptable to the parties 
involved; the watershed is therefore the most appropriate level for water plan-
ning within the context of subsidiarity (Walmsley, 2002; Henriksen & Barlebo, 
2008; Jordan & Jeppeson, 2000). Devolving the decision-making processes 
of water management to the watershed level and involving local stakeholder 
groups have therefore been central parts of both national and international 
water policies since Agenda 21, the program for action for sustainable develop-
ment (UNCED, 1992).

Sustainable agriculture includes the use of agricultural practices, including 
irrigation techniques and on-farm water management practices, which enable 
current land and water resources to meet the needs of current and future gen-
erations. To do this, such techniques and practices cannot degrade the on-farm 
resource base or the resource system supporting it. The United States Congress 
defi nes sustainable agriculture as “… an integrated system of plant and animal 
production practices having a site-specifi c application that will, over the long-
term: (1) satisfy human food and fi ber needs; (2) enhance environmental quality 
and the natural resource base upon which the agriculture economy depends; (3) 
make the most effi cient use of non-renewable resources and on-farm resources and 
integrate, where appropriate, natural biological cycles and controls; (4) sustain 
the economic viability of farm operations; and (5) enhance the quality of life for 
farmers and society as a whole (USDA, 2008)”.
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SUSTAINABLE IRRIGATION: SETTING THE SCENE 5

2 Sustainable irrigation in the context of this book

In the context of sustainable irrigation, it has to be understood that irrigation in 
any specifi c location depends on a water resource system which yields an annual 
fl ow of water of a certain quality. Sustainable irrigation requires that extraction 
for consumptive use is kept at a level where suffi cient water is left in the resource 
to ensure an aquatic ecosystem which can maintain a level of water quality suf-
fi cient for crop growth. This level of extraction might be signifi cantly lower than 
what other stakeholders require to satisfy their needs. Therefore, stakeholders 
must fi rst defi ne sustainable water use within their watershed, that is,

1. defi ne the acceptable level of water quality, thereby defi ning which environ-
ment or ecosystem they want to sustain and therefore how much water will need 
to be left in the river to meet in-stream fl ow needs in the form of base fl ow as 
well as to create environmental events such as fl ooding of wetlands (Postel & 
Richter, 2003); 

2. defi ne other required cultural, social and public good outcomes such as setting 
water aside for minority groups or previously disadvantaged groups as in South 
Africa (Backenberger, 2005);

3. establish how much water the system yields;
4. defi ne the pool of water which can be sustainably used for extractive purposes 

by subtracting one and two from three above. In Australia, this is called the 
consumptive pool;

5. allocate the consumptive pool among competing users; and
6. acknowledge that sustainable water and land management cannot be separated and 

both have to be dealt with as part of an integrated watershed management approach 
(Blomquist et al., 2005). Hence, the foundation for sustainable agriculture is also 
defi ned as part of the planning process.

These are issues which are most appropriately dealt with by governance 
structures (de Loe and Bjornlund, Chapter 3). Issues such as confl ict resolution, 
consensus building, water allocation and defi ning community, cultural and envi-
ronmental needs have to be dealt with in adaptive watershed planning processes. 
These, in turn, have to be seen in the context of basin, state and/or federal policies/
plans defi ning sustainable water management at the national level. These proc-
esses might include tradeoffs between wild rivers and working rivers to achieve 
national- or state-level environmental objectives.

Once the consumptive pool has been defi ned, the issue of sustainable irri-
gation can be considered. Sustainable irrigation has at least two main aspects: 
(1) irrigation must be supported by sustainable irrigation development which is 
capable of delivering a constant and reliable supply of suffi cient-quality water 
for irrigation to support a constant or increasing level of food production while 
keeping its impact on the environment within sustainable levels as defi ned in the 
watershed plans (Easter and McCann, Chapter 3) and (2) individual irrigators 
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6 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

must adopt land and water management practices which do not degrade the land 
resource and keep their impact on the river and groundwater environment within 
acceptable levels while allowing a constant or increasing level of food produc-
tion. This includes a process of adopting more effi cient and productive irrigation 
technology and water management practices as they are developed (Nicol et al., 
Chapter 12).

In many water-stressed areas of the world, the consumptive pool is likely to 
be smaller than the pool of water which has previously been used by consumptive 
users. This is particularly likely to be the case with respect to irrigators’ share. 
Under scarcity, the planning process is likely to give higher priority to human needs 
for drinking water and sanitation and to the needs of ecosystems than the needs of 
irrigation (Gleick, 1998b; Postel & Richter, 2003). The challenge then becomes 
“how can irrigation maintain its production output with access to less water while 
preventing negative environmental impacts”.

If we look at “irrigation” in a broader sense, by also including what we could 
term the irrigation communities whose existence is dependent on irrigation for 
continued viability, the question also becomes “how can these communities con-
tinue to be viable under a sustainable water use regime”. The successful outcome 
of this process is determined by the combined actions of individual irrigators. Do 
they have the fi nancial and human capital to make the necessary adjustments? 
Do they adopt new technologies, management practices and crop varieties to max-
imize yield so that economic output can be maintained by the use of less water? 
These questions are relevant for both individual irrigators and irrigation develop-
ments or districts. The latter case also includes fi nancial viability and the ability to 
collect fees, carry out maintenance, etc. (Easter and McCann, Chapter 3). When it 
comes to the irrigation communities, the issues are much the same. Do they have 
suffi cient social capital to successfully navigate the adjustment process? 

Irrigators and their communities, however, do not do this in isolation. Insti-
tutional structures have a signifi cant role in facilitating and encouraging this 
process. Governments can introduce a number of incentives, instruments and 
policies that will assist the process of adjusting the irrigation industry towards 
sustainability by (1) encouraging and supporting some irrigators to become via-
ble for long term while encouraging and supporting others to exit the industry 
and (2) supporting irrigation authorities’ ability to maintain sustainable irrigation 
systems. Some of the policies introduced for these purposes are water pricing, 
water markets, water user organizations, subsidies for technology and manage-
ment adoption, structural adjustment assistance, information and education cam-
paigns, and funding research and development. To increase the effectiveness of 
these policies, the government can put institutions in place which facilitate their 
adoption (see Chapters 3, 4 and 5). For example, 

For water markets to operate effi ciently, the following are needed: (1) well-
defi ned property rights to water so that buyers and sellers know what they are 
trading in; (2) fl exible and secure trading mechanisms to facilitate fast, reliable 
and secure transactions with minimum transaction costs; (3) properly regulated 

�
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SUSTAINABLE IRRIGATION: SETTING THE SCENE 7

market intermediaries to facilitate the process; (4) secure water rights regis-
ters to provide irrigators with security of ownership and buyers with security 
of market outcomes and (5) transfer processes, or other regulatory institutions 
such as water use right, to ensure that trade in water does not have negative envi-
ronmental impacts so that potential externalities associated with the transfers 
are internalized. Within some watersheds, special attention needs to be paid to 
rural-to-urban transfers to make sure that these take place with minimum impact 
on irrigation (Byrne et al., Chapter 10).
For water prices to be effi cient in contributing towards sustainable irrigation, 
they need to be set at a level where the necessary infrastructure can be adequately 
maintained and renewed, and adequate funds are available to properly monitor, 
enforce and administer water allocations, water scheduling and delivery, fee col-
lection and water trading. They also need to send proper signals to water users. If 
prices are kept low using subsidies, ineffi cient and low-value users will continue to 
irrigate. Full cost recovery prices are more likely to communicate the message 
to ineffi cient and low-value users that they need to either become more produc-
tive or sell their water to more effi cient and higher value users. Water prices 
could also be structured so that they internalize the externalities associated with 
water trading out of individual supply systems and thereby help to maintain 
fi nancial sustainability, as is the case in Australia (Chapters 4, 5 and 11).
Subsidies have been widely used in the context of irrigation; most large-scale 
irrigation projects would not exist had it not been for subsidies. In the context of 
sustainable irrigation, subsidies have been used to encourage the adoption 
of more effi cient irrigation technology. However, great care has to be taken 
to design such programs so that the effi ciencies gained do not result in a net 
increase in water use with the effect that less water is returned to the river and 
the environment. There is a growing body of literature illustrating that this has 
often been the case (Scheierling et al., 2006; Bjornlund et al., 2009).

3 An outline of the book

This book is written within the context of the above-mentioned discussion. Chapters 
3–5 deal with the issues of governance and institutions, and, as such, set the 
backdrop for Chapters 6–15, which deal with individual elements or aspects in 
more detail.

Chapter 2 (Bjornlund and Bjornlund) provides a historical perspective on sus-
tainable irrigation by discussing some old irrigation cultures and highlighting how 
some were sustainable while others were not. In some instances, similar irrigation 
technologies and approaches were sustainable for thousands of years in one loca-
tion, while they were unsustainable in another, highlighting the location-specifi c 
aspect of sustainable irrigation. 

Chapter 3 (Easter and McCann) discusses institutional arrangements for sus-
tainable irrigation developments as one of the essential components of sustainable 

�

�
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8 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

irrigation. It argues the importance of fi nancial sustainability and the need for 
strong water user organizations to ensure that water charges are paid, allocations are 
enforced and maintenance work is carried out to keep the systems up to acceptable 
standards, which limits the environmental impact of irrigation so that the affected 
water source stays within ecologically sustainable levels as locally defi ned.

In Chapter 4, de Loe and Bjornlund discuss the governance structures needed 
to ensure sustainable water management which needs to underpin sustainable irri-
gation in a contemporary society. They also discuss the inevitable link between 
sustainable irrigation, water security and food security.

Young and McColl (Chapter 5) then discuss how a robust framework for water 
allocations can be designed so that it can cope with the change. In the sustainabil-
ity literature, the need for fl exibility and adaptive capacity of institutions has been 
widely acknowledged. The ability of water resources to meet the need of future 
generations is dependent on current and future generations’ ability to respond to 
climate change, improved knowledge about environmental needs and changing 
community values towards water.

To achieve sustainable water management and sustainable irrigation at 
the watershed level will require a change in human behaviour (Cullen, 1997; 
GACGC, 1997). The role of the governance and institutional arrangement dis-
cussed in Chapters 3, 4 and 5 is to try and facilitate such a change. However, 
people’s behavioural changes in response to such governance and institu-
tional arrangement and instruments will be infl uenced by the values, norms 
and beliefs that they hold (Kuehne et al., 2008; Kuehne & Bjornlund, 2007) 
as will their perceived legitimacy (Contandriopoulos et al., 2004). Kuehne 
and Bjornlund (Chapter 6 analyse the values, beliefs, norms and attitudes 
that infl uence irrigators’ behaviour in response to new policies or instruments 
and discuss their implications in the context of recent offers to buy water 
from irrigators within the Murray–Darling Basin to provide environmental 
benefi ts.

The next three chapters deal with various aspects of water markets. There 
have been divided opinions on water markets and their ability to facilitate sus-
tainable irrigation in terms of their environmental and social impacts. It has been 
argued that water trading has negative social and community impacts by favour-
ing larger and more powerful farmers and moving water out of communities 
depending on it. Others have argued that markets have provided an important 
mechanism for weaker farmers to stay in business during periods of fi nancial dif-
fi culty. In Chapter 7, Shanahan et al. analyse water market prices and activities 
within the Goulburn–Murray Irrigation District in Victoria, Australia to identify 
whether water markets help to sustain irrigation during periods of drought. They 
fi nd that markets have signifi cantly increased both big and small irrigators’ abil-
ity to deal with drought and fi nancially survive at least the fi rst years of a drought 
period. Markets have helped irrigators with long-term investments to get enough 
water to keep their businesses going, keep their dairy herds, maintain their vines 
and fruit trees and fulfi l contractual obligations to deliver produce to processors. 
In this process, these buyers help many smaller and lower value growers to stay 

c01.indd   8c01.indd   8 11/13/2008   10:16:26 AM11/13/2008   10:16:26 AM



SUSTAINABLE IRRIGATION: SETTING THE SCENE 9

on the farm by purchasing their water for far more than the profi t they could have 
made by using it.

In Australia and the United States, increased emphasis has been placed on 
using the market to buy water to achieve environmental outcomes. In the context 
of this book, it is considered that acceptable environmental outcomes are ensured 
at the watershed level as part of the planning process (Chapter 4). In this context, 
governments can buy water from irrigators to achieve this objective. Individuals 
and non-government organizations could also be allowed to use the water market 
as a mechanism to achieve environmental outcomes in addition to the locally 
defi ned acceptable outcome. In Chapter 8, Hadjigeorgalis analyses the outcome 
of water trusts and environmental water transfers in the United States to evaluate 
their potential impact on sustainable irrigation.

Water transfers out of irrigation to satisfy increased urban and industrial needs 
have caused some of the major confl icts over water trading in the United States. 
However, such transfers are likely to play an increased role in water markets as 
urban centres expand and water scarcity intensifi es. It is therefore important to 
fi nd mechanisms by which such transfers can be implemented with least pos-
sible impact on irrigation and food production. Byrne et al. (Chapter 9) discuss 
the possible mechanisms for inter-sectoral transfers and analyse the potential for 
water options contracts within the Murrumbidgee Valley, Australia.

Water pricing and water markets are often considered to be the key economic 
instruments in communicating appropriate market signals to water users to 
encourage them to use water more productively. Also in Chapter 3, Easter and 
McCann argue the need for appropriate pricing policies to ensure sustainable 
irrigation systems. In Chapter 10, Young et al. pay particular attention to the issue 
of water pricing in the light of irrigators’ ability to pay for irrigation water.

The price of other inputs into irrigation as well as the opportunity to produce 
more valuable crops also communicates economic market signals to irrigators to 
use water more wisely. Recently, the price of energy has increased signifi cantly. 
As energy is a major input in irrigation, the cost of energy has proven a major 
factor in driving the adoption of more effi cient irrigation technology and manage-
ment practices (Bjornlund et al., 2009). In Chapter 11, Schoengold et al. provide 
an in-depth analysis of the impact of increased energy cost as well as the increase 
in biofuel production on sustainable irrigation and food security.

The last three chapters discuss sustainable irrigation within the context of 
three national settings: Alberta, South Africa and India. In many parts of the 
world, strategies, plans and policies are introduced to resolve problems associated 
with scarcity, to ensure increased effi ciency and productivity of water use so that 
new demand for water can be met and economic activity can be maintained or 
increased while more water is set aside to secure healthy ecosystems and environ-
mental outcomes. Given that agriculture uses more than 70% of water extracted 
for economic use worldwide, irrigation has to play a pivotal role in achieving 
such objectives. The province of Alberta in Canada introduced its Water for Life 
Strategy in 2003. In Chapter 12, Nicol et al. analyse the strategy’s likely success 
in achieving its effi ciency and productivity goals.
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10 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

Irrigation in South Africa is associated with a unique set of challenges bal-
ancing social, environmental and economic interests within the concept of sus-
tainable water management. Nieuwoudt and Backnberger (Chapter 13) discuss 
how economic instruments and governance structures are being implemented to 
provide safe drinking water and water for sanitation and subsistence farming 
to members of previously disadvantaged groups while protecting economic water 
use and keeping total extraction within sustainable levels.

More than 30% of all water used for irrigation worldwide is groundwater. 
This has caused signifi cant aquifer depletion in many places such as the United 
States, China and India, indicating that sustainable irrigation from that resource 
is not possible at current levels. This has signifi cant implications for sustainable 
agriculture and food security. In the last chapter, Msangi addresses this issue.
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Abstract

Irrigation has been practised for some 6,000 or 7,000 years in various parts of the 
world. When sedentary farming emerged in areas along or near major rivers in 
the Fertile Crescent, the Indus Valley and China, irrigation soon followed to sus-
tain food production through dry periods. Many of the areas suitable for irrigation 
were also prone to fl ooding and therefore canals and other structures were needed 
to supply water for irrigation and to provide drainage during fl oods. Such struc-
tures were well beyond individual farmers and more complex societies therefore 
emerged. The term sustainability was not known to these fi rst irrigators. They 
experimented, observed, learned, changed and adapted to their physical environ-
ment and changing climate. In some instances, the physical conditions were not 
suitable for intensive irrigation practices. Hence, for a number of reasons such 
as salinization, siltation, soil erosion and deforestation some hydraulic societies 
ceased to exist, while in other instances irrigation continued for millennia until 
irrigation intensifi ed due to increased population pressure, resulting in changing 
technologies and practices. In other instances, irrigation has continued in the 
same location until today. This chapter explores these experiences from around 
the world and try to draw lessons for today’s irrigation communities. We fi nd that 
decentralizing is better than centralizing, diversity is better than uniformity and 
local self-ingenuity and self-reliance yield superior results. If exogenous tech-
nologies or knowledge are applied, it should be in conjunction with, and adapted 
to, local conditions, knowledge and cultures.

Keywords: Bali; Egypt; India; Mesopotamia; Oman; Sustainable irrigation

1 Introduction

The concept of sustainable development gained prominence in 1987 with the 
Brundtland Report Our Common Future (WCED, 1987) that refers to sustain-
able development as development that meets the needs of the present without 
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compromising the ability of future generations to meet their own needs. How-
ever, the problem of continuing meeting the current generation’s need for food 
and freshwater has been a challenge for mankind since the beginning. Originally, 
humans lived like hunter-gatherers able to secure adequate food from natural 
sources. As population grew and also as climate changed in parts of the world, 
human started to settle down and make a transition to sedentary farming, grow-
ing crops and keeping animals (Diamond, 1997). The fi rst examples of sedentary 
farming are found along some of the world’s major rivers in Mesopotamia, or 
the Fertile Crescent, the Nile, the Indus Valley, in China along the Yangtze and 
Yellow rivers, and in Mesoamerica. The new farmers soon learned that produc-
tion could be increased if water was added in the absence of natural precipita-
tion (Hassan, 1997). Under these circumstances, farmers could produce far more 
food than what they needed for their own subsistence. This made it possible to 
release large human resources from food production and enabled the emergence 
of full-time craftpersons and managers who could spend their time and energy 
on securing food production through the construction of more complex large-
scale irrigation and drainage structures. This, in turn, required more complex and 
organized societies with a division of labour, laws, political hierarchies, etc. The 
development of larger scale irrigation therefore coincided with the fi rst urban soci-
eties. These have been termed hydraulic societies (Wittfoget, 1957). Well known 
among them are Sumerian, Egypt and the Harappan Civilization in the Indus 
Valley. The fi rst known written law, the law of Hammurabi from around 1,784 
BC, includes 300 sections which dealt with various aspects of irrigation rules 
about rights and obligations with respect to irrigation water and infrastructure 
(El-Yussif et al., 1983).

Some of these societies experienced problems with their irrigation practices 
creating salinity and waterlogging problems, resulting in declining yield and col-
lapsing societies. Others continued for millennia until population pressures or 
confrontation with exogenous technologies resulting in the adoption of irrigation 
practices which were unsuitable for the local conditions, and resulted in unsus-
tainable irrigation. Finally, some are still functioning today.

This chapter will discuss some of these early irrigation societies and their 
changing fortune and draw some conclusions about why some failed while others 
continued to prosper. Finally, some lessons and implications from these societies 
will be discussed in the light of today’s efforts to secure sustainable irrigation 
while ensuring food and water security for current and future generations.

2 Examples of early irrigation systems/societies

The following discussions of early experiences with irrigation are not intended to 
provide a full account of each system; that would be well outside the scope of this 
chapter. What we will attempt is to explain aspects of each systems from which 
we believe lessons can be learned for today’s sustainability challenge.
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2.1 Mesopotamia

Irrigated agriculture in Mesopotamia has been practised along the banks 
of the Euphrates and Tigris as far back as the fourth or fi fth millennium BC 
(Goldsmith & Hildyard, 1984). Originally, some 10,000 years ago sedentary 
farming started in areas with suffi cient rainfall. However, around 4000 BC local 
people had moved to dryer areas of Lower Mesopotamia. Initially, they learned to 
sow their seeds following the spring fl oods. But in some years, dryness caused the 
crops to die before harvest. The remedy was simple. They used diversion canals 
to get the water from the Euphrates and Tigress to their fi elds and also enabled 
them to increase production onto areas not covered by the spring fl oods. They 
practised irrigated basin agriculture which included alternate-year fallowing
during which the land is temporarily abandoned with the results that wild plants 
take over and dry out the subsoil to a depth of 2 m, thus lowering the water table 
and preventing the salt from coming to the surface (Jacobsen, 1957–58).

Sometime during the third millennium, there seems to have been a massive 
increase in irrigation works in the Euphrates Valley, to satisfy the needs for water 
and food for an expanding urban society such as Ur. The construction of vast 
canals to supply water to the cities led to seepage which combined with the aban-
donment of fallowing and over-irrigation led to a rise in the groundwater level. 
Based on temple records of the time, this seems to have resulted in increased soil 
salinity (Jacobsen & Adams, 1958).

A particularly devastating impact was experienced following the building 
of a very big canal, around 2400 BC in southern Iraq by King Entemenak of 
Girsu. The system consisted of a complex network of canals skilfully planned 
and regulated. The methods employed appear to mainly involve gravity fl ow 
from the Euphrates to irrigate land previously supplied from the Tigris. The 
canal was so large that it was simply referred to as “the Tigris” (Adams, 1958). 
It resulted in seepage, fl ooding and over-irrigation with a consequent rise in 
the groundwater level – all contributing to increasing soil salinity levels. As 
a consequence, there was a gradual but marked reduction in the production of 
salt-sensitive wheat, which was the preferred food crop, and an increased pro-
duction of the more salt-tolerant, but less attractive barley. Archaeological evi-
dence suggest that equal amounts of wheat and barley was grown in Southern 
Iraq during the period up to 3500 BC. However, by 2500 BC, wheat accounted 
for only one sixth of production, by about 2100 BC it accounted for no more 
than 2%, and by 1700 BC no wheat was grown at all. Not only did they suffer a 
shift from wheat to barley but soil fertility also declined dramatically. Around 
2400 BC, yields were about 2,537 kg per hectare; by 2100 BC it had declined 
to 1,460 kg, and by 1700 BC to 897 kg per hectare. Inevitably, the large-scale, 
centralized irrigation systems broke down under the strain of social upheaval 
(Jacobsen & Adams, 1958).

The Babylonian King Hammurabi (1711–1669 BC) introduced the fi rst set 
of written laws known as the “Code of Hammurabi”. Refl ecting the importance 
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of irrigation, the code contained about 300 sections dealing with various aspects of 
irrigation. One of the laws said: 

if a man is negligent in strengthening the banks of his fi eld and has not main-
tained his banks and then a breach has occurred in his bank and so he has let 
the waters carry away (the soil on) the water-land, the man in whose bank the 
breach has occurred shall replace the corn which he has (caused to be) lost. 
(El-Yussif et al., 1983)

E. Goldsmith also talks about the modern experience with irrigation under the 
British colonial system as causing further waterlogging and salinity rendering a 
third to a half of the land uncultivable. He concludes that 

when (large-scale irrigation) regions are left in the uncontrolled possession 
of a landlord class, which is either of foreign origin or partner in a precarious 
alliance with a foreign conqueror, rural investments are in danger of being 
neglected, because the landlords inevitably go for quick profi ts and liquid 
assets. In extreme cases the result is starvation and depopulation. (Goldsmith &
Hildyard, 1984)

As a result of all of these factors, it has been argued that out of the total of 
48 million dunums of arable land in Iraq only 16 million is cultivable today (Min-
istry of Irrigation (Iraq) & Selkhozpromexport (USSR), 1975).

2.2 Egypt—The Nile

About the same time as in Mesopotamia, farmers started irrigating along the 
River Nile utilizing the fl ash spring fl oods to inundate their fi elds in the narrow 
and low-lying Nile Valley. It was mainly a natural phenomenon but farmers dug 
fl at-bottomed basins along the river and a system of canals to fl ood the fi elds 
from the upstream ends of the basin and drain the water back into the river at 
the downstream end. The canals were also used to convey the water to fi elds 
further away from the river. However, this was limited to the low-lying areas of 
fertile soil, which could be reached without lifting devices. Inundation irriga-
tion worked sustainable for 5,000 years because of its simplicity, effi ciency and 
cost-effectiveness. The Nile performed three important functions: (1) provided 
irrigation water, (2) disposed of drainage water and (3) rejuvenated soil fertil-
ity by depositing silt from the upstream areas containing important nutrient and 
minerals. Further, large volumes of water were used only once a year, which 
leached potential salt deposits out of the soil ( Newson, 1992; Population Refer-
ence Bureau. 1998).

This system supplied Egypt with ample food and fi bre until the 18th century. 
The population and irrigated area in Egypt prior to 1800 peaked in about 100 AD 
when Egypt supplied the Roman Empire with vast quantities of grain (Postel, 
1999). In the 19th century, Egypt experienced a population explosion and food 
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production for the fi rst time started to fall short of needs. To expand irrigation 
and food production, a series of dams were built across the Nile north of Cairo 
followed by a number of other dams culminating when British engineers built the 
fi rst Aswan Dam in 1904, which was expanded twice by 1934 and completed with 
the  Aswan High Dam constructed from 1964 to 1970.

These developments fundamentally changed irrigation and the fl ow of the 
River Nile. Annual inundation and cropping was replaced by continued irriga-
tion and two or three crops a year. The Nile was controlled and did not fl ood 
any more. Instead the fi elds were continuously wet and were never thoroughly 
leached to fl ush out the salt from the soil; also the water did not any longer contain 
nutritional silts as it was trapped behind the dam walls. This resulted in dropping 
fertility, a built-up of soil salinity and waterlogging (Hunt, 1987).

Already in 1928, water scholars warned about the threat of salinization of 
the land and that the big dams would hold back the silt that had replenished the 
fertility of the fl ood plain for millennia, and cotton harvest started to decline 
(Carrier, 1928). 

2.3 The qanat system

For at least the past 2,500 years underground water mobilization systems, known 
as qanat systems, have been constructed and used throughout the Arab world. 
While originating in Iran, the system spread throughout the Middle East, the 
Arabic Peninsular, North Africa and Afghanistan as well as along the old Silk 
Route (English, 1968). The discussion in this chapter is based on qanat systems 
in Oman, where they are locally known as falaj systems.

The system extracts water from the top of aquifers high up in the mountains 
and brings the water in underground tunnels down to the lower areas and from 
there often in open channels into villages and onto the small fi elds, mainly for the 
irrigation of date palms, but also for other cash or subsistence crops (Al-Marshudi, 
2007; Zekri & Al-Marshudi, 2008). This system has several unique features for 
sustainable irrigation from environmental, social and economic perspectives.

Per defi nition, the system cannot mine the aquifer as the off-take from the 
aquifer is located rather high in the aquifer profi le; thus, the system only harvests 
the overfl ow or the renewable yield from the aquifer. The system requires skill to 
establish and maintain, but it is entirely gravity–fed, so there is no pumping cost 
and potential disruption caused by shortage of power or spare parts. This reduces 
the monetary expenses associated with running the system and provides a secure 
water supply.

In most systems, only a small proportion of the water rights are privately 
owned. For example, in one system that one of the authors visited in 2007 only 
15% of the water rights are privately owned by the families which originally con-
structed the system; the rest is owned by the village community by about 10% 
and the rest by semi-public charity organization. The water which is owned by 
the village community is sold to the farmers on auctions every week, and the 
proceeds are used to fi nance the maintenance and administration of the system. 
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The majority of the water which is owned by semi-public institutions is sold on 
annual auctions and the proceeds used to pay schools, police, priest and the poor.

In a sense, this system takes the full consequence of the fact that all wealth 
is derived from the availability of water and hence the water is sold to farm-
ers to fund the maintenance of the system and the running of the community. 
This system resolves many of the issues facing irrigation system in developing 
countries: 

1. The problem of fee collection and therefore adequate funding of operation and 
maintenance, resulting in ineffi cient systems with reduced productivity as dis-
cussed by Easter and McCann in Chapter 3. 

2. Equitable distribution of the wealth generated by the water. In this system, this 
is ensured as most farmers have to buy the water each year with the revenue 
used to pay communal expenses. 

3. Risk sharing associated with reduced supply during periods of scarcity. This is 
also an integral part of the system as farmers have the right to the fl ow from 
the system during a specifi ed period of time. During periods of scarcity, the 
fl ow during that period of time simply yields less than during periods of plenty. 
Hence, the scarcity is shared. The weekly auctions can then be used to redistrib-
ute who gets access to the limited fl ow. 

4. Water for domestic use. This is also supplied by the system; as canals enter 
the village, there are access points where villagers can get access to water for 
drinking and household purposes; further downstream on the canals are places 
where households are allowed to wash their clothes after which the water is 
diverted into the fi elds. So, all households have access to water for drinking and 
sanitation before the fl ow is shared for agricultural purposes.

This system has operated for thousands of years (Al-Marshudi, 2007; Zekri & 
Al-Marshudi, 2008). In Oman, more than 3,000 such systems were in operation. 
Today, many have run dry and are not operating anymore. Others are currently 
under threat. So, why is this otherwise totally sustainable system under threat? 
In most instances, this is due to the infl ux of modern technology. Private farm-
ers are sinking tube wells in areas infl uencing the water level in the aquifers 
from which the qanat systems are supplied. Once the water level in the aquifer 
drops below the off-take for the qanat system, the fl ow of water ceases and the 
system runs dry, stopping the supply of water for both domestic and farming 
purposes for the traditional users as well as the fl ow of revenue supporting the 
communities.

2.4 Bali—Rice growing

In Bali, intensive rice production has been carried out under irrigation for more 
than 1,000 years using a community-based water management approach called 
the subak system (Suarja & Thijssen, 2009). This system is a unique combi-
nation of impressive engineering works and complex social structures. 
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Tunnels, aqueducts and bamboo pipes carry water across deep ravines and 
through mountains into lakes from where gravity feeds a series of terraced 
rice fields. These fields have been very productive over centuries producing 
more than 1 ton of food per acres, making it possible to feed a very dense 
island population of 2 million people.

The system was, and is, managed by a hierarchy of Hindu priests and water 
temples. At the top of the system is the high priest, the overall manager of the irri-
gation system. The high priest is at the main water temple at the Crater Lake near 
the peak of the system. Below the Crater Lake are a number of major dams, each 
with a Hindu priest and a water temple, responsible for regulating water fl ows. 
The lowest level of the irrigation system consists of smaller weirs, each with a 
minor water temple to regulate water fl ows (Suarja & Thijssen, 2009).

The actual irrigation of the fi elds is managed by 1,500 fully autonomous local 
farmer organizations (or water user organizations) called ‘subaks’ to ensure reli-
able, fair and equitable distribution among its members. The system supports a 
total of about 90,000 hectares of rice paddy.

A general assembly, of which all 100–200 farmers are members, is the high-
est authority of each subak. The general assembly elects the board of the subak 
which is in charge of the daily operation and management of the local system of 
water distribution among its members. The general assembly facilitates open and 
democratic discussions among the subak members on issues of general interest 
in order to generate consensus decisions. Even though the subak system is organ-
ized by Hindu priests, all farmers within the subak are members with equal rights 
irrespective of their faith (Suarja & Thijssen, 2009).

All members of the subak have access to an equal share per hectare of the 
available water in return for contributing equally in conducting maintenance 
and other communal work on the subak system. This includes the construction and 
maintenance of canals, tunnels, aqueducts and dams, and the distribution of 
water. There are both active and passive members; the active members partici-
pate in the maintenance while passive members pay a fee in lieu of work. If the 
farmer leases the land, then the lease contract will set out who is responsible for 
the maintenance obligations. 

The subak board also coordinates the planting of the rice, which is an essential 
part of the success of the system as it ensures the best use of the water fl ow but 
also an integral part of successful pest control. Planning the planting, harvest, 
rice burning and the water level after harvest in a coordinated way ensures that 
the population dynamics of the rice pest is broken. Also, a coordinated effort of 
breading ducks in the canals and fi elds helps control weed and pests. This coor-
dination of water use is mutually benefi cial to upstream and downstream users, 
as without it upstream users would suffer from weed and pest and downstream 
users would have an uncertain water supply. This avoids many of the problems 
experienced in other systems where downstream users suffer from the actions of 
upstream users.

This traditional system was left alone for more than 1,000 years, and the Dutch 
colonial powers did not interfere while they were ruling Indonesia. However, 
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during the Green Revolution of the 1970s the Indonesian government put pres-
sure on the Hindu priests and the subaks to adopt the miracle seed. This included 
the use of fertilizers and pesticides, three annual crops rather than two, more 
intensive water use and a disregard for the old communal management system. 
Initially, production increased but soon production dwindled and cost soared due 
to water shortage and pest infestation. The farmers lobbied the government to 
return to the old system. However, they were criticized for being conservative 
and the new methods continued. In 1983, the National Science Foundation in the 
United States funded Dr. S Lansing to examine the temple system. Together with 
a computer expert, he analysed the traditional Bali water management systems 
and the effect of different cropping systems using 1,000 years of rainfall data kept 
by the Hindu temples. He found that the traditional system consistently outper-
formed any other system. Eventually, the Indonesian government encouraged the 
farmers to return to their old systems (Lansing, 1996).

2.5 India—A diversity of systems

Archaeological evidence suggests that irrigation systems have existed on the 
Indian Subcontinent for at least 5,000 years. Refl ecting the wide variability of 
rainfall, temperature, altitude, topography and soil types, the Subcontinent has 
seen a wide variety of early settlements devising their own unique systems of 
water harvesting adapted to local conditions (Aggarwal & Narain, 1997).

For example, in southern parts of India tens of thousands of village tanks were 
constructed in the medieval period. This suited the local conditions in the region 
which were dominated by (1) scanty rainfall, (2) steep slopes with fast run-off 
and (3) soils with low water retention. There was, therefore, a need to be able to 
retain and store the water when it was available and apply it when the soil needed 
it and at a rate at which the soil could absorb it (Aggarwal & Narain, 1997). In 
other parts of the country, the communities have devised various other means of 
water harvesting from rivers, aquifers and rainwater run-off to provide water for 
drinking and agriculture.

There is evidence to suggest that these traditional systems were very effi cient 
and productive. A British survey of 2,000 villages outside present-day Chennai 
in the province of Tamil Nadu found that between 1762 and 1766, there were 
villages which produced up to 12 tons of rice per hectare, a level of productiv-
ity which today has only been achieved in the most successful areas during the 
most productive era of the Green Revolution (Hinduism Today, 1997). The same 
report also found that the availability of food per household in that area was 5 tons 
compared to today’s three-quarter tons. Emphasizing the productivity and effi -
ciency of farming and irrigation in India is the report in the Ecologist magazine 
by a British agricultural expert. He wrote the report based on a tour to India that 
he conducted in the 19th century to see how he could best advise Indian farmers 
on how to improve their agricultural practices. His conclusions reported in the 
Ecologist magazine stated that he could learn more from the Indian farmers than 
they could learn from him, as they knew a lot about soil composition and health, 
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pest control and water management, crop breeding and all other aspects of agri-
culture (Sahtouris, 2009). 

The traditional irrigation systems suffered during three periods. During the 
period when the East India Company ruled India, their primary interest was to 
extract the maximum level of resources from existing infrastructure and there-
fore they failed to invest in improvements and neglected the maintenance of 
infrastructure such as irrigation system. To make matters worse, transport infra-
structure such as roads and railways was often constructed on embankments 
which interrupted the traditional contour-based irrigation canals and tanks. It 
also cut off large areas from supply of loam-bearing water from rivers, which left 
the land unproductive and sterile (South Asian History).

During the early days of the British colonial rule, there was some investment in 
irrigation, such as weirs, dams and barrages, mainly in the Punjab region to pro-
duce export crops such as cotton, opium, sugar cane and wheat which generated 
most revenue to the state (Davies). On the other hand, the British showed no inter-
est in the traditional small-scale peasant irrigation systems of wells, dams, small 
canals and tanks which had fed the Indian population for thousands of years. Vari-
ous actions of the British colonial system were detrimental to the continued use of 
traditional irrigation systems: (1) British tax policies heavily penalized peasants 
who sank their own wells at their own expense; (2) the general highland tax level 
during the early colonial period left local communities with no fi nancial ability 
to maintain their irrigation systems; (3) the taxation system destroyed the social 
fabric and system which had enabled local communities to construct and maintain 
irrigation system themselves. Indeed, British rule, in various ways, removed local 
political chiefs from their obligations to invest in community resources and public 
institutions such as tank systems; (4) modern irrigation system when constructed 
were, in many instances, deliberately situated in ways that supplanted other pre-
vailing irrigation structures (D’Souza, 2006) and (5) in some instances, local 
farmers were actually forbidden to use their traditional system so as to ensure their 
payment to the new systems (D’Souza, 2006). The refusal of the state to support 
local irrigation became a smouldering grievance everywhere in interior India (24). 
This disruption of the community structures was detrimental as traditionally irri-
gation systems in India have always been treated as communally managed com-
mon resources (Hardiman, 1998).

Since independence, the central government of India has shown relatively lit-
tle interest for traditional small village irrigation systems. The government has 
been far more interested in promoting the construction of large dams and enhanc-
ing the control over the resources by taking over the village tanks. This led to 
a further breakdown of the community control and management practices that 
were so vital for the sustainability of the system. A substantial number of tanks 
acquired by the state have fallen into disrepair because village communities 
have stopped contributing the voluntary labour for desilting and upkeep of the 
tanks and the state is not able to perform or pay for the functions earlier executed 
by the people. By doing this, the state also showed that it is better to construct 
new large dams rather than revive the effi cient network of the village tanks 
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across India (Sengupta, 1991; 1996; Shankari, 1991; Singh, 1994;  Von Oppen &
Subba Rao, 1980).

This impact was amplifi ed by the fact that the government was committed 
to the new infrastructure and promoted its use through a set of subsidies which 
made it more viable for the farmers to use the new systems than maintain the 
old systems. This has happened in a number of ways: (1) subsidies for electricity 
supply making it cheap to pump water from dams via canals or from tube wells 
deep in the ground; (2) subsidies for fertilizers which made farmers less depend-
ent on the use of the tank silt which was used in the past as production-enhancing 
material; (3) subsidies for water from the major dams which reduced the depend-
ence on tanks for irrigation and (4) subsidies for diesel pumps which also reduced 
the dependence on water from tanks (Fan & Gulati, 2007).

3 Conclusions
Irrigation has been practised for more than 6,000 years in various parts of the world 
to feed an ever-growing population. In many places, irrigation was initially sustain-
able for many years while farming practices were used, which allowed the land 
to recover between crops and irrigation applications so that salinity build-up was 
prevented. Once irrigation intensifi ed and continued irrigation and cropping 
was introduced, the land did not have time to recover and salinity and waterlogging 
problems soon started to reduce productivity and, in some instances, resulted in the 
collapse of societies. In Mesopotamia, this started relatively early while in Egypt it 
did not start until the last century.

In Oman, the qanat system worked both economically and socially and envi-
ronmentally sustainable up until recent time when the spread of modern tube 
wells has caused the closure of many systems as water tables are drawn down 
below the off-take of the qanat system. In Bali, the introduction of the Green 
Revolution technology soon had disastrous impacts. However, in this instance the 
government was convinced in time to revert to the sustainable practices of 
the past.

In India, British colonial rule, in a variety of ways, destroyed many traditional 
irrigation systems which had successfully fed the local populations for many gen-
erations. It destroyed or disrupted no only the physical infrastructure but also the 
social and community structures that kept these systems in operation. The change 
in priority from feeding the local population to maximizing export production and 
the revenue from land taxes was the major reason for this development. Since inde-
pendence, the Indian government has continued the destruction of the local sys-
tems through its emphasis on very large systems and associated subsidy systems 
favouring the new mega systems at the expense of the local system.

What we can learn from all of this is that we have to respect existing physical 
and social structures and not replace them with modern technology until we are 
sure that we fully understand how they operate and how the modern technology 
is going to interrupt the existing systems and structures. Pursuit of short-term 
economic gains does not justify causing environmental damage as such harm 
imposes social and economic costs in terms of higher health bills or diminishing 

c02.indd   22c02.indd   22 11/13/2008   10:16:51 AM11/13/2008   10:16:51 AM



SUSTAINABLE IRRIGATION: A HISTORICAL PERSPECTIVE 23

agricultural returns on future generations (Goldsmith, 1998). The most success-
ful systems rely on local knowledge and organization. We conclude that;

decentralizing is better than centralizing; 
diversity is better than uniformity and 
self-ingenuity and self-reliance yield superior results.

If exogenous technologies or knowledge are applied, it should be in conjunc-
tion with, and adapted to, local conditions, knowledge and cultures, drawing on 
generations of knowledge of, and appreciation of, the local conditions.
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Abstract

In this chapter, a number of critical institutions are identifi ed that improve the 
fi nancial sustainability of irrigation and water projects over time. The framework 
for analysis is based on Williamson’s four levels of institutions (Williamson, O.E. 
2000. The new institutional economics: taking stock, looking ahead. Journal of 
Economic Literature, 38(September): 595–613). The four levels are used to high-
light the problems that arise in designing institutions and implementing institu-
tional change. Examples are provided of institutional reforms and changes that 
have helped different countries raise both cost recovery rates and rates of collec-
tion. A key objective in designing water instruments is to provide water users and 
managers assurance regarding the actions of others within the irrigation project. 
Without the appropriate institutional setting, it will be diffi cult to effectively use 
different economic instruments, such as water prices, taxes, quotas, or markets, 
to improve the fi nancial sustainability of water projects.

Keywords: Cost recovery; Economic instruments; Financial sustainability; 
Institutional arrangements; Water pricing

1 Introduction

One of the keys to sustainable water systems, particularly irrigation, is the 
fi nances to support and maintain water delivery and its associated drainage or 
disposal system. Historically, the lack of adequate fi nances has resulted in inad-
equate system operation and maintenance (O&M) and caused many water sys-
tems to be built with inadequate delivery and control structures and, in many 
cases, no facilities for drainage and wastewater disposal. The end result has been 
projects that decline rapidly in their ability to provide adequate and timely water 
service. After a number of years, many irrigation projects face declining irrigated 
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acreage as waterlogging and salinity problems force agricultural land out of pro-
duction (Ward, 2002, pp. 107–108). Thus, once it has been determined that it is 
appropriate to build, and benefi ts are estimated to exceed costs of an irrigation or 
water project of a given size and design, we need to determine how to appropri-
ately fund the project over time. The key questions we will try to address in this 
chapter are what share of project costs can reasonably be paid by different groups 
of water users and how this share can be effectively collected on a sustainable 
basis.

Setting up a system that will provide sustainable funds for water projects, 
including the necessary drainage and water disposal infrastructure, will involve 
establishing effective institutional arrangements to support efforts to collect water 
charges from users. Institutions can be thought of as the “rules of the game” while 
the “players or groups of players” are the organizations, fi rms, and individuals 
using, operating, and managing the systems (North, 1990). Institutions are impor-
tant in structuring incentives as well as providing order and predictability, particu-
larly regarding the actions of others. Livingston and Garrido (2004, p. 25) argue that 
institutions are important for effective water management. “Institutional arrange-
ments are critical in creating incentives because they (1) defi ne who has access to 
water resources, (2) establish the range of (legal) options open to legitimate water 
users, and (3) determine who can claim income from water use and who will bear 
the costs of water use.” Thus, effective institutional arrangements will need to be in 
place to have sustainable fi nances and to sustain water systems in general.

The remainder of the chapter will start with a brief description of the institu-
tional framework used in the analysis. This is followed by a section dealing with 
fee collection and the determination of how much users should pay. Next, is a 
discussion of water pricing mechanisms, followed by examples of projects where 
new institutional arrangements have helped improve cost recovery from users, 
resulting in improved sustainability of irrigation systems. This leads to a section 
that suggests how the institutions can be combined to provide a stable source of 
funding for O&M and a more sustainable irrigation system. The fi nal section 
provides a brief conclusion.

2 Institutional setting

A good way to think about institutions and how they infl uence outcomes is to use 
Williamson’s (2000) four levels of nested institutions (Figure 1). They include, 
fi rst, the informal institutions such as social norms, customs, and religion, which 
change very slowly. These norms and customs constrain or enable what can 
be done at the other three levels. For example, strongly held customs or values 
regarding open access to water and free public services may have a large impact 
on who gets water and how much, if any, they pay. It may prevent or make it diffi -
cult to establish private property rights for water or its use and to introduce water 
markets. Also, values or beliefs concerning the environmental services provided 
by water will strongly infl uence an area’s efforts to reduce water pollution.
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The second level of institutions is the formal rules of the game or the policies 
that guide water use and allocation. To make changes at this level will usually 
take several years to over a decade. For example, if you want to establish a water 
market, one of the needed changes is to establish and allocate water rights or use 
rights to individual water users. As noted above, such changes in property rights, 
laws, or policy can be diffi cult to make. Existing systems are usually changed 
only after a number of years of hard negotiation and bargaining or after a sig-
nifi cant change in a country’s economic policy that favors markets as happened 
in Chile in the 1980s (Hearne & Easter, 1995). The content of water policies and 
water laws is addressed at this level, including the question of whether water can 
be sold separately from land and, if it can, what end uses it can be sold for outside 
of agriculture. In terms of fi nancing water systems, it is this level where water 
policies are crafted that specify who pays for water projects and their operation, 
as well as any rules regarding the discharge of drainage water. These latter rules 
can be critical for the sustainability of irrigation systems facing potential water-
logging and/or salinity problems.

Level three focuses on governance structures for transactions. This is the level 
where decisions are made concerning the mechanism for allocating water, for 
example, hierarchy versus markets or contracts. In other words, do water manag-
ers, every year, decide who gets water or is this determined ahead of time by water 
rights or contracts? There will also be concerns about mechanisms for enforcing 
water allocations and resolving confl icts that are likely to arise over time. The 
complexity of the governance structures will increase as water scarcity and its 
value rise and confl icts accelerate. Yet the structures will be constrained to a 
signifi cant degree by past institutions or what economists call path-dependency. 
In Valencia, Spain where water is scarce the water court meets every Thursday 

Level 2 - Institutional
environment, legal system

Level 3 - Governance structures,
contracts 

Level 4 - Market supply and
demand, prices

Level 1 - Socially embedded
norms, customs, religion   

Figure 1:  Levels of institutional analysis. Adapted from Williamson, O.E. 2000. 
The new institutional economics: taking stock, looking ahead. Journal 
of Economic Literature, 38(September): 595–613.
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on the church steps to resolve any water disputes. The past experiences Valencia 
has had in providing irrigation under scarce water conditions clearly infl uenced 
its choice of governance structure. A good experience in providing such collec-
tive good makes governance easier. In contrast, a bad experience with coopera-
tives or other user-run organizations may make user-based governance structures 
very diffi cult to establish. Birner and Wittner (2004) argue that the most effi cient 
forms of governance and their structure and complexity will depend on water 
scarcity and other characteristics of the resource, including the water infrastruc-
ture put in place and the social and political characteristics of a country.

The fourth or fi nal level of institutions falls in the domain of neoclassical 
economics where governance is ignored and the emphasis is on the fi rm as a 
production unit. The fi rst three levels of institutions are generally assumed to 
be fi xed and treated as exogenous constraints. At this stage, questions are raised 
regarding the fi rm’s or water user’s ability to pay for water and how water charges 
or fees may change water use or the adoption of new water-saving technology. 
Level four institutions are very important in determining the actual level of water 
charges paid by different types of water users and the services provided to them 
by the water system. (See Easter & McCann, 2009 for a more detailed discussion 
of water institutions.)

3 Financial failures in public irrigation

Traditionally, both developed and developing countries have found it diffi cult to 
establish a sustainable source of funding for operating and maintaining their irri-
gation systems and, more generally, their water projects. In his 1995 study, Jones 
(1995) illustrates how cost recovery and charges for irrigation water have been a 
problem for decades. In many countries, less than 20% of the cost of irrigation 
projects has been recovered from water users (Easter & Liu, 2007). This is the 
result of poorly designed collection rates and practices combined with relatively 
low water fee levels. The end result has been a large public subsidy for water 
users, particularly irrigators.

There are many reasons for this poor record of cost recovery in public irriga-
tion projects. Although the reasons vary somewhat among countries and indi-
vidual projects, Easter and Liu (2007) list some of the most important ones. They 
are listed below in no particular order of importance and not all are likely to be 
a problem in each fi nancially strapped water project. “(1) no link between fees 
collected and funds allocated to a given water project, (2) lack of water user par-
ticipation in planning and management of projects, (3) poor communication and 
lack of transparency between water users and management, (4) poor delivery of 
water services (timing, duration, and quantity are inadequate), (5) no penalties 
for managers and staff who provide poor service, (6) no penalties for water users 
who do not pay water charges, (7) low priority given to fee collection, effi cient 
water use, or system O&M, (8) inappropriate infrastructure design and technol-
ogy to effectively manage water system, and (9) corruption among offi cials and 
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those collecting water charges.” Easter and Liu (2007) go on to make it clear that 
the basic underlying causes for the poor cost recovery stem from “the collective 
good nature of water projects, combined with open access to water resources, the 
principal-agent problems, and rent-seeking activities of water offi cials. It also can 
be thought of as an assurance problem: assurance for managers concerning what 
water users will do and assurance for water users concerning what water manag-
ers and their staff will actually do as opposed to what they say they will or can do 
given the existing project design and technology (Easter, 1993).”

Another part of the problem stems from the fact that many times no one thinks 
about sustainable fi nances early enough in a project’s development. During the 
planning stage, and before the project is built, decisions need to be made that pro-
vide an effective means for fi nancing O&M. As part of this fi nancial planning, it 
should be determined what share of the costs should be paid by water users and 
how the cost should be allocated among the various users, for example, irrigators, 
hydropower users, domestic water users, commercial and industrial water users, 
and those protected from fl oods. The allocation of costs is an important issue 
because many water projects are multipurpose, particularly those in Asia where 
90% of the dams for irrigation are multipurpose. There is also a good argument 
to be made that some of the water project costs should be allocated to consumers 
who benefi t from the lower food costs due to irrigation, particularly in developing 
countries. In fact, if commodity markets are localized, the increased crop produc-
tion, due to irrigation, may mean farmers receive only modest increases in net 
returns because of the drop in commodity prices caused by increased production 
in the irrigated area. Yet many times decisions have been made to allocate farm-
ers most of the project costs to be recovered, since they receive much of the water. 
A better allocation of project costs might be based on who receives direct project 
benefi ts or who gets direct and indirect project benefi ts combined. Easter and Liu 
(2007) show that it makes a signifi cant difference. For example, if the costs to be 
recovered are allocated based on water delivered in the Sriram Sagar Project in 
India, farmers must pay 95% of the costs (Table 1). If the costs are allocated based 
on direct benefi ts, farmers only pay 88% of the costs (Easter, 2003). The percent-
age of cost allocated to farmers would drop even more if the allocation was based 
on direct and indirect benefi ts. The cost allocated to farmers would probably drop 
to something less than 75%. In contrast, two other multipurpose projects in Andhra 
Pradesh, India would still have over 90% of their costs allocated to irrigation 
even when costs are allocated based on direct benefi ts (Table 1).

Once a reasonable allocation of costs has been decided on, the next ques-
tion is, what economic instruments can be used to effectively collect the water 
fees necessary to cover the allocated costs? An equally important question that 
needs to be addressed at the planning stage is, what are the critical institutional 
arrangements that need to be in place, which will help make the fee collection 
effective? This is important because the design of the project infrastructure may 
well place limits on the institutional options that are feasible as will existing insti-
tutional arrangements. In many cases, work has to start on implementing new 
institutional arrangements before project construction starts. This is particularly 
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true if water rights or new governance arrangements are to be introduced to help 
allocate water and collect fees.

4 Economic instruments

The approach one selects for charging water users will depend a lot on what insti-
tutions already exist and the size of the project in terms of both hectares irrigated 
and the numbers of farmers actually served. For large projects in developing 
countries serving a large number of farmers, but with limited farmer participa-
tion, area-irrigated-based fees have generally been used. The problem is that 
there is no relationship between what farmers pay and the amount of water they 
receive. This also means that water charges fail to create incentives for farmers 
to use less water. A better alternative may be to vary the charge by type of crop 
grown with higher per hectare water charges for crops such as rice and sugarcane 
that use more water. In some cases, water charges might be varied based on the 
irrigation technology used. If farmers adopt improved irrigation technology such 
as sprinkler irrigation, which distributes water more uniformly across the fi eld 
than does fl ood irrigation and uses less water per hectare, they would be charged 
a lower water fee per hectare.

Table 1: Alternative cost allocation for three water projects in Andhra Pradesh,
 India.

Cost allocation for three consumptive uses based on water delivery

Three water 
projects

Domestic water 
supply (%)

Industrial (%) Irrigation (%)

Nagarjunasagar 2 0 98

Tungabhadra 1 4 95

Sriram Sagar 2 3 95

Cost allocation among three projects based on direct benefi ts

Three water projects

Purpose or use Sriram Sagar (%) Nagarjunasagar (%) Tungabhadra (%)

Irrigation 88.1 94.3 91.3

Hydropower  3.0  4.0  4.2

Domestic  3.0  1.6  2.1

Industry  4.3  0.1  2.3

Fisheries  1.6  0.1  0.1

Source: World Bank, 2003b. The Incidence of Canal Irrigation Subsides in India, Annex, 
South Asia Rural Development Unit, The World Bank, Washington, D.C., p. 57.
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For smaller projects, particularly in more developed countries that face high 
water demands relative to supply, we need to be moving toward volumetric-based 
water charges. With recent improvements in technology, arguments that water use 
or delivery is hard to measure are no longer very convincing. The big issue may be 
the infrastructure cost, but as Easter and Liu (2007) discussed, even this may not 
be a true constraint today in areas facing severe water scarcity, given the new tech-
nology available (see Wang & Lu, 1999). Volumetric-based water charges have 
two clear advantages. First, farmers are charged based only on the quantity they 
receive. Second, it gives farmers an incentive to not overirrigate and to conserve 
water, since if they use less, they pay less. This, of course, will require not 
only water measurement and appropriate infrastructure but also effective staff to 
manage water deliveries.

Block water charges or prices can also be used with volumetric-based fees as a 
means to provide a minimum amount of water at low prices while charging much 
higher prices for levels of use exceeding a set volume of water use per hectare (see 
Figure 2). This type of charge has several benefi ts. First, it gives water manag-
ers at least three instruments to change cost recovery: the levels of the fi rst and 
second block charges and the quantity at which the second block charge or price 
starts (e.g., 3,000�m3�ha–1 versus 4,000�m3�ha–1). Second, the last block charge 
can be set at the marginal cost (MC) of new water supplies. The charge based on 
MC will encourage farmers to conserve water and use it effi ciently. Finally, the 
higher charges will have less of an adverse impact on farmers’ income since they 
are only charged higher rates for the units of water used beyond the fi rst block. 
Of course, in many surface water irrigation systems impacts on farmers’ income 
may not be a critical issue since water fees usually do not represent more than 
2–7% of farmers’ net income (Cornish & Perry, 2003).

Price
($ m�3)

$2

$1

0
3,000 m3 ha�1

Figure 2: Pricing schedule for irrigation water.
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A two-part charge can also be used, combining volumetric charges with a 
fi xed charge. Such a system of charges may be necessary if water availability var-
ies a lot from season to season and/or from year to year. The fi xed charge allows 
water managers to obtain a basic amount of funding even in years of low water 
supplies when many farmers do not receive much water. If water charges were 
only based on volumetric charges, then in the years of low supplies the volumetric 
charges might have to be very high to cover project costs. The two-part charge 
for water also recognizes that there is a large fi xed component in O&M that does 
not depend on the amount of water delivered. These costs need to be paid even if 
little or no water is delivered.

A fi nal option is to introduce a water market. This could be in addition to 
water charges for O&M. If farmers are allowed to trade water, this will improve 
allocation effi ciency by increasing water’s value to farmers and shifting water 
to its highest valued uses. In turn, this would increase the user’s ability to pay 
since water would be used to produce higher valued crops and/or provide income 
directly through water sales. As discussed above, the introduction of markets 
would require a number of key institutions, including a water law that allows the 
sale of water independent of land and specifi es how disputes over water rights 
will be resolved. In addition, a court or council should be established to resolve 
disputes over water rights and third-party effects.

5 Institutions to improve cost recovery

One good measure of the success of a water system in sustaining its fi nancial 
base is to look at the collection rate from its water users. In many systems, only 
10–60% of the users pay their fees (Easter & Liu, 2005). Table 2 lists eight irriga-
tion projects that have been quite successful in obtaining high rates of fee collec-
tion, with half reaching 100%. In addition, with their improved system of water 
charges, four systems reported signifi cant water savings (Table 3). Using the 
projects listed in Tables 2 and 3 as examples of successes in sustaining fi nances, 
what institutions were important in their success? There are several key institu-
tional arrangements that have helped these systems move closer to fi nancial sus-
tainability. Institutions do this by helping to correctly align incentives. First, a 
country needs to be able to legally establish water management entities that are, 
primarily, fi nancially autonomous from government. This helps create an impor-
tant set of incentives for water management that will foster improved collection 
rates. Second, a law is needed that allows users to organize legally into water 
user associations (WUAs) and participate in management decisions regarding 
the water allocation. If possible, WUAs should have some authority to allocate 
water among users and authority to tax them. Through active participation, 
water users will establish a closer working relationship with management that 
will help increase system transparency and accountability, which, in turn, will 
improve users’ willingness to pay their water fees. To be effective, WUAs have 
to be given some authority and important management functions so that they 
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Table 2: Factors infl uencing fee collection rate.

Cases
Financial 
autonomy

Incentives 
to collect

Incentives to pay

User 
participation

System 
transparency

Collection rate 
(%)

Penalty for 
nonpayment

Improved 
irrigation 
service

Awati, China Yes Yes N.A. N.A. Yes N.A. 98

Bayi Irrigation 
District, China Yes Yes Yes Yes Yes Yes 100

Nanyao Irrigation 
District, China Yes Yes N.A. N.A. Yes N.A. 95

Shangdong, China N.A. N.A. Yes Yes N.A. Yes 100

Gujarat, India Yes Yes Yes Yes Yes N.A. 100

Haryana, India Partly N.A. N.A. Yes N.A. 85–85

Mexico Yes N.A. Yes Yes Yes N.A. 90

Alto Rio Lerma, 
Mexico Yes Yes N.A. Yes Yes Yes 100

N.A. Not available; 1�mu = 0.067�ha.
Source: Easter, K.W. & Liu, Y. 2007. Who pays for irrigation: cost recovery and water pricing? Water Policy, 9: 285–303.
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Table 3: Factors infl uencing water use effi ciency.

Cases
Increase per 
unit price

Switch to 
volumetric 
metering

Pricing 
structure

Water-
saving 
technology 
availability

Assurance 
of water 
delivery

Education

Annual saving
Public 
awareness

Technical 
assistance

Awati, China Yes Yes
Increasing 

block
N.A. N.A. Yes N.A. 50�m3�mu–1

Shangdon, 
China

N.A. Yes Volumetric N.A. Yes N.A. N.A. 5 B�m3

Yangtze 
basin, China

N.A. Yes Volumetric N.A. Yes Yes N.A.
1.18 M�m3 in 

WUA

Katepurna, 
India

N.A. Yes Volumetric Yes Yes Yes Yes 7.71 M�m3

Source: Easter, K.W. & Liu, Y. 2007. Who pays for irrigation: cost recovery and water pricing? Water Policy, 9: 285–303.
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can, and will be, active participants. WUAs need to feel a “sense of ownership” 
in the water projects (Ward, 2002, p. 102). Too many times, WUAs have been 
constituted and given only limited responsibilities, such as contributing “free” 
labor, but no authority or “ownership.” This is why a number of WUAs have not 
improved the sustainability of their irrigation systems (Zekri & Easter, 2007).

However, if WUAs are given adequate authority over system management, 
labor contributions by members can be used as a partial substitute for higher 
water charges and help reduce fi nancial constraints. This has been done with lim-
ited success in irrigation systems serving small-scale farmers with limited cash 
income. Paying a share of their water fees with labor can be particularly effective 
if system maintenance can be done during periods when farm families are likely 
to have surplus labor. If done right, WUAs can effectively reduce their fi nancial 
resource requirements through members actively participating in system O&M.

Why is it that establishing fi nancial autonomy and active user participation 
improves the sustainability of irrigation projects in terms of both their opera-
tion and fi nances? The fi nancial autonomy changes several important incentives. 
First, the fees collected from users go to the project and do not go back to the state 
or federal treasury where they would be commingled with other tax returns. In 
other words, if you do not pay your water fees, it will have an impact on “your” 
project’s ability to deliver water. That is not the case in many countries such as 
India where the revenue arm of the government collects or tries to collect the water 
charges, which then go to the federal or state treasury. In such cases, irrigators 
do not see any relationship between what they pay and the service they receive 
from their irrigation system. Over time, without enough funding for resources to 
operate and maintain a project, it will deteriorate rapidly and the sustainability of 
the irrigation project will be at risk.

The Yangtze Basin Water Resource (Yangtze) Project in China is a good 
example of an effective water management entity that is fi nancially autonomous. 
It also requires direct involvement of WUAs in water management decisions. This 
has helped increase crop yields and saved signifi cant amounts of water (Table 3). 
The fi nancial autonomy created a second important incentive: to save water. The 
Yangtze basin authority invested in upgrading its water delivery infrastructure 
so that it could reduce water losses and save water. This gave the basin authority 
more water to sell, which increased their cost recovery (Lin, 2003).

Financial autonomy means that subsidies from government are not available 
and they must rely on fees collected from users to cover O&M costs. This is another 
important incentive. Now the water management entity will want to create condi-
tions that result in good collection rates from water users. As a result, management 
will employ several different strategies. One is to use strictly enforced penalties 
for those who default on payment. For example, in the Bayi Irrigation District, 
irrigation water was denied to those who defaulted (Johnson et al., 1996). A second 
strategy is for the management entity to give awards or penalties to encourage staff 
to achieve higher rates of collections. In Awati, China, they made staff salaries 
completely dependent on water charges and collection rates reached 98% (Awati 
County Government, 2002). The Bayi Irrigation District achieved 100% collection 
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rates by combining user penalties with staff rewards for turning in collected fees 
by a deadline and fi nes for any late payments (Johnson et al., 1996).

In terms of user participation, it is benefi cial to get them involved early in the 
process of project design and building. This is particularly true for project reha-
bilitation where farmers are expected to repay the costs or contribute labor. This 
makes the decision-making process more transparent and increases users’ will-
ingness to pay for improvements. The Laur Project in the Philippines provides 
one example where the WUAs were able to review the rehabilitation proposal 
before it was implemented. Coward (1980) found that this improved the project 
design and the users’ willingness to pay.

Finally, a water management entity that is fi nancially autonomous has an 
incentive to provide users a good service. This will not only give users more rea-
son to pay their fees but also increase their ability to pay. Better irrigation service 
should result in increased yields as it did in the Yangtze and Katepurna Projects 
and even make it possible to grow higher valued crops. Both should increase 
farmers’ incomes and ability to pay for the water.

Another more dramatic way to increase user participation and create manage-
ment incentives has been irrigation management transfer (IMT) to the users. This 
strategy has had mixed results partly because of what management was actually 
transferred and the condition of the infrastructure at the time of the transfer. Sev-
eral of the transfers have gone well (Kloezen et al., 1997) while others have not. 
As Zekri and Easter (2007, p. 573) found, IMT tended to be “successful where 
farmers had their water rights established, farms were medium and large scale 
with good access to markets and the government had a strong willingness to 
empower users.” In contrast, programs that emphasized only farmer participation 
with no decision-making authority over water allocation were not very success-
ful. In other words, farmers need to perceive some clear benefi ts from participa-
tion and taking over the extra work and responsibility. Again the incentives need 
to be aligned by having the benefi ts to farmers exceed their costs.

6 Supporting institutions

Too many times the focus is only on the technical or engineering side of irriga-
tion projects. Of course, the engineering aspects of a project are important and, 
in a technical sense, determine the type of irrigation that is possible. What have 
been left out are the institutional arrangements that provide the restrictions and 
incentives to encourage appropriate human actions. These institutions will deter-
mine who actually has access to the irrigation, who can claim income from the 
water, and who will bear the cost of water use. As Livingston and Garrido (2004) 
point out, the allocation and allotment of water will depend on the institutional 
arrangements that establish the rules for water use and the payment for this use.

Some of the institutions that are critical for sustainable fi nancing of irrigation 
project have been discussed above. These include the legal institutions that allow 
fi nancial autonomous water management entities to be established and effective 
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WUAs to be created. It is also becoming clearer that water users need some types 
of water rights that can give them assurance regarding when and how much water 
they will receive during the crop season. These might be outright water rights 
that can be traded either permanently or temporarily, or water use rights that 
have a set life span, for example, 30–99 years. Another option that establishes the 
right incentives is a water contract, between farmers and the water management 
entity, that is enforceable and clearly specifi es the amount and timing of water to 
be delivered to farmers. This was one of the keys to the success of the improved 
irrigation project in Katepurna, India where they have been saving 7.7 million m3 
of water annually and expanded the area irrigated by 80% (Table 3). Overirriga-
tion in the wet season was greatly reduced since the farmers no longer had to store 
irrigation water in their soil during the wet season so that it would be available to 
grow crops in the dry season. They now have a contract assuring them water for 
the dry season (Belsare, 2001).

As part of any institutional arrangement that establishes farmers’ rights to water, 
it is important to have a clear mechanism for allocating the rights. For existing sys-
tems, this is not as diffi cult a question as it is for new systems. In Chile when they 
established water rights in 1981, the consumptive use rights were allocated based 
on past water use. This turned out to be fairly equitable since most irrigated land 
holdings were relatively small, 50 ha or less, and widely distributed among farmers 
in the irrigated areas (Hearne & Easter, 1995). It is a more diffi cult question for 
new irrigation projects. If the area to be irrigated is already farmed, then past land 
ownership usually has to play a signifi cant role in the allocation of water rights. Yet 
some, or even all, of the water rights could be auctioned off, particularly in devel-
oped countries. Another option is to limit the water any one person can receive or 
the area they can irrigate. For example, the US Bureau of Reclamation, which has, 
in the past, funded irrigation projects in the US West, has tried to limit the acres one 
person can irrigate from a reclamation project to 160 acres or 65 ha. This restriction 
was never very effective particularly in California even after the 160 acres acreage 
limit was increased sixfold in the 1980s (Wahl, 1989, Chapter 4).

You also need an effective local system for enforcing water use rules and 
water rights. In more developed countries, this might be the court system, a water 
agency, a WUA, or some combination of the three. For example, in Chile, WUAs 
play a major role in the operations of local systems. In less developed countries, 
such as China, the village leadership is likely to play a much larger management 
role. In some cases, the village leadership makes it diffi cult to establish other 
methods of managing water by essentially running any WUA. This is a case 
where existing organizational and institutional arrangements limit what you can 
do in managing the irrigation project and how you can do it.

Another important set of institutional arrangements that need to be in place 
to improve fee collection is mechanisms to make the process of setting water 
charges more transparent. If the charges are based on the cost of O&M, as they 
are in many cases, then users need to know how the costs are calculated and what 
costs are to be included. This knowledge can help reduce the fear among some 
water users that the fees will just be used to enrich the water managers and their 
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families. You do not want water users thinking that an increase in water charges 
will be used to buy new jewelry for the water manager’s wife.

Finally, institutional arrangements are needed that foster the establishment 
of village councils or boards that can review the record of farmers who are not 
paying their water fees. This review can serve two important purposes. First, the 
council can determine if there are circumstances that make it diffi cult for some 
farmers to pay their fees such as crop failure. In such cases, the council can then 
decide to forgive some or all of the farmer’s delinquent fees. Second, they can use 
the review as a time to make public in the villages who is not paying their water 
fees. Finally, the council could also be responsible for addressing any farmer’s 
complaints raised about management of the WUA.

7 Conclusion

This chapter emphasizes the importance of institutional arrangements in success-
ful irrigation and focuses on those institutions that are critical to a water project’s 
fi nancial sustainability. Williamson’s (2000) four levels of institutions are used 
to show how institutional arrangements at these different levels can guide water 
use and facilitate the process of determining who should pay for the water. 
A well-constructed irrigation system only assures that water can be delivered, 
not that water will be delivered and used effectively or that it will be fi nancially 
sustainable.

Based on past projects that have been successful in maintaining high rates of 
fee collection from their users, several institutional arrangements appear to be 
critical. One is for the management or operating entity to be fi nancially autono-
mous from government. This creates a set of incentives for management that 
focus on good service, accountability, and the importance of fee collection. If 
the farmers are going to pay for the irrigation, they want some assurance that the 
service will be timely and dependable. One set of institutional arrangements that 
increase these assurances for farmers are water rights or water use rights. There 
is also a possibility that a similar assurance can be achieved through establish-
ing contracts between management and water users regarding water delivery and 
payment schedules. The trick is to make these contracts transparent and binding 
on all parties.

Another set of institutional arrangements that will be important in maintain-
ing high levels of fee collection are those that improve communication between 
management and water users. Here, WUAs that are given authority along with 
responsibility for management can play a key role. They can also be important in 
making the process of determining and setting water charges more transparent 
and in helping establish mechanisms to deal with farmers who default.

Finally, fi nancial sustainability of a water system is critical for the overall 
sustainability of the system. Adequate fi nances will allow the system to be built 
in a timely manner with adequate control structures and drainage. Financial sus-
tainability will provide the funding necessary for effective system management 
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and maintenance over time. Third, it will enable management to employ staff that 
enforces the rules for water use and allocation. This will give water users assur-
ance that the rules will be followed by the other users. Finally, a strong fi nancial 
position will allow a water management entity to adequately compensate its staff 
so that the incentives to seek bribes are signifi cantly reduced.
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Abstract

Water security exists when adequate water of appropriate quality is available 
for both human and environmental needs. Food security exists when all people 
have access to suffi cient safe, nutritious food to meet their needs. Water secu-
rity and food security are intimately interrelated because attempts to increase 
food security can compromise water security, for instance, when irrigation leads 
to degraded aquatic ecosystems. In an important shift in thinking, there now 
is widespread acceptance of the fact that technological solutions alone will not 
solve food and water security problems. Instead, it is necessary also to address 
the root causes of food and water insecurity, many of which relate to mismanage-
ment, inappropriate policies, and weak governance. The concept of governance 
refers to the ways in which decisions that affect water are made, who is involved 
in making those decisions, and how power is distributed in society. This chapter 
explores links between water security, food security, and governance. A case 
study of the water governance in the Murray–Darling Basin is used to illustrate 
important considerations, including the changing roles of individuals, communi-
ties, and corporations in water governance in this region.

Keywords: Food security; Water governance; Water security

1 Introduction

Food security is a concern for individuals, communities, countries, and regions. 
According to the Food and Agriculture Organization (FAO) of the United Nations, 
food security exists “when all people, at all times, have physical, social and eco-
nomic access to suffi cient, safe and nutritious food to meet their dietary needs and 
food preferences for an active and healthy life” (FAO, n.d.). Given that an estimated 
923 million people around the world suffered from chronic food defi cits in 2007, 
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a number that grew by 80 million since 1990–92 (FAO, 2008), food security 
clearly is a pressing humanitarian crisis.

Water quality and availability are important contributors to food security 
(United Nations World Water Assessment Programme (WWAP, 2006)). For 
instance, clean water and sanitation contribute directly to food security through 
their impacts on human health. Contaminated drinking water, inadequate sani-
tation, and poor hygiene result in a cumulative “disease burden” in the form of 
malnutrition, injuries, disabilities, and reduced capabilities (Prüss-Üstün et al., 
2008). An important outcome of this disease burden is a decreased ability of peo-
ple to grow their own food and to care for themselves and their families (World 
Health Organization (WHO, 2009).

This book focuses on sustainable irrigation. Thus, the links between water 
availability and food security are a particular concern. Approximately 17% of the 
world’s cropland is irrigated, and this land produces over one-third of the food and 
fi bre grown globally (Oster & Wichelns, 2003). Refl ecting the increasing impor-
tance of irrigation, there has been a fi vefold increase in irrigated cropland relative 
to the beginning of the 20th century (Rosegrant et al., 2002). Further expansion 
in the amount of land irrigated is likely in the future, with the bulk occurring in 
developing countries where population growth and demand for increased food 
production are the strongest (WWAP, 2003). Unfortunately, serious concerns 
exist regarding the ability of the world’s water resources to meet new demands 
for irrigation. Globally, water withdrawals for irrigation are estimated at approxi-
mately 70% of total withdrawals, making agriculture by far the largest user of 
water on the planet (WWAP, 2003). Water withdrawals for domestic purposes, 
industry, and livestock are expected to increase by at least 50% by 2025, signifi -
cantly reducing the amount of water available for expanded irrigation (Rosegrant 
et al., 2002). Much of the expected future demand for water in support of agricul-
ture will come from transboundary basins (Appelgren & Klohn, 1997), meaning 
that countries depending on these water resources must fi nd ways to share them 
equitably. At the same time, concern for the impacts of water withdrawal on eco-
systems is increasing (Dyson et al., 2003). Thus, water resources that in previous 
decades might have been considered available for human use are now being seen 
as necessary for the maintenance of aquatic ecosystems.

The issues discussed in the previous paragraphs are thoroughly documented in 
numerous studies and reports produced by a host of organizations, including the 
FAO, the WWAP, and the WHO. In other words, there is nothing novel in the asser-
tion that food security is determined in part by water quality and availability. How-
ever, there are two important themes in recent literature that do represent a shift in 
thinking, and which are pertinent to this book. First, there is growing concern for 
the extent to which attempts to increase food security can compromise water secu-
rity. The impacts of agricultural production on water quality and quantity have 
long been recognized in the water fi eld. To illustrate, it is well understood that in 
many parts of the world irrigation practices have resulted in lowered groundwa-
ter levels, salinization of soils, reduced water quality, alteration and regulation of 
natural watercourses, and reduced surface water availability (Dougherty & Mody, 
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1995; Rosegrant et al., 2002). Nonetheless, clearer recognition of this concern in 
the food security literature is an important development. Second, and more impor-
tantly, now there is widespread acceptance of the fact that technological solutions 
alone will not solve food and water security problems. Instead, it is necessary also 
to address the root causes of food and water insecurity, many of which relate to 
mismanagement, inappropriate policies, and weak governance.

Governance is recognized as a critical concern in the contemporary water lit-
erature, but the term itself has many meanings. Easter and McCann (this volume) 
adopt the perspective of Williamson (2000) and view governance as the realm in 
which decisions are made in the context of higher level institutions that defi ne 
the rules of the game. In this chapter, we adopt a perspective on governance that 
refl ects broader considerations relating to the ways in which decisions are made, 
who is involved in making those decisions and how power is distributed in society. 
Governance, we argue, is a key determinant of the extent to which water security 
exists, and water security shapes, and is infl uenced by, food security. These rela-
tionships are explored in this chapter, with particular reference to irrigation. In 
the next section, we explore the nature of water security and link this concept to 
irrigation. This is followed by an overview of the importance of governance for 
water security. A case study—irrigation and water management in Australia—is 
used to illustrate the importance of these relationships.

2 Water security and irrigation

The concept of “water security” entered the language of the water fi eld in the 
early 1990s, in the context of water scarcity and the perceived need to increase 
water supplies (Witter & Whiteford, 1999). Water security is now a common con-
cern in the international water literature, in large part because of the Ministerial 
Declaration of The Hague on Water Security in the 21st century in 2000, and the 
Global Water Partnership’s (GWP, 2000) promotion of the term. In its numerous 
variants, the concept of water security is relatively straightforward. When coun-
tries, regions, communities, industries, or individuals lack access to adequate 
supplies of water of appropriate quality, they lack water security. Thus, poverty 
and water security are inextricably linked in many places (WWAP, 2003). At 
the same time, though, water security is also linked to environmental quality. 
The GWP’s (2000) defi nition of water security, for example, suggests that human 
needs must be balanced against the needs of aquatic ecosystems. For purposes of 
this chapter, we suggest that water security exists when suffi cient 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 Loë et al., 2007).

As suggested above, water security directly shapes food security. This refl ects 
the fact that in most ways in which water is used in agriculture, it is not substitut-
able. For instance, animals require water of acceptable quality in order to live, 
and plants require suffi cient water of appropriate quality to grow and produce a 
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harvest. When water is not available for livestock in natural watercourses, it must 
be provided by the producer. During times of water scarcity, livestock producers 
may be able to truck water to their animals or move their animals to water sources. 
However, their ability to do so depends, of course, on the availability of access 
rights to water supplies, or land with water supplies, and the availability of equip-
ment and resources needed to move water to animals, or animals to water.

In plant agriculture, options are even more constrained. Where precipitation is 
not suffi cient to meet the moisture needs of crops, irrigation can be a way to increase 
food security (WWAP, 2006). However, whether irrigation is feasible in a particular 
place depends on a host of considerations discussed in this book, including land and 
soil that are irrigable; water supplies in surface water bodies or aquifers; physical 
and legal access to those supplies; adequate infrastructure, technologies and skills; and 
appropriate institutions.

As these examples demonstrate, the link between food security and water 
security is quite complex. Irrigation can increase food security, but it can also 
increase food insecurity if the water resources themselves are not secure, for 
example, where groundwater resources are over-allocated, or where the source 
of water is a transboundary watershed in which competition occurs between 
sovereign jurisdictions sharing the resource (WWAP, 2003). Simultaneously, 
as a sector that withdraws and consumes vast amounts of water from surface 
water and groundwater sources, and also contributes to degraded land and water 
quality, irrigation itself is an activity that can compromise both water and food 
security. Therefore, it is essential that irrigation be viewed in a larger context, 
and that these kinds of links and relationships be addressed through effective 
governance.

3 Governance and water security

Modernization of irrigation systems is occurring throughout the world through 
upgrading of infrastructure and through improvements in water use effi ciency and 
productivity in agriculture. This is being accomplished with technologies such 
as drip irrigation and laser-levelling, and through procedures such as improved 
irrigation scheduling—measures that permit application of water in the optimum 
quantity and timing for crop development (Oster & Wichelns, 2003). Measures 
such as these are an important part of any strategy designed to use water more 
effi ciently and to adapt to scarcity. However, as pointed out by both Young and 
McColl and Nicol et al. (Chapters 5 and 13 in this book), increased water use 
effi ciency can also threaten water security as it infl uences return fl ow and thereby 
supply for downstream users and in-stream needs. Hence, technology alone will 
not be enough to address the kinds of water security challenges that are being 
faced today. Therefore, considerable attention is also being paid to adapting insti-
tutional arrangements and irrigation policies in order to change the focus from 
developing new water supplies to a more holistic approach that considers agri-
cultural productivity and market conditions. Reform of water allocation systems 
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and increased use of economic instruments is seen as a priority in these efforts 
(Bjornlund, 2003; Dinar & Mody, 2004; Young & McColl, 2008).

Technological and institutional improvements within the irrigation sector are 
important contributors to its long-term viability. To the extent that they lead to 
more effi cient water use and reduced impacts on land and water resources, they 
may also contribute to water security. However, improved practices and institu-
tions within the sector will not be suffi cient on their own to ensure water security, 
and thus the continued viability of the irrigation sector. As Bazzani et al. (2005) 
have noted, “Irrigated agriculture is currently confronted with many issues relat-
ing to its role within the overall management of water at [the] basin level”. This 
suggests that what is also required is attention to the broader factors that shape 
water security in any particular place. The kinds of factors that are important can 
be revealed by considering the specifi c problem of water allocation.

Water allocation systems are the rules and procedures through which access 
to water for both consumptive and non-consumptive uses is determined (Tarlock, 
1988). 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 infl uence economic productivity, social and cultural 
well-being, and ecosystem quality (Gleick, 1998; Warner et al., 2006). Effective, 
effi cient, and equitable water allocation systems are critical to maintaining and 
enhancing environmental quality, economic productivity, and social well-being. 
This is especially true in regions where local economies are strongly depend-
ent on irrigated agriculture (Bjornlund, 2004). The socioeconomic, cultural and 
ecological implications of water allocation are amplifi ed 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.

Table 1 draws attention to the broader factors that shape water security in the 
specifi c context of water allocation. Considerations such as these determine 
the extent to which suffi cient water of good quality is available for social, eco-
nomic and cultural uses while, at the same time, adequate water is available to 
sustain and enhance important ecosystem functions. For example, the need to fi nd 
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). Water security is enhanced when water allo-
cation 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 suffi ciently fl exible to permit the use of new ecological knowledge. Equally, 
water security is promoted by allocation rules that are clear and stable, by sys-
tems that provide information needed to make economically sound decisions, 
and by mechanisms that promote allocative effi ciency.

The extent to which many of the concerns identifi ed in Table 1 can be addres-
sed successfully depends strongly on the effectiveness of governance. As noted
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Table 1: Linking water allocation and water security.

Broad water secu-
rity consideration Specifi c concerns pertinent to water allocation

Ecosystem 
protection

• Environmental water allocation
• Monitoring and enforcement for ecosystem protection
• Creation and incorporation of ecological knowledge

Economic 
production

• Clear and stable allocation rules
•  Water allocation and related information to make 

economically sound decisions
•  Ability to reallocate water between users, sectors, 

and/or regions

Equity and 
participation

• Equity
•  Sustained and meaningful stakeholder and public 

participation
•  Mechanisms to address potential confl icts at different 

scales

Integration •  Integration between groundwater and surface water 
resources

• Integration between water quality and quantity
•  Integration between land use planning and water 

allocation

Water 
conservation

• Conservation-related charges
•  Reallocation of water to more effi cient and less consump-

tive uses
• Incorporation of water conservation practices

Climate variabil-
ity and change

•  Investments to understand impacts of climate variability 
and change

• Development and application of adaptation strategies

Transboundary 
sensitivity

•  Coordination of water allocation systems across political 
boundaries

• Respect for state sovereignty

Source: de Loë, R., Varghese, J., Ferreyra, C. & Kreutzwiser, R. 2007. Water Allocation and 
Water Security in Canada: Initiating a Policy Dialogue for the 21st Century, Guelph Water 
Management Group, University of Guelph, Guelph, ON, Canada.

in the introduction, governance is concerned with the ways in which decisions 
are made, who is involved in making those decisions, and how power is dis-
tributed in society. There are countless ways in which governance can occur in 
relation to water resources. One useful strategy for distinguishing among them is 
to consider the role of state actors versus non-state actors. Historically, the state 
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has been the dominant, if not the only, actor in many countries. Non-state actors 
such as individual water users, fi rms, non-government organizations, and multi-
lateral organizations are more recent additions to the cast. This phenomenon is 
often referred to as a shift from governments to governance (Pahl-Wostl et al., 
2008; Sonnenfeld & Mol, 2002; Kaika, 2003). It refl ects the fact that govern-
ments no longer are, and in many cases cannot be, the sole source of environmen-
tal decision-making authority (Bryant & Wilson, 1998; Plummer & Armitage, 
2007). The growing importance of non-state actors in environmental govern-
ance refl ects a host of considerations including limitations on the capacity of gov-
ernment agencies; pressure from citizens for a greater role in decision–making; 
acknowledgement of the increasing complexity of environmental management, 
and thus the need for more minds and different kinds of knowledge; and pressure 
from international funding agencies (Pahl-Wostl, 2004; de Loë & Kreutzwiser, 
2006; Armitage, 2008; Bruch, 2003).

Water allocation traditionally has been the domain of the state. Governments 
commonly have constitutional responsibility for water, and thus hold the author-
ity to defi ne the rules under which water is allocated. Even in countries where the 
state is no longer the dominant actor in water allocation, it most likely was and 
actively divested itself of that responsibility. Chile is a well-known example of 
this phenomenon. Through the 1981 National Water Code and the 1988 Constitu-
tion, Chile’s government transformed its role in water governance (Bjornlund & 
McKay, 2002; Saleth & Dinar, 2000). Legally and practically, water is now private 
property in Chile, independent of land. Under the Water Code and the Constitution, 
rights to use water are determined through the market, and allocated within and 
across sectors. Different rights exist for consumptive and non-consumptive users 
(such as irrigation and power generation, respectively). Confl icts are resolved by 
water users associations and the courts. State intervention is minimal. Governance 
for water allocation in Chile is thus widely distributed among a range of state and 
non-state actors.

The broadening of water governance beyond governments is a global trend. In 
countries such as Chile and Australia (discussed below), market-based approaches 
have been adopted wholeheartedly albeit from very different perspectives. However, 
in other places governance involves a wide range of non-state actors, but the market 
does not play a signifi cant role. For instance, in Canada, provincial governments are 
primarily responsible for water allocation, and each has devised its own system. In 
Western Canada, modifi ed prior appropriation systems are used, while in Eastern 
Canada, systems rooted in the doctrine of riparian rights dominate (except in Quebec, 
which has a separate legal tradition of civil law) (de Loë et al., 2007). Only in the 
western province of Alberta does a water market exist. Provisions exist under the 
province’s Water Act that permits temporary and permanent trades, but the market 
is relatively underdeveloped, and remains closely supervised by the government. In 
general, the economic instruments that are available are not well supported by the 
irrigation industry (Bjornlund et al., 2007).

These concerns can all be drawn together by considering again the case 
of irrigation. In most places where it is practised, irrigation is a key water 

c04.indd   47c04.indd   47 11/13/2008   10:17:28 AM11/13/2008   10:17:28 AM



48 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

user. As noted earlier, it is estimated that irrigated agriculture accounts for 
approximately 70% of global water withdrawals (WWAP, 2003). In regions 
where irrigation relies on surface water bodies, it commonly is in confl ict 
with new demands for water that have emerged, notably protection of aquatic 
ecosystems. At the same time, as noted earlier, in many parts of the world 
where irrigation is important, water has been over-allocated, soils have been 
salinized, water quality has been compromised, and natural watercourses and 
aquatic ecosystems have been disrupted. The broadening of water govern-
ance beyond governments in many countries has meant that concerns such as 
these are taken seriously—if for no other reason than the fact that citizens and 
environmental groups are no longer prepared to leave decision-making about 
something as fundamentally important as water to governments. As a result, 
in many jurisdictions the courts are being asked to resolve disputes, or to force 
governments to take specifi c actions regarding pollution, protection of ecosys-
tems, and other concerns.

These trends have signifi cant implications for the irrigation sector, specifi cally, 
and for water management, generally. Where the needs of irrigation may have been 
the primary (if not only) concern of water managers, they now must be balanced 
against broader concerns that exist at the basin level, including water security. 
In seeking this balance in regions where irrigation is a signifi cant water user, the 
following kinds of issues must be addressed:

How can demands for water from other sources, such as growing cities and 
demands for protection and enhancement of aquatic ecosystems, be met in 
catchments where extensive irrigation development exists?
What is the appropriate role of the state relative to non-state actors (individual water 
users, corporations, and non-government organizations) in water allocation?
Can effective water governance promote water security?

4  Case study: Irrigation, water security, 
and governance in the Murray–Darling Basin

Australia’s Murray–Darling Basin covers approximately 1 million km2, or just 
over 14% of the country’s total land area (Australian Bureau of Statistics, 2008). 
Five jurisdictions share the basin: four states (New South Wales, Victoria, Queens-
land and South Australia) and the Australian Capital Territory (ACT). As a case 
study for this chapter, the Murray–Darling Basin is ideal. The basin is home to 
approximately 2 million people, some 40% living in urban areas with 25,000 or 
more people, including the largest city Canberra (population 350,000) (Austral-
ian Bureau of Statistics, 2008). At the same time, the Murray–Darling Basin is 
a critical part of Australia’s agricultural economy. In 2005–06, crop and live-
stock production in the basin accounted for 39% of the total value of agricul-
tural production in Australia (Australian Bureau of Statistics, 2008). Importantly, 
65% of Australia’s irrigated land is located in the basin. Irrigated agriculture is 
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reliant on water from the basin’s rivers, and drought and over-allocation of water 
have placed enormous pressure on this resource. Refl ecting these challenges, a 
series of important water reforms have taken place since the mid-1990s, with the 
specifi c goal of enhancing water security in the basin. These reforms have trans-
formed water governance.

Historically, the various states sharing the Murray–Darling Basin have 
had very different interests and concerns. In South Australia, the main con-
cern was originally for navigation, while for the upstream states of New 
South Wales and Victoria, irrigation, settlement and food production were 
the chief concerns (Clark & Renard, 1974). These divergent priorities caused 
confl icts in early transboundary water management agreements. A conver-
gence of interests around managing and exploiting water for irrigation and 
food production occurred during the last century in all states. Environmental 
and water quality issues did not become apparent until the 1960s. Not until 
1973 were the fi rst steps taken to include these issues in the terms of reference 
of the then River Murray Commission with interim powers given in 1976. 
Not until the amendment of the River Murray Water Agreement in 1982 were 
they formally included in the commission’s mandate (Pigram, 1986; Doyle & 
Kellow, 1995).

Under Australia’s constitution, states have primary responsibility for water 
management. All the basin states created water allocation systems based on 
licences or entitlements for a defi ned period of time; in reality, these were treated 
as being in perpetuity. Entitlements were eventually defi ned in volumetric terms. 
However, access to water was defi ned each season as a percentage of the entitle-
ment depending on availability. Agricultural production varied between states, 
and thus allocation policies developed in each state refl ecting the needs of the 
major water user groups. Consequently, very different water allocation systems 
emerged. Up to the late 1990s, the situation among the three key basin states of 
New South Wales, Victoria, and South Australia was as follows:

New South Wales was dominated by the rice industry and other broad acre 
crops, with land being relatively plentiful in supply. These industries have the 
ability to expand or contract their irrigated area on a seasonal basis depending 
on water availability. Thus, large volumes of unused or partly used entitlements 
were created and seasonal allocations were set very high, leaving very little in 
the storages at the end of each season as security for next year’s allocations; as a 
result, supply security was low. Prior to the current drought, long-term seasonal 
allocations have been at 70% of entitlements.
In Victoria, the major water user was the dairy industry. This industry has a 
higher level of need for supply security to support signifi cant investments in 
permanent pastures, dairy herds, and equipment. Very low seasonal allocations 
could have long-term fi nancial effect on their production. Hence, Victoria’s allo-
cation policy has been more conservative than that of New South Wales. His-
torically and prior to the recent drought, the average allocation level has been 
160% of entitlements.
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South Australia is dominated by horticulture and viticulture with a very high 
dependence on a secure supply of water, and the potential for signifi cant long-
term losses if water is unavailable. As a result, the South Australian government 
has been very conservative in issuing new licences. South Australia was the fi rst 
state in the basin to recognize over-allocation issues, by placing a moratorium 
on the issuing of new entitlements in 1969, following the 1967/68 drought, and 
by reducing existing entitlements according to actual use in 1969, 1976, 
and 1979 (Curd & Schonfeldt, 1990).

Special provisions for joint management of the Murray–Darling Basin have 
existed since 1915 when the River Murray Waters Act was created and the River 
Murray Commission was formed to oversee construction of works on the river. New 
institutions were created in the 1980s as concern shifted from irrigation to broader 
concerns associated with water sharing. Thus, in 1983, the Murray–Darling Basin 
Act was passed, and in 1985, the Murray–Darling Basin Commission (MDBC) was 
formed. The Water Act 2007 put in place a framework for environmental protection, 
monitoring, enforcement, water sharing, and trading, and created the independent 
Murray–Darling Basin Authority (MDBA) to replace the MDBC.

Up until the 1990s, water governance in Australia was very state centered, 
and embodied a top–down approach to planning and decision-making. All water 
allocation decisions were made by the state governments, and irrigation districts 
were government owned and operated. This started to change when the Council 
of Australian Governments (COAG) introduced a new water policy framework 
in 1994 (COAG, 1994). The new framework included six important elements: (1) 
water prices should refl ect volumetric consumption at a rate based on full cost 
recovery, including environmental cost; (2) water entitlements should be sepa-
rated from the property rights in land and associated with clear specifi cations of 
ownership, transferability, reliability, and, where appropriate, quality; (3) trad-
ing in water entitlements should be encouraged to ensure that water is used to 
maximize its contribution to national income and welfare within social, physical, 
and ecological constraints of catchments; (4) irrigators should be given greater 
infl uence over the management of irrigation areas by transferring operational 
responsibilities relating to districts to local bodies; (5) communities should be 
involved in natural resource management issues and education programs should 
be implemented to improve the ability of the community to participate in the 
decision-making processes; and (6) specifi c entitlements should be given to 
the environment, acknowledging it as a legitimate user of water.

The COAG policy put in place the foundations for a new approach to water 
governance in Australia. However, pressures on water resources continued to 
increase throughout the 1990s and into the early part of the 21st century. For 
example, between 1894 and 1993, annual discharge at the mouth of the Murray–
Darling system has ranged from 1.626 million dam3 to 54.168 million dam3 with 
a median of 8.49 million dam3 (Murray–Darling Basin Commission, 2005). 
However, due to the drought infl ows into the basin in the years since 1993 have 
been considerably reduced, and showed no signs of improving. In the 2 years 

�

c04.indd   50c04.indd   50 11/13/2008   10:17:28 AM11/13/2008   10:17:28 AM



GOVERNANCE AND THE CHALLENGES OF WATER AND FOOD SECURITY 51

ending in August 2008, infl ows into the Murray system were 3.54 million 
dam3, just over 50% of the previous 2-year minimum of 6.8 million dam3 in 
1943–45 (Murray–Darling Basin Commission, 2008). Recognizing the mag-
nitude of the crisis, the COAG increased the pace of reform through the 2004 
National Water Initiative (NWI), which expanded water trading and focused 
attention on the environmental and economic needs of the Murray–Darling 
Basin (McNamara, 2007). The NWI was designed to address three main con-
cerns: (1) uncertainty over the long-term access to water continued to hamper 
investments in higher valued and more effi cient production systems; (2) cur-
rent water market arrangements were preventing markets from reaching their 
full potential; and (3) serious concerns existed regarding the ability of the 
reforms fl owing from the 1994 framework to secure adequate environmental 
fl ows, and to permit adaptive management to ensure the health of riverine 
ecosystems.

The NWI was agreed to by all states and the Commonwealth. Thus, it provides 
Australia’s overarching water policy framework (Hussey & Dovers, 2006). Impor-
tantly, the NWI must be seen as part of a movement away from entirely top–down 
water planning that began with the 1994 COAG reforms, and culminated most recently 
with the Water Act 2007. The result has been a dramatically different approach to 
water governance than the one that existed in the years prior to 1994. The state and 
Commonwealth governments remain critical actors in water governance. However, 
governance has become much more widely distributed beyond the state through the 
water reform process. Three examples illustrate how individuals, communities, and 
corporations now play important roles in water governance in Australia.

First, under the NWI, states are obliged to return all catchments to sustainable 
levels of extractions (Council of Australian Governments, 2004). This will be 
accomplished through the creation of water sharing plans, which are regula-
tory documents. Catchment management organizations in each catchment are 
required to defi ne environmental needs. They must defi ne the amount of water 
that is available for consumption (referred to as the consumptive pool), and then 
determine how the consumption pool will be shared among existing entitlement 
holders (Smiley et al.).
Second, one of the MDBA’s responsibilities under the Water Act 2007 is crea-
tion of a single, consistent, and integrated basin plan. Public involvement and 
consultation in this process are required. The Act establishes a basin community 
committee that advises the MDBA on plan development and implementation 
(Commonwealth of Australia).
Third, a key part of the water reform process has been the creation of water mar-
kets and the transfer of irrigation districts to private corporations. As a result, 
critical decisions about how water will be used are being made by companies 
and individuals engaging in the water market.

Australia’s approach to water governance is widely acknowledged to be proac-
tive and forward looking. However, implementation has not been problem-free. 
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Water planning processes reliant on community involvement have been met with 
considerable scepticism within many communities, particularly in NSW (Kuehne ). 
The lack of clarity regarding the nature of community involvement in water plan-
ning led to frustration, confusion, and uncertainty among many irrigators, and 
has caused “consultation fatigue”. Another critical challenge to the legitimacy 
of distributed governance is the fact that implementation of water sharing plans 
developed at the community level has been postponed. Indeed, under the current 
drought, New South Wales has simply ceased the implementation of the water 
sharing plans. Citizens involved in the development of some plans also have been 
frustrated by the fact that their work and recommendations can be overruled by 
the minister in charge of water, as has occurred in New South Wales (Smiley 
et al.).

Another important problem is the tension that exists regarding the balance 
between statutory and market-based approaches. Under the NWI, the need to 
provide water for environmental and other public benefi t outcomes is a statutory 
requirement, and this requirement is the main instrument designed to achieve 
sustainable levels of extraction. Unfortunately, the drought has intensifi ed since 
2004, and statutory processes have largely failed to achieve sustainable levels 
of extraction and secure water for key environmental sites (Young & McColl, 
2008; Thoyer, 2006; Connell, 2007). Therefore, markets have increasingly been 
promoted as the means for government to purchase water from willing sellers to 
ensure water for the environment and reduce over-allocation (Loch et al., 2009). 
This represents a very different approach to “public” involvement than was envi-
sioned under the NWI.

5 Discussion and conclusions

The central argument in this chapter is that governance is a key determinant 
of water security. In other words, we argue that the extent to which demands 
for water for human uses such as cities and irrigation can be met while ensur-
ing water for the protection and enhancement of aquatic ecosystems depends 
strongly on the processes and institutions through which decisions are made. 
Clearly technology plays a role. For instance, dams and reservoirs are a key part 
of water management systems in most regions where large volumes of water 
are needed reliably to meet demands for irrigation. Similarly, new technologies, 
such as more effi cient sprinkler systems, are an important part of any strategy to 
increase the effi ciency of water use. Nonetheless, in countries around the world, it 
has become clear that technology alone cannot create water security. This relates 
in large part to the extent to which poor management practices, weak institutions, 
and wasteful practices contribute to the water crisis faced in many jurisdictions 
(WWAP, 2003).

Water management in Australia’s Murray–Darling Basin, the case study 
examined in this chapter, amply supports this argument. For example, water stor-
age facilities are an important part of the water management system in the basin, 
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and billions of dollars currently are being invested in new facilities and improve-
ments to existing infrastructure. However, infl ows into the basin have reached 
such extremely low levels during the last few years that there simply is not enough 
water to fi ll reservoirs. To illustrate, in August 2008, active storage in the Murray 
system was only 20% of capacity (Murray–Darling Basin Commission, 2008). 
Reforms to systems for water governance in Australia, driven in large measure 
by circumstances in the Murray–Darling Basin, have therefore been the focus of 
efforts to improve water security in Australia since the mid-1990s. As discussed 
in this chapter, these reforms have included a near-total transformation of water 
allocation systems and a fundamental realignment of the roles of governments 
(Commonwealth and state) and non-state actors (including corporations, water 
users, and citizens). Major changes nationwide include a consistent national pol-
icy, the establishment of water markets, and a greatly expanded role for citizens. 
In the Murray–Darling Basin, additional reforms include a basin management 
agency with considerable authority for transboundary water management, and 
specifi c legal rules and procedures for water sharing among the basin states.

Relative to the links between water allocation and water security identifi ed in 
Table 1, the importance of governance in water reforms in the basin is clear:

Ecosystem protection has become a central concern at both the state and the 
basin level. Within states, provisions are established for environmental water 
allocation through the guidance of the NWI. In the Murray–Darling Basin, addi-
tional provisions exist, including an Environmental Water Holder, basin-scale 
planning and funds to support the rehabilitation of priority sites. Unfortunately, 
the severity of the drought has led to the suspension of key planning processes 
designed to ensure water for the environment in New South Wales. Instead, 
attention is shifting to using markets to recover water for the environment, 
which represents new terrain from the viewpoint of water governance.
From the viewpoint of economic production, rules for water allocation are 
now much clearer than previously. Individual water users now have full infor-
mation on the value of water through the markets, and reallocation of water 
among users, sectors, and regions is possible. Whether the new rules are stable 
is debatable. For instance, the pace of reform since 1994 has been extreme, 
and, as demonstrated by the example of environmental water allocation in New 
South Wales, the drought emergency puts into question whether even the newest 
reforms have produced a robust system capable of dealing with current let alone 
future uncertainty (Young & McColl).
In terms of equity and participation, there is no question that new opportunities for 
sustained and meaningful citizen involvement have been created. However, gov-
ernment continues to be the dominant actor in the basin, as demonstrated by the 
sweeping powers that have been assigned to the Commonwealth government and 
the MDBA through the Water Act 2007. As noted in the context of environmental 
water allocation, whether public involvement can be considered meaningful in 
circumstances where decisions made by catchment management organizations 
can be set aside by ministerial fi at is questionable (Smiley et al.). This concern 
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intensifi es if, as is starting to seem likely, the primary vehicle for “public” involve-
ment in water governance becomes participation in water markets.
Integration is a priority in water reforms that have occurred in the basin, as 
witnessed by efforts to bring groundwater and surface water management under 
the purview of the MDBA, and the nature and extent of attention that is given 
to water quality as well as water quantity concerns in the Murray–Darling Basin 
Agreement. Similarly, through institutions such as the revised Murray–Darling 
Basin Agreement, Australia’s governments have demonstrated strong recogni-
tion of the extent to which water allocation, land use planning, and economic 
development are integrated.
Water conservation practices are an important way of linking water allocation 
systems and water security. In addition to using funds to construct new infrastruc-
ture, the Commonwealth has provided fi nancial resources to upgrade irrigation 
systems and to promote more effi cient water use in irrigation. At the same time, 
irrigation effi ciency has increased dramatically as low-value producers have left 
the sector and been replaced by farmers growing high-value crops and using 
water more effi ciently. However, there is increasing concern over the net effect 
of increased water use effi ciency on water security as long as water entitlements 
are defi ned as extractive gross rights rather than net use rights. Under such sys-
tems, most water saved is not really conserved as it is used to expand irrigation 
or sold to other consumptive users. Furthermore, many such savings actually 
result in losses to the system as the saved water would otherwise have returned 
to the system (see Chapters 5 and 13 of this book).
Climate variability and change is taken extremely seriously in Australia. The 
Commonwealth government sees the current drought not only as an indicator 
of climate change but also as a likely future (Garnaut, 2008). Hence, climate 
change has been a major driver of the water reforms. To illustrate the serious-
ness of the concern, the Commonwealth’s recent investigation into the impacts 
of climate change suggests that in the Murray–Darling Basin, a 1ºC increase in 
temperature is expected to produce a 15% decrease in streamfl ow in the basin. 
The report suggests that irrigated agriculture in the basin could effectively 
cease before the end of the century due to reductions in river fl ows, increases 
in drought frequency, and increased evaporation from water storage reservoirs 
(Garnaut, 2008).
Finally, in the context of transboundary sensitivity, the case examined in this 
chapter demonstrates an extremely distinctive approach, relative to practically 
any transboundary situation, to dealing with jurisdictional boundaries. While 
states in basin have not lost any of their constitutional authority over water, they 
most certainly have delegated considerable responsibility to an organization 
created under a Commonwealth statute (the MDBA). Comparable examples of 
jurisdictions with such clear authority over water handing over so much author-
ity to a transboundary agency are rare.

This analysis demonstrates unequivocally that water security is directly 
shaped by the quality and effectiveness of governance. Who is involved in 
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decision-making, how they are involved, and how it is decided who is involved 
have been key concerns in the water reforms that have occurred in Australia, gen-
erally, and specifi cally in the Murray–Darling Basin. Paradoxically, however, this 
case also demonstrates that it is possible for neither technology nor governance 
to be suffi cient to the challenge. The water crisis in Australia’s Murray–Darling 
Basin is so severe that no amount of water reform may be adequate to the task. 
Further, reforms have been proposed by some analysts with the goal of making 
water allocation systems in the basin more robust and “future proof” (Young 
& McColl, 2008). Whether these will be adequate will be the subject of much 
debate in the years to come. However, one lesson that is absolutely clear from the 
case of water allocation in the Murray–Darling Basin is that jurisdictions fac-
ing water scarcity, and even those that are relatively well-off at this time, should 
avoid at all costs encountering similar circumstances. Effective governance can 
promote water security – but not under any and all circumstances.
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Chapter 5

A robust framework for the allocation 
of water in an ever-changing world
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Abstract

In an ever-changing world with an increasing demand for water, and with the 
emerging possibility that climate regimes may change, there is a need to put in 
place arrangements to enable the water resource system to adapt and support 
itself no matter what the future may bring. Irrigation could be expected to come 
and go, rivers and the associated environment must be expected to change and the 
expectations and attitudes of communities and societies will also change. 

This chapter focuses on the nature of water allocation regimes that are designed 
to cope with adverse shifts in water supply, with changing input and product 
prices, with changing demands for water, and to facilitate adjustment through 
the adoption of new technologies and management approaches. In essence, we 
seek guidelines for the development of an allocation and associated administra-
tive regime that is robust—robust in the sense that the regime can be described 
confi dently as likely to withstand the test of time, no matter what climatic and 
economic future arrives. A robust allocation regime for a regulated river system 
is defi ned that fi rst allocates water to enable the maintenance of functioning river 
suffi cient to allow water to be extracted for use, then allocates the available water 
as unit shares between consumption and environment entitlements. A key feature 
is the need to give careful attention to water accounting arrangements to ensure 
hydrological integrity of the system and to arrangements that encourage smart 
and innovative management of environmental water. 

Keywords: Water allocation; Climate change; Robust systems; Water accounting; 
Environmental entitlements; Water markets

1 Introduction

Change is an enduring process without beginning and end (McColl & Young, 
2005). There is nothing more constant than change. Prices change, technolo-
gies change, populations change and they all want access to water. More-
over, in recent times, the challenge of coping with such pressures for change 
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and adjustment has been exacerbated by the emergence of the possibility 
that climatic regimes may change. The need to put in place arrangements 
to enable the water resource system to adapt and support itself no matter 
what the future may bring is becoming increasingly urgent. Irrigation could 
be expected to come and go, rivers and the associated environment must be 
expected to change, and the expectations and attitudes of communities and 
societies will also change. 

Water users around the world and in Australia, in particular, are learning about 
the severity and speed with which adverse climate change can impact on water sup-
plies. The top half of Figure 1 presents rainfall data from the weather station that 
best describe the sudden shift in rainfall that occurred in 1994 in the region 
that supplies Perth’s dams. The regime appears to have become drier, much drier. 
The bottom half of Figure 1 illustrates the dramatic impact that this drier regime 
has on stream infl ow into the dams.

As a crude general rule, for every 1% reduction in mean rainfall there is at 
least a 3% reduction in stream infl ow. Careful inspection of Figure 1 reveals that 
since 1974 this region has never received that which was thought from historical 
records to be its mean stream infl ow.

0

500

1000

1500

2000

19
11

19
14

19
17

19
20

19
23

19
26

19
29

19
32

19
35

19
38

19
41

19
44

19
47

19
50

19
53

19
56

19
59

19
62

19
65

19
68

19
71

19
74

19
77

19
80

19
83

19
86

19
89

19
92

19
95

19
98

20
01

20
04

R
ai

nf
al

l (
m

m
)

14% less 20%
less

Rainfall for JarrahdaleRainfall for Jarrahdale

0

100

200

300

400

500

600

700

800

900

1000

19
11

19
14

19
17

19
20

19
23

19
26

19
29

19
32

19
35

19
38

19
41

19
44

19
47

19
50

19
53

19
56

19
59

19
62

19
65

19
68

19
71

19
74

19
77

19
80

19
83

19
86

19
89

19
92

19
95

19
98

20
01

20
04

S
tr

ea
m

flo
w

(G
L)

48% less

66%
less

Stream inflow for Perth dams  (Prior to StirlingDam)

Notes:  Streamflowis from May of labelledyear to the following April

Figure 1:  Change in rainfall and infl ows into water storages near Perth, Western 
Australia.
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In fact, the situation can be worse than this, especially in regulated river sys-
tems that are used to convey water to users and facilitate navigation. In such 
systems, a relatively large proportion of water is needed simply to maintain the 
river in a regulated state. As a result, and as shown in Figure 2, when the mean 
amount of water fl owing into a system is halved, the amount available for use can 
be reduced by two-thirds. Changes of this magnitude continue to surprise policy 
makers.

In this chapter, we focus on the nature of water allocation regimes that are 
designed to cope with adverse shifts in water supply, with changing input and prod-
uct prices, with changing demands for water, and facilitate adjustment through 
the adoption of new technologies and management approaches. In essence, we 
seek guidelines for the development of an allocation and associated administra-
tive regime that is robust—robust in the sense that the regime can be described 
confi dently as likely to withstand the test of time, no matter what climatic and 
economic future arrives (Young & McColl, 2005).

2 Outcomes, principles and concepts

The outcomes sought are a suite of arrangements that will maintain the health 
of a river and the communities that depend on them. One of the main features of 
robust systems is that they facilitate autonomous adjustment as and when change 
occurs.

Robust systems have a demonstrated ability to recover gracefully from the 
whole range of exceptional inputs and situations in a given environment. They 
tend to be one step below bulletproof. They endure without the need to change 

Users

Over-bank flows

River flow

Over-bank flows

River flow

Users

Figure 2:  Illustration of the impact of a shift to a drier regime on the amount of 
water that can be made available for use in a regulated river system.
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their foundations. They inspire confi dence and are capable of producing effi cient, 
politically acceptable outcomes in an ever-changing world.

Robustness is a concept that has received little attention in the literature. When 
searching for guidelines to assist with the design of robust allocation systems, 
however, several Nobel Prize-winning principles are worth careful consideration 
(Young & McColl, 2002].

The fi rst of these principles is the Tinbergen principle which observes that 
if we are interested in dynamically effi cient resource use through time, at least 
as many instruments should be used as there are objectives. That is, we should 
never try to use the same instrument to achieve, for example, both equity and effi -
ciency in resource use. In Australia, appreciation of the importance of this con-
cept has resulted in the unbundling of most water entitlements. In such a system, 
the arrangements used to defi ne water entitlements are kept separate from those 
used to defi ne allocations and both of these are kept separate from those used to 
manage the environmental impacts associated with the application of water on 
land. In the most sophisticated of these systems, separate instruments are also 
used to manage water delivery and salinity.

A related but equally important concept is Mundell’s assignment principle 
which requires that each instrument be assigned to the objective where it gener-
ates the most leverage and that once assigned to that objective the instrument 
not be used to help achieve any other objective. In Australia’s River Murray 
system, for example, allocations—the amount of water that an entitlement 
holder may use in any one period—are managed separately from the entitle-
ment—the instrument used to defi ne each entitlement holder’s share of the any 
water likely to be made available for use. Allocation policy is used to enable 
effi cient resource use and entitlements used to ensure that the allocation proc-
esses used are equitable.

A third concept of equal importance is the Coase theorem which stresses the 
importance of keeping market transaction costs to a minimum so that adjustment 
is possible in a timely manner and all participants in a water allocation system 
are able to negotiate with one another. If the cost of trading seasonal allocations 
is low and trades can be completed quickly, then water use will be much more 
effi cient than it otherwise would be.

3  Defi ning a robust allocation regime 
for a regulated river system

For any river system, it is common to begin by stating that the fi rst allocation 
priority should be to allocate water to the environment. In practice, we think this 
approach is inadequate in that it fails to differentiate between the water needed to 
maintain a functioning river and that needed to enable water to fl ow periodically 
over a bank and into the surrounding landscape. The fi rst priority should be the 
allocation of suffi cient water to support the maintenance of a regulated river at 
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the minimum level required to enable water to be extracted for any use, including the 
over-bank environment.

As summarised in Figure 3, we propose that the next tranche of water should 
be shared between consumptive users and the environment. Differing from con-
vention, we recommend this approach because it ensures that the environment 
always gets some water. With formal shares issued to this environment water and 
defi ned in the same manner as for consumption, it is administratively impossible 
to allocate water to consumptive water users without allocating some water to the 
environment for use beyond the river.

The third and last tranche of water is fl oodwater. As a general rule, formal 
entitlements to fl oodwater should not be issued. The main reason for this is to 
ensure that no one is liable for the damage caused by fl oodwater.

When assigning entitlements to water in the shared tranche, we like to 
describe this tranche as a variable pool of water. Drawing on the well-established 
and well-tested mechanisms used to defi ne ownership in companies, entitle-
ments should be defi ned as unit shares rather than proportional shares. The main 
reason is that this makes it possible to surrender shares and to move shares from 
one system to another without having to change every share in the share register. 
In essence, the entitlement regime should be fully specifi ed in the sense that the 
sum of all entitlements to water that is available for sharing totals 100%.

Floodwater

Consumptive share Environment’s
share

Volumetric alloction for evaporation
required transfers and losses.

Floodwater

Shared water

Maintenance water

Volumetric allocation limit

Figure 3:  A robust water allocation regime. The fi rst priority is to allocate the 
minimum amount of water necessary to maintain the system. The second 
priority is to allocate water to the environment for over-bank use and to 
consumptive users.
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4 System bulk allocations

When designing a water allocation regime, it is important to differentiate between 
the bulk allocation rules designed to manage allocations at the system level and 
those designed to manage use by individuals.

The simplest bulk allocation system that one can imagine establishes a sin-
gle entitlement pool and allocates unit shares to those interested in holding an 
entitlement to access any water allocated to that pool. If the costs of trading 
entitlement shares and/or allocations made to shareholders are zero, this will 
produce effi cient water use. In practice, however, adjustment costs exist and in 
most systems it is more effi cient to partition the shared water pool into a number 
of priority classes.

Usually, the highest priority entitlement pool is given to providing water for 
critical human needs, and then one or more entitlement pools of varying reliabil-
ity are established.

In the River Murray system, for example, special rules have been put in 
place to ensure that once conveyance or minimum maintenance water require-
ments have been met, the next priority is to supply the minimum amount of 
water needed to meet critical human needs. Once critical human needs have 
been met, two bulk entitlement pools are normally established—a high security 
pool and a general and lower security pool. The general rule is that the maxi-
mum volume that may be assigned to the high security pool is defi ned and once 
this volume has been assigned to that pool and allocations made to high secu-
rity entitlement holders, allocations are then made to those who hold shares in 
general and low security pools.

In the more sophisticated systems, arrangements are now being put in place 
to ensure that the high security pool is climate change adjusted so that all water 
users receive an early warning about shifts in water availability. Advocating this 
approach, Young and McColl propose that the volume of the high security pool 
should be adjusted using a long-run moving average of infl ows into the system 
(Young & McColl, 2008a).

As mentioned earlier, it is necessary to differentiate between water needed 
to cover evaporative and in-stream losses and that needed for over-bank 
purposes. In many management systems, this water is simply described as 
environmental water. In practice, however, the two types of water are quite 
different and it is misleading to describe them using the same term. In regu-
lated river systems, in-stream water is needed by all consumptive users so 
that water can be conveyed to them. We call this water “maintenance water”. 
In Australia’s Murray–Darling System, this is now being described as con-
veyance water.

An interesting new policy development has been a recent change in the way 
it is planned to defi ne the environment’s right to access shared water. Australian 
water legislation typically has stated that the environment should have fi rst 
claim to any water allocations and once this need has been met, the remaining 
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water may be allocated. In practice, however, this approach has not worked. As 
a result, governments are now moving to a regime where entitlements to water 
for over-bank and other non-conveyance purposes is being defi ned by issuing 
the environment with a formal entitlement to a share of the water allocated to 
each security pool. In fully or over-allocated systems, the approach taken is 
purchase entitlements from existing users and transfer ownership to an environ-
mental water holder. In the Murray–Darling Basin, for example, A$3.1 billion 
has been allocated for the purchase of water entitlements and A$5.8 billion for 
investment in water savings projects that will enable the transfer of existing 
entitlements to a Commonwealth Environmental Water Holder (Water Act, Par-
liament of Australia). It is proposed that this program will be implemented over 
the 10 years to 2016/17.

5 Individual interests

Having established a framework for the system bulk allocation regime, we can 
now turn to the nature of arrangements necessary to ensure that individual water 
use is effi cient, that allocations are equitable and that the arrangements can cope 
with sudden as well as gradual changes. Young and McColl have argued the case 
for the defi nition of all entitlements using unit shares recorded on a central regis-
ter (Young & McColl, 2005; 2002).

The case for issuing shares rather than volumetric entitlements is predicated 
primarily on the need to make it clear that investment in water use is risky and 
that there can be no guarantee that a specifi c volume of water will always be 
available. Sharing systems also put in place a suite of arrangements that make it 
clear how the available water is to be shared. In essence, the requirement is that 
allocations be made to a defi ned pool and every shareholder is then entitled on 
a pro-rata basis to a proportion of those allocations to the pool. No guarantee is 
made about reliability.

As stated earlier, it is important that shares are defi ned as unit rather than pro-
portional shares so that additional shares may be issued and shares transferred to 
another part of the system without the need to change every share in the system 
whenever, for example, administrative boundaries are changed or investments 
that increase water availability are made.

Similarly, administrative effi ciency can be increased by establishing and 
using a share register to defi ne ownership. In these systems, the register defi nes 
who owns what. The transfer of ownership from one person to another is then 
implemented by contracting to change the register. This Torrens title system or 
property registration, as it is called, is much more reliable than any system that 
defi nes ownership by issuing a certifi cate. When a share register is used to defi ne 
entitlement, arrangements that allow the registration of mortgages, etc. are easily 
added to the system. The entire system can be managed electronically and effi -
cient settlement procedures established.
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6 Water accounting

One of the key features of any robust water entitlement and allocation system is the 
need to give careful attention to water accounting arrangements that ensure that all 
transactions and allocation arrangements have hydrological integrity. Allocation sys-
tems that have hydrological integrity are characterised by the fact that allocation poli-
cies take full account of system interconnectivity—especially ground–surface water 
interconnectivity, processes that intercept fl ows which otherwise would have reached 
the river, and water use practice changes that reduce the return of “ineffi ciently” used 
water to the river system. The essential rule is that whenever one person or process is 
allowed to take more water, someone else in the system understands that as a result 
of this action they will have to take less water (Young & McColl, 2003).

The most common error in Australian water accounting has been the failure to 
properly account for return fl ows and to defi ne entitlements in gross rather than net 
terms. Under a gross entitlement allocation system, increases in water use effi ciency 
reduce return fl ows to the system (Young & McColl, 2003; Crase, 2008). Under a 
gross allocation system, an entitlement holder can improve the effi ciency of water 
use and, by reducing the volume of water that is returned to the system, increase 
the total volume of water they use, and decrease the volume available for others to 
use. In contrast, net entitlement systems only allow water users to keep real savings 
that result from a reduction in the volume of water that has been returning to the 
system either via a surface drain or through accession to groundwater.

Robust water entitlement systems also have to account for connectivity between 
surface and groundwater systems. The fi rst step in such a process is to defi ne all 
water within a short distance of a river as river water rather than groundwater. 
Beyond that area, the entitlement regime needs to specify the relationship between 
the river and the groundwater system in a way that changes in one resource infl u-
ence the management of the other. Taking this concept to its logical conclusion, 
Young and McColl recommend that groundwater entitlement systems that con-
tribute to river fl ow be defi ned so that the river holds shares in the groundwater 
allocation system (Young & McColl, 2008b). The river should also be required 
to contribute a minimum volume of maintenance water to the groundwater sys-
tem before any allocations are made to those who hold shares in the groundwater 
system. Where this cannot be done, an alternative equally robust approach is to 
require that groundwater depth be kept within a narrow range.

The reverse applies in the case of groundwater systems that gain water or are 
recharged by a river. In this case, robustness requires that the nature of this rela-
tionship be fully specifi ed by allocating shares in the river system to the ground-
water system.

7 Interception

A related accounting challenge is the question of how best to account for the 
interception of water before it reaches a river or storage. Examples of processes 
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that intercept water include the expansion of plantation forestry, the construction 
of farm dams and the construction of levy banks designed to prevent overland 
fl ows from reaching a river.

Conceptually, the impact of interception is similar to that of a shift to a drier cli-
matic regime. This form of water use, however, can be managed, and if it is, invest-
ment will be more effi cient than it otherwise would be (Young, 2009). To illustrate 
this point, consider the likely impact of the introduction of a carbon emissions trad-
ing scheme on water users. Stimulated by the opportunity to earn emissions trading 
permits, landholders have an incentive to plant trees and as a result decrease the 
amount of water available for use by irrigators. The plantation forestry sector gets 
access to water that irrigators were previously entitled to use. To manage this proc-
ess, plantation forestry and all other forms of land-use change that intercept water 
need to be bought into the allocation system.

As the amount of water taken by most interception processes is not and cannot 
be metered, an alternative approach is needed to account for the impact of these 
processes. In recognition of the proposition that “it is better to be approximately 
right than comprehensively wrong”, Young and McColl (2009) recommend that 
an assessment be made of the expected long-term impact of an interception proc-
ess, and interceptors be required to surrender entitlements whose expected water 
use would be the amount that is expected to be intercepted. Recognising that 
under such an arrangement, the interception process is protected from the adverse 
effects of climate change, they go on to recommend that the amount surrendered 
could include an adverse climate change premium.

8 Allocation management

In many systems, there is pressure on system managers to make allocations in a 
manner that gives confi dence to water users. One of the more serious mistakes 
made in Australia in recent times was to assume that the supposed “drought” would 
end and it could not get worse. In the Murray–Darling Basin, for example, until very 
recently it was assumed that the minimum volume of water available for use would 
always be greater than the sum of the minimum infl ow received in each month. As 
summarised in Table 1, in 2006/07 infl ows into the River Murray system were less 
than the minimum monthly infl ow for 11 months in succession with the result that 
allocations had to be reduced after they had been announced. As a result, it has now 
been decided to shift to a more robust arrangement that only allows allocations to be 
made when delivery can be guaranteed. The result is much more robust and makes it 
clear to users that they are responsible for managing supply risks and uncertainty.

9 Facilitating adjustment in an ever-changing world

A related issue is the question of how to proceed down the pathway of water 
reform in a way that facilitates change and adjustment in an ever-changing world. 
In a dramatic change to policy and as part of the development of a National 
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Competition Policy in 1993/94, Australian governments agreed to separate 
water licences from land and make these licences—which became known as 
entitlements—tradable.

The fi rst step in the process was to introduce arrangements to enable water 
licences or water rights to be held separately for land titles, thus enabling water to be 
traded separately from land. Having achieved that goal, as part of a National Water 
Initiative agreed in 2004, it was decided that to improve the effi ciency of water trad-
ing arrangements, water licences, or water rights as irrigators prefer to call them, 
should be unbundled. Under such an arrangement, entitlements, allocations and 
permissions to apply water to land could be managed separately. Importantly, as 
part of these reforms and in the search for a more robust way to defi ne entitlements, 
it was decided that entitlements should be defi ned as shares and that no implicit reli-
ability guarantees should be given. It was also made clear that the responsibility for 
managing climatic risks and uncertainty should be assigned to entitlement holders 
and not to government.

In a similar manner, allocations are to be managed separately, and in the 
search for a robust management system, they are being registered on accounts 
which, like bank accounts, are accessible over the Internet. Under such an 
arrangement, whenever a trade occurs, one account is debited and simultaneously 

Table 1:  Recorded minimum infl ows into the River Murray system before 2006/07 
and in 2006/07.

Months
Previous lowest monthly 
infl ow before 2006

2006 
infl ow

Previous minimum 
infl ow (%)

June 110 GL in 1967 110 100

July 150 GL in 1967 130 87

August 130 GL in 1902 100 77

Sept 180 GL in 1902 120 67

October 140 GL in 1914 80 57

November 60 GL in 1914 70 117

December 60 GL in 1982 60 100

January 50 GL in 1983 50 100

February 60 GL in 2003 50 83

March 50 GL in 1915 50 100

April 70 GL in 1923 40 57

May 80 GL in 1902 110 138

Total 1140 970

Source: Murray–Darling Basin Commission, personal communication, 2008.
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Figure 4:  Evolution of water reform in Australia and the progressive separa-
tion of water licences from, and subsequent unbundling into, separate 
components.

another account is credited. As illustrated in Figure 4, the third element of this 
unbundled arrangement is an approval to apply water to land which is usually 
subject to an array of local conditions.

Under such an arrangement, entitlement and allocation markets have rapidly 
emerged and grown in sophistication, effi ciency and robustness.

In the early stages in the development of these markets, water allocations 
were only tradable within a season. In essence, the rule was to use it, or sell it, 
as you cannot save it (Young & McColl, 2007a). It soon became apparent, how-
ever, that if an effi cient outcome is to be achieved then markets have to allow 
the management of water supply both within and between seasons (Brennan, 
2007a; 2007b). 

Having established these foundations for the development of entitlement mar-
kets and allocation markets, the last step in the development of effi cient markets is 
to introduce a suite of rules that prevent markets from being used to protect water 
users from competition. Whilst progress has been slower than one would expect, 
it has now become clear that this requires a suite of arrangements that 

Assign ownership of entitlements to individual water users and not to irrigation 
districts so that any entitlement holder is free to choose whether to sell their 
entitlement either within or outside an irrigation district;
Regulate the setting of fees and charges associated with supply and delivery con-
tracts so that any person who decides to sell their water outside an irrigation district 
is not charged an inequitable fee for deciding to do this (ACCC, 2006; 2008);
Require trades to be completed within a reasonable amount of time;
Prevent districts from placing limits on the proportion of entitlements and/or the 
quantity of water that can be traded out of a district.

�

�

�

�
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In summary, under a robust arrangement it should be possible for the application 
of trading rules and processes associated with trades to be completed instantane-
ously for allocation trades and within two days for unencumbered entitlement trades 
(Young & McColl, 2008a).

10 Managing environmental water

In the allocation system set out, we make a clear distinction between conveyance
or maintenance water and water needed for the maintenance of the environment 
on either side of a river. Differing from conventional practice, we have recom-
mended that this latter form of water be defi ned in exactly the same way as all 
other shared water entitlements are defi ned. Under such an allocation regime, 
whenever an allocation is made to the shared water pool, some water must 
be allocated to the environment. Environmental managers must then decide 
whether  to use this water, save it for future use or sell it in the market for 
allocation water.

In passing, we note that under such an arrangement the optimal environmen-
tal water management strategy may sometimes be to engage in what Australians 
describe as counter-cyclic trading. Counter-cyclic trading involves the sale of 
water to consumptive users in the peak of a dry period or a drought (long dry 

Murray–Darling Basin water entitlement transfers – 1983/84 to 2003/04
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period)—when prices are high. This money can then be used subsequently to buy 
back a lot more water when water is cheaper. According to Kirby et al. (2006), in 
a regime where supplies are variable, this can be an extremely profi table strategy 
for an environmental manager to pursue.

In large river systems, like Australia’s River Murray, one of the more inter-
esting challenges to resolve is the question of whether to assign environmental 
entitlements to regional environmental management trusts or to hold these titles 
centrally. Having considered the question, we conclude that the most robust 
approach is a mixed one. A considerable proportion, say 70%, can be assigned to 
regional trusts and a much smaller amount needs to be held centrally to enable the 
pursuit of systemwide opportunities at the margin. This approach to the assign-
ment of environmental water entitlements allows local catchment boards and com-
munities to plan and manage with confi dence. It can also be expected to encourage 
the development of smart and innovative environmental water managers.

11 Concluding comment

At the start of this chapter, we set out to specify the main characteristics of a 
water entitlement and allocation regime that could be confi dently described as 
robust—robust in the sense that the regime could be expected to withstand the 
test of time and not require modifi cation as conditions change. We emphasise that 
the need is to put in place arrangements to enable the water resource system to 
adapt and support itself no matter what the future may bring is becoming increas-
ingly urgent. Irrigation could be expected to come and go, rivers and the associ-
ated environment must be expected to change and the expectations and attitudes 
of communities and societies will also change. 

One of the main features of the model proposed is that regime gives fi rst 
allocation to maintenance of the river, but not the over-bank watering priorities. 
In recognition that governments, while willing to commit to giving fi rst priority 
to the environment, are not willing to do so when the system is under pressure, a 
much more secure sharing approach is recommended. Under such a regime, the 
property right is fully specifi ed and commitments to make a proportion of water 
available for the environment must be honoured. As would happen in a natural 
system, if the system gets drier, the environment gets less water.

References

Crase, L. 2008. Water Policy in Australia: The Impact of Change and Uncertainty. 
Resources for the Future, Washington DC.

Brennan. D. 2007a. Managing water resource reliability through water storage markets. 
Paper presented to the Australian Agricultural and Resource Economics Society Con-
ference, Queenstown, New Zealand, available at: www.myoung.net.au/water/policies/
Brennan_Storage_Markets.pdf.

Brennan. D. 2007b. Missing markets for storage and their implications for spatial water 
markets. Paper presented to the Australian Agricultural and Resource Economics 

c05.indd   71c05.indd   71 11/13/2008   10:17:47 AM11/13/2008   10:17:47 AM



72 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

Conference, Queenstown, New Zealand, available at: www.myoung.net.au/water/
policies/Brennan_AARES07_storage_&_trade.pdf.

Australian Competition and Consumer Commission (ACCC). 2006. A regime for the cal-
culation and implementation of exit, access and termination fees charged by irrigation 
water delivery businesses in the southern Murray–Darling Basin. Commonwealth of 
Australia.

Australian Competition and Consumer Commission (ACCC). 2008. Water market rules 
issues paper. Commonwealth of Australia.

Kirby, M., Qureshi, M.E., Mainuddin, M. & Dyack, B. 2006. Catchment behaviour and 
counter-cyclical water trade: an integrated model. Natural Resource Modelling, 
19(4): 483–510.

McColl, J.C. & Young, M.D. 2005. Managing Change: Australian structural adjustment 
lessons for water. CSIRO Land and Water. Report no. 16/05.

Young, M.D. & McColl, J.C. 2002. Robust Separation: A search for a generic framework 
to simplify registration and trading of interests in natural resources. CSIRO Land and 
Water. Report Folio no. S/02/1578.

Young, M.D. & McColl, J.C. 2003. Robust reform: the case for a new water entitlement 
system for Australia. Australian Economic Review, 36(2): 225–234.

Young, M.D. & McColl, J.C. 2005. Defi ning tradable water entitlements and allocations: 
a robust system. Canadian Water Resources Journal, 30(1): 65–72.

Young, M.D. & McColl, J.C. 2007. Irrigation water: Use it or lose it because you can’t save 
it. Droplet 6, 2007a, available at: www.myoung.net.au.

Young, M.D. & McColl, J.C. 2008a. A Future-Proofed Basin: A New Water Management 
Regime for the Murray–Darling Basin. The University of Adelaide, Adelaide.

Young, M.D. & McColl, J.C. 2008b. Grounding connectivity: Do rivers have aquifer 
rights? Droplet 13, 2008b, available at: www.myoung.net.au.

Young, M.D. 2009. The effects of water markets, water institutions and prices on the 
adoption of irrigation technology. In: Albiac, J. & Dinar, A. (Eds.), The Management 
of Water Quality and Irrigation Technologies. Earthscan, London.

Young, M.D. & McColl, J.C. 2009. Double trouble: the importance of accounting for and 
defi ning water entitlements consistent with hydrological realities. Australian Journal 
of Agricultural and Resource Economics, Volume 53, Number 1, January 2009.

Water Act 2007 (as amended), Parliament of Australia.

c05.indd   72c05.indd   72 11/13/2008   10:17:47 AM11/13/2008   10:17:47 AM



Part II: Case Studies

c06.indd   73c06.indd   73 11/13/2008   10:18:02 AM11/13/2008   10:18:02 AM



This page intentionally left blank 



Chapter 6

Non-profi t-maximising values and attitudes 
infl uencing irrigators’ management response 
to new policy instruments

Geoff Kuehne1 & Henning Bjornlund1,2

1Centre for Regulation and Market Analysis, University of South 
Australia, Adelaide, Australia
2Department of Economics, University of Lethbridge, Lethbridge, 
Alberta, Canada

Abstract

Undertaking effective and timely water reform in Australia is becoming more 
and more urgent to reverse increasingly apparent environmental damage and to 
achieve a sustainable irrigation industry. With farmers being Australia’s larg-
est users of water, the success of any reform depends on their involvement. It 
has therefore become much more important to understand all of the infl uences 
affecting the behaviour of farmers. With an ever more urgent need for action, it 
is now no longer acceptable to rely solely on an assumption of profi t-maximising 
behaviour when devising programs and policies requiring their participation. The 
research reported in this chapter identifi es and examines the non-profi t-maxim-
ising infl uences on farmers’ behaviour and shows how this insight can be used 
to more effectively tailor policies and programs so that they are more likely to 
achieve the desired result – which is, in this case, a more sustainable irrigation 
industry.

Keywords: Australia; Farmer decision-making; Farmers’ values; Sustainable 
irrigation

1 Introduction

When governments and others wish to encourage irrigators to adopt activities 
and practices required for sustainable irrigation, they are essentially trying to 
change irrigators’ behaviour and change the way in which they use and interact 
with water resources. Since farmers gain many benefi ts from irrigation other than 
just fi nancial gain, they will take these benefi ts into account when making deci-
sions in response to government policies designed to convince farmers to adopt 
practices and technologies that are likely to result in a more sustainable irrigation 
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industry. It is important to understand that irrigators’ management responses to 
these policies will be driven by their desire to maximise their total utility from 
irrigation, that is maximising all the benefi ts that they derive from irrigation, and 
not simply to maximise their fi nancial profi t. It is therefore essential for policy-
makers to have a thorough understanding of the factors infl uencing irrigators’ 
behaviour, other than just profi t maximisation. This chapter contributes to this 
end by examining how the non-profi t-maximising values that irrigators hold such 
as their concerns for family, profi t, land, water and community infl uence their 
behaviours and decision-making.

The recognition among Australian policy-makers that non-profi t-maximising 
values infl uence irrigators’ decision-making has been slow to occur and has not 
previously had a signifi cant infl uence on how policies and programs for water 
reform are designed or implemented. However, it does now seem to be slowly and 
tentatively incorporated into some new policies and instruments.

The context for the study reported in this chapter is the anticipated responses 
to new water sharing plans (WSPs) for groundwater licence holders within the 
Namoi Valley of New South Wales, Australia. The implications from the research 
fi ndings are then discussed in relation to the recent offers by the Australian gov-
ernment to buy water from irrigators within the Murray–Darling Basin – the 
majority of Australia’s irrigation area – aimed at achieving improved environ-
mental sustainability (Wong, 2008).

2 Policy problem

The Australian water reform process has continued to intensify with the most 
recent development being the Rudd Government’s $12.9 billion “Water for the 
Future” plan (Wong, 2008). This plan, in common with all water reform poli-
cies since the National Water Initiative of 2004 (COAG, 2004), relies on water 
markets as a mechanism to reallocate water to the environment, and also to more 
effi cient and productive users of the water. From the time water markets (and 
their requirement for the separation of land and water titles) were fi rst suggested 
as a method for water entitlement reallocation, irrigators were initially reluctant 
to embrace them (Bjornlund, 2006). This will need to change, however, as the 
Australian government intends to purchase $3.1 billion of water entitlements 
(approximately 15% of the average annual diversion by irrigators) over a 10-year 
period (Young & McColl, 2007).

Because the buy-back of entitlements has been implemented in a cautious 
and provisional fashion, with few purchases at the start of the period, increased 
pressure will be placed on purchases in subsequent years to achieve the over-
all required volumes. However, research by ACIL Tasman (2008) and Waterfi nd 
(2008) continues to suggest that irrigators will not be participating in water mar-
kets in the numbers required for the government to achieve its intended policy 
goals. At the current rate of market activity, the government will need to purchase 
all the water offered for sale over the next 14 years to reach its objective Waterfi nd, 
2008). It is feared that this level of market intervention by the government could 

c06.indd   76c06.indd   76 11/13/2008   10:18:02 AM11/13/2008   10:18:02 AM



NON-PROFIT-MAXIMISING VALUES AND ATTITUDES 77

disrupt the market’s ability to facilitate structural change for the benefi t of current 
water users, as it has done previously (Bjornlund, 2008).

For the government to return suffi cient water to the environment to achieve 
its sustainability targets, irrigators will therefore be expected to participate in the 
water markets to a greater extent than they have ever done previously. The impli-
cations of this study are that irrigators might be encouraged to sell water if they 
are approached in a way that takes account of their non-profi t-maximising values, 
attitudes and goals. This understanding can be used to inform water reform, not 
only in the Namoi Valley or in other parts of Australia but also in other parts 
of the world. This study shows how the dimensions of family, land and profi t, 
and to a lesser extent, water, community and lifestyle interact to infl uence the 
behaviour of farmers. Using the recommendations from this study, policy-makers 
could design policies and programs that better take account of the full range of 
infl uences on farmers’ behaviour. In the context of the water entitlement buy-
back scheme of the Australian government’s “Water for the Future” plan (Wong, 
2008), this might result in the increased uptake of water purchase offers among 
reluctant sellers and facilitate the move towards a more sustainable irrigation 
industry.

3 The study region—–The Namoi Valley of New South Wales

The development of the Namoi Valley as an irrigation region has much to do 
with the uncertainty and unpredictability of rainfall that is the backdrop to much 
agricultural activity in Australia. Areas that are desperately short of rainfall, 
1 year can be severely fl ooded the next. Irrigation is a response to this uncertainty 
of rainfall, and, depending on where it occurs and what type of irrigation is prac-
tised, it can reduce the risk involved with drought years.

Irrigation in the Namoi Valley was made possible through the building of 
Keepit Dam in 1961 and the Split Rock Dam in 1987 (Pigram, 2006). These dams 
were built to “conserve” the unruly fl ows of the Namoi River and its tributaries 
so that it could be used by agriculture, rather than be “lost” to the environment. 
Initially, at least, the government had to encourage potential irrigation farmers 
to recognise the promise presented by the water stored in these dams. Because 
this stored water was plentiful and obtained by irrigators at little cost, the use of 
groundwater was usually considered a less economically viable and consequently 
less preferred source of water.

However, groundwater became much more sought after during the drought 
of 1994–1996 when there was no allocation of water to irrigators from Keepit 
Dam. The government’s response was to increase the groundwater allocations of 
the conjunctive licence holders (those with licences to extract both surface and 
groundwater) during the drought years. This resulted in irrigators, who had pre-
viously mostly relied on the more economical surface water, withdrawing large 
amounts of water from the aquifer (Kuehne & Bjornlund, 2006). It was this event 
that caused the fi rst signs of severe depletion such as falling water tables and land 
subsidence (Namoi Groundwater Taskforce).
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The unsustainable demands on the aquifer also occurred concurrently with 
the fi rst steps taken towards water reform in the form of a cap to further diver-
sions from the Murray–Darling system (NSW Government, 2000). Even though 
this was not to apply for some years in the Namoi Valley, it was a clear signal to 
irrigators that water would increase in value as its use was restricted.

The WSPs were developed to ensure sustainable groundwater extraction for 
the groundwater irrigators of the Namoi Valley (Murray–Darling Basin Min-
isterial Council, 1995). Achieving sustainable use of the resource has required 
cuts to irrigators’ entitlements in all but 3 of the 13 hydrogeologically dis-
tinct zones [Namoi Groundwater Management Committee, 2001). In the most 
severely affected zone, this required a reduction of 94%. Because of the sever-
ity of reduction in water access, the implementation of this policy, even allow-
ing for the potential adjustments likely to be achieved by water trading, was 
expected to lead to at least some of the licence holders experiencing signifi cant 
economic pain.

The development of the WSPs was one of the key components of the Water 
Management Act 2000 (Powell et al., 2003), and was aimed at satisfying one of 
the NSW government’s unmet obligations remaining from the COAG agreement 
of February 1994 (COAG, 1994). The process fi rstly required that the amount of 
water needed to sustain the environment be defi ned, and then the implementation 
of a system of water access shares for the amount of water that was determined to 
be available for extractive use; a theme that was to continue with the signing of 
the National Water Initiative in 2005 (COAG, 2004).

In the Namoi Valley, it is this fundamental requirement of sustainable irri-
gation – that the needs of the environment are acknowledged fi rst, with the 
remaining water shared for extractive purposes – that has been responsible for a 
confl ict-ridden WSP development period (Kuehne & Bjornlund, 2006).

The reductions in entitlements to sustainable levels of extraction, specifi ed in 
the WSPs (Aqualina, 2003), have caused much confl ict between licence holders 
and the government. Friction was also caused among licence holders who had been 
using most or all of their entitlement and those who had been using little or none 
of their entitlement because the severity of entitlement reduction varied according 
to the licence holders’ previous water use (Kuehne & Bjornlund, 2006).

4 Methods

The research methods were a mail-out survey to uncover and explore issues, 
followed by personal interviews to further develop the ideas gathered from the 
analysis of the mail-out survey. Based on this process, a phone survey instrument 
was designed to gather information from respondents about their (1) business, 
property and personal characteristics; (2) ratings on 50 value statements regard-
ing family, land, water, community, lifestyle and profi t and (3) land and water 
management actions and intentions. After refi ning the value statements with a 
focus group of agricultural extension offi cers, the survey instrument was piloted 
with 70 South Australian irrigators (Kuehne et al., 2007).
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The analysis of the telephone survey was conducted using factor analysis of 
the value statements. This was done to elicit the importance that farmers placed 
on the dimensions of family, land, water, community and profi t, by forming value 
constructs (Kuehne & Bjornlund, 2008). The value statements were also cluster 
analysed to combine irrigators (those who responded indicating similar levels of 
importance for similar values) into distinct groups (Kuehne et al., 2008). Inves-
tigations were undertaken to examine whether these value constructs led to dif-
ferent behaviours among irrigators and also whether these cases belonging to the 
cluster groups exhibited different forms of behaviour to each other by using cross 
tabulations and signifi cance testing with the demographic, personal and the busi-
ness and management actions and intentions data.

5 Findings

The mail-out survey was sent to 659 irrigators and resulted in a 23% response 
rate. The survey revealed that irrigators place varying degrees of importance 
on the dimensions of family, land, water, profi t and community when deciding 
how to respond to the implementation of the WSP. Apart from identifying these 
dimensions, the analysis did not show how important the dimensions were, either 
in their own right, or relative to each other, or which combinations of these dimen-
sions might be important for understanding or predicting their behaviour.

Following the mail-out survey, personal interviews were conducted with 
17 licence holders to develop a greater understanding of the history and the prob-
lems of the region. As the mail-out survey found that farmers’ intended responses 
to the WSPs were not often solely infl uenced by profi t maximisation, the personal 
interviews were used to uncover and examine alternatives to profi t maximisa-
tion. The interviews also provided the background information that allowed the 
questions and statements of the telephone interviews to be perceived as credible, 
relevant, and therefore worthy of consideration by participants.

Twelve of the 50 value statements from the telephone survey were used for 
factor analysis to form three value constructs incorporating the value dimen-
sions of family, land, water, community and profi t. The value constructs were 
described as Succession, Caretaking and Commerce (Kuehne et al., 2008).

The Succession value construct included individual value statements that were 
related to the value of family. The Caretaking value construct contained value 
statements related to good land husbandry, responsible water use and a prepared-
ness to accept that family might choose careers other than farming. The Commerce 
value construct contained value statements that were more clearly related to the 
achievement of profi t, without an emphasis on family succession. These value con-
structs were not expected to be mutually exclusive but were expected to bemore or 
less important to all participants. Because the differences between those consider-
ing these value constructs to be important were not always straightforward, they 
illustrate the complexity of the infl uences on farmers’ behaviour (see Figure 1). By 
focusing on the factor scores above the 40th percentile, Figure 1 shows the com-
monality between many of the cases occurring in each of the value constructs.
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Factor analysis showed how the values that farmers considered to be important 
could be grouped into value constructs, how these value constructs overlapped 
and how they could be used to explain farmers’ participation in water reform 
activities. However, to group these farmers according to the importance that they 
placed on these values, cluster analysis was used. Using 29 suitable value state-
ments (where responses to the value statements were capable of differentiating 
individuals), a cluster analysis result was obtained with three plausible clusters: 
Investors, Expanders and Traditionals.

The results from the personal interviews were used to confi rm that there was 
a credible match between the values that interviewees thought were important 
and their cluster group membership. Detailed examinations of the cluster groups 
using cross tabulations with the demographic, personal, and land and water man-
agement data were conducted. The dimensions of water, community and lifestyle 
were not found to be as important for defi ning the cluster groups, as were the 
dimensions of family, land and profi t (see Figure 2). The Investors are defi ned 
most strongly by profi t, the Expanders by a combination of profi t and family, and 
the Traditionals by a combination of family and land (Kuehne et al., 2008).

Participants varied in how much importance they placed on the value con-
structs; however, for ease of interpretation, only the strongest relationships with 
the value constructs are shown in Figure 2. The Commerce and the Succession 
value constructs have the most obvious interactions with the cluster groups, while 
the role of the Caretaking value construct is much less distinct.

Figure 2 is important for understanding how the value constructs interact with 
the cluster groups and for understanding the role of the most important value 
dimensions in each of the cluster groups. The principal characteristics of the 

Succession

29
26

18

35
48

24

20
12

Caretaking

Cammerce

Figure 1:  The value constructs are not mutually exclusive. Adapted from Kuehne, 
G. 2009. The infl uence of values and attitudes towards family, land, 
water, community, lifestyle, and profi t on farmers’ behaviour. Business, 
University of South Australia.

c06.indd   80c06.indd   80 11/13/2008   10:18:03 AM11/13/2008   10:18:03 AM



NON-PROFIT-MAXIMISING VALUES AND ATTITUDES 81

cluster groups (see Table 1) that have been developed from the value statements 
used for the cluster analysis provide a more detailed understanding of the cluster 
groups. The secondary characteristics have been derived from comparisons made 
between the demographic, personal, business, and land and water management 
data and the cluster groups.

Investors are most strongly infl uenced by the values that they hold regarding 
profi t. They are not strongly infl uenced by the values that they hold towards family 
or land. They do not take a sentimental approach to farm ownership; rather, they 
are prepared to sell land when it represents a fi nancially attractive opportunity. 
They are much younger and are more recent entrants to the farming industry. They 
grow more profi table crops and have more narrow profi t-maximising goals, which 
are likely to include the realisation of a capital gain at the end of their farming 
career. They are therefore also far less likely to expect family succession. Refl ect-
ing these values, they have been more likely to sell or lease land and water in the 
past and are also more likely to anticipate doing so in the future (see Table 2).

Traditionals are strongly infl uenced by the values that they hold towards their 
family and land. Traditionals are likely to be established farmers with a tradi-
tional crop mix. They have a lesser drive towards generating profi t and further 
business growth compared to the other groups. Nearly half of the Traditionals 

PROFIT FAMILY

INVESTOR

EXPANDER

C
lu

st
er

 g
ro

up
s

TRADITIONAL 

Value
constructs  

CARETAKING 

LAND 

COMMERCE SUCCESSION

Figure 2:  The value constructs are congruent with cluster group infl uences. 
Adapted from  Kuehne, G. 2009. The infl uence of values and attitudes 
towards family, land, water, community, lifestyle, and profi t on farmers’ 
behaviour. Business, University of South Australia.
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Table 1:  Irrigators with different values also have different demographic 
characteristics.

Value characteristics Demographic characteristics

Investor Not family focused
Profi t focused
Moderate attachment to 
land
Favour water trading

Use more of their groundwater
Have larger amounts of surface 
water
More likely to grow cotton
Younger, less experienced
Lesser expectation of succession
More educated

Traditional Family focused
Not focused on profi t
Strong attachment to land

Smaller amounts of groundwater
More likely to grow pasture
High expectation of succession

Expander Family focused
Profi t focused
Not attached to land. 
Community is important
Favour water trading

Owners are older, more 
experienced
Highest expectation of succession
Less well educated

Source: Kuehne, G. 2009. The infl uence of values and attitudes towards family, land, water, 
community, lifestyle, and profi t on farmers’ behaviour. Business, University of South 
Australia.

Table 2: Values infl uence land and water management actions and intentions.

Investor Traditional Expander

Water 
Past Have sold Have sold Have purchased

Future Will sell Will purchase

Land 
Past Have purchased

Future Will sell Will purchase

Irrigated area
Past Have reduced Have reduced Have maintained

Future Will reduce Will increase

Source: Kuehne, G. 2009. The infl uence of values and attitudes towards family, land, water, 
community, lifestyle, and profi t on farmers’ behaviour. Business, University of South 
Australia.

expect to have family succession; however, nearly one quarter of that same group 
are also certain of not having succession. They do not see land as being a tradable 
commodity, instead it appears that it might satisfy other needs for them, which 
were not identifi ed or explored by this study. They have a greater emphasis on 
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dryland farming and tend to use their water for lower-value uses such as irrigat-
ing pastures for grazing. It could be that there are two types of farmers in this 
group: those with larger viable traditional family farms already with succession 
arranged and those who do not have any family succession in place but still refl ect 
the underlying family values. The latter type would therefore have no ambition 
to develop their farm any further as they just want to remain on the farm as long 
as they can. At retirement, their farm would be sold to non-family members to 
support their retirement. Under current drought and policy conditions, the Tradi-
tionals seem to be in the process of shifting their enterprise balance so that they 
rely more heavily on dryland activities and less on irrigation.

Expanders consider profi t to be important as well as family concerns. They 
do not place great importance on land. They are older than farmers in the 
other groups and have been active in farming much longer. They are therefore 
much closer to the actual time of inter-generational change and therefore have 
a much higher level of certainty of family continuity. Given their longer time in 
farming, they are also likely to have the largest asset base and are more likely to 
have the fi nancial means to expand ensuring that the new generation has a viable 
resource base. They have therefore been more likely to buy or lease more land 
and water to maintain their irrigated area, and in the future expect to continue 
to buy or lease more water to expand their irrigated area to meet the need of the 
next generation.

6 Strengths and limitations

The strength of this study is that it has been iterative, using successive methods – 
both qualitative and quantitative – to focus on the problem of identifying the 
infl uences of non-profi t-maximising values on farmers’ behaviour.

Limitations to this study are that the research was undertaken at a time of 
change in policies concerning water and water trading. It may have been that 
the surveys were affected by this policy uncertainty as well as the continuing 
drought and low cotton prices. These results could well be different with other 
farmers in another policy context. Despite these limitations, the study found three 
convincing value constructs that were shown to infl uence farmers’ decisions and 
underpin three cluster groups of farmers who behave differently according to 
their values.

The study relied on the development of a new instrument to measure irriga-
tors’ non-profi t-maximising values. If an instrument had already existed that it 
was capable of measuring the importance irrigators placed on these values, using 
it would have been preferable. The development of valid and reliable instruments 
takes time, patience and knowledge. It is only when reliable and valid instruments 
are not available to measure a particular construct of interest that we might turn 
our attention, albeit reluctantly, to instrument development (Pett et al., 2003).

That the instrument needs further refi nement is shown by cluster groups, 
which although useful for explaining the non-profi t-maximising infl uences 
on farmers’ behaviour, were perhaps not as effective as originally expected. 
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The rudimentary stage of development of this instrument has played a part in 
reducing the strength of the relationships. However, further development of the 
instrument is currently under way because the encouraging results provided by 
this study have shown that it is warranted.

7 Policy implications

The most relevant, and most immediately useful, application of the fi ndings of this 
study is to provide possible insight into why irrigators might be reluctant partici-
pants in the Australian government’s water entitlement buy-back scheme (Wong, 
2008), and how future purchase offers might be better designed to increase par-
ticipation rates. There are two main ways that the results of this study could be 
useful for informing policy design.

The fi rst is to design policies that take into account how irrigators are moti-
vated by each of the value constructs. The importance of the value constructs is 
that they illustrate decision-making infl uences coming from the main idea of the 
value construct. (The value constructs are groupings of like values that are con-
nected, congruent and consistent with, and supportive of, the value constructs’ 
main idea.) However, this focus on one main idea means that, for most irrigators, 
each value construct is only able to explain a part of what infl uences their behav-
iour. As discussed previously, the results show that most irrigators are infl uenced 
by each of the three value constructs to a greater or lesser extent. Even though 
most irrigators are pursuing objectives associated with more than one value 
construct – what Hatfi eld-Dodds et al. (2007) label as “multiple contested values” – 
policies and instruments could still be designed to allow irrigators to achieve the 
objectives aligned with a specifi c value construct. Whether a specifi c irrigator 
will react to the particular policy or instrument will depend on how their decision 
is infl uenced by the value construct at that particular time. Using this knowledge, 
the policy-maker will know that by designing a particular instrument or policy in 
a specifi c way the policy will be more effective in infl uencing those who consider 
that particular value construct to be important.

The second way to design policies is by visualising an actual irrigator such as 
described by the cluster groups. The cluster groups are distinct groups of irriga-
tors who are infl uenced by a range of values. The cluster groups were not formed 
using the factor scores, but they were formed using the respondents’ ratings of 
the original value statements. The values infl uencing the cluster groups do not 
completely replicate the values found in the value constructs but are very consist-
ent with them (see Figure 2).

Value constructs are helpful for understanding the components of the non-
profi t-maximising infl uences on farmer’s behaviour but are not quite as useful for 
describing how farmers actually behave. Within the limits imposed by the choice 
of cluster variables, the cluster groups are better able to explain a more complete 
range of infl uences on the individual than the value constructs can. The clus-
ter groups, because they are more representative of reality, are therefore a more 
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appropriate choice for thinking about people. The best approach may be to design 
policies with the cluster group members in mind and with the awareness that they 
are irrigators who are infl uenced by certain combinations of value constructs.

The usefulness of this analysis for policy development is the recognition 
that each of these three groups may behave differently when presented with the 
opportunity to sell water to the government, participate in other similar reform 
programs or adopt a certain technology or management practice. When these dif-
ferent infl uences on irrigators’ behaviour are acknowledged, it becomes possible 
to consider developing more sympathetic policies and programs tailored to the
actual values and attitudes of farmers. Using the sale of water as an example, 
the next paragraphs describe the different ways in which each of the cluster 
groups may behave.

The Investor can be expected to make decisions based on the fi nancial benefi ts 
associated with the sale of their water. They will make these decisions recognis-
ing that water plays an important part in achieving their businesses goals of profi t 
(they perceive the Commerce value construct to be very important). An approach 
that the government could employ to ensure greater participation in the water 
entitlement buy-back scheme from this group would be to ensure that profi table 
business opportunities can be preserved; at least until the time of their retirement. 
One of the interviewees from this group illustrated his feelings about how the sale 
of water fi tted into his retirement planning, suggesting, “When I want to retire to 
the Gold Coast . . . that water licence alone is going to be worth a hell of a lot”. 

The Expander will be less likely than the Investor to sell their water as it plays 
a part in achieving their goals of profi t and family succession (they perceive the 
Commerce and the Succession value constructs to be important). Water is used 
by this group to generate a profi t that assists them in developing a viable business 
for family successors. The government could gain greater participation from this 
group by developing programs and policies that recognise that their motivation 
comes from a need to satisfy a combination of profi t and family goals. An inter-
viewee from this group described how he would not consider selling his water 
because it was useful for his sons in continuing the business, stating “. . . I don’t 
believe we will ever sell the water licenses . . . I want the boys to carry on with it 
[the farm]; they’ve helped build it . . .”

The Traditional, who is primarily motivated by family succession (they place 
a high importance on the Succession value construct), need the water to pro-
vide a viable business for family successors. For this group, water is tied to 
the achievement of family goals. If the government wants this group to engage in the
water entitlement buy-back scheme, they could consider developing programs and 
policies that allow them to continue as farmers, and even to further develop the
family farm, but not as an irrigation farm. Because they have a feeling for 
the land (which means that they consider the Caretaking value construct to be 
important), the farming culture, and already have a large component of their 
farm business based on dryland farming, they could be encouraged to expand 
that part of their business. Also because some of the members of this group are 
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certain of not having family succession, some could be encouraged to remain on 
their properties as dryland farmers by paying them to provide ecosystem services 
(as suggested by Bjornlund, 2004). Illustrating the importance and inter-relation-
ships of land, water and family for the Traditional, one interviewee from this 
group stated that “[n]ow my son’s put his name on a piece of dirt; I would never 
consider selling my water”.

Policy-makers could take advantage of these fi ndings by understanding that 
irrigators are infl uenced by non-profi t-maximising values, recognising the moti-
vations underlying each of the value constructs and developing policies that take 
into account the different motivations of each of the three groups of farmers. 
One example of how policies and programs could be designed to more accurately 
target irrigators was announced by the Australian government on 20 September 
2008. The “Small Block Irrigators Exit Grant” is a program that will 

. . . provide struggling small irrigators—many of whom have been carrying on 
farming enterprises that were established by their families several generations 
ago—with an opportunity to exit the sector while remaining in their family 
homes.

Many of these irrigators live close to rural and regional centres. Staying 
on the farm and working nearby are real options for them.

The objective is to help these small block irrigators remain in their com-
munities while getting out of the business of irrigation, at the same time as 
providing greater environmental fl ows to the Murray-Darling system (Prime 
Minister of Australia).

The conditions of the $150,000 grant are a maximum farm size of 15 hec-
tares, and also that irrigators sell their water to the government, remove their 
plantings and their irrigation infrastructure, and not re-enter the irrigation 
industry for a period of 5 years (Department of the Environment Water Herit-
age and the Arts). The grant allows applicants to retain their house and land 
but not to operate an irrigation business. Unlike a previous exit package that 
was not specifi cally designed for irrigators (Australian Government), ele-
ments of this plan could appeal to those with a strong attachment to land or 
community (see Table 1) because it does not require them to sell their house 
and land.

The aim of this chapter has been to identify how the non-profi t-maximising 
values that irrigators consider important such as their concerns for family, profi t, 
land, water and community infl uence their behaviour.

8 Recommendations for future research

While this study has made encouraging fi rst steps in examining the values 
related to family, land and profi t, and to a lesser degree, community, water and 
lifestyle and their relationship with famers’ behaviour, these values need to be 
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examined in greater detail so that they are effectively understood. Future work is 
needed to 

validate, extend and test the results of this study,

investigate the extent to which farmers’ non-profi t-maximising values actually 
infl uence their decision-making behaviour,

investigate the directionality of the relationships between farmers’ non-profi t-
maximising values and their decision-making behaviour,

group farmers into typologies depending on the values infl uencing their deci-
sions, identify how farmer types differ in their decision-making, identify how 
value constructs vary between industry groups and determine the proportion of 
all farmers that belong to each group, and

investigate how these values are formed, how entrenched they are and how (or 
if) they can be infl uenced and changed. 

Some of these aims could be achieved using a case study approach focused 
on a small number of cases from each of the types identifi ed by this study. Some 
of the aims could also be achieved through the use of experimental economics, 
where different groups of farmers are presented with a range of incentives pack-
ages in a controlled environment. The value constructs, the cluster groups and the 
relationships discussed in this chapter show consistent trends in the data that indi-
cate that the above questions would be benefi cially pursued in future research.

9 Conclusion

Because sustainable irrigation requires that the irrigation industry continues to 
generate reasonably priced agricultural products into the future while not degrad-
ing the environment or eroding the viability of their communities; irrigators 
will be required to make changes to their existing practices. In Australia, these 
changes have begun, are gathering pace, and will, by necessity, become much 
more widespread.

These extensive changes will affect how irrigators are able to access and use 
the water resource that they have often taken for granted. If irrigators are to be 
able to respond to these changes, and maintain or even increase their existing 
levels of production, tools need to be in place to allow them to adjust to reduced 
levels of water access. The government has had an optimistic reliance on water 
markets to facilitate this adjustment, but that approach has assumed that irriga-
tors behave as profi t-maximising actors.

The fi ndings reported in this chapter have shown fi rst that the values farmers 
consider important enough to infl uence their behaviour, including those of profi t 
maximisation, can be identifi ed and grouped, and second that farmers can be 
grouped according to which of these values they consider to be important and 
that these groups can be useful for the purpose of predicting how farmers might 
participate in programs of reform aimed at achieving sustainable irrigation.
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Abstract

For well over a decade, water markets have been used in Australia to reallocate 
water to more effi cient, productive and sustainable irrigators. In the Goulburn 
Murray Irrigation District, records have been kept since 1992, and trading in 
both water allocations (seasonal trading) and water entitlements (permanent trad-
ing) is permitted. This chapter discusses the published quantitative estimates of 
farmers’ responses to changes in prices, focusing particularly on two periods 
of drought (2002–03 and post 2006). Changes in the farmers’ demand and supply 
of water during drought provide insights into their behaviour in the future when 
it is anticipated water will be increasingly scarce. We conclude that we can pre-
dict some of the likely effects, and the likely sustainability of farm production, 
in a future with less available water for farm production, by learning from the 
responses of farmers to past periods of scarcity.

Keywords: Allocations; Drought; Entitlements; Water markets

1 Introduction

This chapter explores water markets’ ability to facilitate sustainable irrigation 
by examining some of the major infl uences on allocation and entitlement prices 
and the demand and supply of water in the water markets in Australia’s largest 
irrigation district, the Goulburn Murray Irrigation District (GMID). Using infor-
mation from the buying and selling of water entitlements (the long-term right to 
access water) and water allocations (the right to short-term use of water) since the 
early 1990s, we examine some of the factors that impact on the demand, supply 
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and price of these goods. The insights gained from studies that cover periods 
of severe drought (2002–03 and post 2006) and periods of reasonable supply 
(1993–02) allow us to comment on the likely market impact of long-term reduc-
tions in water supply to cope with climate change, and the policies that lead to 
more sustainable water management and irrigation. These insights also allow us 
to speculate on the likely economic and social consequences of efforts to meet 
competing objectives: the ability to achieve viable and enhanced ecosystem out-
comes while also achieving a sustainable irrigation industry and viable irrigation 
communities.

2 The study region and water trading background

The GMID is located in Northern Victoria along the River Murray which itself 
forms the border with New South Wales (Figure 1). Irrigation within the dis-
trict is mainly supplied by two major sources: the Goulburn and the Murray 
rivers.

Irrigation began in the district in the 1880s, and in the century that followed, 
population settlement, agricultural development and irrigation were inextricably 
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linked. Rapid expansion occurred in the district between the world wars, promoted 
by government policies of closer settlement. Seen as a major region of agricultural 
production, during the 60 years following the River Murray Agreement of 1915, 
water regulation was dominated by supply management. Most effort was placed 
into constructing dams, locks, weirs, pumping stations and distribution networks so 
as to control, allocate and regulate fl ows and expand the storage capacity of the river 
system. Little consideration was given to any natural “limit” imposed by nature until 
in the 1960s, environmental constraints such as rising water tables and increased 
salinity began to be viewed as reasons for concern (Langford et al., 1999; Shanahan 
& Hughes, 2008). Despite state and local efforts to alter governance arrangements 
and an increase in the number of scientifi c studies demonstrating a system under 
strain, response to these issues was slow. It was not until 1992 that a new Mur-
ray–Darling Basin Agreement was signed – the fi rst whole of system response since 
1915. Around the same time, water management began to change with the partial 
introduction of water markets. While trade in water was initiated in the early 1980s, 
early markets were only partially successful. It was not until the real limitation to 
overall water supplies was appreciated, and farmers began to learn the value of 
water, that the market became more sophisticated (Langford et al., 1999).

Australia has promoted markets as an integral part of agricultural water man-
agement since 1994, although several states began experimenting with markets 
slightly earlier. Initially water entitlements were bundled with land ownership. 
Since 1994, they have been separately tradable, and under the National Water 
Initiative (NWI), they can now be owned separately from land and their worth 
“unbundled” from land. Each irrigator prior to the NWI owned a volumetric enti-
tlement, but this is now defi ned as a share of the consumptive pool of water within 
the relevant water resource.

In the GMID prior to 1998, the water authorities announced the seasonal allo-
cation as a percentage of the underlying entitlement at the beginning of the sea-
son, taking historical infl ows into account. In 1998, the authorities announced 
an opening allocation at the beginning of the season infl uenced by what was in 
reservoirs, and then each month through the season, the authority revised the 
allocation, dependent on weather conditions, current water storage levels and 
anticipated demand. Hence, for the past 6 years, the opening allocation in the 
Goulburn system has been 0%, and for 5 years before then, below 55% (Bjornlund 
& Rossini, 2008). This approach, while properly acknowledging the scarcity of 
water in the system, has signifi cantly increased farmers need to manage the risk 
associated with the uncertainty of supply and has been a signifi cant driver behind 
the increased trading in water allocations (Bjornlund, 2006).

The rationale for water markets is simple. Farmers who are prepared to pay can 
purchase water in the market and produce a crop, while those who are prepared to 
sell can earn income. In this way, water will be reallocated from areas where it is 
used to produce low-value crops (e.g. cereals and some grazing and mixed farm-
ing) to high-value crops (dairy, fruit and wine) and from less effi cient to more 
effi cient irrigators. Trade in water allows some farmers to earn an income when 
using their own water for irrigation is unviable and, in the longer term, provides 
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them with additional income should they wish to leave the industry (Bjornlund, 
2002a). It also allows other irrigators with permanent plantings or dairy herds to 
buy water to stay in business during drought, assisting both individual irrigators 
and their communities to overcome severe water shortages. Trading thus helps 
“soften the blow” caused by water scarcity and partially alleviates the social and 
economic consequences otherwise caused by a rapid loss in income. It can also 
facilitate the movement of agricultural water from poor soils (where irrigation 
has a negative impact on river water quality) to better soils in more suitable loca-
tions and so support the process towards more sustainable irrigation.

Under the fi rst trading rules, there were restrictions on trading of water out of cer-
tain districts, with some transfers being prohibited entirely and others being limited 
to 2% of the total entitlement base at the beginning of each season. Under the NWI, 
the cap has been increased to 4% and is likely to eventually be removed entirely.

Initially, water trade in the GMID in both the markets for water allocations 
and entitlements was low (Turral et al., 2005; Bjornlund, 2004). Since then, and 
in contrast to many other countries, markets in allocations have developed to a 
high level of maturity. The market for entitlements remained more subdued until 
water scarcity really took hold in 2007 and 2008 (Bjornlund & Rossini, 2008). 
This is partly because irrigators perceive water entitlements to be an integral 
part of the value of the farm and partly due to the uncertainty associated with the 
long-term level of seasonal allocations yielded by these entitlements (Tisdell & 
Ward, 2003; Bjornlund, 2003a; 2005). Despite this, trade in both forms of water 
has increased over time and irrigators have increasingly adopted water trading 
and especially allocation trading as the market, and its support processes have 
become more sophisticated (Bjornlund & Rossini, 2008; Bjornlund, 2006). For 
example, in 1998, a weekly water exchange was introduced to ease the admin-
istrative pressure on the authority and facilitate faster and cheaper transactions 
(Bjornlund, 2003b). In 2003, the exchange was extended to cover all of Victoria 
and the Murray region of New South Wales. These multiple exchanges were gath-
ered under the umbrella of WaterMove (www.watermove.com.au).

Of the many regions covered by WaterMove, this chapter reports on work that 
concentrates on the largest and most active zone; the Greater Goulburn trading zone 
within the Northern Victoria regulated region. The exchange facilitates transactions 
in a number of different water products. This chapter focuses on trade in water allo-
cations, which occur 10–11 months in every year (with the exception of July, gener-
ally the wettest month) and water entitlements, which can occur all year round.

WaterMove conducts water exchanges within specifi ed trading zones. In the 
allocation market, buyers and sellers submit their bids to buy (sell). The bids must 
include the amount that they are prepared to buy (sell) and the price at which they 
are willing to buy (sell) the water. The exchanges are held every Thursday and 
the rules stipulate that the buyers’ bids be stacked in descending price order with 
the highest bidder eligible to buy fi rst. The sellers’ bids are stacked in ascending 
order, with the lowest bidder eligible to sell fi rst. The pool price is set at the level 
where the maximum volume is traded while no buyer pays more than their bid and 
no seller receives less than their bid. The pool price is the same for all successful 
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buyers and sellers, with some buyers paying less and some sellers receiving more 
than their bids (Bjornlund, 2003b). The market for water entitlements has been 
greatly simplifi ed following the NWI; buyers and sellers agree on a price and then 
complete the transaction. Until entitlements were unbundled from land owner-
ship under the NWI, the transfer process was cumbersome and one of the main 
impediments to the slow uptake of entitlement trading (Bjornlund, 2003a).

By July 2004, more than four-out-of-fi ve farm businesses within the GMID 
had traded water at some time, and in many areas, the fi gure was higher than nine 
in ten. During the very dry seasons of 2002–03 and 2003–04, 60% of all farm 
businesses were active in the water market (Bjornlund, 2006). Water purchased 
in the allocation market, as a percentage of total water use within the GMID, 
has increased from approximately 3% during periods of high supply in the mid 
1990s, to more than a third by 2006–07. These are clear signs of increased market 
adoption among water users.

In most years, irrigators within the Goulburn system have received their full 
allocation (Table 1), with the exception of 2002–03 and 2006–07, 2007–08 and 
2008–09 where allocation as at 1 March 2009 was 31% for the Goulburn and 35% 

Table 1:  Volume traded as percentage of water use – the Goulburn and Murray 
systems.

Goulburn system Murray system

Season Allocation (%)1 Trade (%)2 Allocation (%)1 Trade (%)2

1995–96 150  7 200  3

1996–97 200  4 200  3

1997–98 120  9 130 13

1998–99 100 13 200  5

1999–00 100 14 200  8

2000–01 100 16 200  2

2001–02 100 18 200  5

2002–03  57 24 129 16

2003–04 100 16 100 18

2004–05 100 18 100 22

2005–06 100 22 144 14

2006–07  29 37  95 20

2007–08  57 29  43 36

1Maximum seasonal allocation; 2Total water trade for season as percentage of total water 
use.
Source: Authors’ calculations. Based on Goulburn–Murray Water’s Records.
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for the Murray system. During the drought year of 2006–07, opening allocations 
were 0%, and by December, had only increased to 24% within the Goulburn 
system. To use water beyond their allocation, irrigators can purchase water allo-
cations from other irrigators. In general, the volume of water traded has been 
increasing over time.

The annual volume of water allocations traded has increased from less than 
50,000 ML (megalitres) in 1989 to almost 350,000 ML by 2006. While the quan-
tity of water traded has steadily increased, prices have been much more infl u-
enced by seasonal conditions, such as the drought in 2002–03. Before 2001–02, 
average monthly pool prices ranged from $10 to $100 ML–1 (except for 1 month 
where it reached $170 ML–1), and increased to $480 ML–1 in 2002–03, and then 
falling again during the seasons of 2003–04 to 2005–06 (allocation prices, 
Figure 2). Large variations are also refl ected in the weekly pool price and quan-
tity traded. For example, in 2002–03, the weekly pool price varied between $500 
and $105 ML–1; the maximum quantity traded in a week was over 2500 ML and 
the minimum under 200 ML. In contrast, in 2004–05, the weekly price ranged 
between $103 and $26 ML–1 while the quantity traded each week ranged from 
over 4000 to only 10 ML. During the drought season of 2006–07, prices reached 
in excess of $900 ML–1 by December while the accumulated volume traded at 
that time exceeded any other year and the volume traded in one single exchange 
was 13,856 ML (Bjornlund & Rossini, 2008).

Since 1993, there has been a mean annual growth in allocation prices of 
20.2% and 12.3% in entitlement prices. As Figure 2 shows, there is also clear 
evidence that the two prices are closely linked, following the same cyclical pat-
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tern but with allocation prices fl uctuating more than twice as much as entitlement 
prices (Bjornlund & Rossini, 2008; Wheeler et al., 2008c). Although allocation 
and entitlement prices have increased steadily since water trading began, they 
have been very variable, and appear strongly infl uenced by seasonal conditions 
such as the drought in 2002–03 and 2006–07.

Understanding the factors infl uencing price determination in water markets 
is important. While prices are determined by the interaction between supply 
and demand of water, these are themselves infl uenced by a range of other policy and 
market factors. Generally, economic analysis of agricultural prices frequently 
considers factors such as stocks, imports, production, usage and exports; how-
ever, modelling water prices is more complex and there have been few attempts 
to estimate the factors impacting on prices paid for water in the markets for water 
allocations and entitlements (Bjornlund & Rossini, 2005; 2007a). Still fewer 
studies have examined changes to water demand in the market over an extended 
period that includes drought. A close examination of the factors that impact on 
water demand in the entitlement and allocation market both in “normal” periods 
of supply and in drought should provide insight into what may occur as water 
supplies lessen in the future, either because of climate change or because of gov-
ernment policy to increase the allocation to environmental fl ows.

3 Infl uences on allocation and entitlement prices

Previous work by Wheeler et al. (2008c) demonstrates that the price of alloca-
tions in the GMID is signifi cantly and positively infl uenced by a yearly trend and 
the change to government policy introduced in 1998 to facilitate allocation trad-
ing. Other potential infl uences, such as commodity prices, are virtually insignifi -
cant (Bjornlund & Rossini, 2005). In any particular month, however, the price of 
water allocations is negatively and signifi cantly related to the current allocation 
level. Even allowing for lagged effects (such as the previous month’s allocation), 
current allocation levels are still signifi cant, while the net water defi cit (the gap 
between rainfall and evaporation) also becomes signifi cant. Thus, unsurpris-
ingly, in the short term, the price of water allocations is heavily dependent on the 
weather (and particularly the size of the net water defi cit) and the amount of water 
available from storages and released by the authorities.

By way of contrast, the price of water entitlements is signifi cantly and positively 
infl uenced by several factors including allocation prices (refl ecting weather and 
storage conditions), the month of the year, a yearly trend and the 1998 policy 
change. Overall, more of the variation in entitlement prices can be explained 
by the economic models than the variation in allocation prices. The single most
signifi cant infl uence on entitlement prices has been the yearly trend, high lighting 
the increasing acceptance of trading entitlements, and that over time, investing 
in such entitlements has proved profi table. The other most signifi cant infl uenceon 
entitlement prices is allocation prices (Bjornlund & Rossini, 2007a). As allocations 
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become more expensive, it follows that irrigators are willing to pay higher prices 
for water entitlements, both to reduce the need to buy future allocations and to 
attempt to ensure a more secure supply during periods of scarcity.

In summary, over the period 1993–2007, fl uctuations in the price of water allo-
cations have been mostly infl uenced by short-term factors (such as the drought, 
the current allocation of water received and the net defi cit of water) rather than 
the longer-term prices of water entitlements. Permanent plantings of grapes (and 
the long-term losses associated with a single drought season) also seem to have 
infl uenced entitlement prices in the GMID, but not so much water allocations. 
Government policy changes had a positive infl uence on both allocation and enti-
tlement prices, indicating that administrative policy changes can make a signifi -
cant difference to water prices. Finally, the increasing acceptance of a market 
approach to water allocation is revealed in long-run increases in entitlement 
prices as the demand and prices paid for entitlements have increased as irrigators 
recognise the need to secure long-term water rights.

4 Infl uences on the elasticity of water demand and supply

4.1 Water allocations

While the price of water can provide information about its relative scarcity, 
estimates of the elasticity of demand and supply provide information about 
how farmers respond to changes in prices. In periods of increasing water scarcity, 
how farmers and their communities respond to increasing prices becomes an 
important element that affects their overall sustainability.

Elasticity is measured by the percentage change in quantity divided by the 
percentage change in price. A good that is “inelastic” is one where the quantity 
does not change a great deal in response to a price change, while an “elastic” 
response is one where the quantity responds strongly to a change in price. A posi-
tive elasticity means that the quantity supplied (or demanded) moves in the same 
direction as the price change and a negative fi gure represents a change in quantity 
in the opposite direction of the price change. For example, a value of 0.5 means 
that for every 1% increase in price, there is a 0.5% increase in quantity, while a 
–0.7 means that for every 1% rise in price, there is a 0.7% fall in quantity.

There has been comparatively little work estimating the elasticity of water 
allocations. Estimates tend to be more elastic if they are based on economet-
ric studies or using mathematical programming and less elastic if derived from 
models based on fi eld experiments. A recent review of 24 studies on irrigation 
water in the United States reveals a mean price elasticity of 0.48 and a median 
of 0.16 (in absolute terms), with larger elasticities in the longer run (Scheierling 
et al., 2006). They also reveal a large variation in the results, with elasticities 
ranging from 0.001 to 1.97. Overall, the demand for irrigation water appears to be 
more elastic than the demand for residential water, a result that is consistent with 
Australian studies on water price elasticities (Appels et al., 2004).
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Over the period 1997–2006, and based on bids registered with WaterMove, 
Wheeler et al. (2008a) found the elasticity of monthly demand in the GMID 
ranged from –1.32 to –7.82. Using supplier’s bids from the same source, the elas-
ticity of monthly demand was estimated to range from 1.13 to 6.88.

Demand for water is closely related to seasonal requirements. The fi gures 
reveal that the elasticity of demand for water is relatively low early in the season 
peaking mid season and declining again towards the end of the season. Such a 
pattern is consistent with the view that farmers are most keen to purchase water 
early in the season – newly growing crops require water to survive – but as the 
growing period unfolds and they are either committed to developing the crop or 
not, the elasticity of demand increases (Wheeler et al., 2008a).

It is also possible that there are particular price ranges within which farmers 
(in aggregate) behave differently. Underlying this observation is the idea that as 
the price of water varies from season to season (being higher or lower on average 
in some years), so different crops become viable and the farmers then active in 
the market (i.e. those growing viable crops) may have different responses to price 
changes. An examination of elasticity by price range reveals that elasticity of 
demand ranged from –0.90 to –7.03 and the elasticity of supply ranged from 0.11 
to 4.09 from the lowest to the highest price range. The elasticity of demand and 
supply for water depends on the time of the season and market prices. Demand 
elasticity is higher and varies more during the season than supply elasticity. 
Demand therefore appears to be dominated by active irrigators responding to 
fl uctuating weather and market conditions, while water sellers and lower value 
producing irrigators deciding to sell all or a large proportion of their water early 
in the season dominate the supply side (Wheeler et al., 2008a). 

Examining actual water traded against actual prices paid (rather than bid 
prices) between 1997 and 2006, demand elasticity was estimated between 0.51 in 
the short run and 0.82 in the long run. Statistically, however, these estimates were 
insignifi cant, so that in the aggregate, factors other than just price were found to 
also infl uence water demand.

As Figure 2 starkly reveals, drought has a major infl uence on water prices. 
Unsurprisingly, in periods of drought, prices rise. Wheeler et al. (2008a) also sug-
gest that in periods of drought, the elasticity of demand decreases (the elasticities 
are lowest in drought years). This is consistent with the response that as water 
becomes scarcer, those farmers who continue to produce continue to purchase 
it to maintain production irrespective of price increases. Indeed, depending on the 
anticipated severity of the drought, and the farmer’s fi nancial and personal situation 
prior to the drought, some continue to purchase water even when it is uneconomic 
to do so. The decision to continue to purchase water, even when product prices for 
farm output are below the water price, is consistent with the realisation that where 
permanent plantings exist, a failure to provide minimal water may mean a permanent 
cessation of production. This also suggests that the longer a drought continues, the 
more pressing this issue becomes for farmers with permanent plantings and 
the more the decision to purchase allocation water becomes, in effect, a decision 
whether to continue farming. This also has implications for the entitlement price.
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4.2 Water entitlements

Whereas work on prices and elasticity of allocation water reveals farmers’ short-
term responses to variations in water markets, seasonal factors, weather conditions, 
etc., the entitlement market provides insights on farmers’ longer-tem responses to 
change. Responses in the entitlement market therefore provide insights into the 
possible direction of change in irrigation and the sustainability of this sector. In 
Australia, however, this market has been comparatively slow to develop, and any 
insights from previous research should be considered preliminary.

There has been surprisingly little quantitative work on the factors affecting 
the price of water entitlements. Analyses of individual transfers in New Mexico 
found that the most infl uential factors infl uencing entitlement prices were urban 
and industrial activity, the priority of the water right that was traded and the vol-
ume of water traded (Colby et al., 1993). An analysis of mean annual prices in 
Colorado revealed that agricultural commodity prices were signifi cant until urban 
buyers started to dominate the market after which time other non-farming factors 
such as the number of housing starts were important (Person & Michelsen, 1994). 
Within the study region, neither the priority of water rights nor competition from 
urban and industrial users has been an issue.

Bjornlund (2002b) analysed individual transfers of water entitlements during 
the early years of water trading to establish the factors infl uencing individual 
irrigators’ willingness to pay and accept prices in the market for entitlements 
over two time periods within two different states. He found that as trading was 
opened up both spatially and between different types of water users and classes 
of water entitlements, and as market operations became more profi cient and inter-
mediaries more active in the market, prices increased and became more consist-
ent across space and entitlement classes. This is consistent with earlier fi ndings 
in US markets [Gardner, 1985; Brown et al., 1982). He also found that effi cient 
and higher-valued irrigators were willing to pay higher prices when buying, and 
were capable of demanding higher prices when selling; buyers and sellers in the 
strongest bargaining position paid lower prices and received higher prices; and 
older farmers sold at lower prices unless they sold as part of a planned retirement 
process. Finally, he found that price dispersion in the market in South Australia 
declined sharply between 1987 and 1996, from approximately 18% initially to 6% 
in the last year. In comparison, markets in Victoria exhibited a relatively constant 
dispersion during the fi rst 9 years of trading of around 20%; a rate still within 
the range experienced for many other commodities (Pratt et al., 1979). These 
fi ndings suggest that for individual farmers, the market for water entitlements is 
being impacted by normal economic factors, as would occur in any other market 
process.

Regression analyses, using mean monthly prices, show very few relationships 
between commodity prices and prices of water entitlements, with only wine grape 
prices having a signifi cant positive correlation with price. There also appears to 
be negative correlations between the price of water entitlements and dairy prod-
ucts which are the outputs from the main high-value industry within the district. 
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The major factors infl uencing the price of water entitlements are the price of 
water in the allocation market, the level of seasonal allocation, wine grape prices 
and interest rates (Bjornlund & Rossini, 2007b).

There is slightly more research available about the demand for entitlement 
water. In the GMID, between 1997 and 2003 for example, it was found that rain-
fall and evaporation, seasonality factors, the price of entitlements, the price of 
water allocations and the price of milk were statistically signifi cant factors infl u-
encing the demand of water entitlements. Although useful, the study did not pro-
vide a fully specifi ed model of water demand (Bjornlund & Rossini, 2006).

Wheeler et al. (2008b) used a region-level model to estimate the factors corre-
lated with the demand for water entitlements purchased by farmers in the GMID. 
They found that average demand for water entitlements was signifi cantly and pos-
itively infl uenced by the demand in the previous month and seasonality factors. 
Surprisingly, other variables such as farm income, rainfall and lagged demand 
were not signifi cant, although the allocation variable (the percentage of the water 
entitlement that is available for use at that time) was “almost” statistically signifi -
cant. The difference between the fi ndings of the 2008 study by Wheeler et al. and 
the 2006 study by Bjornlund and Rossini is most likely caused by the continued 
and intensifying drought that occurred over the period.

Complicating any analysis of agricultural water markets in Australia over 
the past 10–15 years has been the impact of drought. This may, however, also 
provide important insights into long-term sustainability of agriculture in peri-
ods of climate change and lessening water. For example, for the period 1997–03, 
Bjornlund and Rossini (2005) found an expected negative relationship between 
prices of water entitlements and demand for water entitlements, the work by Wheeler 
et al. (2008b) suggests the price of water entitlements was positively (but 
weakly) related to water demand. Extending the analysis to include drought years 
confi rms that prices were positively signifi cant, in relation to demand for entitle-
ments. Thus, the beginning of a major (and continuing) drought in 2003, where 
prices have skyrocketed, appears to have fundamentally changed the relationship 
between price and demand. Indeed, comparing cycle factors for entitlement and 
allocation prices confi rms that up to 2003 the two factors moved in unison, but 
since then they have departed (Bjornlund & Rossini, 2007a).

That a major drought should cause a signifi cant shift in the market is not 
unexpected. The positive sign of the price elasticity, although unusual, signals 
that buyers would be willing to pay higher prices for larger volumes. It is also 
consistent with some irrigators “digging in” (and paying what it takes) to main-
tain their farms in the longer term, while others sell. Increasing price and vol-
umes also helps lower average costs, thus favouring larger and more effi cient 
irrigators. It may thus refl ect the shift in farmer production processes desired by 
policy makers. Farmers who are willing to purchase entitlement water in times 
of drought are also signalling a long-term commitment to irrigation production 
– something that is only viable for high-value crops. Comparatively “short-term” 
price changes are then less of a factor infl uencing the demand for water as farmers 
restructure their production process.
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Between 1997 and 2007, the market has been dominated by historically low 
allocation levels and the price of water entitlements does not appear to play a 
signifi cant role in infl uencing the demand of water entitlements. The regressions 
suggest that scarcity is the major reason. What is less understood, however, are 
the factors associated with individual irrigator decisions. For example, during a 
drought period risk-averse irrigators, in an effort to secure their production, are 
likely to be buyers in the market, but identifying the cluster of characteristics 
associated with risk aversion remains unresearched. During the 2002–03 sea-
son, there were reports of a high level of anxiety among irrigators on the day 
of the weekly exchange, as water was needed “instantly” (Bjornlund, 2003a). 
High anxiety and high prices during this season saw many people active in the 
entitlement market. Identifying individual farmer characteristics (such as the age 
of the farmer, attitude towards leaving the farm, their stress and income levels) 
may play a more important role in determining trade outcomes than previously 
thought.

There is evidence of increased market activity following seasons of very 
high allocation prices and diffi culties in obtaining water in the allocation market 
(Wheeler et al., 2008a). Identifying the characteristics of the farmer likely to 
adjust their entitlement holdings and in which direction, particularly in periods of 
water scarcity, remains to be done.

To this point, we are not aware of research that has identifi ed signifi cant 
coeffi cients for either the short-run or long-run elasticity of entitlement water in 
Australia. The strongest factor associated with these elasticities has been the time 
of year, as water entitlements are made effective on 1 July each year and there is 
no dispute about who has access to the next season’s water allocation on this date 
(Wheeler et al., 2008b). 

Drought increases the stress placed on farmers. We also suggest that the 
elasticity of demand for entitlement water will decrease (become more ine-
lastic), as prices increase and remaining farmers become more determined to 
purchase entitlements with less regard to price. An important (and yet little 
researched) factor likely to be infl uential to this decision is the response of 
banks and fi nanciers to individual farmers requests for loans. Without adequate 
access to fi nance, the ability of the market to redistribute water permanently 
and to areas of higher productivity is reduced. However, at the same time, 
the entry into the market by the Australian government as part of its “Water 
for the Future Plan” may also decrease the elasticity of demand for water and 
cause signifi cant increases in water prices. The government anticipates spend-
ing A$3.1 billion on purchasing water from farmers to address over-alloca-
tion and achieve environmental objectives within the Murray–Darling Basin. 
This means, based on the trend in sales of water entitlements over the past 5 
years, the government will need to purchase 100% of current volume of water 
traded for the next 14 years to achieve its objective of buying 1500 GL (gigali-
tres) of water. One consequence of this policy action is that it could potentially 
prevent the market from achieving the water market reform benefi ts experienced 
in the past.
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5 Conclusion

From the results, it is clear that in periods of great water scarcity, farmer’s 
response to changes in water prices differs from periods when supply is relatively 
more plentiful. In periods of reasonable supply, farmers’ decisions to buy or sell 
water allocations are most infl uenced by the time of the season, the condition of 
their infrastructure, market prices for their production, etc. As supply decreases 
under increased water scarcity, the pressure on irrigators to choose between 
maintaining their production and ceasing production increases. This pushes 
more farmers into choosing whether to produce in a particular season, and hence 
also impacts on the supply of water available for purchase. As a drought period 
continues, however, more farmers are required to choose between maintaining 
production and permanently ceasing production – a factor that infl uences the 
entitlement market. As individual farmers make these choices both short and 
long term, they are infl uenced by a range of additional factors such as their age, 
whether they have a succession plan for their farm, income (and savings), the 
state of the market for their crop and the current policy directions of the govern-
ment. Many of these factors are comparatively poorly understood – despite their 
importance in determining whether agricultural production will remain viable 
in the long term.

To date, the period of concurrence between the existence of drought condi-
tions and actively operating water markets in the GMID has been relatively brief. 
The data we have to this point include the drought years before 2002–3 and after 
2006. Nonetheless, we have some insight into farmers’ responses.

Current predictions suggest that there will be a permanent reduction in annual 
water supply in the whole of the Murray–Darling Basin (including the GMID) 
due to climate change. Second, there is likely to be a permanent reduction in the 
amount of water available for farming, as the natural environment’s needs are 
given higher priority and the government enters the water market in a signifi cant 
way. Both of these factors will cause the price of water, in both the entitlement and 
the allocation markets, to rise to permanently higher levels. While farmers must 
adjust to these shifts, it is likely that the price of agricultural output will also rise. 
For policy makers attempting to facilitate a sustainable level of agricultural output, 
the critical issue is to ensure that water continues to be transferred to where it is 
most valuable and that change occurs at a rate that allows farmers time to respond 
(by modifying their demand for water, altering production, investing in more effi -
cient infrastructure and leaving the sector, etc.). Which farmers have the capacity 
and ability to respond to increased water scarcity, and how quickly they will react 
to the market remain largely unanswered questions. Nevertheless, much of the 
future sustainability of the irrigation sector in the GMID depends on the answers. 

The future sustainability of irrigation in Australia depends on achieving a 
long-term equilibrium between the competing demands of agriculture, the envi-
ronment and the community. It is clear that over the past decade and a half, water 
markets have assisted irrigators in the GMID to begin to adjust to water scarcity 
and to move towards more sustainable irrigation.
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Chapter 8

Incorporating the environment into the market: 
The case of water trusts and environmental 
water transfers in the western United States

Ereney Hadjigeorgalis
United States Department of Agriculture, Washington, D.C., USA

Abstract

As population growth and urbanization accelerate, it is becoming increasingly 
diffi cult to meet competing demands for water resources without detrimental 
impacts on the environment. Nonetheless, a healthy aquatic ecosystem is essen-
tial to the sustainability of irrigation and food production in the coming decades. 
One solution that holds promise for environmental water fl ows is to incorpo-
rate the environment into the market. This has been accomplished to a certain 
extent in the western United States where federal, state, and nonprofi t entities 
have engaged in environmental water transfers to augment stream fl ows. This 
chapter discusses the evolution of the market for environmental water in the west-
ern United States and the institutional structures that have both facilitated and 
obstructed efforts to restore and enhance stream fl ows. It reviews the institutional 
and legal basis of water management in the western United States as espoused 
in the doctrine of prior appropriation, the benefi cial use clause, and the provi-
sions of the Endangered Species Act with respect to water fl ows. It then gives a 
description of federal provision of water for in-stream fl ows as well as the various 
nonprofi t water trusts that have arisen in the Pacifi c Northwest. This chapter con-
cludes with a look to the future of private efforts to fi ll a niche in environmental 
resource management in the western United States.

Keywords: Endangered species act; In-stream fl ows; Water markets; Water trusts

1 Introduction

Water scarcity and water quality have risen to the forefront of environmental 
issues. All in all, one-third of the world’s population lives in basins where water use 
exceeds sustainable levels, which translates into less water for irrigation, municipal 
drinking water, industrial production, hydropower, and, lest we forget, sustenance 
of fi sh and wildlife populations and recreational uses (UNHDR, 2006).
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As population growth accelerates and urbanization increases, this scenario 
will intensify, placing increasing pressures on agriculture and the environment. 
Pressures on agriculture will increase because food production is highly water 
intensive, while agriculture controls the largest proportion of water resources in 
most basins – 70–85% on average. Pressure on the environment will increase for 
a very different reason – the environment typically stands in the way of human 
production and consumption and is the fi rst sector to have its water degraded in 
the stiff competition for scarce resources.

The secondary status traditionally attributed to environmental water uses 
is particularly stark in the western United States where water property rights 
regimes have tended to view only diversionary uses of water as benefi cial. 
Built on a history of large, government–subsidized irrigation and hydropower 
projects, the West largely ignored environmental fl ows during the fi rst half of 
the 20th century as the federal government embarked on an era of rapid dam 
building. Beginning in 1902, the Bureau of Reclamation alone constructed over 
600 dams in 17 Western states, as well as an extensive network of water dis-
tribution infrastructure (BOR 2). The construction of these large, subsidized 
irrigation projects however soon proved economically untenable. While the 
federal government spent close to $23 billion on water supply projects, only 
$2 billion was ever recovered from irrigators. By the time all was said and 
done, the federal irrigation subsidy had reached an effective rate of 85–90% 
(Neuman, 2004).

By the 1970s, it became clear that the federal government’s focus on supply-
side management of water resources would be insuffi cient to manage the mount-
ing water crisis, and there was a paradigm shift towards demand-side approaches 
based on prices and the concept of water markets. The fi rst operative water mar-
kets appeared in the early 1980s, and since that time, they have proliferated across 
the western United States, Australia, and several developing countries such as 
Chile, South Africa, China, and South Asia (Hadjigeorgalis, 2009a). In Australia 
and the United States, these early markets focused on obtaining water supplies 
from agriculture for growing cities, whereas in developing countries, farmer-to-
farmer trades were emphasized (Hadjigeorgalis, 2009b). In neither developed 
nor developing countries, however, was much attention paid to environmental or 
in-stream fl ows.

As Bjornlund so aptly points out in the introduction to this book, however, 
without healthy ecosystems, water resources cannot continue to meet a constant 
or growing level of needs into the future. The challenge, as always, is to main-
tain production output with access to less water while preventing negative envi-
ronmental impacts and allowing irrigation communities to continue to be viable 
under a sustainable water use regime.

Institutional structures can clearly have a signifi cant role in facilitating and 
encouraging this process. For example, incorporating the environment into the 
market could go a long way towards achieving sustainable irrigation while pro-
tecting and enhancing aquatic ecosystems that support native fi sh populations 
and important fi sheries industries.

108 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION
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In both the United States and Australia, the past 15 years have seen an 
increased emphasis on using the market to buy water to achieve environmental 
purposes. This chapter discusses the evolution of the market for environmental 
water in the western United States and the institutional structures that have both 
facilitated and obstructed efforts to restore and enhance aquatic environments 
that serve a multiplicity of uses. It begins by reviewing the institutional and 
legal basis of water management in the western United States as espoused in the 
doctrine of prior appropriation, the benefi cial use clause, and the provisions of 
the Endangered Species Act (ESA) with respect to water fl ows. It then gives a 
description of the environmental water market for in-stream fl ows that consist 
of federal provision of water for in-stream fl ows as well as the various nonprofi t 
and quasi-governmental water trusts that have arisen, particularly in the Pacifi c 
Northwest. This chapter concludes with a look to the future of private efforts 
to fi ll a niche in environmental resource management in the western United 
States.

2 Institutional framework for environmental water transfers

2.1 Prior appropriations doctrine and benefi cial use

In most Western states, two concepts defi ne Western water law: the prior 
appropriations doctrine and benefi cial use. The prior appropriations doctrine, 
which is often referred to as “fi rst in time, fi rst in right,” is a property rights 
system based on the concept of seniority. Each water right is assigned a pri-
ority date indicating when the right was fi rst appropriated. The priority date 
defi nes the seniority of the water right, and the doctrine assures that those 
with the claim to the oldest water rights receive their allotments fi rst in times 
of shortage. Benefi cial use governs the end use of the water, which has tradi-
tionally been defi ned to include only consumptive or diversionary uses such 
as irrigation, municipal demand, or hydropower production. A water right 
that has not been diverted for a specifi ed period of time (usually 4–5 years) is 
subject to forfeiture.

Both benefi cial use and the prior appropriations doctrine present problems 
for the maintenance of in-stream fl ows. To protect in-stream fl ows, an addi-
tional legislation was enacted in most Western states that redefi ned benefi cial 
use to include in-stream uses, such as for fi sheries or recreation. This legisla-
tion, in and of itself, however, was insuffi cient in prior appropriations regimes 
on over-appropriated rivers; any new in-stream water rights created would be 
the most junior on the river impeding their fulfi llment in droughts when they 
were most needed and thus defeating the purpose of creating the in-stream right 
in the fi rst place (Neuman, 2004). The critical institutional change needed was 
to permit the transfer of senior appropriative water rights to in-stream, nondi-
versionary uses. Such legislation has been introduced in varying forms across 
the western United States.
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2.2 Endangered Species Act

While the prior appropriations act and the benefi cial use clause have presented 
institutional obstacles to protecting in-stream fl ows, the ESA has been a strong, 
enabling piece of legislation for such protection. The ESA was passed by 
Congress in 1973 under the Nixon administration to preserve biodiversity by pre-
venting species extinction. Many endangered or threatened species are aquatic; 
hence, the ESA has been instrumental in protecting in-stream fl ows (Gillian & 
Brown, 1997).

The ESA of 1973 gives the U.S. Fish and Wildlife Service and the National 
Marine Fisheries Service the power to recover and conserve all forms of plants 
and animals found to be threatened or in danger of extinction. As such, the ESA 
is one of the broadest and most powerful environmental laws of the United States. 
It has also been controversial and the source of intense public debate involv-
ing private property rights, state primacy, and natural resource protection (Utah 
Division of Water Resources, 2001).

The ESA places a signifi cant burden of responsibility for species protection on 
the shoulders of the federal government by requiring that federal agencies under-
take no action that will harm endangered species. Harm is broadly defi ned under 
the ESA as any action that kills or injures wildlife by signifi cantly impairing essen-
tial behavioral patterns, including breeding, feeding, and sheltering. In subsequent 
court cases, the Supreme Court concluded that this protection takes precedence 
over even the primary missions of federal agencies (Gillian & Brown, 1997).

The U.S. Fish and Wildlife Service and the National Marine Fisheries Service 
have the authority to ensure that other federal agencies comply with the ESA in 
their operations. Some of the most important federal agencies that they oversee 
in this respect are those charged with dam operations and hydropower production 
because these can reduce in-stream fl ows and impede fi sh migrations, particularly 
for salmon and other anadromous fi sh species. The federal agencies responsible for 
dam operation and hydropower production include the BOR (Department of the 
Interior), the U.S. Army Corps of Engineers (USACE), and the Bonneville Power 
Administration (BPA) (Department of Energy).

To meet the obligations of the ESA to maintain in-stream fl ows for fi sh habitat, 
this troika of federal agencies purchases water from irrigators, usually through 
state water banks. For example, in Idaho, the BOR is required, via the ESA, to 
supply 427,000 acre-feet of water per year to the Snake River to improve in-
stream fl ows for salmon (Scarborough & Lund, 2007). In 2000, the BPA was 
required to restore stream fl ows for endangered species to help offset the impact 
of dams constructed for hydroelectric power generation. The BPA accomplished 
this by outsourcing improvements in in-stream fl ows to a number of groups who 
use markets to supply water. Outsourcing allowed the BPA to use a market proc-
ess to come up with the water it was forced to provide by court order at the least 
cost and disruption (Scarborough & Lund, 2007).

When all else fails, the ESA can be used to curtail irrigation in basins where 
low in-stream fl ows threaten aquatic species. In 2001, a federal court ordered 
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irrigation water to farmers in the Klamath River Basin cut off (Meiners & 
Kosnick, 2003) in an attempt to meet the needs of two fi sh species listed under 
the ESA (Scarborough & Lund, 2007). 

3 The environmental water market for in-stream fl ows

Participants in the environmental market for in-stream fl ows include federal and 
state governments as well as nonprofi t and quasi-governmental agencies and 
irrigators. Markets for in-stream fl ows extend over six hydrologic regions (Rio 
Grande, Upper Colorado, Lower Colorado, Great Basin, Pacifi c Northwest, and 
California) that include 12 Western states (Colorado, New Mexico, Texas, Arizona, 
Utah, Wyoming, California, Nevada, Oregon, Washington, Idaho, and Montana).

By far the dominant buyers in the environmental water market are federal 
and state agencies. To date, 95% of all water for in-stream fl ows is acquired 
and allocated by federal and state agencies, with federal expenditures 
accounting for 60% of total expenditures (see Figure 1) (Neuman, 2004; 
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Figure 1:  Acquisitions of water for in-stream fl ows by acquiring entity, 1991–2006.
Source: Water Strategist.
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Scarborough & Lund, 2007). These federal agencies concentrate on procuring 
large amounts of water for major rivers. From 1998 to 2007, nearly 6 million 
acre-feet of water had been acquired for in-stream use, almost 2.5 times the 
amount acquired from 1990 to 1997. In Oregon alone, federal expenditures 
for in-stream fl ows exceeded $15 million, restoring nearly 230,000 acre-feet 
to streams in a series of short-team leases (Scarborough & Lund, 2007). Most 
of the federal government’s acquisition responsibilities are delegated to the 
BOR and BPA, and much of the activity in in-stream acquisitions is driven by 
efforts to restore fl ows for endangered species (Scarborough & Lund, 2007).

The remaining 5% of environmental water market activity is provided through 
nonprofi t water trusts, water districts, and other nonprofi t and quasi-governmental 
agencies. In contrast to federal agency practices, these entities tend to focus on 
smaller acquisitions of senior water rights on secondary streams that support 
signifi cant fi sheries. Although the water rights that are purchased to maintain 
in-stream fl ows are small, the fl ow is big enough and senior enough to assure 
stream fl ow in late summer, providing a late-summer rearing habitat for fi sh and 
improving water quality (Neuman, 2004).

3.1 Federal and state provision of in-stream fl ows

In many Western states, only state agencies may acquire and hold in-stream water 
rights, creating a barrier to participation in environmental water markets by non-
profi t entities. In these states, federal and state acquisitions are the only source 
of environmental water market activity. These states include Idaho, Utah, and 
Wyoming. In other states, private entities may acquire in-stream water rights, but 
ownership of these rights remains with state agencies – that is, only state agen-
cies can hold in-stream water rights. These include all other Western states that 
participate in environmental water markets.

3.1.1 Idaho
Only state or federal agencies may acquire and hold in-stream water rights in 
Idaho. Idaho depends on its water banking statutes to provide for in-stream fl ows 
through leases acquired by the Idaho Department of Water Resources or the BOR. 
The BOR often leases water from the Idaho’s water banking system to provide for 
in-stream fl ows. From 1991 to 2006, Idaho acquired 2.4 million acre-feet of water 
primarily through temporary leases – second only to California in total water 
acquired for environmental fl ows (see Figure 2). More than 85% of this quantity 
was acquired by the BOR to meet ESA requirements on the Snake River (Water 
Strategist).

3.1.2 Utah
Similar to Idaho, only state agencies in Utah have the authority to purchase and 
hold in-stream water rights. Only the Division of Wildlife Resources and the 
Division of Parks and Recreation can procure in-stream water rights in Utah. The 
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Utah Code allows these two state agencies to fi le changes on perfected water rights 
to provide in-stream fl ows in designated reaches of streams (Utah State Water 
Plan, 2001). These fl ows may be acquired for preservation and enhancement of 
fi sheries, the natural stream environment, or public recreation. Because these 
agencies have limited funding, acquisition of such water rights is dependent on 
legislative appropriations and a willing seller, unless the water right is previously 
owned by the agency or is gifted or deeded to it (Utah State Water Plan, 2001). 
The nonprofi t organization Trout Unlimited has been pushing for legislation to 
allow private entities to purchase water rights for in-stream fl ows (Scarborough 
& Lund, 2007).

3.1.3 Wyoming
In Wyoming, in-stream fl ow rights can only be held by the state, and there are no 
provisions allowing any private entity to lease or buy water rights for in-stream 
fl ows. In contrast to other states, however, Wyoming statutes also do not allow 
the state to lease or buy water rights for in-stream fl ows, which limits the state’s 
acquisitions to gifts or voluntary transfers from private water rights holders. To 
date, no in-stream fl ow transactions have occurred in Wyoming, and as of 2007, no 
water right holder had been willing to donate their rights to the state (Scarborough 
& Lund, 2007).

Figure 2:  In-stream fl ow acquisitions by state, 1991–2006.
Source: Water Strategist.
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3.1.4 Colorado
Although the Colorado Water Trust was formed in 2001 to support and promote 
voluntary efforts to protect and restore the state’s stream fl ows, the greater impetus in 
Colorado toward the protection of in-stream fl ows is the Colorado Water Conservation 
Board, which is the only state entity that can hold in-stream water rights by law 
(Colorado Water Trust). In 2008, the Colorado Water Conservation Board received a 
major impetus from the state when the state authorized $1.5 million annually for the 
purchase of rights for in-stream fl ows (Smith, 2008).

3.1.5 Southwestern states
In the Southwest, legislation has been unclear with respect to who may obtain and 
hold in-stream water rights. In Arizona, water law states that water rights may be 
“transferred for use for ... wildlife purposes, including fi sh,” but no  in-stream fl ow 
transfers have been attempted. In New Mexico, there is no legislated in-stream 
fl ow program and in-stream fl ow is not recognized as a benefi cial use. In 1998, 
however, the New Mexico Attorney General issued a legal opinion concluding that 
the transfer of a consumptive water right to an in-stream fl ow right is allowable 
under state law. The legal opinion determined that in-stream uses such as recreation 
and fi sh and wildlife habitat are benefi cial uses, and that transfers of existing water 
rights to in-stream fl ows are not expressly prohibited (BLM).

As a result of this unclear legislation, federal and state agencies in the 
Southwest have been the primary acquirers of water for in-stream fl ows and 
much of this activity has been to meet interstate or ESA obligations. In 1994, 
Arizona’s Water Protection Fund was established to protect and restore riparian 
habitat, including funding for improving in-stream fl ows. However, almost all 
of the funding has been directed toward habit restoration efforts rather than 
acquisitions to restore in-stream fl ows (Scarborough & Lund, 2007). In New 
Mexico, the BOR and state agencies such as the Interstate Stream Commission 
have spent nearly $25 million purchasing land and water rights to improve 
stream fl ows for endangered species and reduce interstate dewatering. A law 
passed in 2005 created a state Strategic Water Reserve that will allow the state 
to purchase, lease, or accept donated water rights to help endangered species 
(Scarborough & Lund, 2007). In New Mexico, nearly 250,000 acre-feet of water 
was put in-stream for fi sheries through leases by the BOR and conservation 
efforts by the Pecos Valley Artesian Conservancy District.

3.1.6 California
More funds have been spent in California to restore in-stream fl ows than in any 
other Western state (see Figure 3). Between 1998 and 2005, state and federal 
agencies spent approximately $156 million to acquire 1.5 million acre-feet 
of water for in-stream use. Much of this water was transferred to the state’s 
Environmental Water Account, a state agency charged with maintaining 
in-stream fl ows to improve spawning habitat for native fi sh (Scarborough & 
Lund, 2007). Other market activity has been primarily limited to short-term lease 
agreements funded by state and federal agencies. Nevertheless, acquisitions for 
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in-stream fl ows have been signifi cant over the past 15 years (Scarborough &
Lund, 2007).

3.1.7 Nevada
In Nevada, any person may appropriate water for benefi cial use, and in-stream 
fl ows are recognized as benefi cial under state statutes (BLM). Water market 
activity for environmental fl ows in Nevada, however, has been largely limited 
to wetland restoration rather than protection and maintenance of in-stream 
fl ows. Two exceptions are purchases of water rights by Washoe County and the 
cities of Reno and Sparks for transfer to in-stream uses as well as purchases of 
water rights and land to comply with a 1996 lawsuit settlement in favor of the 
Pyramid Lake Paiute Tribe against the United States and the cities of Reno and 
Sparks, NV (Scarborough & Lund, 2007; Nevada Division of Water Resources, 
1999).

3.2 Water trusts

From the mid to late 1990s, a complementary movement to the federal pro-
vision of water for in-stream fl ows began to emerge, primarily concentrated 
in the states of the Pacifi c Northwest. Known as water trusts, these groups 
were part of a larger trend of delegation of federal authority to state and local 
levels, as well as private organizations (King, 2004). They were born out of, 
and based on, the conservationist land trust model as a derivative of the land 
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Figure 3:  In-stream fl ow acquisitions in western states, total expenditures, 1998–2005.
Source: Scarborough, B. & Lund, H. 2007. Saving our Streams: A Practical Guide, Property 
and Environment Research Center (PERC). PERC, Bozeman, MT.
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trust model espoused by such organizations as the Nature Conservancy and the 
Sierra Club. Between 1998 and 2005, private organizations were active partici-
pants in acquisitions of in-stream fl ows in only four Western states: Oregon, 
Washington, Montana, and Nevada.

The rise of water trusts as a complement to federal provision of water for in-
stream fl ows paralleled the listing of several important fi sh species as endangered. In 
the late 1990s and throughout the 1990s, population growth and rapid urbanization 
led to overdiversions of river fl ows that degraded spawning habitat for many river-
ine and anadromous fi sh species and affected water quality. In the Pacifi c North-
west, several species were listed as endangered or threatened and miles of streams 
were classifi ed as water quality limited, not only creating environmental concerns 
but also impacting the economic vitality of northwestern fi shery industries.

Despite federal mandates to maintain stream fl ows under the ESA, the list of 
endangered and threatened species not only was maintained but also continued 
to grow. As of early 2009, 26 fi sh species were listed as endangered or threatened 
in California, 14 in Oregon, and 5 each in Washington and Idaho. Eighteen ani-
mal species are currently listed as threatened or endangered in Utah, of which 8 
are fi sh whose numbers have reached critical levels due to altered fl ow patterns, 
water temperatures, and man-introduced predatory species (Utah Division of 
Water Resources, 2001; FWS). In Nevada, of 104 native fi sh species, 11 are now 
extinct or extirpated, while 23 are listed as threatened or endangered (Nevada 
Division of Water Resources, 1999; FWS).

The most important water trusts include the Oregon Water Trust, the Wash-
ington Water Trust, the Montana Water Trust, and the Columbia Basin Water 
Transactions Program.

3.2.1 Oregon Water Trust
The Oregon Water Trust (OWT) is the oldest water trust in the western 
United States, and has served as a prototype for other water trusts. The OWT, 
established in 1993, represents a cooperative alliance between state and local 
leaders (King, 2004). It is the fi rst private organization in the nation dedicated 
to acquiring water rights to enhance in-stream fl ows (OWT). As of 2008, the 
OWT portfolio had grown from 2 leases totaling 1.4 cubic feet per second to 
97 projects amounting to more than 160 cubic feet per second of protected 
in-stream fl ows. The OWT works primarily on a preventative basis to restore 
water for fi sh habitat before a crisis exists (Neuman, 2004). They concentrate 
their efforts on smaller streams and tributaries that support signifi cant fi sheries, 
particularly salmonids, and where small increases in stream fl ow can have 
signifi cant impacts (OWT).

Two important pieces of legislation enabled the development of the OWT: the 
In-stream Water Rights Act and the Conserved Water Program, both passed in 
1987. The In-stream Water Rights Act of 1987 modifi ed the traditional benefi cial 
use clause of the prior appropriation doctrine to include in-stream uses (Neuman, 
2004; King, 2004). The key clause that made this legislation successful where 
prior legislation had not been was that it allowed for consumptive water rights to 
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be converted to in-stream rights with the priority date of the original right. This 
gave in-stream rights senior priority status in many cases and allowed such rights 
to guarantee stream fl ows in dry seasons on over-appropriated streams. The 1987 
law provided the institutional backdrop against which a water market in environ-
mental fl ows could emerge (Neuman, 2004).

The 1987 Conserved Water Program established the appropriate incentives 
for water conservation and set up a mechanism for the transfer of a portion of con-
served water to in-stream uses. Prior to the passage of the Conserved Water Pro-
gram, water users who invested in water-conserving technologies had no claim 
to the water saved by such technologies, which fl owed freely in the stream and 
became available to users with lower priority dates. The Conserved Water Pro-
gram amended state water laws to allow water users who invested in water con-
servation measures or technology to retain up to 75% of their conserved water, 
with the remaining 25% transferred to in-stream fl ows.

Despite the enabling legislation and ample funding, it proved diffi cult for the 
OWT to acquire water for in-stream fl ows on its founding. To counteract this, 
the trust began to engage in a number of innovative market devices to create 
transactions that work in varying circumstances. Examples of these include water 
conservation projects, split season leasing, source switching, point of diversion 
change, rotational pooling arrangements, and modifi ed land management (see 
Table 1).

The OWT spawned the establishment of other water trusts throughout the 
western United States in Washington, Montana, Colorado, Texas, the Great 
Basin Area, and New Mexico. In addition, the OWT has actively participated in 
the development of the Columbia Basin Water Transactions Programs that span 
Oregon, Washington, Idaho, and Montana.

3.2.2 Washington Water Trust
The state of Washington administers a Water Acquisition Program to aid salmon 
recovery efforts by contributing to stream fl ow restoration through the acquisition 
of water rights on a permanent or temporary basis. The program is intended to be 
a voluntary, incentive-based initiative, offering monetary compensation to water 
right holders who are willing to revert all or a portion of their water rights back to 
the state to increase in-stream fl ows (Lovrich et al., 2004).

A key partner in the Water Acquisition Program is the Washington Water 
Trust (WWT). The WWT is a private, nonprofi t organization that was estab-
lished in 1998 to restore in-stream fl ows in Washington’s rivers and streams. The 
WWT works to benefi t water quality, fi sheries, and recreation by acquiring exist-
ing water rights from willing sellers through purchase, lease, or gift and confer-
ring these rights to the Washington Trust Water Rights Program. As a nonprofi t 
organization, WWT receives funding from various sources, including, but not 
limited to, the BPA’s Columbia Basin Water Transaction Program administered 
by National Fish and Wildlife Foundation, the Water Acquisition Program under 
the Department of Ecology, various mitigation funds, private foundations, and 
private donations (Lovrich et al., 2004).
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Table1: Market arrangements used by water trusts.

Purchase This permanently transfers all or a portion of the water 
right to an in-stream water right that is held by the state.

Lease A lease is a temporary acquisition of water rights for 
in-stream use. In practice, leases have been arranged 
for periods as short as 1 year and as long as 20 years or 
more. Most water acquired for in-stream fl ows is acquired 
through leases.

Dry year lease This type of lease allows the farmer to irrigate during wet 
years while leaving the water in-stream during dry years 
only. 

Split season leasing Irrigators use water during the fi rst half of the season 
and lease their rights to in-stream uses during the second 
half of the season, which is usually more critical for fi sh 
habitat.

Water conservation 
projects

The trust assists irrigators in the installation of more effi -
cient irrigation systems, and in return, the irrigator trans-
fers some or all of the conserved water to in-stream uses.

Source switching An irrigator switches his water sources from surface water 
to groundwater or stored water and the surface water right 
is transferred or leased to in-stream uses.

Point of diversion 
change

Irrigators agree to withdraw water from a different location 
on the stream, leaving resources in-stream along the driest 
and most critical stretches for fi sh habitat.

Rotational pooling 
arrangements

Irrigators coordinate with neighbors and take turns leasing 
water rights.

Modifi ed land 
management

Irrigators fallow land and/or switch to crops that use less 
water. Water freed up is leased or sold for in-stream uses.

Nongeneration 
agreement

Utility agrees not to use their water to generate electricity 
in exchange for payment for lost revenue.

Replacement feed Trust provides irrigator with replacement feed in lieu of 
irrigating pasture for livestock production.

In-stream water uses have been given legal standing as benefi cial under 
Washington Water Law. Therefore, any water rights transferred to the Trust 
Water Rights Program are protected by the state. Senior trust water rights must 
be met in-stream prior to the fulfi llment of junior uses out-of-stream. Although 
any entity may acquire water for in-stream fl ow purposes, all in-stream water 
rights must be held by the state in the Trust Water Rights Program. The trust 

c08.indd   118c08.indd   118 11/13/2008   10:18:40 AM11/13/2008   10:18:40 AM



INCORPORATING THE ENVIRONMENT INTO THE MARKET 119

water held by the state retains the seniority of the original right and is not subject 
to relinquishment while in trust status (Lovrich et al., 2004).

3.2.3 Montana Water Trust
In Montana, in-stream uses of water have been recognized as benefi cial since the 
1973 Montana Water Use Act. However, it was not until 1995 that environmen-
tal and agricultural groups formed a partnership to pass legislation that allowed 
individuals or private organizations to lease water rights for in-stream uses. This 
legislation enabled the founding of the Montana Water Trust (MWT) in 2001 
(Montana Water Trust).

Unlike other states with water trusts, where water may be acquired through 
donation, lease, or purchase, Montana only allows the leasing of water rights 
for in-stream uses, prohibiting any permanent transfers. In addition, lease terms 
are limited to 10 years with the possibility of a one-time 10-year extension. The 
exception to this requirement is leases of conserved water generated from irriga-
tion effi ciency improvements. These leases may be held for the expected life of 
the irrigation improvement project, or a maximum of 30 years.

Another impediment to the work of the MWT is that they do not have legal 
standing to enforce the rights that they lease from irrigators for in-stream use. 
This authority rests only with the owner of the water right, making the leasing of 
in-stream water rights a more precarious form of in-stream fl ow protection than 
in other states.

3.2.4 Columbia Basin Water Transactions Program
In 2002, the BPA created the Columbia Basin Water Transactions Program 
(CBWTP) to address declining stream fl ows and habitat loss in parts of the 
Northwest. While the CBWTP not a water trust itself, it provides funding to 
organizations in Washington, Oregon, Idaho, and western Montana to acquire 
water for in-stream fl ows through purchases or leases. The organizations, in 
turn, contract with local irrigation districts and landowners to acquire the water 
(Scarborough & Lund, 2007). The CBWTP has provided funding to the Oregon, 
Washington, and Montana water trusts as well as the Idaho Department of Water 
Resources. Since 2002, they have restored more than 1000 cubic feet per second 
to streams in these states (CBWTP).

4 Conclusion

As agriculture continues to be pressed as a source of water supplies from com-
peting sectors, environmental water transfers will play an increasingly important 
role in maintaining healthy ecosystems that will be able to sustain food produc-
tion for future generations. While the rise of nonprofi t entities in this arena rep-
resents an important environmental movement, it is likely that the bulk of these 
efforts in the western United States will continue to be driven by federal and state 
agencies.
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The catalyst for the rise of environmental water transfers in the western 
United States was the ESA, which propelled federal agencies into the role of 
guardian of in-stream fl ows. Institutional changes will continue to be the most 
important component in the coming decades in further facilitating environmental 
water market transfers to protect in-stream fl ows. The extent to which nonprofi t 
entities, such as water trusts, will proliferate and fl ourish will be governed by 
efforts to revise legislation that codifi es in-stream fl ows as benefi cial use. In con-
junction with such legislative changes, water markets also need to be liberalized 
to allow private entities to both purchase and hold in-stream water rights. As was 
seen in the case of Wyoming, when governments depend on donations of water 
rights as the basis of their in-stream fl ow protection, such protection will neces-
sarily fall short. In contrast, when private groups are empowered as they are in 
Oregon, water trusts can be a critical addition to the protection of in-stream fl ows 
in smaller rivers where federal and state efforts are not cost-effective.
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Abstract

While much faith has been placed in the ability of market-based solutions to 
allocate water entitlements effi ciently, relatively little effort has been made in 
fostering trade between urban and rural sectors. One barrier has been concerns 
regarding the future sustainability of rural communities following the trade of 
water out of rural areas. In this chapter, we demonstrate how the use of options 
contracts to facilitate temporary trade between the sectors may benefi t both urban 
water utilities and water entitlement holders in irrigation districts.

Keywords: Intersectoral trade; Water options

1 Introduction

Creating the conditions for deep and liquid markets for the trade in water entitle-
ments has been an enduring motif in the development of Australian water resource 
policy for at least the past 10 years (Crase et al., 2007). Yet in terms of implemen-
tation, the focus has almost solely been on trade in rural water allocations. Trade 
from rural to other sectors has received relatively little attention due to at least 
two factors. First, in some locations considerable geographic barriers necessitate 
elaborate engineering solutions and considerable investment. Second, politicians 
and some rural communities have raised objections on the grounds that access to 
water is the lifeblood of rural Australia (Crase et al., 2007) and therefore pivotal 
to continued sustainability of many rural communities.

In this chapter, we develop water options contracts previously proposed by 
Leroux and Crase (2007) and Page and Hafi  (2007) for the temporary trade of 
water allocations between rural and urban sectors without requiring the transfer 
of ownership over the entitlement. We show that when purchased in relatively 
benign markets conditions, the instrument is an economically rational alternative 
to purchasing permanent entitlements.
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This chapter itself consists of fi ve additional parts. The background to the 
study area is provided in Section 2 to give the context for this chapter. In Sec-
tion 3, a description of the general nature of options contracts is given, and we 
outline the applicability of this instrument to water markets. Existing papers that 
have investigated the potential for water markets in Australia are also reviewed in 
 Section 3. The methodology followed, the data analysed and the results obtained 
are presented in Section 4. A discussion of some policy implications is given in 
Section 5, where we introduce the concept of water options contracts as a policy 
tool to return water to the environment. This chapter itself ends with brief con-
cluding remarks in Section 6.

2 Potential for intersectoral trade in the Murrumbidgee Valley

Residential consumers in the Australian Capital Territory (ACT) have been 
subject to water use restrictions since 2002 (Pagan & Crase, 2008), and current 
government policy is to make this regime a permanent feature of life for the 
foreseeable future (Byrnes et al., 2006). The fact that the Canberra water 
storage network suffers from a distinct defi cit of capacity (Pagan & Crase, 
2008) explains why a sizable portion of its water allocation is sent down the 
Murrumbidgee River as environmental fl ow (Edwards, 2007), while restrictions 
are simultaneously imposed on urban water use. It should not be a surprise that 
the ACT government has been one of the most aggressive in investigating the 
gamut of solutions to solve the urban water supply “crisis” that has prevailed 
in most of Australia’s capital cities since the fi rst few years of this decade. One 
of the “solutions” identifi ed was the purchase of permanent water entitlements 
in the Tantangara Dam, located some 100 km upstream from Canberra on 
the Murrumbidgee River. Other options included the upgrade of existing dams, 
a more punitive set of water restrictions and the recycling of wastewater for 
potable use. In comparison, the “Tantangara option” has a number of advantages. 
First, Tantangara represents a sizeable storage capable of meeting the water 
demands of Canberra in most years. Second, the capital cost of the infrastructure 
to allow the transfer of water from Tantangara to one of Canberra’s existing 
water storages is relatively cheap (estimated to be $38 million). Finally, the 
transfer of water from Tantangara would entail benefi cial environmental fl ows 
(ACTEW, 2007).

Notwithstanding the advantages outlined above, the Tantangara option was 
rejected when fi rst formally considered in 2005. This was essentially due to 
concerns surrounding less than certain property rights over entitlements to be held 
by the ACT urban water utility, stemming from the fact that Tantangara is located in 
the Snowy Mountains region of New South Wales (NSW), and subject to the control 
of the NSW government water bureaucracy (ACTEW, 2007). In essence, the ACT 
government feared that the transfer of water from Tantangara to meet the needs 
of urban water consumers in Canberra would be vetoed in times of extremely low 
storage levels, precisely when the water would be needed (Pagan & Crase, 2008).
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However, a review of water supply options for the ACT in 2007 saw the 
Tantangara option revived. The plan would see high-security water entitlements 
purchased from those willing to sell (most likely irrigators from the Murrumbidgee 
and/or Coleambally irrigation districts) on a permanent basis. When required 
the water attached to the entitlement would be transported to a storage dam 
in Canberra, via either the Murrumbidgee River (a journey of approximately 
100 km) or a newly constructed 20 km pipeline connecting the Tantangara to 
the Corin Reservoir. The plan calls for the purchase of rights to approximately 
20 GL of water at an estimated cost of $30 million (ACT Government, 2007; 
ACTEW, 2007).

Implementation appears likely to fall fl at for at least two reasons. First, there 
are non-trivial differences between the stipulation of water entitlement rights 
in NSW and the ACT (Pagan & Crase, 2008). Second, political objections to 
the permanent transfer of entitlements from rural to urban areas have been 
rapidly raised in other contexts, and seem just as likely to fl oat to the surface 
in this instance (see Crase et al., 2007 for a detailed discussion of this barrier 
to trade). Water options contracts potentially alleviate the second of these 
concerns.

3 The nature of options contracts and their applicability 
to water markets

An options contract gives the holder the right, but not the obligation, to under-
take a defi ned action at a pre-determined future time, and at an agreed rate of 
exchange. When the holder of the contract opts to invoke the right, the option con-
tract is said to have been exercised. There are two parties to an options contract: 
the writer and the holder. The writer of the contract is obligated to undertake an 
action (such as delivering an asset) in the event that the holder invokes her rights 
under the contract. Options contracts can be further classifi ed into puts and calls. 
A call option gives the holder the right (but not the obligation) to purchase an 
asset, while the holder of a put option has secured the right (but not the obligation) 
to sell an asset (Jones et al., 2007).

The value of options contracts derives from two distinct elements: intrinsic 
and time value. Intrinsic value is determined by the relationship between the 
physical asset and the price at which the option contract is exercised. An exam-
ple helps to illustrate. Suppose a call option is entered into in order to purchase 
1 ML of water for $300 ML–1 3 months from today. Now suppose that on the 
“spot” or “physical” market, 1 ML of water trades for approximately $350 ML–1. 
The intrinsic value of the option, therefore, is $50, since, if the option was to 
be exercised today, 1 ML of water would be purchased from the writer of the 
options contract for $300 and could be immediately sold in the spot market for 
$350, yielding a profi t of $50 from the exercise of the option. Of course, should 
the contract specify that the option can only be invoked 3 months from today, a 
degree of uncertainty surrounds the intrinsic value, since the price in the physical 
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market may fall below $300 ML–1. The degree of uncertainty essentially deter-
mines the time value of the contract. A relatively high degree of volatility in the 
price increases the time value of the option, while the opposite is true for lower 
degrees of volatility.

Options contracts have become an effi cient means of transferring risk in 
fi nancial markets, and although the basic premise of an options contract holds 
in their application to water markets, they differ in one key respect. Ownership is 
not transferred on exercise. Rather, the contract gives the right to temporary use 
of the water allocation. This brings two additional advantages. First, ownership of 
the entitlement remains with the writer, which may dilute some of the objections 
to intersectoral transfers. Second, the option can be exercised multiple times over 
a contract period, delivering some supply security for the urban water utility.

Given the special nature of water options contracts, Michelson and Young 
(1993), who were the fi rst to propose options as a means of transferring water 
between urban and rural sectors, identifi ed a number of other features that must 
be incorporated. First, water supply in the region in which a transfer was to 
occur must be of suffi cient reliability to provide water to the urban authority in 
drought years, since if this were not the case the option would not meet its ulti-
mate objective: the provision of fungible water to be distributed by the authority. 
Second, the legal defi nition of property rights to both water entitlements and 
allocations should be defi nable and capable of transfer between the parties to 
the contract.

Third, since it is unlikely that an irrigator would agree to enter into an option 
that placed an obligation on him to give up “essential” water in a drought year, the 
agricultural enterprise of the seller of water must be capable of being suspended 
for a period of time. It follows that while a typical viticulturalist would not be in 
such a position, a cotton irrigator would be potentially well placed to enter into 
the contract. Fourth, each party to the contract must have suffi cient knowledge 
of the present and future values of water allocations and entitlements in order 
to form reasonable expectations. Clearly, markets where opacity with regard to 
volumes and prices exists would not be well suited to the deployment of water 
options contracts. 

Fifth, since the underlying value of an options contract to both the buyer and 
the seller is a function of the probability of the option being exercised, suffi cient 
information must be available to allow reasonable estimates of the probability of 
exercise. Finally, in order for water options to be a realistic alternative for urban 
water authorities for securing urban water supplies during periods of drought, the 
total costs to be incurred in entering into and exercising the option must be less 
than the urban water authorities’ next most costly supply alternative (examples 
include outright purchases of water entitlements and various engineering solu-
tions such as dam augmentation and the construction of a desalination plant).

In terms of the operational aspects of water options contracts, Michelsen 
and Young (1993) argued that the exercise price under the option should be 
anchored to the economic value added per megalitre of water applied in the given 
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agricultural pursuit (e.g. gross margin per megalitre). To standardise water options 
contracts to the extent that permitted trade, the quantity of water to be transferred, 
the time of delivery and method of delivery were each required to be specifi ed 
in the terms of the contract. Michelsen and Young (1993) also recognised that 
since the proposed contract had a life of between 5 and 10 years, ex-ante arrange-
ments should be in place to allow the owner of the underlying entitlement to sell 
the entitlement, without unduly disadvantaging the purchaser of the option. This 
could be achieved by providing fi rst right of refusal to the purchaser of the option 
contract in the event that the entitlement was listed for sale.

3.1 Valuing water options contracts

There are two steps to determine whether a water options contract has value to 
the holder. In the fi rst, the capital cost of obtaining the next least cost alternative 
supply source is compared to the cost of exercising the option. In the case that 
exercising the contract is a cheaper alternative, the option has economic value. 
In the second step, the cost of purchasing the contract is compared to the value 
of holding the contract. Should the premium payable not extinguish the value of 
holding the contract, the urban water utility would benefi t from purchasing the 
option.

3.2 Previous efforts at exploring water options in Australia

As noted previously, it is generally acknowledged that the literature on water 
options contracts began with Michelsen and Young (1993), who proposed the 
use of a highly stylised variant of plain vanilla options contracts to facilitate 
the movement of water between rural and urban water markets. Michelsen and 
Young (1993) established that in the case of Southern California, the purchase 
of a water options contract by an urban water authority from irrigators upstream 
was a least-cost method to ensuring access to water in the case of drought. 
A detailed outline of the model employed is presented in Section 4.1 below.

Ranjan et al. (2004) addressed the likelihood of various potential parties 
to water options contracts perceiving suffi cient reward from the risk incurred 
through entering into the contract. The authors concluded that while the exist-
ence of a derivative market in parallel with the “physical” market was useful in 
terms of reducing uncertainty, the risk to farmers of being obligated to supply 
water at a time of drought was substantial, limiting the growth in options markets 
for water products.

The embryonic empirical Australian literature on water options began 
with Page and Hafi (2007) who investigated the potential for water options 
contracts as a means of providing a financial incentive for irrigators to allow 
“excessive” water allocations to f low downstream to simulate natural f lood 
events. Although in the context of the recent drought in the south-east of 
Australia the concept seems remote, such an options contract provides an 
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avenue for environmental managers to reveal a value for environmental 
f lows, and for irrigators to reveal the value at which they would consider 
selling water for the environment. To measure the economic benefits to the 
environmental manager from holding a water options contract, Page and 
Hafi (2007) employed the method proposed by Michelsen and Young (1993). 
Under the majority of scenarios tested, the option was shown to provide a 
positive economic value.

Page and Hafi  (2007) also made use of the Michelsen and Young (1993) 
method to investigate the economic value to an urban water authority from hold-
ing a water options contract as an alternative to entering into more traditional 
approaches to augmenting urban water supply. Once again the authors estab-
lished that under the majority of scenarios tested, the urban water authority would 
derive a positive net present value from entering into an options contract when 
compared to the alternatives.

More recently, Leroux and Crase (2007) applied the Michelson and Young 
(1993) model to an examination of the potential for water options contracts to be 
agreed between irrigators upstream of the Australian regional town of Wanga-
ratta in Victoria as an alternative to the outright purchase of water entitlements. 
In summary, they found that for a range of scenarios it may be worthwhile enter-
ing into water options contracts since there was a net present value from doing so. 
However, the authors noted that this was conditional on the premium demanded 
by the writer of the contract.

Rather than investigating the potential for water options contracts, Watters 
(1995) made use of the Black–Scholes (BS) derivative pricing method to value 
existing call options in the southern California water market. Watters (1995) 
established that the options contracts were generally priced at so-called “fair-
value”, although refl ecting a high probability of exercise, suggesting little risk 
transference, was actually taking place.

The underlying price profi le of water allocations in most rural water markets 
does not follow a classic normal distribution. As a result, the use of the BS pric-
ing method has been drawn into question by a number of authors, since the BS 
method has as an assumption normality in the distribution of the price of the 
underlying asset. Villinski (2003) sought to overcome this limitation by pricing 
the option fi nancially via dynamic programming.

Williamson et al. (2007) investigated the potential for water options contracts 
to be agreed between irrigators, with the aim being to facilitate the transfer of 
water from relatively low-value irrigation enterprises to relatively higher-value 
applications. The authors made use of the Michelson and Young (1993) model, 
which made a substantial contribution to the literature by estimating the premium 
payable to the writer of the contract under a number of scenarios. The valuation 
was undertaken using an amended version of the BS model that took into account 
the non-uniform distribution of water allocation prices. Williamson et al. (2007) 
found that there were few scenarios in which an options contract between irri-
gators would be viable, essentially as both parties had largely similar demand 
preferences during periods of drought.
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4 Methodology, data and results

In this section, we contribute to the literature by both estimating the present value 
of benefi t (PVOB) to the ACT water authority from holding the option and the 
premium that would be required by the writer of the contract, via the BS pricing 
model.

4.1 Estimation of the PVOB from holding a water option

Following Michelson and Young (1993), Leroux and Crase (2007), Page and Hafi  
(2007) and Williamson et al. (2007), the PVOB from holding the option contract 
is estimated as follows.

PVOB = �T
t=0 [(Kt=0*r + Mt – B(1–P))–(E*P) t]dt + [Kt=0–Kt=0(1 + a)T]dt (1)

where
PVOB = net present value of option benefi ts
t = year
T = contract termination year
Kt=0 = capital cost of alternative supply at the beginning of the option term
r = annual interest rate
M= annual maintenance cost of the alternative
B = price per megalitre of temporary water sales
E = exercise cost of option
P = annual probability of option exercise (0 ≤ P ≤ 1) 
dt = discount factor for present value, 1/(1 + r) t

a = annual rate of appreciation of alternative supply.

In essence, eqn 1 compares the capital cost of obtaining the alternative supply 
and any annual costs and/or benefi ts associated with obtaining the alternative 
supply (Kt=0*r + Mt – B(1–P)), to the cost of exercising the option contract (E*P). 
The present value of future transactions is obtained by applying a standard dis-
counting factor (dt). A PVOB is estimated for each of the contracts bundled into 
the multiple exercise contract. Thus, in the case of a 10-year contract, 10 PVOBs 
are estimated and summed to provide the PVOB of holding the contract over 10 
years. The second term, [Kt=0 – Kt=0(1 + a)T]dt, allows for inclusion of appre-
ciation or depreciation in the value of the alternative supply, discounted to allow 
valuation at present value. It is important to note that the second term is only 
considered in the fi nal year of the contract.

4.1.1 Data
In this example, we estimate the value of contracts spanning both 5- and 10-
year periods. The alternative supply to be secured is the purchase of 20 GL of 
high-security water entitlements on the permanent market. As outlined in Sec-
tion 2, investigations by the ACTEW suggested the cost of this purchase would 
be approximately $30 million, which equates to $1,500 ML–1 (ACTEW, 2007). 
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Since data regarding trades on the permanent market in the relevant district are 
scarce, the estimate by ACTEW was taken on face value.

The annual risk-free interest rate was arbitrarily set at 5% and left constant; 
however, it is acknowledged that this need not be the case. The annual mainte-
nance cost in this instance consisted of payments that would be required by the 
Snowy River Scheme for lost hydroelectricity generation, estimated at $270 ML–1.
We assume that unused portions of any alternative supply could be sold into 
the temporary water market at $300 ML–1, and that the probability of making 
temporary sales is given by (1–P). 

Following Michelson and Young (1993), Leroux and Crase (2007) and 
Williamson et al. (2007), the exercise price was taken as the gross margin per 
megalitre of water consumed in the irrigation of three separate crops in the Mur-
rumbidgee Valley: barley, faba beans and lucerne. Data were sourced from NSW 
Department of Primary Industries gross margin budgets for 2007–08 (Pagan & 
Crase, 2008), and act as the “base” scenario 1. Two further scenarios were mod-
elled in which gross margins were deliberately increased.

The annual probability of exercise is based on modelling by ACTEW (2007) 
that suggests water restrictions are likely to be imposed every 3 years out of 10. 
We leave the rate of appreciation at zero for the sake of simplicity.

4.1.2 PVOB from holding water option contract
Table 2 presents the estimates of the PVOB to the urban water utility from 

holding the water options contract written by the three different irrigators, under 
each of the three scenarios and for contract lengths of 5 and 10 years.

A number of patterns are apparent. First, the value of holding a 10-year con-
tract is universally higher than that of holding the 5-year contract, regardless 
of who the contract is purchased from. Second, the higher the exercise price of 
the contract, the lower the present value of holding the contract. This is intui-
tively appealing, since the economic principle underpinning water options is that 
water will move from a relatively lower-value use to a higher value. Combined, 
the results suggest an economic benefi t (in present terms) to the Canberra urban 
water utility of entering into either of the two contracts. This is consistent with 
the fi ndings of Page and Hafi  (2007).

Table 1: Gross margin assumptions.

Crop
Gross margin: 
fi rst scenario

Gross margin: 
second scenario

Gross margin: 
third scenario

Barley 48.75 100 150

Faba beans 127 300 350

Lucerne 163 370 450
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4.2 Estimation of premium payable to writer of option contract

The BS approach to determining the “fair value” premium payable to the writer 
of an options contract is now almost universally employed in the pricing of fi nan-
cial options (Jones et al., 2007). Although the underlying nature of water prices 
violates a basic assumption (normality), we make use of this approach because 
of its general acceptance. The results are obviously limited by this modelling 
choice.

In essence, the BS model prices an options contract on the likelihood that the 
contract will be exercised, with higher probabilities requiring relatively higher 
premiums. It follows that the relative values of spot and exercise prices are of 
crucial importance. The BS approach is specifi ed as follows:

 c = S0N(d1) – Ke–rTN(d2) (2)

and

 d1 = (ln(S0/K) + (r+σ2/2)T)/σ√T (3)

 d2 = d1 – σ√T (4)

where c is the European call price, S0 is the stock value at time zero, N is the 
cumulative normal distribution, K is the strike/exercise price, r is the risk-free 
rate of interest, σ measures price volatility and T is the time to maturity of 
the option in years.

4.2.1 Data
In the case of water option contracts, the stock value (S0) is the price of temporary 
trades in high security water, expressed in dollars per megalitre. We make use of 
a data set supplied by the Murrumbidgee Horticultural Council (2007) over the 
period 2006–07. A feature of the data set is the relative lack of depth in trades 
and the extreme volatility from mid-2006 to late 2007. The series is presented in 
Figure 1, with both volume and spot price displayed.

Table 2:  Netpresent value of benefi ts from holding option contract under three 
scenarios.

PVOB Barley Faba beans Lucerne

5 years 10 years 5 years 10 years 5 years 10 years

Scenario 1 $521 $929 $420 $748 $373 $665

Scenario 2 $455 $811 $195 $347 $104 $185

Scenario 3 $390 $695 $130 $232 $32 $58
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K and r are as previously defi ned. Volatility in spot prices is clearly greater than 1,
evident from the range of prices ($29–1401 ML–1). Under the bold assumption 
that a degree of stability will return to the market as the current drought breaks, 
we have imposed a volatility term of 0.5. As outlined above, contracts of two 
maturities (5 and 10 years) are specifi ed.

If the option was in the money, the urban water utility would compare the 
value of holding the option with the cost of purchase, represented by the premium. 
When the contract is out of the money, it is left unexercised, even though the 
urban water utility foregoes the premium, since water can be sourced from 
the spot market at a price less than the exercise price. In Table 3, the range of 
spot water prices at which there is still a surplus PVOB after having deducted the 
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Figure 1:  Average price and volume of trade in Murrumbidgee Valley. Adapted 
from Murrumbidgee Horticultural Council (2008).

Table 3: Spot prices at which PVOB is greater than premium payable.

Scenario Barley Faba beans Lucerne

5-year contract

1 $70.31–525 $130–450 $175–416

2 $100–525 Premium > PVOB Premium > PVOB

3 $151.5–475 Premium > PVOB Premium > PVOB

10-year contract

1 $70.31–955 $130–777.50 $175–416

2 $100–843 $300–402.00 Premium > PVOB

3 $151.5–750 Premium > PVOB Premium > PVOB
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premium is reported. The lower value is by defi nition the spot price at which the 
contract is in the money. This is reported for each of the three crops and each of 
the three gross margin scenarios.

4.3 Results

A generally applicable principle is evident in Table 3. Those producing crops that 
add the least economic value per megalitre of water are most likely to trade with 
the urban water authority via an options contract. This stems from the fact these 
farmers require a relatively lower exercise price, resulting in relatively higher 
PVOB surpluses after the payment of premiums.

5 Policy implications

The results presented in this chapter suggest it would be sensible for the urban 
water utility to enter into an options contract when it was not facing an immedi-
ate supply constraint due to drought, but when prices were relatively low, since 
the higher the spot price of water relative to the exercise price, the higher the 
compensation required by the writer of the contract. Thus, in periods of rela-
tively high water prices, options contracts are less likely to be entered into by the 
urban water utility. The premium paid to the writer in times of supply security 
represents the price of obtaining future supply security well before a “crisis” is 
encountered. Some may regard this as money well spent. The rash of expensive 
infrastructure projects being fast-tracked by state governments around Australia 
demonstrates the cost of taking a “just in time” approach to urban water planning. 
This would also be benefi cial to the farmer since he/she receives income from 
selling the option at a time when the option is unlikely to be exercised.

There is also scope for the concept of a water options contract to be employed 
by regulatory bodies in their efforts to reallocate fungible water for environ-
mental fl ows. This is particularly so in the current Australian context, where 
the Commonwealth government has turned to “buying back” water entitlements 
from irrigators to increase environmental fl ows; a policy stance that is meet-
ing considerable opposition in rural communities. Through entering into water 
options contracts with irrigators, the Commonwealth may overcome many of 
those objections, since entitlements are not being permanently removed from the 
community.

In an operational sense, the government could purchase an option to buy allo-
cated water from an irrigator. The trigger for the option becoming active might 
be a given stream infl ow reaching a specifi ed minimum level (30% lower than 
normal, for example). The government would then give the irrigator at least 9 
months notice that they intend exercising the option, allowing the irrigator to 
make the necessary adjustments.

Should the option be triggered, the water allocated against the irrigator’s enti-
tlement would be delivered to the river and left to generate a minimum fl ow in 
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the river. The irrigator would be paid a price per megalitre, with that price agreed 
between the parties in advance, giving both parties price certainty. The irrigator 
would only be bound to deliver the allocation against his/her entitlement that had 
been announced by the water planner, removing the risk that the farmer would 
need to enter the spot market to deliver a specifi ed volume.

Regardless of what happens to rainfall over the life of the contract, the irrigator 
would be paid a premium by the government. In wet years, when the government 
has not exercised the option, the irrigator would farm the land as usual, while in 
dry years the irrigator would be paid income not to make use of the allocation. 
Perhaps of most appeal to both the government and irrigators, the government 
could potentially avoid paying large sums of money for water entitlements that 
in dry years may not contribute much by way of fungible water to the river. Most 
importantly, however, ownership of the water entitlement stays with the irrigator, 
potentially contributing to the long-term sustainability of rural communities.

6 Conclusions

In this context at least, there would appear to be value for the urban water utility in 
the purchase of water options contracts. However, the results suggest that the trans-
action is likely to be with those irrigators adding relatively little value per megalitre 
of water. This is intuitively appealing, since it sits well with the basic premise of 
water trading: trade will move water from relatively low- to higher-value uses. Yet 
as is so often the case in water policy, options contracts do not represent a universal 
or perfect solution to the thorny issue of intersectoral trade. Furthermore, while the 
results presented here are promising, a number of important caveats must be con-
sidered. Property rights must be certain. Planning must be such that there is a high 
degree of certainty surrounding the proportion of the applicable resource available. 
Knowledge of interactions between basins and the consequences of moving alloca-
tions from one part of the system to another must be well advanced so that the parties 
can be reasonably certain of the quantity of water required to make the delivery.
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Abstract

To sustain public projects for irrigating agricultural crops over long periods 
requires expenditures for investment, operations and maintenance, and peri-
odic rehabilitation. Governments have historically been the primary sources for 
fi nancing these projects, but farmer benefi ciaries are increasingly expected to 
contribute substantially toward recovering costs. Estimates of farmers’ ability 
to pay (ATP), or repayment capacity, for part or all of the costs of irrigation 
water supply facilities are useful in deciding on how much of these costs farm-
ers can and should pay. Three alternative models for determining farmers’ ATP 
have been identifi ed. In this chapter, we formalize these alternative models to 
defi ning “ability to pay,” evaluate them, and illustrate their strengths and limita-
tions – both from theoretical perspectives and with an empirical analysis based 
on data from a case study in the Kyrgyz Republic. We fi nd that in the study 
region, the alternative models yield signifi cantly different estimates of ATP. The 
model that we regard as theoretically correct yields a signifi cantly lower ATP 
than does the one embodying the implicit approach of study-area non-specialists 
and non-economists.

Keywords: Ability to pay; Charging; Cost recovery; Irrigation; Repayment 
capacity

1 Introduction

Throughout the world, irrigation of agricultural crops with surface water is 
mainly carried out in large public schemes or projects. They typically consist of 
networks of facilities for capture, storage, and conveyance of water from the point 
of capture to numerous individual farmers’ plots.
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For their productivity to be sustainable over the longer term, these projects 
require substantial expenditures on initial development, recurrent operation and 
maintenance activities, and occasional major rehabilitation to avoid deterioration 
of structures and keep the technology updated. While fi nancial arrangements to 
fund irrigation projects usually contemplate government and/or donor sources, 
farmer benefi ciaries are increasingly expected to provide a substantial share of 
the costs. Cost recovery from benefi ciaries will help provide funds for adequate 
current fi nancing of the irrigation system, for retirement of loans that funded the 
investment, or for future public needs. Accordingly, assuring the sustainability of 
irrigation schemes typically requires some formal analysis on which to base the 
share of irrigation system fi nancing that farmers can support (their “repayment 
capacity,” or so-called “ability to pay” (ATP)), versus the fi nancing provided by 
government or donor agencies.

This chapter reports our conceptual and empirical evaluation of several 
alternative models that have been used to analyze and evaluate farmers’ ATP. 
Our analysis was in part motivated by experience with an Asian Development 
Bank-funded study of ATP in the Kyrgyz Republic1 (Asian Development Bank, 
2007). A diversity of opinions on how to estimate ATP was observed among 
those involved in planning and carrying out that study. Below, we fi rst develop 
a conceptual framework to distinguish alternative approaches, then apply this 
framework to a case study of a region in the Kyrgyz Republic and, fi nally, draw 
conclusions for future directions in assessing farmers’ repayment capacity.

2 Background and conceptual framework

In this section, we review the policy background and general economic framework 
for analyzing the recovery of costs of irrigation projects, introduce some terminology, 
and present a formal modeling structure for determining irrigators’ ATP.

2.1 Policy background

To begin, it is useful to recall O’Mara’s (1990) two polar perspectives on how 
public irrigation projects may be fi nanced. One type he calls the fi scal autonomy 
model, which refl ects the typical approach to other network services such as 
electricity or telecommunications. The fi scal autonomy model assumes the 
existence of a well-defi ned, specialized, and autonomous organization that 
supplies specifi ed services to its clientele and is fi nanced all or mainly by the 
payments of its clientele for services received. The second, polar approach is 
called the fi scal dependence model. It views governments, because of the special 
economic nature of agricultural production, as naturally choosing to intervene in 
the agricultural sector. Given the uncontrollable and unpredictable fl uctuations 
of climate, weather and economy, and low short-run elasticities of both supply 
and demand for farm products, individual farm households tend to experience 
widely fl uctuating output prices and incomes for reasons beyond their control. 
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Moreover, many water users are fi nancially unable to pay the full cost. In addition 
to agricultural income maintenance and stability, food security and employment 
may be other policy concerns. In this view, irrigation is thought of as the only one 
among many governmental activities directed toward supporting and stabilizing 
the agricultural sector, and a considerable portion of irrigation fi nancing is 
expected to come from public sources.

2.2 General economic framework

For discussions of repayment capacity, it is useful to distinguish among several 
important economic concepts: price, charge, value, and cost. Price generally refers 
to a monetary payment per unit volume (e.g., cubic meter) of water. In a market 
context, price refl ects the willingness to pay (WTP) of the marginal buyer and the 
willingness to sell of the marginal supplier, so price and value are synonymous. 
In a nonmarket context, almost always the relevant situation in water policy 
evaluations, value usually means a synthetic estimate of benefi ciaries’ WTP (also 
called a shadow price). Costs may refer to the outlays necessary to purchase 
some goods or services. More generally, they are the value of the opportunities 
foregone because of the commitment of resources to an activity, or sometimes 
the WTP to avoid detrimental effects. The economic theory of pricing in public 
sector contexts is mostly cost-based.

A further distinction is between determining what to charge for water and the 
economic valuation of water. In the context of water policy, charging (or tariff-
setting) refers to the process of setting the monetary amount of costs to recover 
from water users for purposes of sustaining the supply agency and its tasks, with 
possible consideration given to providing incentives for water conservation and 
assuring supplies for the less well-off. Economic valuation, in contrast, is the 
application of nonmarket economic methods to determine the economic value, 
based on the concept of WTP for water services, for purposes of evaluating 
proposed management and allocation policies. Charging and economic valuation 
refl ect the opposite sides of supply and demand forces, respectively, that lead 
to equilibrium for market goods and services. In nonmarket contexts, charging 
represents the important policy choice of how much of costs to recover, and how and 
from whom to recover them. Charging mostly refl ects supply-side considerations, 
primarily those based on costs. Demand-side considerations, those related to WTP 
at varying quantities, are refl ected in economic valuation processes. Economic 
valuation is a study of water users’ behavior and of what priorities people are 
expected to place on water management policies. In the context of water policy 
choices, nonspecialists sometimes incorrectly equate the observed price or charge 
with economic value. Valid selection of policy instruments regarding water must 
refl ect both cost and value considerations, with the level of charges limited by the 
water users’ ATP, rather than being defi ned by it.

A rather extensive literature on fi nancing, pricing, and cost recovery for 
irrigation water projects has emerged in recent years. These writings include 
Cornish et al. (2004), Dinar (2000), Molle and Berkhoff (2007), Sampath (1992), 
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Small and Carruthers (1991), and Tsur et al. (2004). Even so, relatively little 
attention has been directed at formally conceptualizing and measuring farmers’ 
ATP or repayment capacity, although exceptions (which will be discussed later) 
are found in Gittinger (1982) and Moore (1999).

A major consideration in setting up a plan for irrigation cost recovery is 
the organization and confi guration of the irrigation water delivery system. The 
typical design, particularly in Asia, is for large numbers of smallholder farmers 
to be supplied by an extensive network of large publicly operated canals and 
smaller distributaries. The water distribution system is typically comprised of 
unlined earthen canals and ditches, which leak extensively and lack accurate 
measurement devices. Of the several potential methods or forms of charging for 
irrigation water, the most common one is area-based (Tsur et al., 2004). In this 
form, a fl at annual charge is set according to the land area (e.g., in hectares) being 
irrigated. Area-based charges, however, are criticized for the lack of any incentive 
to conserve water by reducing the number of irrigations, changing the amount of 
water applied per irrigation, or changing to less water-intensive crops. The main 
alternative to an area-based charge is some sort of volumetric charging system. 
Such an approach, of course, requires some agreed-upon method of measuring 
volume and the capacity to monitor deliveries to each smallholder plot. Our study 
method is most applicable to the most frequently encountered case: area-based 
charging, but could be adapted to volumetric charging approaches with a more 
complex mathematical programming model.

2.3 General defi nition of ATP

In economic terms, ATP can be defi ned as the maximum amount a representative 
farmer can be expected to be able to contribute toward fi nancing the costs of some
specifi c plan to develop, operate, maintain, and/or rehabilitate irrigation 
infrastructure under assumed or forecasted technology, policy, and market 
conditions. This maximum amount the farmer can pay for water supply is 
the amount of income remaining after all the other resources have been paid (in the 
amounts required to draw them into production, measured by their market price or, 
for nonpurchased inputs, by opportunity costs). The concept of ATP is important 
in irrigation planning and cost recovery analysis because it provides an approach to 
establishing appropriate farmers’ shares of costs incurred in developing, operating 
and maintaining, and rehabilitating facilities for delivering irrigation water.

As will be shown below, this defi nition of ATP is similar – but not always 
identical – to the defi nition for WTP, the standard expression for economic 
benefi ts of producers’ goods in cost–benefi t analysis.

2.4 Conceptual model of ATP

2.4.1 Basic model 
To enhance the clarity of our discussion, we develop a more formal model of 
ATP. It is derived from the model of net economic benefi ts from irrigation, or 
WTP. WTP is conventionally based on the theory of the fi rm, which describes 
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the basic production-side decision-making unit in mainstream microeconomic 
theory. (The formulation adopted here is developed in more detail in Young 
(2005, Chapters 3 and 5) The fi rm is understood to be a legal entity (such as a 
proprietorship, partnership, or corporation) that owns some inputs (also called 
factors of production) and purchases others, transforming these inputs into outputs 
of goods or services. The standard model begins with a production function – 
a relationship that shows the maximum production that can be obtained from all 
possible combinations of given inputs at the given state of technical knowledge –
that serves as the technical description of the fi rm. In symbols, the production 
function for irrigated crop production can be expressed as follows:

 Y = f (XM, XH, XK, XL, XW, C, E)  (1)

where X stands for the quantity of an input and Y refers to the quantity of 
an output. The subscripts M, H, and K refer to inputs that are typically purchased 
by the farm (in the theory texts, usually termed as “contractual” inputs) – 
where M is materials, energy, and equipment, H labor, and K (borrowed) capital. 
The capital and operating costs of the farm’s water distribution system (ditches, 
pipes, sprinklers, and the like, and the energy to operate them) are typically treated 
as part of the materials, energy, and equipment costs. The remaining inputs are 
assumed here to be owned or “noncontractual,” although some of them often 
may also be purchased. The owned inputs are specialized inputs, those whose 
prices, in reality, are determined after the fact by the outcomes of managerial 
decisions within the existing natural and economic environments, but in water 
valuation practice must be estimated ex ante by opportunity costs. The subscript 
L refers to land, C to equity capital of the fi rm, and W to irrigation water. 
(Note that water is treated as one of the owned inputs.) E stands for opportunity costs 
of owned skills, management, technical knowledge, and entrepreneurial creativity.

This model is written to be as fully general as possible, although it may be 
overly complex for small farms growing staple crops in developing countries. 
We deem it important that the production function be described here in as much 
detail as possible. Part of our subsequent critique of some models for estimating 
ATP is based on the belief that such models are mis-specifi ed, in the sense that 
some inputs are omitted, and therefore farmers’ costs are understated and ATP 
overstated.

For this general case, the fi rm is assumed to operate in properly functioning 
factor and product markets, and faces perfectly elastic supplies for factor inputs and 
perfectly elastic demand for its output, so that prices are known and constant.

Using what is called the “residual method,” we next move from the production 
function to the rent function for water. The term “rent” in economic theory differs 
from the meaning ascribed in everyday language: it refers to nonobservable income 
imputed to an input in limited supply. The residual method is used primarily for 
valuing nonmarketed producers’ goods (also called intermediate inputs). Given the 
“adding-up theorem” – which asserts that the sum of all the costs of inputs exactly 
equals the total revenue from production – the net producers’ rent attributable to 
a nonpriced productive input is found by subtracting all other estimated costs of 

c10.indd   141c10.indd   141 11/13/2008   10:19:13 AM11/13/2008   10:19:13 AM



142 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

production from forecasted total value of output. That is, the remaining value is 
assigned to the nonpriced residual input, in this case, water.

In eqn (2), let R represent economic rents to the residual claimant, and the 
superscript W stand for water. P refers to the array of prices of outputs and factor 
inputs. By convention, the net rent formulas are usually standardized in terms 
of land, that is, expressed in per unit land (e.g., per hectare). Here, as is also 
typical, these formulas are expressed in annual (rather than present value) terms. 
Assuming input and output prices and production technology remain constant, 
and durable input costs are expressed in annual equivalent terms, the basic annual 
water-related rent formula for a single commodity can be written symbolically as 
follows:

RW = (Y × PY) – [(PM × XM) + (PH × XH ) + (PK × XK) + (PL × XL) + C + E] (2)

Typically, the non-water inputs amount to the major share in total value of 
output, and the calculated residual rent, while not trivial, is a relatively small 
portion of it. In consequence, the estimated residual can be very sensitive to 
changes in the non-water costs, and particularly sensitive to omissions of any 
cost components.

Note that this formulation represents a Marshallian long-run, partial 
equilibrium model. Our assumption of the long-run model, in which all factor 
inputs are assumed to be variable, is important to our results. Since it is assumed 
that each of the non-water inputs are paid their marginal value product, the rent 
formula represents the measure of a representative farm fi rm’s long-run WTP 
for water for a crop on a unit land area (Young, 2005, Chapter 5). (A pervasive 
challenge in estimating both WTP and ATP for irrigation water is that the non-
water-owned inputs C and E in eqn (2) are often themselves nonpriced, and must 
be estimated by their opportunity costs or by rules of thumb.)

2.4.2 Alternative ATP models
ATP calculations are normally conducted as part of or as a follow-up of the economic 
benefi t estimation in cost–benefi t analysis of some plan or proposal to invest public 
funds for developing, repairing, or renovating an irrigation distribution network. 
We now show how the calculations for net economic benefi t, or WTP, provide the 
basis for estimating ATP. Depending on the situation, ATP may or may not equal 
WTP for irrigation water. Consider three possible cases of interest:

Model 1: This case is based on the following assumptions: Farmers operate 
within properly functioning competitive factor and product markets. Specifi cally, 
opportunity costs of input factors – for example, labor, materials, or capital – 
equal their market prices. Further, social values of products equal their market 
prices. There is no public intervention into either factor and/or product markets. 
These assumptions are embodied in eqn (2), rewritten as eqn (3):

 WTPW(1) = (Y × PY) – [(PM × XM) + (PH × XH) 
+ (PK × XK) + (PL × XL) + C + E] (3)
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As defi ned earlier, ATPW refers to the maximum amount the (representative) 
farmer can be expected to be able to contribute toward fi nancing the costs of 
some specifi c plan to develop, operate and maintain, and/or rehabilitate irrigation 
infrastructure under assumed or forecasted technology, policy, and market 
conditions. The net ATP equals the rents or returns available to pay for water after 
all other inputs are paid the amounts necessary to draw them into production. 
Thus, the Model 1 formula for ATPW is

ATPW(1) = (Y × PY) – [(PM × XM) + (PH × XH) 
+ (PK × XK) + (PL × XL) + C + E]  (4)

The right-hand sides of eqns (3) and (4) are identical, both satisfying this 
defi nition. In other words, in an economic environment of properly functioning 
competitive factor and product markets, and where the economic analysts judge 
that no shadow pricing is needed in either factor or product markets, ATPW(1) = 
WTPW(1).

Model 2: The changed assumption for this case is that prices of one or more 
relevant factors and/or products are not determined in properly functioning 
markets. There may be public intervention into factor and/or product markets, a 
situation frequently encountered in the agricultural sector of many countries. In 
the cost–benefi t analysis of these cases, one or more of factor and/or product prices 
have been obtained by shadow pricing. In the prototypical example of Model 2, 
the social opportunity costs of labor are estimated to be less than the market wage 
faced by farmers. Cost–benefi t studies in developing countries with unemployed 
workers typically calculate social WTP with a shadow wage assumed to be less 
than the market wage. In the extreme case, the opportunity cost (shadow wage) 
of labor can be assumed to be zero. In eqn (5), letting (PH × XH) fall to zero, we 
have WTPW(2) as follows: 

 WTPW(2) = (Y × PY) – [(PM × XM) + (PK × XK) + (PL × XL) + C + E] (5)

Other things equal, for this example, the residual WTPW(2) > WTPW(1) by the 
amount that labor cost are reduced via shadow pricing. With farmers still paying 
the market wage for labor, the specifi cation of ATPW is the same as in eqn (4):

ATPW(2) = (Y × PY) – [(PM × XM) + (PH × XH) 
+ (PK × XK) + (PL × XL) + C + E] (6)

Thus, refl ecting differing assumptions about the market price versus social 
opportunity costs of some inputs, ATPW(2) differs from WTPW(2). In the above 
example, where the social opportunity cost of labor is estimated to be less than 
the market wage, ATPW(2) < WTPW(2).

Other examples of Model 2 arise when crop prices received by farmers 
do not refl ect their social value. For example, in the United States, price 
support programs lead to prices faced by farmers being higher than their 
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social value – as with cotton and wheat. Conversely, some developing countries 
have held crop prices down to favor urban interests, leading to crop prices that are 
less than estimated social values. The fi rst of these instances leads to an ATPW(2) >
WTPW(2). The second instance leads to ATPW(2) < WTPW(2).

Model 3: This case assumes a different formula for defi ning ATPW. Within 
the economic/policy conditions of either case 1 or 2 above, for case 3, maximum 
ATPW(3) is assumed to equal “net farm income,” that is, returns to water and 
all other owned inputs. We have not come across any formal defi nition of ATPW 
of precisely this form in the literature. However, this case refl ects the informal, 
intuitive concept non-economists and even nonspecialist economists proposed 
in our discussions of appropriate modeling of ATPW in the Kyrgyz Republic. 
This formulation is similar to models of private short-run farm decision-making 
(such as for annual crop land allocation) emphasized in textbooks on farm 
management (e.g., Kay et al., 2007), and thus is familiar to analysts trained in 
modeling private farm decision-making, but not necessarily familiar with social 
cost–benefi t analysis. In this case, ATPW can be written as in eqn (7), where the 
residual is defi ned as revenue minus the costs of purchased inputs, M, labor, H, 
and borrowed capital, K:

 ATPW(3) = (Y × PY) – [(PM × XM) + (PH × XH) + (PK × XK)] (7)

Thus, other factors unchanged, ATPW(3) is (much) greater than ATPW(1) and 
ATPW(2).

Our theoretical critique of ATPW(3) is straightforward: We fi nd case 3 to be an 
incorrect estimation of repayment capacity since it would require farm households 
not only to pay for water out of the residual returns to water but to possibly draw 
from the returns to all owned inputs. It would be correct only if the opportunity 
cost or price of all non-water-owned inputs were zero. Put another way, this 
approach to calculating ATPW would – in addition to charging up to their total 
return to water – capture from farm households the return to some or all of their 
non-water-owned inputs. Economic theory suggests that if charges were set higher 
than ATPW(1), farm households would discontinue irrigated crop production.

2.5 Some additional issues

Space limits prevent more detailed analysis, but here we mention two other 
issues that arose in the Kyrgz Republic study. First, non-economists were eager 
to consider the value of livestock production and even of off-farm income in the 
assessment of farmers’ repayment capacity. In our view, livestock operations are 
value-added enterprises that can exist largely independent of irrigation water, 
since feeds and forages for livestock production can, in principle, be purchased 
on the open market. The net return to water from feed and forage crops should 
already adequately refl ect the contribution of irrigation water because forage crop 
outputs are valued using market prices, even though much of the production may 
be consumed on farm. Other on-farm enterprises, like clothing and handicrafts, 

c10.indd   144c10.indd   144 11/13/2008   10:19:13 AM11/13/2008   10:19:13 AM



ASSESSING ALTERNATIVE MODELS FOR FARMERS’ 145

also have little or no direct link to irrigation water. Off-farm employment, 
remittances, and social security payments are nonfarm sources of income that 
have no direct connection to water supply, and should not be tapped to help recover 
costs of supplying water. A second issue is how to price land in the calculations. 
Since the formulation is in annual terms, an annual land rental rate rather than a 
sales price is appropriate. A readily observed land rental rate is that for irrigated 
lands. However, market rental rates already would include the contribution of 
irrigation (as well as the on-farm capital cost of developing irrigated land (such as 
provision for land leveling, ditches, turnout structures, and drainage). The rental 
rate on nonirrigated land of comparable quality and productivity would be the 
appropriate measure of opportunity cost of land.

2.6 Further remarks

We should acknowledge that the brief description and the simplifying assumptions 
in the above analysis may make the process of estimating ATP appear to be a 
simpler task that it actually is. Space limitations only allow a mention of some of 
the challenges, mainly associated with the uncertainties of operating the long-lived 
investments characteristic of irrigation development or rehabilitation that should 
be recognized in both the WTP and ATP assessments. For example, assignment of 
opportunity costs of noncontractual (owned) inputs in the ATP and WTP analyses is 
complex and often controversial. Crop production and water application technology 
as well as real product and input prices can be expected to change over time. Over 
the past several decades, the improvement in crop production technology has led 
to a more or less countervailing reduction in infl ation-adjusted commodity prices, 
so that static annual models assuming no change in technology, prices, or net income 
have shown better predictive value than attempts to independently predict price 
changes and technology and yield changes. (Whether this sort of simplifi cation 
will continue to be adequate in a context of global climate change remains an 
open question.) Another consideration is the shorter-term income uncertainty due 
to weather and markets. (In 1982, Gittinger dealt with this issue by including a 
“risk-bearing” function in the defi nition of the production function and suggesting 
a charge of approximately 10% of net farm income to account for this concern.) In 
the case of farms at the tail end of an irrigation distribution system, water supply 
per unit area tends to be lower and, because of inadequate water availability for 
leaching salts, crop-damaging salinization of soils is greater. Thus, a given farm’s 
location on the system has been shown to be an important determinant of water 
availability and crop production. If the charges analysis takes an average of head 
and tail incomes, the tailenders would be at a disadvantage.

2.7 Previous literature

As mentioned earlier, we found only a few efforts that directly addressed 
a conceptual framework for ATP. The World Bank has long emphasized 
enhancement of irrigation water supplies as an economic development tool in 
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semi-arid and arid low-income countries throughout the world. Irrigation was 
perceived to yield favorable economic returns on donor agency and water user 
capital, as well as to enhance food security and employment in impoverished 
rural areas. The World Bank doubtless has evaluated and fi nanced more irrigated 
land developments than has any other agency. Gittinger (1982) codifi ed the Bank’s 
procedures for evaluating agricultural projects and offered detailed descriptions 
of appropriate approaches to assessing cost recovery policies. In World Bank 
parlance (Gittinger, 1982; pp. 222–232, the calculation of what we call WTPW(2) 
is called the “economic analysis,” and the calculation of approximately what we 
term ATPW(2) would be considered to be “fi nancial analysis.”

Moore (1999) studied a project of the U.S. Bureau of Reclamation in the 
Sacramento Valley in Northern California to measure farmers’ ATP for irrigation 
water. He provides a theoretical defi nition of the term that we interpret as 
equivalent to our ATPW(1) and WTPW(1). That is, Moore’s theoretical ATP is equal 
to estimated revenues less the cost of all non-water inputs, both contractual and 
noncontractual. With sophisticated econometric techniques, Moore fi ts a multi-
output revenue function to 11 years of crop revenue, prices of major crops, areas 
of irrigated lands, and water delivery data from 19 irrigation districts that varied 
in water supply per acre. Comparing his measure of ATP with that of the water 
supply agency – the U.S. Bureau of Reclamation – Moore found that his method 
yielded a much larger estimate of ATP per unit area. Moore’s inductive method is 
exceedingly elegant and, to its credit, relies on real-world observations. However, 
it is ex post in the sense that it must take data from an ongoing system, rather than 
studying a proposed future investment. Thus, in contrast to the typical deductive 
approach, and the one used here, it is not adapted for sensitivity analysis. These 
considerations suggest that the method would fi nd its application mainly in research 
contexts.

3 Case study from the Kyrgyz Republic

3.1 Background: Description of study area

The Kyrgyz Republic became independent from the Soviet Union in 1991. Located 
in Central Asia, the largely mountainous country is bordered by Kazakhstan to 
the north, Uzbekistan to the west, Tajikistan to the southwest, and China to the 
east. Irrigated agriculture is centered in the higher short-season Chui and Talas 
river valleys in the north and east, and in the hot subtropical Ferghana Valley in 
the southwest. Major crops are feed and forages for livestock, plus grains such as 
wheat and barley.

Since the 1990s, external donors have been assisting the government in 
rehabilitating the extensive irrigation systems, and even in meeting the cost of 
routine operations and maintenance. Only a small fraction of the total cost
of sustaining the country’s irrigation systems has been met by charges assessed on 
farmers and other water users. It is increasingly recognized that the government 
needs to improve cost recovery from users, and that water user associations need 
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to recover more from their members to sustain the infrastructure within their 
borders. With fi nancial assistance from the Asian Development Bank, a study 
was initiated in 2006 to analyze the ability and willingness of farmers to pay for 
irrigation and drainage services1 (Asian Development Bank, 2007).

The Sovhozhnyi branch canal in Chui Oblast was among the study areas 
selected as part of the study to assess the long-term sustainability of the irrigation 
system and, more specifi cally, the farmers’ ATP and WTP for irrigation services. 
The Sovhozhnyi main canal services 4200 ha of level land that is managed by 
eight water user associations in the short-season Chui River valley. The study 
area is west and north of Bishkek, the country’s capital.

3.2 Some preliminaries in the application of alternative models

As part of the study, representative farm budgets were constructed on the basis 
of a survey of farms within the Sovhozhnyi study area. The survey was stratifi ed 
to ensure enough observations of farms by size (smaller, medium, and large) and 
location on the delivery canal (head, middle, and tail). The 2005 crop year, for 
which crop budget data were collected, was considered to be normal in terms of 
yields and prices of major commodities.

Regarding the use of household labor, since formal surveys enquiring about 
this input are often diffi cult for farmers to answer (and likely to underestimate 
it), a smaller number of more informal and in-depth farmer interviews were 
also conducted. Management refl ects the time spent by the owner/manager in 
planning and other activities not captured in the time spent in fi eld production 
and harvesting activities. This was valued at 5% of the total value of output. Land 
was valued at its opportunity cost, which was assumed to be the rental cost of 
nonirrigated, but otherwise similar, agricultural land. With very little capital at 
the farm level, capital was valued at zero.

3.3 Application of alternative models

To illustrate the application of the three alternative models, we calculated ATP and 
WTP values as residuals from a representative crop budget of 1 ha. As necessary, this 
can be scaled up to the respective values for an average farm or the entire study area.

The total value of output represents yield of all crops in the Sovhozhnyi study 
area (weighted by their proportion in the study area) multiplied by their output 
prices. It thus values all production whether actually sold or consumed on the 
farm or within the household. Given that crop prices in the Krygyz Republic 
are market-determined, with little government intervention, the total value of 
output is the same for the three models. Purchased input costs are also market-
determined, and the same for all models. Costs for which the three conceptual 
models can lead to different values are those of labor, management, and land.

Table 1 shows estimates of WTP and ATP for water per hectare based on Model 1. 
This approach values all outputs and inputs at market prices. The estimated ATPW(1) 
for irrigation services is US$198 ha–1, and equals the estimated WTP(1). All values 
are expressed in 2005 US$, using the conversion rate of US$1 = Som 40.
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Table 2 shows the respective estimates for Model 2. WPTW(2) is calculated 
with a shadow wage based on its social opportunity cost. Since there is a high 
level of unemployment and underemployment of labor in the Kyrgyz Republic 
that has existed since the economic collapse following the breakup of the Soviet 
Union, we chose as the opportunity cost for labor half of the market wage. 
No cost is attributed to management in WTPW(2). Gittinger (1982) argues that in 
the case of farmers who own their farms and supply most of both the labor and 
management skills, only wages as laborers should be valued, not management 
skills (though there are differences in opinion – see, e.g., Young (2005, Chapter 5).
As a result, this estimate of the ATP for water is US$242 ha–1, which is 22% 
greater than estimated by the model of ATP(1).

Estimates for Model 3 are shown in Table 3. WTPW(3) is assumed to be 
equal to WTPW(2). For ATPW(3), net farm income (essentially, return to farm-
owned inputs) is the concept representing this version of the farmer’s maximum 
ATP for water. The cost of farmer-owned inputs, including household labor, 
management, and land, are in this case valued at zero. This leads to an 
estimated ATP of US$268 ha–1, or 36% higher than ATPW(1), and also higher 
than WTPW(3).

Table 1: Estimates for Model 1.

 WTPW(1) 
(US$ ha–1)

ATPW(1)
(US$ ha–1)

Total value of production 381 381

Cost of production

Seed, fertilizer, herbicides  21  21

Contracted services – labor  20  20

Contracted services – fuel  31  31

Transportation  20  20

Hired labor  17  17

Household labor  14  14

Management  19  19

Land cost  38  38

Miscellaneous  3  3

Total cost of production 183 183

Residual 198 198

Note: WTPW(1) = ATPW(1).
Source: Based on data collected in Asian Development Bank TA 4405 “Study on Pricing 
Systems and Cost Recovery Mechanisms for Irrigation.” Kyrgyz Republic. 2007.
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Table 2: Estimates for Model 2.

WTPW(2) 
(US$ ha–1)

ATPW(2)
(US$ ha–1)

Total value of production 381 381

Cost of production

Seed, fertilizer, herbicides  21  21

Contracted services – labor  10  20

Contracted services – fuel  31  31

Transportation  20  20

Hired labor  9  17

Household labor  7  14

Management  0  19

Land cost  38  38

Miscellaneous  3  3

Total cost of production 139 183

Residual 242 198

Note: WTPW(2) > ATPW(2) (with ATPW(2) = ATPW(1)).
Cost items that are shadow priced and thus differ from those in Model 1 are italicized.
Source: Based on data collected in Asian Development Bank TA 4405 “Study on Pricing 
Systems and Cost Recovery Mechanisms for Irrigation.” Kyrgyz Republic. 2007.

Table 3:  Estimates for Model 3.

WTPW(3) 
(US$ ha–1)

ATPW(3) 
(US$ ha–1)

Total value of production 381 381

Cost of production

Seed, fertilizer, herbicides  21  21

Contracted services – labor  10  20

Contracted services – fuel  31  31

Transportation  20  20

Hired labor  9  17

Household labor  7  0

Management  0  0
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We fi nd that estimated ATP in the study area using what we believe to be 
a conceptually correct formula (our ATPW(1)) is considerably higher than the 
amounts farmers have actually been charged, and would thus justify some increase 
in farmer contributions; but it is rather less than local and donor offi cialdom 
(implicitly using our ATPW(3)) had believed. Casual observations elsewhere in 
the world suggest that this situation is rather typical, so that ATP would tend to 
be lower than that assumed by non-specialists and non-economists.

4 Conclusions

ATP is an estimate of the maximum that farmers could afford to pay for irrigation 
services. Political realities suggest that it is unlikely that the government would 
wish to extract the entire ATP from smallholder farmers. Overestimating ATP 
would give irrigation districts, governments, and lending agencies an exaggerated 
perception of the amounts that farmers would be able to pay for services.

Comparison of the three models to estimating ATP, captured in Tables 1–3, 
shows that substantial differences in estimates are produced under the different 
models. The appropriate model for estimating ATP is Model 1. Valuing inputs 
and outputs at social opportunity costs may be an appropriate approach to take 
in a cost–benefi t analysis, but carrying this approach over into ATP can lead 
to misleading high estimates. Similarly, returns to all farm-owned inputs is a 
valuable concept in short-run farm management studies, but using this approach 
to value long-run ATP for water alone also leads to excessively high estimates.

Thus, analysts calculating ATP need to give careful attention both to the 
theoretical model on which the calculations are based and to the economic and 
production conditions relevant to the calculations.

Endnote

1Asian Development Bank TA 4405 “Study on Pricing Systems and Cost Recovery 
Mechanisms for Irrigation.” Kyrgyz Republic. 2007.

Land cost  38  0

Miscellaneous  3  3

Total cost of production 139 113

Residual 242 268

Note: WTPW(3) < ATPW(3) (with WTPW(3) = WTPW(2))
Cost items that are shadow priced and thus differ from those in Model 1 are italicized.
Source: Based on data collected in Asian Development Bank TA 4405 “Study on Pricing 
Systems and Cost Recovery Mechanisms for Irrigation.” Kyrgyz Republic. 2007.
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Abstract

Changing energy prices will alter water allocation and distribution. Water extrac-
tion and conveyance may become more costly and demand for hydroelectric power 
will grow. Increasing demand for hydroelectric power may reduce the price and 
increase supply of surface water. High energy prices may also lead to an expan-
sion of water-intensive biofuel technology, resulting in a possible increase in the 
output price of food production. High energy prices may therefore have obvious 
implications for sustainable irrigation as well as food security. With a focus on 
surface water systems, the models considered in this chapter can be used to deter-
mine the effects of higher energy prices on water use, total agricultural produc-
tion, and optimal water rates.

Keywords: Biofuels; Conveyance; Energy price; Surface water; Water price

1 Introduction

While the economic downturn of 2008 dampened energy prices, the era of the new 
millennium saw dramatically increasing energy prices refl ecting increased global 
demand, production constraints, and concern about climate change. In addition, some 
nations have already passed renewable fuel mandates, leading to expansion of biofu-
els production. Irrigated agriculture is energy intensive, and biofuels compete with 
other crops for scarce water resources. High energy prices may therefore have sig-
nifi cant implications for sustainable irrigation as well as food security. Thus, despite 
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the current lull in energy prices, it is prudent to consider the impacts of increasing 
energy prices and expanded biofuels production on irrigated agriculture.

We model agricultural water systems with diversion, conveyance, and irriga-
tion components and recognize the indirect impacts of higher energy prices via 
output prices and input costs. We analyze the impacts of these price changes on 
pumping decisions, investment in conveyance systems, and adoption of modern 
irrigation technologies. First, we present the results for a case when irrigation and 
conveyance technologies are fi xed, and then shift to an analysis of how energy 
prices could impact technology choices. In each case, we focus on the impact 
of changes on three key variables: output levels, water use, and optimal water 
pricing.

2 Model of irrigation water demand

The analysis of agricultural water systems assumes they have several elements: 
diversion, conveyance, and irrigation. The fi rst element is diversion from the 
source to a conveyance system. In the case of groundwater, diversion is pump-
ing the water from an aquifer. We denote the cost of diversion, CD (X, pe). These 
are the costs of building and maintaining water project infrastructure, where X 
is the volume of diverted water and pe is the price of energy. The second element is 
conveyance. We assume that at the source, X units of water enter the conveyance 
system. In some systems, the water moves downhill from source to application, 
and in these cases the energy can be harnessed through hydropower production. 
In other cases, water is elevated from the source to the conveyance canal, a proc-
ess that requires energy inputs. Let m denote the net conveyance energy require-
ment per unit of water. It is positive when water must be elevated and is negative 
when water moves downhill and hydropower can be harnessed. For simplicity, 
we assume that the elevation adjustment occurs at the source, and thus the cost of 
water transport is peXm. Conveyance effi ciency, the fraction of water that is trans-
mitted through the conveyance system, is denoted by η, with 0 <η ≤1. Let Z be the 
cost of lining the canal, so overall conveyance costs are peXm + Z.

The third element of the system is irrigation. Refl ecting conveyance losses, the 
amount of applied water available for irrigation is XA = Xη. Not all the applied water 
is utilized in production, as some ends up as deep percolating water or runoff. Irriga-
tion effi ciency, the fraction of water actually utilized in production (which depends 
on irrigation technology), is denoted by γ , with 0 < γ ≤1. The effective water, which 
is the water actually consumed by the crop, is XE − XAγ. We assume that irrigation 
requires a fi xed cost K and pressurization energy per unit of applied water, β.

Following Caswell and Zilberman (1986), we assume that output is a func-
tion of effective input. Since effective input is dependent on applied input and 
irrigation technology, output is a function of these two variables. The analysis 
implicitly assumes that irrigated agriculture is taking place on a given amount of 
land, but we do not introduce acreage explicitly. Other research by Chakravorty 
et al. (1995) shows the effect of various water policies and prices on the amount 
of land in production based on the distance from the water source. Let Y denote 
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output, and the agricultural production function is Y = f(XE). The region of the 
production function where f′ > 0, f′′ ≤ 0 is the economic region where profi t-
maximizing outcomes occur.

We consider a small region, for which output and energy prices are given. 
The price of output is denoted by po. Accordingly, the gross benefi ts of agricul-
tural production, denoted by GB(X) = po  f(Xηγ), are the revenues generated by 
selling the output produced by irrigation.

The extraction and application of water imposes environmental costs. Let 
these environmental costs be denoted CE(X). The marginal environmental costs 
of water are positive and increasing: C CX

E
XX
E> ≥0 0, .1 We will use subscripts to 

denote derivatives throughout the paper, so C C XX
E E= ∂ ∂/ . We consider here the 

socially optimal choices, accounting for the production benefi ts from irrigation 
and the diversion, conveyance, and environmental costs of water use.

2.1 Optimal water use and output levels

Letting B denote the net social benefi ts of production,

 B Max p f X C X p p Xm Z K p X C X
X

o
D

e e e
E= − − − − − −( ) ( , ) ( )ηγ β η  (1)

The optimal water use, denoted by X*, is determined by solving eqn (2):

 p f X C X p p m p C Xo
E

X
D

e e e X
E

X E
( ) ( , ) ( )* * *ηγ − − − − =βη 0  (2)

where XE* = X*ηγ denotes optimal effective water and p f X
X

E
Eo ( )* ηγ MGB X( )*=  

is the marginal gross benefi ts of diverted water used in irrigation, which are equal 
to the marginal product of diverted water in irrigation. The marginal productivity 
of effective water is f XX

E
E ( )* , and the marginal productivity of diverted water 

is f XX
E

E ( )* η γ , which is derived by multiplying by the input use effi ciency and 
conveyance effi ciency. These optimality conditions imply an optimal water price 
at the source, which is the sum of the marginal externality and extraction costs, 
and is denoted by

 p C X p C XX
D

X
EwS

e= +∗ ∗( , ) ( )  (3)

This is the optimal price that should be charged to water districts buying from a 
water project. This price is different from the optimal price of applied water at 
the fi eld, pwA: 

 p
C X p C X p m p p mX

D
X
E

wA e e
wS

e=
+ +

=
+∗ ∗( , ) ( )

η η
 (4)

This is the sum of the marginal diversion cost, the net marginal conveyance cost, 
and the marginal externality cost divided by the conveyance effi ciency. pwA is 
the optimal price that farmers should pay a water district for water delivered 
to the farm. Even in cases where conveyance does not create or use energy, 
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the price of water at the farm will not be the same as the price at the source, 
because of conveyance losses.

Condition (2) suggests that optimal water use occurs when the marginal prod-
uct of applied water in irrigation is equal to the price of applied water plus the 
marginal unit pressurization cost. Thus, eqn (2) implies

 p f X p pX
E

Eo e
wA*( ) − − =γ β 0  (5)

The second-order condition that will assure that X* is an optimum is

 D p X C X p C XX X
E

XX
D

XX
E

E E= ( )( ) − ( )− ( )<o ef * * *,ηγ 2
0  (6)

By our assumptions this condition holds.

3 Impact of changing energy prices

When examining the effect of the introduction of biofuels, we follow Zilberman 
et al. (2008) in assuming that the food and energy demand effects from increas-
ing energy prices will increase output prices when biofuels are present. Thus, 
we introduce the production of biofuels in the model as ′ >p po e( ) 0 . The opti-
mality conditions in eqns (2), (3), and (5) enable analyzing the impacts of changes 
of energy prices on X*, Y*, pwS, and pwA.

Proposition 1:

(a) ( )
* *

1 0
dX

dp

dY

dp
if p f m CX Xp

D
E

e e
oand (2)

e
≥ ≤( ) ′ − ≥ ≤( ) +ηγ βη

(b) 
( ) ( ) ( )

( )

1 0

2

dp

dp
if p f C m

dp

X Xp
D

E

wS

e
o e

≥ ≤ ≥ ≤′ + +⎡⎣ ⎤⎦ηγσ βη σ

wwA

e
o edp

if p f C mX Xp
D

E≥ ≤ ≥ ≤( ) ( )0 ′ + + −ηγσ βησ

where σ
ηγ

= −
+

( )
>

C C

p f

XX
D

XX
E

X XE Eo
2

0 , which is the relative concavity of cost 

versus benefi t for total diverted water. 
Proof: For part (a) totally differentiate eqn (2) to yield

 dX

dp
D p f C mX Xp

D
E

*

e
o e

= − ′ − − −⎡
⎣⎢

⎤
⎦⎥

−1 ηγ βη  (7)
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and note that 
dY

dp
p f

dX

dpX E

* *

e
o

e

= ηγ . For part (b), the differentiation of eqn (3)
yields

 

*dp

dp
C C C

dX

dpXp
D

XX
D

XX
E

wS

e e
e

= + +( )
⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

1

η  (8)

Introducing dX dp*
e
NB from eqn (7) and D from eqn (6) into eqn (8) and rear-

ranging terms results in (b.1). Differentiation of eqn (4) yields

 
*dp

dp
C m C C

dX

dp
Xp
D

XX
D

XX
E

wA

e e
NBe

= +( )+ +( )
⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

1

η
 (9)

Introducing dX dpe
*  and D into eqn (9) and rearranging terms yields (b.2).

Proposition 1(a) suggests the impact of higher energy prices on water use and 
output levels consists of four effects: the biofuel effect, ′p f

X Eo ηγσ, the diversion 
cost effect, CXp

D

e
, the pressurization costs effect, βη, and the conveyance cost effect, 

m. Of these four effects, the biofuel effect is expected to increase water use and 
output levels (X* and Y*, respectively), the effects of diversion and pressurization 
costs are expected to decrease X* and Y*, and the effect of conveyance depends 
on whether it is a net creator of energy through hydropower. If the biofuel effect 
dominates, and the increase in energy price results in a greater marginal increase 
in earning than in costs, an increase in energy prices will lead to higher water 
use and production. When the increased costs resulting from higher energy price 
are greater than the increased revenues, higher energy prices lead to a reduction 
in water use and production. This result is shown graphically in Figure 1. Let

 MC X C X p C X p m pj X
D j

X
D j j( ) ,= ( )+ ( )+ +( )1

η
βe e e  and

 
MB X p p f Xj

j
X( ) ( ) ( )= o e γη

where j = 0,1 denotes the old and new energy prices, respectively. If conveyance 
requires energy inputs, the marginal costs of water use will increase with higher 
energy prices. This is represented by a shift in the marginal cost curve from 
MC0(X) to MC1(X). At the same time, the biofuel effect increases the net benefi ts 
of water use. The relative magnitude of these two shifts is what determines the 
direction of water use and production levels. For example, if there is a shift from 
MB0(X) to MB X

1

’ ( ) , the effect of the shift in costs dominates the price effect, 
and total output and water use decrease. However, if there is a shift from MB0(X) 
to MB X

1

’’( ) , the price effect dominates, leading to an increase in total output and 
water use.

c11.indd   157c11.indd   157 11/13/2008   10:19:34 AM11/13/2008   10:19:34 AM



158 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

An increase in the price of energy may lead to increased water use and pro-
duction even without the biofuel effect (i.e., ′ =po 0 ) in cases where conveyance 
generates hydroelectric power, and the marginal energy gain is greater than the 
marginal energy cost of diversion and pressurization, − ≥ +m C X pXp

D

e e( , )* βη. 
In cases, when ′ =po 0  and conveyance consumes energy (m > 0), higher energy 
prices will lead to reduction in water use and output. These results suggest vary-
ing impacts of higher energy prices across locations. Higher energy prices may 
lead to reduced production in certain regions where conveyance consumes energy, 
such as elevated or mountain regions. But other regions, like valleys, where water 
sources are upstream and conveyance leads to hydroelectric power generation, 
will expand their irrigated agriculture or other water-dependent activities when 
energy prices rise.

3.1 Impacts of energy prices on optimal water prices

Proposition 1(b.1) suggests that with higher energy prices, the higher diversion 
costs will act to increase the price of water at the source, pwS, and at the farm, pwA, 
through an upward shift in the marginal cost curve. However, increased pres-
surization costs will have a negative effect on water prices due to a reduction in 
the quantity of water demanded. The coeffi cient σ is used to determine the com-
bined effect of marginal changes in supply and demand on prices. The increase 
in output price because of biofuels will increase water prices through increased 
demand. If higher energy prices increase conveyance costs (m > 0), it will reduce 
the price at the source through lower demand, but increase the price to farmers 
(pwA) through increased costs of supplying water. Figure 2 shows several possible 
scenarios for the impacts of increased energy prices on the optimal price of water 
at the source and at the fi eld. Letting 0 and 1 denote the outcomes before and after 
an energy price change, we assume that p pe e

0 1< . The relative magnitudes of X 0 

MC0(X )

MB0(X )

MC1(X )

MB �
1(X )

MB�
1(X )

X �
1 X0 X �

1
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P
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e/
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t 

Figure 1: Relative impacts of changing output prices and input costs.
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and X1 depend on the relative impacts of the biofuel and price effects, the extrac-
tion cost effect, and the pressurization cost effect.

If the diversion cost and biofuel price effects on water prices dominate the 
pressurization and conveyance cost effects, water prices at the farm gate and 
the source will both increase. This result is seen in Figure 2(a). If the convey-
ance cost effect is dominant, and it is positive (water needed to be lifted to the 
fi nal users), higher energy price will result in lower water price at the source 
and higher prices to the fi nal users. But if the dominant conveyance cost is nega-
tive (there are benefi ts from hydroelectric power), the water price at the source 
will increase due to higher demand, while the water price for the end users will 
decline; refl ecting increased water availability and a downward shift of the sup-
ply curve. This fi nal result is seen in Figure 2(c). Thus, increasing energy prices 
may increase water supply and reduce water prices for farmers who are down-
stream to a system that is a net generator of energy.

The effect of biofuel introduction: Proposition 1 suggests that the introduction 
of biofuels may alter the direction of the impacts of increased energy prices on 
agricultural production. To see this, the impacts of higher energy prices without 
biofuels are derived from below, from Proposition 1:

Corollary 1: Assuming no biofuel effect ( ′ =po 0), and denoting outcomes with-
out biofuel with a superscript NB, the following results hold.

 (a) ( ) ( ) ( ) ( )
* *

1 2 0
dX

dp

dY

dp
if C mXp

D

e
NB

e
NB

and
e

≤ ≥ + ≥ ≤ −βη

 (b) 

( ) ( ) ( )

( )

1 0

2

dp

dp
if C m

dp

dp

Xp
D

wS

e
NB

wA

e
NB

e
≥ ≤ ≥ ≤ +⎡⎣ ⎤⎦

≥

βη σ

(( ) ( )≤ + ≥ ≤0 if C mXp
D

e
βησ

Distance from source 

O
pt

im
al

 p
ric

e 

(c)(b)(a)
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Figure 2: Impacts of higher energy prices on optimal water rates.
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Remark: Comparison of Proposition 1(a) and Corollary 1(a) suggests that with 
biofuels, higher output prices may lead to increasing water use and production in 
situations when they would lead to reduction in irrigation agricultural activities 
without biofuels. One case is when conveyance consumes energy and

dX

dp

dY

dp

* *

e
NB

e
NB

and < 0 .

However, this may still be the case when the derivatives are positive if the output 
price increase and the resulting biofuel effect are suffi ciently large.

Comparison of Proposition 1(b) and Corollary 1(b) suggests that the introduc-
tion of biofuels tends to increase the price of water both at the source and on the 
farm. In some situations, large pressurization and conveyance effects may lead to 
reduction in the price of water at the source without biofuels, but the introduction 
of biofuels may actually lead to increase in prices if the biofuel effect exceeds the 
others. Furthermore, in situations where higher energy prices lead to reduction 
in conveyance costs (m > 0), they will reduce the on-farm water price without 
biofuels, but may increase the price with biofuels.

4 Choice of irrigation and conveyance technology

The management of the water system involves making several linked decisions,          
and the choice of irrigation technology. The conveyance losses can be affected by 
lining the canals. As presented in Section 2, l is an indicator of investment in lin-
ing, where l = 0 and l = 1 denote minimal and intensive lining, respectively. Con-
veyance effi ciency, according to the conveyance investment choice, is denoted by 
ηl and 1 ≥ η1 ≥ η0 > 0. The conveyance effi ciency improvement of investing in 
more intensive lining is ∆η = η1 − η0 > 0. Let Zl be lining cost, and Z1 > Z0 = 0. 
Thus, overall conveyance costs are peXm + Zl.

We assume that producers determine both the water use level and the irriga-
tion technology, i. We consider two technologies; the traditional is denoted by 
i = 0, and the modern by i = 1. We assume that 1 ≥ γ1 > γ0 > 0. We denote the irri-
gation effi ciency improvement ∆γ = γ1 − γ0 > 0. We assume that each technology 
requires a fi xed cost Ki and pressurization energy per unit of applied water, βi. 
For simplicity, assume that K0 = 0, and thus the modern technology requires extra 
investment per acre. If the traditional technology is a gravitational one, and the 
modern one is drip or sprinkler, the modern technology is more energy intensive 
and ∆β = β1 − β0 > 0. In cases where the transition is to a less energy-intensive 
technology (moving from sprinkler to a low-pressure irrigation), ∆β < 0.

We consider here the socially optimal choices that are the results of an opti-
mization that considers the production benefi ts from irrigation and the diversion, 
conveyance, and environmental costs of water use. The optimization problem is 
solved sequentially, where optimal water use is fi rst determined for each discrete 
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combination of irrigation technology and conveyance. Then, profi ts for each com-
bination are compared and the combination that yields the highest profi t level is 
chosen. Thus,

 
X p f X C X p p Xm

Z K p X C X i

i l
X

l i
D

l i i l
E

,
* , ,

{

= ( )− ( )−

− − − − ( ) ∀

Max o e e

e

η γ

β η ,, }l
 (10)
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i l l i
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i l i l
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= ( )− ( )−

−

Argmax o e eη γ

−− − − ( )K p X C Xi i i l l
E

i leβ η,
*

,
* }

 (11)

Thus far we have analyzed the impacts of changes in energy when the irriga-
tion and conveyance technologies are fi xed, but in the longer run, higher energy 
prices may lead to investments in improved irrigation or conveyance. To ana-
lyze adoption behavior, it is necessary to derive the impacts of adoption on 
water use, output, and profi ts so the costs and benefi ts of adoption can be assessed. 
The impacts of adoption on water use and output are derived in this section. To 
simplify the analysis, we defi ne two parameters of the production function, the 
output elasticity of applied water, ψ, and the elasticity of marginal productivity, 
φ, where both parameters are functions of effective water:

 ψ X
f X X

f X
i l
E X i l

E
i l
E

i l
E

E

,
* ,

*
,

*

,
*( )=

( )
( )

> 0  (12a)

 φ X
f X X

f X
i l
E X X i l

E
i l
E

X i l
E

E E

E

,
* ,

*
,

*

,
*( ) = −

( )
( )

> 0  (12b)

In the case of a Cobb–Douglas production function, both elasticities are constant 
and under concavity both ψ, φ ≤ 1. But as Caswell and Zilberman (1986) dem-
onstrate, output response to water does not fi t the Cobb–Douglas specifi cation 
well. With irrigation, output peaks at a certain level, and overirrigation may lead 
to loss of yield. Studies like Hexem and Heady (1978) show that the quadratic 
production function fi ts data better than Cobb–Douglas, and thus it is more real-
istic to assume that the elasticities vary with effective input use, and analyze 
their properties using the more general assumptions proposed by Knight (1967). 
The classical Knightian production function has three phases including the one 
with decreasing marginal productivity. At the point where output is reaching its 
peak (D in Figure 3), ψ = 0 and the denominator of φ is zero; thus φ = ∞. When 
the marginal productivity of effective water is peaking (A in Figure 3), φ = 0 
φ = 0, and thus φ is increasing as effective water and output increase. It is useful 
to divide the economic region between B and D, where the marginal productivity 
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of effective water is below its average productivity to two subregions. The fi rst is 
between B and C in Figure 3, where irrigation is relatively sparse (relatively low 
effective water use and output), the marginal productivity of XE (effective water) 
is declining only slightly, and the elasticity of marginal productivity (hereafter, 
EMP) is low, φ < 1. The second region is where irrigation is plentiful, between 
C and D. In this region, output is close to its peak and the EMP is high (φ > 1). 
As we will be shown later, the impact of adoption on water use and output will 
depend on whether water is sparse or plentiful.

4.1 Impacts of technology adoption on water use and output

The discrete choice of conveyance and irrigation technologies is chosen once 
Xi l,

∗ is determined for all the possible combinations. We analyze the difference 
in production level, diverted water, and applied water under different tech-
nologies and determine how they are affected by changes of key parameters. 
Let ∆Y Y Yl l l

∗ ∗ ∗= −1 0, ,  be the change in output associated with adoption of modern 
irrigation technology (i changes) with fi xed conveyance confi guration l. Simi-
larly, ∆X X Xl l l

∗ ∗ ∗= −1 0, ,  is the diverted water differential between modern and 
traditional irrigation with conveyance fi xed. Since our solution to the optimiza-
tion problem is unique by concavity in eqns (4) and (5), Xi l,

*  can be written as 
X*(γi,βi,ηl), that is, X* evaluated at the point (γi,βi,ηl). Since the parameters γ,β,η 
are real-valued continuous variables within [0,1], where i = 0,1 and l = 0,1 simply 
denote fi xed values of each parameter to identify the change due to technologi-
cal adoption, and since X* is a continuous function over that interval, we can use 
the Mean Value Theorem to express the effect of the discrete choice of irrigation 
technology i on Xi l,

* , in terms of partial derivatives:

O
ut

pu
t

A

B

C
D

Figure 3: Output as a function of effective water. 
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 (13)

where γε ⊂ (γ0,γ1) and βε ⊂ (β0,γ1) or βε ⊂ (β1,β0), whichever is nonempty depend-
ing on the sign of ∆β . From here forward we will denote X Xl lε ε εγ β,

* * , ,= ( )η .
Similarly, we derive the discrete conveyance choice, holding irrigation technol-
ogy fi xed:

 ∆X
dX

di
i i*

* , ,
=

( )
−( )

γ β η
η ηε

η 1 0
 (14)

where ηε ⊂ (η0,η1) and Xi,
*

ε  will denote X*(γi,βi,ηε).

To analyze the impacts of properties of ∆Xi
*

, ∆X η
*

and ∆Yi
*  and ∆Yη

*  we 
need to derive the derivatives of Xi

*

 and Yi
* with respect to β, γ, and η. The 

impact of changes in the parameters on Xi l,
∗  and Yi l,

∗
 are derived from eqn (2). 
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 (15)

where χ
γ

=
( )

≤
p f

D
X X l iE Eo η

2

1  is an indicator of the contribution of marginal 
productivity to the concavity of profi t with respect to water.2 Equations (15a) 
and (15b) suggest that an increase in input use effi ciency (irrigation effi ciency, 
in this case) will increase water demand and agricultural output in cases when 
water is sparse and output is far from maximum yield levels (EMP<1). How-
ever, both water use and output will decline with increased effi ciency when the 
marginal productivity of water is low and EMP>1. This is more likely to occur 
in regions where the cost of water is low and there are few limitations on irriga-
tion water usage. When improved irrigation effi ciency increases water use, it 
will also increase output, but there are cases where output can increase even 
as water use declines. We fi nd a similar result for improvements in conveyance 
effi ciency in eqn (16):
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where s
p f

l

X i lE

β
η
γ η

= ≤
pe

o

β
1  is the marginal pressurization cost of water relative 

to the value of marginal product of water in production.
Increasing conveyance effi ciency has two effects on diverted water – the fi rst 

is de facto increasing the use effi ciency of diverted water, and thus has an effect 
that depends on the EMP, and the second is increasing the amount applied, lead-
ing to extra pressurization costs that will tend to decrease demand, especially 
with high-pressure sprinkler irrigation. As with irrigation effi ciency, if convey-
ance effi ciency increases water use then it will also increase output, but there will 
be cases where output increases as water use declines. Equation (16) examines the 
effect of changes in energy intensity of pressurization on output and water use:
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Equations (17a) and (17b) show that increased energy requirements of pres-
surization would reduce water use and output since the energy must come at 
some cost. The opposite is also true; lower energy requirements will increase 
optimal diversion. Note that this effect is proportional to the price of energy. The 
above formulas enable us to assess the impacts of adoption of conservation and 
improved conveyance on water use and output.

Proposition 2: (a.1) ∆
∆ ∆

X sl
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0 0
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β
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Proof: Inserting 
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d
i l
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dX

d
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i

,
*

β
 from eqns (14.a) and (16.a) into eqn (12) 

yields
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which implies (a.1). Similarly inserting 
dX

d
i l

l

,
*

η
from eqn (16.a) into eqn (14) 

yields

 ∆ ∆X
X

si
i l

l

* ,
*

= − −( )
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η φ
φ β1 η  (19)
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which after substitution for ψ yield (a.2). To derive (b.1) note that
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Since f Y X
X i lE γ η ψ= /  and f X Y

X l iE η γ= ψ / , eqn (19) becomes
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Dividing and multiplying parts of eqn (17) by p f
X X l iE Eo η γ( )2

, ∆X Xl l
* *

o  can be 
rewritten as: 
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Inserting eqn (22) into eqn (21) yields
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which implies (b.1). To derive (b.2), note that 
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By manipulating eqn (19), ∆X Xi i
* *

0 can be rewritten as follows:
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Inserting eqn (25) into eqn (24) yields
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which results in (b.2). 

Remark: The change in water use after adoption of irrigation technology depends 
on the effects of irrigation effi ciency gain and change in pressurization cost. 
The pressurization cost has a negative (positive) effect if ∆β > 0 (∆β < 0), and 
the effi ciency gain has a positive or negative effect depending on the EMP. From 
Proposition 2a.1, for the case with ∆β = 0 ∆β = 0, when the initial irrigation is 
sparse and the EMP<1, the effi ciency gain associated with adoption will lead to 
increased water use. But, when the initial irrigation is plentiful and the EMP>1, 
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initial output is close to the peak and the main gain from increased irrigation 
effi ciency is water conservation, so adoption will lead to reduced water use.

Thus, an increase in pressurization needs due to irrigation technology adop-
tion will reduce the critical level of the EMP (below which adoption will increase 
water use) to less than unity. A greater increase in pressurization costs relative to 
the value of the productivity gain reduces the critical level of the EMP because 
of the adoption effect. In cases where users of sprinkler irrigation switch to drip 
or other low-pressure irrigation, the pressurization cost effect is positive, so these 
users will increase water use relative to users adopting technologies requiring 
additional pressurization. The pressurization cost effect will increase under 
higher energy prices, making water conservation a more likely result. Higher 
output prices will have the opposite effect, since they increase the value of any 
productivity gain from increased water use.

Similarly, Yi l,
*  can be written as Y i i l

* , ,γ β η( ) , so

 ∆ ∆ ∆ ∆Y
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We present ∆Yl
*  in unexpanded form here for clarity; the full details and sign 

derivation can be found in the mathematical appendix. Equation (16) shows that the 
change in output as a result of adopting improved irrigation technology is the sum of 
two effects. The fi nal term dY dlε γ γ,

*( )∆  represents the direct effect of improved 
irrigation effi ciency on output. The fi rst term, on the other hand, represents the 
indirect effect of changes in water use on output, which depend (as demonstrated 
previously) on the net effect of productivity gains from increased irrigation effi -
ciency and on increased costs due to energy requirements of pressurization.

In cases where the pressurization effect is positive or zero, such as when 
moving from sprinkler irrigation to drip irrigation or from drip irrigation to a 
lower pressure type, output will increase unambiguously when more effi cient 
irrigation technology is adopted. However, when moving from a more primi-
tive furrow irrigation system to drip or sprinkler, it is possible that increased 
pressurization energy costs exceed the value of productivity gained due to more 
effi cient irrigation. Even in this case, where water use decreases after adoption, 
it is still possible that the direct effect dominates and output grows, which fol-
lows directly since ∆YI

*  >  0 under broader conditions than ∆Xl
* > 0 . Thus, 

an increase in water use due to switching to more effi cient irrigation technology 
implies an increase in output as well, but the converse is not necessarily true. 
Higher output prices will make increasing water use under effi cient irrigation 
more likely, while higher pressurization requirements and higher energy prices 
will have the opposite effect. 
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Only when initial water use is low (and EMP is consequently high) is it possible 
for the indirect effect to dominate and output to decrease. In other words, output 
will only decrease after adoption of conveyance improvement in water-conserving 
regions using improved conveyance effi ciency as a water-saving tool. There will 
also be regions where the indirect effect is small, but negative, so that water is con-
served even as output increases.

In some cases, there may be negative environmental impacts of adopting pre-
cision irrigation or shifting to improved conveyance technology. This could occur 
because these technologies increase the ratio of effective water to applied water, 
reducing the amount of runoff. In regions where the runoff from applied water is 
used to recharge aquifers or increase streamfl ow, more effi cient irrigation tech-
nology reduces the amount of water that provides these environmental benefi ts. 
These results will not occur in cases where irrigators only have rights to their 
consumptive use. However, in most cases water rights are distributed based on 
applied water use, not consumptive water use. Therefore, these results may occur 
with the adoption of precision technology.

5 Impact of changing energy prices on technology choice

To analyze the impact of changes in the key parameters on the adoption of modern 
technologies or introduction of effi cient conveyance, we will analyze the impact 
of parametric changes on the difference in the net benefi ts between alternative 
discrete solutions. Let ∆B B Bl l l= −1 0, ,  denote the net gain from introduction 
of modern irrigation technology holding conveyance investment fi xed, and let 
∆B B Bi i i= −, ,1 0  be the change in net benefi ts due to switching to improved 
canal lining for effi cient conveyance, while holding irrigation technology i fi xed. 
Technology adoption occurs when it provides a net gain in social benefi t, that is, 
when ∆Bl > 0  and/or when ∆Bi > 0 :

∆ ∆ ∆ ∆B p Y X C X p p m C X K p Xl l l X
D

l X
E

l l l
B= − ( )+ + ( )( )− −o e e e

* *
,

*
,

* *,ε ε η1
 (29)

∆ ∆ ∆ ∆B p Y X C X p p m C X Z p Xi i i X
D

i X
E

i i i
A= − ( )+ + ( )( )− −o e e e

* *
,
*

,
* *,ε ε β1  (30)

where X Xi l
A

i i l,
*

,
*= η  and X Xi l

B
i i l,

*
,
*= β , following our previous notation for Xi l

E
,

*,

and ∆X X Xi
A

i
A

i
A*

,
*

,
*= −1 0  and ∆X X Xl

B
l

B
l

B*
,
*

,
*= −1 0 . Thus, if water use and output 

increase, the change in social benefi t is positive if the gain from added output value 
is greater than the increased conveyance, diversion, environmental, and pressuriza-
tion costs of water plus the fi xed cost of the technological improvement. Output and 
water use may both decrease, in which case adoption would occur if the savings 
of water-associated costs outweigh the lost output value and fi xed technology cost. 
Thus, adoption is most likely when output increases and water use decreases, since 
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the cost of technology is offset by the sum of added output value and saved water-
associated costs. In the appendix, we derive reduced forms of eqns (29) and (30):

 ∆ ∆ ∆B X p p Kl l l= −⎡⎣ ⎤⎦ −ε η γ,
*

o e β 1  (31)†

 ∆ ∆B X p p Zi i i i= −⎡⎣ ⎤⎦ −,
*

ε η γ βo e 1  (32)†

In each equation, the fi rst term represents the total net value of effi ciency 
gained from technology adoption and the second term is the fi xed cost thereof. 
Specifi cally, the bracketed term in eqn (31) is the net unit value of effi ciency 
gained for applied water, defi ned by the unit irrigation effi ciency output gain less 
the increased unit energy cost of pressurization. In eqn (32), Xi,

*
ε η∆  is the gain 

in applied water due to conveyance improvement and the bracketed term weights 
it by the net unit output value of fi xed irrigation technology i. Thus, if the total net 
value of effi ciency gained by adopting a modern technology is greater than the 
capital cost of the technology, then the technology will be adopted. Water-inten-
sive regions where increased pressurization costs dominate the value of output 
gained, and water-conserving regions where water-savings come at too high of a 
cost (in terms of lost production value) will not adopt.

Proposition 3: Biofuels increase the benefi ts of adopting water conservation
technologies under higher energy prices.

The likelihood of adoption of irrigation and conveyance technologies is affected 
by increasing energy prices depending on the sign of d B dpl e∆  and d B dpi e∆ . 
We begin by examining the effects of energy price changes without biofuels pro-
duction, where NB denotes “no biofuels.”
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Thus, the impact of higher energy prices on the benefi ts from adopting conserva-
tion technologies depends on the competing effects of the indirect and direct mar-
gins. In both equations above, the fi rst term represents the indirect margin – the 
marginal effect of energy prices on optimal water use and the corresponding 
benefi ts of production value (or increased production value) versus the costs of 
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pressurization (or increased costs thereof). The second term represents the direct 
margin – the extra pressurization costs for all water used due to higher energy 
prices. These results suggest that the benefi ts of adopting conservation technolo-
gies are decreased by higher energy prices unless the intensive margin benefi ts 
dominate the direct margin costs.

To consider the effect of energy price changes on technology adoption when 
biofuels are produced, we reintroduce the assumption that ′ ( )>p po e 0, and thus 
there is a possibility that demand effects are strong enough (even without signifi -
cant hydropower gains) to make dX dpe

* > 0 . As in Proposition 1, BF denotes 
the presence of biofuels production. The relationship between technology adop-
tion and energy prices with biofuels is

 d B

dp

dX

dp
p p X pl l

l l l
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e
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e
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The key difference in the measure of net benefi ts (due to rising energy prices) 
when biofuels are produced is the demand effect of biofuels. This demand makes 
it possible for the direct margin to have a positive impact on benefi ts when energy 
prices change. We compare eqn (33) with eqn (35) and eqn (34) with eqn (36) to 
show that biofuels increase the benefi ts of adopting water conservation technolo-
gies under higher energy prices:
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The amount of increased benefi ts from the presence of biofuels production 
depends on the demand effect, the level of optimal water use, and the effi ciency 
gains from the modern technology being adopted.

6 Conclusion

In this chapter, we have shown that a change in energy prices has several possible 
effects on irrigated agriculture. Energy is an input into agricultural production 
needed for the extraction, conveyance, and pressurization of irrigation water. If 
energy comes entirely from fossil fuels, the directional impacts of an increase 
in the price of energy are clear. The total amount of water used in production 
will decrease, and the level of output will also decrease. This outcome would be 
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benefi cial for sustainable irrigation, as total irrigation water is expected to 
decrease. However, the impacts on food security are a potential concern. If there is 
a reduction in total output and irrigation water use, food price increases may have 
an adverse effect on food security, especially for the poorest groups in society. 
The optimal water price at the source is likely to decrease due to a demand effect, 
but the optimal price of delivered water may increase if water conveyance requires 
energy inputs. However, there are several caveats to this basic story.

If higher energy prices are correlated with an expansion in the production of 
biofuels, the impacts on irrigated agriculture are less certain. An expansion in bio-
fuel production is expected to increase output prices, which increases optimal input 
quantities of irrigation water and optimal yield levels. This effect, which we call the 
biofuel effect, results in producers using their land more intensely after biofuels are 
introduced. In some cases, this effect may dominate the input price effect and lead 
to a net increase in irrigation water inputs and output. The impact on food security 
is unclear, as agricultural producers benefi t from higher output prices, and thus 
have greater food security, as long as the income effects from higher output prices 
outweigh the higher prices of food purchases. For the urban poor, higher energy 
prices compounded by the expansion of biofuels will clearly reduce their level of 
food security. This is because food prices are expected to increase both because 
of the higher price of energy as well as the diversion of grain stock into biofuel 
production. In addition, it is often the case that surface water systems deliver water 
to irrigators and also create hydropower through conveyance, resulting in a con-
veyance effect of higher energy prices. If this is the case, it is possible that higher 
energy prices will increase the net benefi t of delivered water for irrigation, and 
thus may lead to an expansion of water consumption and output even if the biofuel 
effect is zero. In both cases, the expansion of irrigation water usage may result in 
unsustainable irrigation practices. Because of the conveyance effect, the impact 
of higher energy prices on optimal water rates may differ depending on whether 
water is priced at the source or at the fi eld. If conveyance creates energy through 
hydropower, optimal water rates will be relatively higher at the source than after 
delivery, while the opposite is true if conveyance requires net energy inputs.

In addition to the net effect of higher energy prices on a fi xed irrigation sys-
tem, we also consider the possibility that producers can adopt improved irrigation 
or conveyance systems if energy prices increase. First we consider the impact of 
adopting improved irrigation or conveyance technology on water use and output 
levels. In cases where the marginal product of effective water (EMP) is high, it 
is likely that improved irrigation or conveyance effi ciency will increase the use 
of water and output levels. In other cases where EMP is low (i.e., where output 
levels are close to maximum yield levels), a shift to improved irrigation or con-
veyance systems is likely to decrease total water use, while output levels might 
increase or decrease depending on the strength of the various effects. Higher energy 
prices, especially when they are combined with an expansion of biofuels, will 
increase the likelihood that producers adopt both precision irrigation systems and 
improved conveyance infrastructure. Such technologies may help with sustainable 
irrigation goals for the long run. The long-run sustainability of agriculture in an era 
of increasing energy scarcity and climate change depends on continued improvement 
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in productivity that will reduce the need to expand utilization of water resources 
and increase the price of food. This implies the need for public sector commitment 
to support of agricultural research and to a regulatory system that allows innova-
tions to be adopted in an effi cient and environmentally sound manner.

Endnotes

†Additional details on the derivation included in the mathematical appendix.
1We do not have a strong a priori knowledge on how higher energy prices affect environmental 
costs, so they depend on diverted water here. 
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Mathematical appendix

More detail and sign derivation for eqn (27)
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Derivation of eqn (31)

Note that eqn (29) can also be written as:
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because the coeffi cient on ∆Xi
*  in the second line above is evaluated at an opti-

mum and thus equal to 0 by eqn (3).

Derivation of eqn (32)

Note that eqn (30) can also be written as:
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Toward sustainable irrigation: 
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Abstract

In semiarid southern Alberta where irrigation accounts for the majority of water 
consumed, improved effi ciency in this sector has been advocated as a means 
to reduce water use and increase availability to new users, including in-stream 
users. This chapter evaluates the importance of improved irrigation technolo-
gies and management practices in improving water use effi ciency and assessing 
whether subsidizing the improved technology is likely to reduce water use and 
promote more sustainable irrigation. The results fi nd that water savings do not 
necessarily translate into water conservation as the saved water can be used to 
intensify irrigation, resulting in reduced return river fl ows. However, subsidy pro-
grams linked to reduced irrigated areas, and thereby water conservation, might 
work in southern Alberta since the main driver of adoption is cost saving, quality 
improvement or increased yield while very little importance is placed on increas-
ing the irrigated area.

Keywords: Irrigation; Irrigation effi ciency; Irrigation technology; Irrigation 
water savings; Subsidizing irrigation technology

1 Introduction

Alberta, and especially the semiarid area of southern Alberta, recently has started 
to notice the impacts of increasing demands for water, which exerts pressure on 
an already scarce resource. The seriousness of the situation became clear when 
the province disallowed any increased extraction of water for consumptive use 
within nearly every river system in southern Alberta while it searched for solu-
tions. A long-term strategy document for water management was released in 2003 
(Alberta Environment (AENV), 2003). Entitled “Water for Life”, the document 
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notes that current and future demand for water to ensure economic growth, sup-
port a growing population, and secure healthy rivers and lakes eventually may 
exceed available supply. The document proposes a strategy of water conservation 
that could be achieved through a 30% increase in water use effi ciency and pro-
ductivity. The conserved water should then move to satisfy the increased demand 
from other sectors of the economy and the environment by voluntary realloca-
tions. The strategy document emphasizes the sustainability of aquatic ecosys-
tems to ensure sustainable economic development, but the means by which these 
objectives are to be achieved are not made explicit.

Irrigators’ contributions toward the strategy’s objectives will be imperative 
as irrigation in Alberta accounts for 71% of consumptive use of surface water in 
the province (Alberta Environment (AENV), 2002). Improved effi ciency of water 
use in agriculture has been advocated as a means to reduce water consumption 
among existing users and to increase the supply available for new users, includ-
ing in-stream uses (Alberta Environment (AENV), 2003). However, as noted in 
Chapter 1, care must be taken to design programs so that effi ciency gains do not 
result in a net increase in water use. The problem with improving water use effi -
ciency in irrigation was highlighted by Whittlesey (2003) and English et al. (2002) 
when they found that the main purpose of adopting improved technologies for 
water application is to increase yields, and not to save water. Often the result of 
the introduction of more effi cient technology is an increase rather than a decrease 
in water consumption, reducing return fl ow for downstream users and ultimately 
representing a tradeoff between benefi ts derived from upstream agricultural uses 
and benefi ts from downstream extractive and in-stream uses (Whittlesey, 2003).

Return fl ows vary signifi cantly across irrigation districts in southern Alberta. 
A 5-year monitoring program from 1996 to 2000 found that return fl ows range from 
as low as 7% to as high as 56% of gross diversion (AIPA, 2002); hence, reductions 
in these return fl ows could have signifi cant consequences for river fl ows. Whittle-
sey (2003) advised against practices such as subsidizing adoption of more effi cient 
irrigation technologies. Scheierling et al. (2006) found that such subsidies resulted 
in water conservation only if they are subject to commitments to reduce the irri-
gated area, reduce the number of irrigation events or change to less water-intensive 
crops. Their results suggest that in areas where the main drivers of  adoption are cost 
reduction in energy and labor or improved quality of output, irrigators will be most 
likely to accept such conditions imposed on subsidization programs. 

Water use effi ciency in Alberta, measured as the fraction of water delivered 
to the farm that actually reaches the root zone of crops, has improved over time 
through the gradual movement away from surface irrigation (with an average of 
30% water use effi ciency) to wheel move irrigation and ultimately to low-pressure 
center pivots (with an average of 80% water use effi ciency). Under existing irri-
gation techniques, overall water use effi ciency was estimated in 2007 at 72.5% 
across all irrigation districts, compared to only 34% in 1965 (Alberta Irrigation 
Projects Association (AIPA), 2009).

This chapter evaluates the importance of improved irrigation technologies 
and management practices in improving water use effi ciency in irrigation in 

c12.indd   174c12.indd   174 11/13/2008   10:19:56 AM11/13/2008   10:19:56 AM



TOWARD SUSTAINABLE IRRIGATION 175

southern Alberta and assesses whether subsidizing the improved technologies is 
likely to reduce water use and promote more sustainable irrigation. In Alberta, 
irrigators have the consumptive right to all the water they are licensed to divert 
(Water Act, 1999). Therefore, it is at the irrigators’ discretion how any water 
saved through adopting improved technology is used. The irrigator might (1) 
divert less and thereby increase river fl ows, (2) increase the irrigated area or (3) 
sell the water (Nicol & Klein, 2006; Nicol et al., 2008).

2 Policy and legislative framework

Balancing economic and ecosystem water requirements is a major challenge in 
southern Alberta. Rapid economic and population growth have taken their toll 
on the river systems. Assessment of the condition of the river reaches within the 
South Saskatchewan River Basin (SSRB), where most population growth and 
economic and irrigation activity occur, indicate that 22 of 33 main stem river 
reaches are moderately affected, fi ve reaches are heavily affected, and three are 
degraded. The status of the three other reaches overlapped categories in the grad-
ing system (AENV, 2005).

Sustainable irrigation is integral to sustainable water management in southern 
Alberta because of the great amount of water used for that activity. Irrigation’s 
integration in the province’s overall water management is embedded in the Water 
for Life strategy’s objective of “reliable quality water supplies for a sustainable 
economy” (AENV, 2003). Although vague on detail, the Water for Life strat-
egy indicates that economic instruments will be used as means to provide incen-
tives toward the achievement of its increased effi ciency and productivity goals. 
Aside from subsidies and water markets already in place and discussed later in 
this chapter, future economic instruments could be broadened to include pricing, 
levies, or taxes. A major requirement is for all sectors, including irrigation, to 
demonstrate best management practices and improved water use effi ciency and 
productivity by 2015 (Alberta Water Council (AWC), 2008). The irrigation indus-
try is currently in the process of devising plans to do so.

Fundamental changes to Alberta’s water legislation took place with the pas-
sage of the Water Act in 1999, followed by the Irrigation Districts Act in 2000. 
The Water Act is the overarching legislative tool in managing water to

“. . . . support and promote the conservation and management of water, includ-
ing the wise allocation and use of water, while recognizing (a) the need to 
 manage and conserve water resources to sustain our environment and to en-
sure a healthy environment and high quality of life in the present and the 
future ,” (p. 14)

Unlike the top–down, government-directed approach to water management 
embodied in earlier legislation, the management paradigm is now integrated, 
shared and cooperative (Water Act, 1999). The Act also protects the seniority of 

c12.indd   175c12.indd   175 11/13/2008   10:19:56 AM11/13/2008   10:19:56 AM



176 INCENTIVES AND INSTRUMENTS FOR SUSTAINABLE IRRIGATION

existing water license holders who are in good standing, prohibits the export of 
Alberta’s water to the United States, and prohibits interbasin transfers of water 
between Alberta’s major river basins.

Driven by the spirit of the Water Act, local stakeholders’ involvement and 
the devolution of water management to watershed levels are occurring through a 
network of partnerships, consisting of three facets (AWC, 2008):

1. Alberta Water Council – responsible for the development of strategic policy at 
the provincial level.

2. Watershed Planning Advisory Council (WPAC) – responsible for planning at 
the watershed or basin level. Each WPAC is a stand-alone, incorporated soci-
ety with a mandate for effective water management in its watershed (AWC, 
2005). Their principal mandates are to develop state of the watershed reports 
and watershed management plans (AWC, 2008).

3. Watershed Stewardship Groups – perform a combination of grassroots work, 
public education, and engagement activities. 

The overarching purpose of watershed planning is to “resolve water manage-
ment issues such as the availability of water for future allocations and river fl ows 
needed for protection of the aquatic environment” (AENV, 2002, p. i). By late 
2008, the Alberta Water Council, 8 WPACs and over 140 Watershed Stewardship 
Groups had been established (AWC, 2008). It is common for the WPACs to have a 
large number of members who are grappling with balancing the triple bottom line 
of ecological, social, and economic benefi ts of water. Lack of resources, confu-
sion over roles and responsibilities, volunteer burnout, and variance in expertise 
and knowledge among members have been cited as contributing to slow progress 
(AWC, 2008; Poirier, 2008; Cryderman, 2008). One report noted that setting in-
stream fl ow levels has, in general, proved to be a controversial aspect of imple-
menting local basin management plans (Conference Board of Canada, 2008). 
While developing a watershed management plan that includes water conservation 
objectives is a critical and primary responsibility of the WPACs, they do not have 
any powers of implementation. 

Alberta is the only province in Canada that has the ability to transfer 
water independent of land. The provision is seen as a “mechanism to provide 
economic effi ciency and fl exibility in basins where water resources are fully allo-
cated” (Water and Duncan Gordon Foundation (WDGF), 2007, p.16). Under the 
Water Act, both transfers of water allocations on a temporary basis and water 
rights on a permanent basis are permitted. Under the Irrigation Districts Act, the
owner of irrigated land can transfer water licenses to other irrigators within 
the same irrigation district (with the approval of the District’s Board of Direc-
tors). Transfers of all or a portion of a license outside the district is possible, but 
only if a plebiscite is held and a majority of irrigators agree.

Although government views markets for water as being fundamental to real-
location of water to meet future demands, markets for water rights have been 
slow to develop in Alberta. Anecdotal evidence suggests that transfers between 
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users on a temporary basis are nonexistent in years when rainfall is near normal 
or higher. This mechanism did, however, prove useful during the 2001 drought 
year when water allocations were relatively easy for farmers to access within the 
St. Mary River Irrigation District (SMRID) (Nicol, 2005; Nicol & Klein, 2006).

Fewer than a dozen transactions involving the permanent trade of water rights 
have been completed in southern Alberta (Nicol et al., 2008). Some cases have 
proved to be so controversial that the provincial government has been forced to 
put in restrictions and safeguards. Several administrative factors have made it 
diffi cult for buyers and sellers of water rights to negotiate and complete transac-
tions. These include cumbersome administrative procedures, lack of mechanisms 
for buyers and sellers to locate each other, and no publicly available information 
on market prices. A high-profi le case to obtain a permanent license to 2,500 dam3 
of water for a commercial complex in 2007 caused signifi cant controversy and 
public outcry, underscoring the fact that not everyone agrees that water manage-
ment should be left to market forces. The water fi nally was secured from the 
Western Irrigation District in return for $15 million to convert a leaky canal into 
a 50-km pipeline (D’Aliesio, 2007). The plebiscite held in the irrigation district 
passed narrowly with 57% of the 328 voters approving the transaction, a dif-
ference of only 46 votes. Public opposition and an (unsuccessful) appeal to the 
Environmental Appeal Board underscored the high degree of discontent.

Opposition to water markets also occurred when the government was forced 
to halt the practice of amending irrigation district licenses to enable the districts 
to sell water for uses other than agriculture. A government review of this practice 
likely will result in restrictions, including capping the amount of district irriga-
tion licenses that can be sold for purposes other than irrigation and adding a 
requirement for an environmental review of each case. Government, therefore, 
has been forced to place restrictions on water market activity to satisfy confl ict-
ing groups, mainly between environmental, agriculture, and urban interests.

3 Irrigation in Alberta and Canada

Nearly two-thirds of irrigation activity in Canada is located in Alberta (Statistics 
Canada ). Irrigation is by far the major water consumer in Alberta, and 82% of 
the irrigated area is located within the SSRB, in the semiarid southern region.

In Alberta, water is managed under a licensing system. Licenses are legallytied 
to specifi c parcels of land and historically have remained with the property when 
the land is sold. The date the license was issued establishes its seniority, and the 
fi rst-in-time, fi rst-in-right principle ensures that during times of water shortages, 
license holders obtain access to their water in accordance with their seniority.

For irrigation purposes, licenses are held by two distinct types of irrigators: 
private and district irrigators (Figure 1). Private irrigators are issued individual 
licenses just like other private or public landowners who need water for purposes, 
such as golf courses or parks. Licensing of private irrigators is regulated by Alberta 
Environment. Almost 2900 private irrigators exist in Alberta, accounting for 18% 
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of the irrigated area (Alberta Agriculture, Food and Rural Development (AAFRD), 
2007). Water for private irrigation is extracted mainly from 10 rivers within the 
SSRB. Private irrigators are responsible for the installation and maintenance of the 
infrastructure needed to pump the water from the river and convey it to the fi eld, 
and the irrigation equipment used to apply the water. Private irrigators do not pay 
for the water. When a license is approved, a one-time levy must be paid based on the 
volume of water involved. These irrigators are governed by the Water Act (1999).

The provinces’ 13 irrigation districts, which account for 82% of the irrigated area, 
operate very differently from private irrigators. The irrigation districts hold water 

PRIVATE IRRIGATION
IRRIGATION DISTRICTS

HAY RIVER BASIN

ATHABASCA RIVER BASIN

ALBERTA RIVER BASINS

LEGEND

MILK RIVER
OLDMAN RIVER BASIN
BOW RIVER BASIN
SOUTH SASKATCHEWAN (SUB-BASIN)
RED DEER RIVER BASIN
NORTH SASKATCHEWAN RIVER BASIN
BEAVER RIVER BASIN

PEACE/SLAVE RIVER BASIN

Figure 1:  Private and district irrigation. Adapted from Alberta Irrigation Projects 
Association (AIPA). 2009. Irrigation Sector – Conservation, Effi ciency, 
and Productivity Plan (Draft). AECOM Canada Ltd.

Source: Alberta Agriculture and Rural Development.
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licenses and the farmers who belong to the districts have their irrigable area on the 
district’s assessment role. These irrigators constitute the district’s ratepayers. Irriga-
tors pay a fl at fee per hectare for administration costs and 25% of the cost of rehabili-
tating the district infrastructure. The annual assessments vary from $18.50 ha–1 in the 
Eastern Irrigation District to almost $45 ha–1 in the SMRID (AAFRD, 2007). This 
variation refl ects differences in costs incurred by the irrigation districts to provide the 
water and whether they have access to other sources of income.

Like private irrigators, district irrigators do not pay for the water themselves 
and neither type of irrigator pays for the cost of head works and the supply infra-
structure used for delivering the water to the point where the district or irriga-
tor extracts the water from the river. Since 1969, the Alberta government has 
subsidized irrigation by paying for the majority of the costs of rehabilitating the 
district infrastructure (AIPA, 2002). Some irrigation districts supply water to 
municipalities, golf courses, feedlots, and oil, gas, and other industries, resulting 
in a complex fee structure among districts.

4 Survey design and methods

In 2005, the managers and board members of the 13 irrigation districts were sur-
veyed to determine the irrigation industry’s perception of the Water for Life strat-
egy and its main objectives and policy instruments (Bjornlund et al., 2007). The 
study found that there was very little support for the use of economic instruments 
and the average expectation of further effi ciency gains was far below the 30% 
target outlined in the Water for Life strategy document. It was found that further 
adoption of improved technologies or management practices likely would vary 
across the 13 districts depending on physical production conditions and other 
factors. The survey also revealed that the willingness by the irrigation sector to 
transfer water to other sectors including the environment is very low. Many in the 
irrigation sector believe that saved water should go to expand irrigated produc-
tion or to secure existing production during periods of drought.

The survey was followed by two additional surveys that obtained the views and 
practices of private and district irrigators within two irrigation districts – Taber 
and Raymond. These surveys delved more deeply into issues relating to water use 
effi ciency measures and reaction to the use of economic instruments. The survey 
asked irrigators: (1) what they have done in the past and what they intend to do in 
the future to improve water use effi ciency on their farms; (2) what were the drivers 
and impediments to make such improvements; (3) what has infl uenced their deci-
sion making about improved technologies and management practices; and (4) what 
are their likely responses to economic instruments including subsidies, greater 
opportunities to obtain specialty crop contracts, and trading water allocations and 
water rights. Many of the questions sought information on irrigator’s historical, 
recent past, and future intended technological and management practices in three 
distinct time periods: historical (before 2001), recent past (2001–06), and future 
(2007–12). More detailed discussions of the two surveys are provided in Bjornlund 
et al. (2009) for district irrigators and Nicol et al. (2008) for private irrigators.
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5 Survey results

5.1 Property and farmer characteristics

The studies revealed signifi cant differences in production and personal charac-
teristics between private and district irrigators. A factor of particular importance, 
one likely to affect virtually all decision making, is the prominence of dry land 
farming among private irrigators (Table 1). A signifi cantly higher percentage of 
private irrigators have large amounts of land under dry land farming compared 
to district irrigators – 39% of private compared to 16% of district irrigators have 
more than 260 ha of dry land (Pearson’s chi-square p<0.01). Alternatively, only 
13% of private irrigators have irrigated areas greater than 260 ha compared to 
24% of district irrigators (Pearson’s chi-square p<0.05). This suggests that pri-
vate irrigators are less reliant on irrigation to generate farm revenue and the cost 
of irrigation and the effi ciency of irrigation therefore could be of less importance 
to them.

There was also a noticeable difference in crops produced between the two 
groups. A signifi cantly higher proportion of private irrigators grow forage (Pear-
son’s chi-square p<0.01). Ninety-three percent of private irrigators indicated that 
they use their relatively small irrigated area to grow forages in support of their 
primary production – mainly cow-calf and feedlot operations. Fifty-fi ve percent 
of private irrigators indicate that all their irrigated area is dedicated to forage 
production. So prominent is forage production that 64% of private irrigators indi-
cate they have no irrigated area dedicated to cereal production and 87% have no 
area dedicated to specialty crop production. While 31% of Taber and Raymond 
Irrigation District farmers dedicate all their area to forage, for most, forage is the 
fi nal product and not an input to a primary value-added production. A signifi -
cantly higher proportion of district irrigators had more land in specialty crops and 
cereals (for both, Pearson’s chi-square p<0.01). Approximately 40% indicated 
they have some irrigated area under both cereals and specialty crop production, 

Table 1: Dry land and irrigation farming.

Dryland¹ Irrigation²

Size (hectares) Private District Private District

<65 38 60 55 42

65 and <130 9 16 20 16

130 and <260 14 9 13 18

260 and > 391 16 13 24

1Signifi cantly different at the 0.01 level;
2Signifi cantly different at the 0.05 level. 
Figures reported are percentage of all respondents.
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refl ecting the need for crop rotations on their farms. A signifi cantly higher pro-
portion (43%) of private irrigators reported that the weather is the most important 
factor determining when to irrigate, while a signifi cantly higher proportion (57%) 
of district irrigators reported that the crop growth stage is the most important 
factor. This indicates that district irrigators are more intensive irrigators, with 
irrigated crops accounting for most of their revenue. They are therefore likely to 
be more concerned about the cost associated with irrigation and the effi ciency of 
water use. Since their crops that are irrigated tend to be fi nal products for sale 
and many are growing specialty crops for processing with strict quality param-
eters to fulfi ll contracts and achieve high prices, they also were more likely to be 
infl uenced by the quality gains that are associated with the adoption of some new 
irrigation technology.

Comparing additional production and personal characteristics between the two 
groups indicates that, compared to district irrigators, private irrigators seem to: 

have signifi cantly more land under less advanced surface (p<0.01) and wheel 
move irrigation systems (p<0.05); 21% have all their irrigated land under sur-
face irrigation compared to 8% of district irrigators, 28% have all their irrigated 
land under wheel move irrigation compared to 21% of district irrigators, 5% 
have all their irrigated land under high-pressure pivot compared to 8% of dis-
trict irrigators (p<0.01),
have less off-farm work (52% compared to 61%, p<0.1) and depend less on off-
farm income (21% derive over 75% of household income from off-farm work 
compared to 40%, p<0.1),
have less formal education (29% have college education compared to 32%, 6% 
have a university graduate degree compared to 14%, p<0.1),
are signifi cantly older (67% are 55 years or older compared to 45% of district 
irrigators, p<0.01),
have a signifi cantly longer family background in farming (91% compared to 
84% of district irrigators, p<0.05)
have signifi cantly greater expectation of family continuity of the farm (33% com-
pared to 48% of district irrigators do not expect family continuity, p<0.01),

These differences, combined with the differences in farm size, cropping, and 
reliance on irrigation, suggest that private irrigators are fi nancially more stable 
enterprises, less exposed to risk due to investment in irrigation infrastructure, and 
less sensitive to price fl uctuations and quality demanded of their irrigated prod-
ucts. They are more likely to have properties passed down in the family and have 
a greater expectation of continuing this tradition, and also are less dependent on 
off-farm work. This all suggests that they might be fi nancially more viable. The 
low level of dependence of irrigation, and almost sole use of irrigated production 
in their own value-added enterprises, suggest that private irrigators might not be 
too concerned about improving irrigation technology and management. On the 
other hand, they seem to be more fi nancially capable of fi nancing technology 
changes, and may do so more readily with subsidization.

�

�

�

�

�

�
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5.2 Adoption of improved technologies

Relative to district irrigators, private irrigators have invested less in new irri-
gation technologies in the past and have less intention to invest in the future. 
As Table 2 shows, across most initiatives, a signifi cantly lower percentage of 
private irrigators have undertaken these measures compared to district irriga-
tors. For the time periods of before 2001 and 2001–06, the percentage of dis-
trict irrigators implementing these measures was signifi cantly higher, in many 
cases more than double the percentage of private irrigators. The rate of adop-
tion for three measures slowed considerably for both groups from the fi rst to the 
second period – converting from surface to wheel move, wheel move to pivot, 
and surface to pivot. This probably refl ects that most farmers who intend to, or 
can afford to, make these changes, had already done so by 2001. It also refl ects 
that by 2006 these technologies had been around for a long time. The percent-
ages for converting from high to low pressure and purchasing a computer panel 
increased for both groups. This may be because these are two recent irriga-
tion technologies used in Alberta, with adoption further prompted by increas-
ing energy costs, increasing labor, problems associated with getting labor, and 
increasing demand for quality products by processors. In the future, producers in 
both groups indicated that the rate of adoption is likely to slow considerably, with 
the highest percentage indicating that they plan to change to low-pressure pivots 
and purchase a computer panel. These percentages are low but district irrigators 
seem likely to adopt these measures at a signifi cantly faster pace than private 
irrigators. This is a refl ection that district irrigators are far more dependent on 
irrigation as many grow specialty crops. They are therefore sensitive to increased 
costs associated with irrigation and the need for precision with which irrigation 
water is delivered and its impact on product quality.

Table 2: Implementing irrigation technologies.

Type Before 2001 2001–06 2007–12

Private District Private District Private District

Surface to wheel 
move

201 37 11 6 2 3

Wheel move to pivot 131 33 72 20 21 10

Surface to pivot 7 10 1 3 1 2

High to low pressure 51 16 101 23 31 12

Purchase computer 
panel

5 7 61 16 11 12

1Signifi cantly different at the 0.01 level;
2Signifi cantly different at the 0.05 level. 
Figures are reported in percentage of respondents.
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5.3 Reasons for and against adoption

Irrigators were asked to rate how important they found a number of reasons for 
improving water management and then identify which one they perceived to be 
the most important (Table 3). Far more district irrigators found all the reasons 
to be important in their decisions, both relating to reducing cost and increasing 
volume and quality of crops. When asked to identify which was the most impor-
tant, both groups rated the reasons in the same order of importance. By far the 
most important for the district irrigators was to improve crop yield and quality. 
For private irrigators, almost the same proportion found three of the reasons to 
be the most important – two related to reducing inputs (energy and labor) and the
third to improving crop yield and quality. These differences clearly illustrate 
the higher level of dependence on irrigation for intensive specialty crop produc-
tion among the district irrigators. Their return is dependent on the volume and 
quality of their irrigated production. On the other hand, the private irrigators do 
not rely to the same extent on sales of their irrigated crops but use them as inputs 
into the production of their fi nal products. Consequently, a signifi cantly higher 
proportion is most interested in controlling cost and labor inputs required. This 
difference also is caused by the fact that pumping costs have been estimated to 
be twice as high for private irrigators as for district irrigators, due to associated 
higher pump lifts to divert water to their fi elds (AIPA, 2009). It also should be 
noted that a much higher proportion of district irrigators rate all the reasons much 

Table 3: Reasons for improving irrigation water management.

Private irrigators District irrigators

Reason Important Most 
important

Important Most 
important

To improve crop yield 
and quality1

64 30 91 56

To reduce energy costs1 46 24 73 13

To reduce water use1 41 9 68 9

To reduce labor input2 55 27 69 16

To reduce fertilizer or 
pesticide losses1

14 1 63 1

To reduce soil erosion1 21 1 59 2

To irrigate more land 
with the same water1

26 3 73 1

1Signifi cantly different at the 0.01 level;
2Signifi cantly different at the 0.10 level. 
Figures are reported in percentage or respondents.
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higher than the private irrigators, confi rming that irrigation is a far more impor-
tant component of these farms.

When asked to rate how important they found a number of reasons infl uencing 
their decision not to improve their water management and to identify the most impor-
tant reason, the differences between the two groups were not nearly as signifi cant 
as were the reasons for adoption. District irrigators tend to believe that they already 
use all the water-saving practices that are practical. They also were concerned about 
fi nances. While poor commodity prices were rated as important by most, it was 
rated the most important by only 1%, suggesting that their poor fi nancial situation is 
perceived to be more complex than simply poor commodity prices.

A signifi cantly smaller number of private irrigators indicated that they already 
have all the water-saving devices that are practical. This suggests that private irri-
gators believe they have more room to improve, a not unexpected fi nding since a 
signifi cantly lower proportion have or plan to invest in improved irrigation effi -
ciency. For private irrigators, physical fi eld conditions were the most important 
factors for not investing. While located closer to the natural watercourses, their 
property is more undulated and unsuitable for center pivots. It is also notewor-
thy that private irrigators believe improvements will reduce operational costs but 
not enough to cover installation costs, thereby causing them to aim more toward 
improving management.

Table 4: Reasons inhibiting improved irrigation water management.

Private irrigators District irrigators

Reason Important Most 
important

Important Most 
important

Already use all water-
saving practices2

36 15 47 25

Financial situation does 
not permit the investment

30 14 39 21

Will reduce costs but not 
enough to cover installa-
tion costs

37 16 30 9

Physical fi eld condi-
tions limit system 
improvements

41 28 32 12

Poor commodity prices1 14 1 63 1

1Signifi cantly different at the 0.01 level;
2Signifi cantly different at the 0.10 level.
Figures reported are percentage of respondents.
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6 Subsidizing new technologies

Irrigators were asked to choose among three options of fi nancial assistance 
to assist them in investing in more effi cient irrigation equipment. Of the three 
options – cash subsidy, subsidized interest rates, and accelerated depreciation – 
both private and district irrigators favored cash subsidies – 74% and 71%, respec-
tively. In terms of the amount of assistance needed to do so, private irrigators 
appear to require greater fi nancial incentives, refl ecting that they also are more 
likely to believe that improvements will reduce operational costs but not enough 
to cover installation costs. Although the differences were not statistically dif-
ferent, almost 60% of private irrigators indicated they would require more than 
$10,000 to improve existing equipment but only about one-third of district irriga-
tors would require that much. To invest in a new, low-pressure pivot, close to 70% 
of private irrigators indicated they would require over $30,000, representing less 
than a third of the cost of a new low-pressure pivot. A much lower percentage 
of district irrigators, about one-third, would require that level of subsidization 
(Table 5). About half of the district irrigators indicated they would require the 
mid-range level of subsidization. This seems relatively low and, combined with 
our fi ndings that cost and labor reductions are major drivers of adoption, supports 
Scheierling et al.’s (2006) fi ndings.

An ongoing subsidy program within the Eastern Irrigation District supports 
these conclusions. The district offers irrigators a subsidy of C$17,020 to change 
from fl ood irrigation to a low-pressure center pivot system covering an area of 
132 acres out of the 145 acres previously covered by fl ood irrigation (Wilson, 
Personal Communication). This amount is paid only if they reduce their irrigated 
area by the 13 acres not irrigated by the new center pivot system, or a reduction 
of 9%. This subsidy constitutes approximately 17% of the cost of the system. 
The district reports a high participation rate, resulting in an increase of 50% in 
area under low-pressure center pivot. If the irrigator decides not to have their 
irrigated area reduced, the subsidy will be only C$4020, or 4% of the cost of the 
system. Half of the subsidies have resulted in a reduction in irrigated area, result-
ing in water savings of almost 10,000 dam3. However, the water saved typically 

Table 5: Level of subsidization based on 65lha.

Improve existing equipment Invest in new low-pressure pivot

Level Private District Level Private District

<$5,000 23 18 <$10,000 12 20

$5,000–10,000 18 47 $10,000–
30,000

16 49

>$10,000 59 34 >$30,000 68 31

Figures reported are percentage of all respondents.
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has been sold by the district to irrigate additional land (Wilson, Personal Com-
munication). Hence, the program has achieved two of the objectives of the Water 
for Life strategy, increasing water use effi ciency and productivity, but not water 
conservation.

7 Conclusions

Alberta is in the early stages of experiencing water scarcity with predictions 
that water demand from all sectors including the environment will continue 
to increase. As a consequence, most rivers in the southern part of the province 
have been closed to the issuance of new licenses. With a new Water Act in 1999, 
Alberta started down the road toward sustainable water management. This was 
followed by a new Irrigation Districts Act in 2000 and the Water for Life strategy 
in 2003, which was renewed in 2008. A key component of the solution to achiev-
ing sustainable water management is increased water use effi ciency and produc-
tivity, resulting in water savings and conservation that can be reallocated to new 
users, including the environment. As irrigation accounts for around 71% of all 
water consumed in the SSRB (AENV, 2002), agriculture necessarily will have 
to play a pivotal role in this process, with sustainable irrigation being a primary 
objective.

This chapter demonstrates that most of the improvements in irrigation tech-
nologies that can be expected to be implemented by the current generation of 
farmers, and under current commodity prices, already have taken place. It also 
confi rms the fi ndings of other researchers that water savings in agriculture do not 
necessarily result in water conservation as the saved water can be used to inten-
sify or expand irrigation, resulting in a reduction in river fl ows. Also, as indicated 
by other researchers, our fi ndings suggest that subsidy programs linked to reduc-
tion in irrigated areas, and thereby water conservation, might work in Alberta 
since the main drivers of adoption are cost saving, improved crop quality, and 
increased yield, while less importance is placed on increasing the irrigated area. 
This is more so among private irrigators than among district irrigators. However, 
a current subsidy program linked to reductions in irrigated area suggests that a 
large number of district irrigators are willing to see their irrigated area reduced 
as part of a subsidy package. The fi ndings, however, also clearly indicate that to 
ensure water conservation as source of supply for new users and the environment, 
regulatory instruments are likely to be needed.
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Chapter 13

Application of economic instruments, tradable 
licences and good governance for sustainable 
irrigation water conservation in South Africa
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Abstract

According to the National Water Policy in South Africa, the objectives are to 
achieve equitable access to water, and to promote effi cient and sustainable use for 
optimum social and economic benefi t. The National Water Act provides the legal 
framework, and the National Water Resource Strategy explains the ways in which 
water resources will be managed. Several interrelated actions are taken to imple-
ment water conservation and demand management. These include levying of 
charges for water resource management, water resource development, water use 
and waste discharge; regulations to encourage and enforce water measurement; 
adoption of administrative and market processes for the allocation of water use 
entitlements and decentralization of authority for water management to catchment 
management agencies (CMAs). The results of completed and ongoing research 
projects in South Africa demonstrate the application of technologies for direct 
and indirect water measurement in rivers, canals and pipelines. Decision support 
systems are available to determine the cost of irrigation and assess the risks of 
agricultural water management on farms. Empirical analyses have been done for 
temporary or permanent transfers and lease or trade of water use entitlements on 
irrigation schemes with stable and variable water supply. The establishment and 
functioning of CMAs for local water management by different water use sec-
tors including irrigation have been evaluated. On the basis of these studies, it is 
concluded that volumetric charging and cost recovery of water supply services 
through a two-part charging system are practically feasible. Complete description 
of water use entitlements and provision of information must improve to increase 
security and reduce the risks associated with market trades. Training and capac-
ity building are essential to support participation by all water users and maintain 
standards of accountability and effective governance for irrigation management.

Keywords: Water governance; Water marketing; Water user charges
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1 Introduction

Several studies have been undertaken to assist with the implementation of the new 
National Water Act (NWA) of 1998 (NWA, 1998) and the National Water Resource 
Strategy (NWRS) of 2004 (NWRS, 2004) by the Department of Water Affairs and 
Forestry (DWAF). The NWA brought about a new framework for water resource 
management in South Africa. Water resources should accordingly be allocated in 
a way that will ensure its ‘best possible use’. The ‘best possible use’ entails more 
than the productive use of water since, in addition, social, economic and environ-
mental factors must be included to achieve the objectives of equity, effi ciency and 
sustainability of water use. These issues will be analysed and discussed in this 
chapter. The chapter is mainly based on completed and ongoing research projects 
managed and funded by the South African Water Research Commission.

2 Some theoretical and practical considerations

Water markets are based on a system of water law that displays three attributes: 
security, stability and fl exibility in protecting transferability of property rights 
(Hobbs et al., 1994). Security is the ability to identify and gain protection for the 
right of use. Stability assumes that the right of use will continue to be recognized. 
Flexibility allows the right of use to be transferred to another use. The fl exibil-
ity of being able to transfer a water right adds value to it because the market 
value of the right refl ects not only the value of current use but also that of future 
opportunities. Security and stability in water markets are important, as it will 
affect investment. A recent study indicated that irrigation farmers in the Lower 
Orange River, who view entitlements as less secure, expect to invest less. The 
issue of fl exibility was discussed at a recent (2007) meeting with farmers in the 
Berg River. It appears that farmers near the river were reluctant to transfer water 
entitlements away from the river while farmers further away were keen to pur-
chase more use rights. As demand for water is expected to increase in the future, 
demand for transfers away from the river may increase. By stating ‘best use’, the 
NWA has moved away from riparian use and these transfers are in accordance 
with this principle.

An economic explanation of ‘effi cient use’ will be given as it was attempted to 
study this empirically in projects reported in this chapter. The economic interpre-
tation of effi cient use of water is that the return per cubic metre of water must be
maximized. The full economic cost of water consists of fi nancial, opportunity and 
external costs (Rogers as quoted by Perret and Geyser 2007). In a water  market, 
the rent return to water is maximized as water moves to a better use. In the rent 
return to water, risk is refl ected as a cost (opportunity cost). The economic mean-
ing of effi ciency of water use and the rent return to water are thus synonymous 
concepts. Supply risk is often high where not suffi cient storage dams exist. This is 
important in South Africa as in the irrigation areas of the Crocodile River (East), 
water use rights moved from a high-risk environment to an environment where 
lower risk crops such as sugar cane can be produced.
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It is also often stated that water markets are not effective because of few trades. 
This statement may miss probably the biggest contribution of a water market: It dis-
covers the opportunity cost of water and all water users, including the non-buyers/
sellers, are faced with this opportunity cost and are provided incentives to conserve 
water resources. However, participation in the water market is only possible by water 
users who have existing rights and have access to funds. Because of the history of 
South Africa, unequal allocation of use rights was caused by racially discriminatory 
legislation. This unequal distribution cannot be corrected in isolation by the mar-
ket process. Political and legal negotiations are necessary to achieve equity through 
compulsory licensing as part of water allocation reform (Backeberg, 2007).

3 Economic instruments for water conservation

3.1 Charges for water resource development and use

A user charge is a non-market economic instrument, similar in nature to regula-
tion or administrative control of a resource, and is used to encourage the conser-
vation of water resources. The charge is levied by government or a catchment 
management agency (CMA) or a water user association (WUA) to recover the 
costs for providing a service to supply the allocated water. There is an exchange 
relationship between, for example, government as ‘supplier’ of the service and 
the user as the ‘buyer’. In the case of a quasi-collective service such as the supply 
of irrigation water, the farming public pays a ‘price’ for such a service known 
as a user charge (Gildenhuys, 1997). Such instruments may ration or change 
resource use in the intended direction but is classifi ed as ineffective if the market 
for allocation of water resources is not functioning. The reason is that incentives 
to increase effi ciency that lead to water savings will only materialize if the water 
use entitlement is tradable.

The NWA provides for three types of water user charges to achieve water 
conservation and demand management (NWRS, 2004): (a) water resource man-
agement charges to fund the controlling, monitoring and protection of water 
resources in a catchment; (b) water resource development charges which recover 
the cost of planning, designing, constructing, operating and maintaining water 
supply schemes and (c) charges for achieving equitable and effi cient water allo-
cation which relates to the value of water. The third kind of charge has not been 
applied administratively (Genesis Analytics, 2005). The purpose of the fi rst 
two fi nancial charges is cost recovery while the objective of the third economic 
charge is purportedly to provide incentives to shift water from lower to higher 
value uses. The imposition of user charges such as under (a) and (b) is justifi ed 
since the subsidization of irrigation schemes in the long run creates distortions 
by not relating actual costs to water supply. However, full cost recovery from 
farmers as direct benefi ciaries is not justifi ed since costs are also recovered indi-
rectly through the taxation system (Gittinger, 1982). Charges to partially recover 
costs clearly make business and economic sense. For commercial farmers, the 
subsidy on operation and maintenance (O&M) costs has therefore been phased 
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out. In contrast, for emerging and subsistence farmers, the O&M charges for 
water supply will be subsidized at a reducing scale over 5 years. Currently, user 
charges are levied on an area basis, but with measurement of water use, volumet-
ric charges will be instituted. Further incentives to effectively manage both water 
and fi nances by WUAs can be achieved by means of a two-part charging system 
(Carruthers & Clark, 1981). This consists of a fi xed and a variable component of 
water user charges for a specifi ed storage and distribution capacity on irrigation 
schemes. Fixed charges include capital, interest, maintenance and administration 
costs, while variable charges are mainly to recover operating and repair costs.

The theoretical soundness of proposing a charge as envisaged under (c) to 
achieve equitable and effi cient water allocation is questionable. Such a charge 
is in fact a tax which reduces the expected returns for productive use of water 
and is therefore rather a disincentive to transfer water. It is a fallacy to argue 
that economic charges will promote further conservation of water as resources 
are allocated based on opportunity cost and not fi nancial cost. In fact, the user 
charges do not change the opportunity cost faced by the irrigator as the sum of 
the tax and the water rent (which is lower because of tax) will stay unchanged. 
Where the characteristics of a resource are conducive to the formation of a mar-
ket, such as in the case of explicit, exclusive, enforceable and transferable water 
use entitlements, the most effective and effi cient mechanism to promote resource 
conservation is to promote markets.

3.2 Costing of water use

In addition to user charges for water services, provision has to be made for 
on-farm cost of water abstraction, storage, distribution and application. These irri-
gation costs form a signifi cant portion (15–27%) of the variable cost of commer-
cial crop production (Backeberg, 2005). Before an investment decision is made, 
the capital and operating cost of irrigation equipment must therefore be evalu-
ated. The program IrriCost has been developed to estimate the annual capital and 
operating cost of irrigation (Meiring et al., 2002). This tool can be used to do cost 
comparisons of alternative designs, analyse annual cost of water use and compile 
budgets of irrigation costs. Apart from escalating costs, farmers are confronted 
with changing yields and prices. The model RiskMan was developed to provide 
information for risk management in irrigation farming. With the aid of this model, 
information can be processed to be useful for decision-making at enterprise and 
whole-farming level. These costing procedures taking risk into account have been 
applied and tested for small- and large-scale commercial farmers in the Nkomazi 
region of the Komati and Crocodile rivers (Oosthuizen, et al. 2005a; 2005b). For 
small-scale farmers, a subsidy on capital is crucial for fi nancial survival, while 
for large-scale farmers, the simultaneous replacement of orchards and irriga-
tion equipment has a severe effect on fi nancial feasibility and riskiness of farm-
ing. The full fi nancial cost of irrigation, i.e. capital, operating and maintenance 
cost, was similarly evaluated in a separate case study of smallholder subsistence 
farming (Perret & Geyser, 2007). The results show high cost of irrigation services 
in comparison with income from irrigation. This fi nding supports the approach 
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adopted by DWAF to gradually increase charges for water development and use 
by subsistence farmers.

4 Hydrological issues

4.1 Metering and complete description of water use entitlements

The security of water use rights implies that it can be monitored and enforced, 
which further implies that it can be measured. The establishment and enforce-
ment of rights is a central pillar of a market economy and thus a water market. 
A process is underway to measure or meter water in South Africa. In this regard, 
it has been shown that technologies are available for direct and indirect meas-
urement of water conveyance in rivers, canals and pipelines. The challenge in 
practice is managed implementation of the water measuring system, both by indi-
vidual farmers and by WUAs (Van der Stoep et al., 2005; Du Plessis et al., 2004). 
Various conditions for licensing of water use, including installation of water 
measuring devices, are furthermore being implemented by DWAF (Department 
of Water Affairs and Forestry, 2006a; 2007). As a whole, these actions to measure 
and monitor should also contribute to a clearer specifi cation and enforcement of 
water use entitlements.

Alleged illegal use of water is an impediment to a water market especially 
in two water-stressed areas, namely the Olifants River (East) and the Crocodile 
River (East) recently visited as part of a Water Research Commission project 
(Nieuwoudt et al., 2008). In the Olifants River (East), water is metered and moni-
tored in the Loskop Dam and Blyde River irrigation areas and there is no room for 
illegal use. It is alleged that in areas outside these schemes, the absence of water 
metering and monitoring is a problem. Mines and farmers are blamed for the 
alleged illegal abstraction of water. In the water-stressed Crocodile River (East), 
the lack of metering is alleged to be a problem (Jackson, 2007). Deacon (2005) 
asserts that some farmers below the Gorge in the Crocodile River (East) have 
exceeded their entitlements and expanded their acreage. As farmers were allowed 
to spread their water over a larger area if they use drip or other water conserva-
tion measures, it is diffi cult to enforce entitlements in the absence of metering. 
Farmers, however, dispute claims of illegal use in the Crocodile (East) River. It is 
concluded that allocated licences and pumping permits should be enforced.

4.2 Water quality impacts

Not only the volume of water must be conserved but also its quality must 
be protected. With pollution of water, external costs are generated. The Berg 
River in the Cape was recently (2007) visited (Nieuwoudt et al., 2008). Stake-
holders concerned with the quality have formed an action group in this river. 
Water quality is also a concern in the Olifants River (East), one of the main rivers 
in South Africa. Coal mines on this river are allegedly blamed for discharges in 
the river. The policy recommendations to improve the water quality in this river 
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were highlighted after meeting stakeholders of the Olifants River (East) Forum. 
Strong support from these stakeholders was received for policy options such as 
pollution permit trading and environmental offsets.

The catchment surface of the Olifants River (East) is fractured by mining activ-
ities, runoff decreases and water is drained into underground aquifers which then 
seep into streams. Pollution in the river and in Loskop Dam is high and one of the 
main problems is the effl uent leakage from old disused mines. Mines have been 
permitted to release nutrients in the streams during periods of high fl ow, which is 
called the ‘controlled release scheme’. During the past few years, river fl ow was low 
and suffi cient dilution of nutrients was not possible. Mines and power stations had 
to invest in desalination plants at considerable cost to dispose of pollutants.

A waste discharge charge system is proposed by DWAF (Havenga, 2006), 
but at present, discharges in the catchment are not levied. It is recommended that 
polluters should pay a discharge rate, in the same way as water abstraction users 
pay water charges. As in the case of a water market, it is further proposed that a 
market be established for the discharge of pollutants and that this market is used 
to discover the optimum price for pollutant disposal. This proposal is supported 
by representatives of some mines (Lodewijks, 2006). All markets operate within 
certain rules. In a pollution permit trading market, rules that may be considered 
are that discharges in the river are only allowed when fl ow is suffi ciently high 
and that trades may only occur within certain parameters. A permit-trading pro-
gramme could complement desalination plants, as some costs of these plants may 
be variable (reservoirs where the pollutants solidify fi ll up).

Apart from a pollution-trading programme, it is suggested that biodiversity 
offsets be created to provide incentives for cooperation amongst stakeholders 
which may be mines, developers, environmental groups, farmers and public 
land agencies. Expert opinion is that the main source of pollution in the Loskop 
Dam is the leakage from abandoned old mines (pre-1956). The problem with 
the defunct mines is that they leak pollutants all the time including during the 
period when river fl ow is low. DWAF has apparently accepted responsibility 
for these mines but they may not have the appropriate technology, which is also 
expensive, to desalinate the effl uent. In an offsetting arrangement, incentives 
can be provided to existing mines to desalinate water from these defunct mines 
by allowing them to discharge a given amount in the Olifants River (East) when 
the water fl ow is suffi ciently high. The above arrangement will cost the taxpayer 
nothing while discharge during low fl ow periods is reduced. 

5 Empirical results of water marketing studies

5.1 Effi ciency of water use

Studies undertaken in several rivers in South Africa showed that water mar-
ket trading promotes the more effi cient use of water (Gillitt, 2004; Armitage, 
1999). Water market trading will promote some of the objectives as stated in 
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the Water Allocation Reform document (Department of Water Affairs and For-
estry, 2006b) by supporting growth and development and by maximizing the 
return, adjusted for risk per unit of water.

A discriminant analysis of water market transfers in the Lower Orange River 
showed that water rights were transferred to farmers with the highest return per 
unit of water applied, those producing table grapes, and with a high potential ara-
ble ‘outer land’ without water entitlements (Armitage, 1999). In this analysis, the 
return per unit of water applied was the most signifi cant of the variables studied 
and also had the highest standardized regression coeffi cient. It is concluded that 
the market promoted more effi cient use of water. Buyers of water entitlements 
only modestly used more water conservation technology as both buyers and sell-
ers face almost the same opportunity cost. The opportunity costs faced by buyers 
are slightly more because of transaction cost. Only unused water was transferred, 
while water saved (through adoption of conservation practices) was retained pos-
sibly for security purposes.

A second study by Armitage (1999) in the Nkwaleni Valley in northern Kwa-
Zulu-Natal found that no water market had emerged despite the scarcity of water 
in the area. No willing sellers of water rights existed. Transaction costs appear 
larger than benefi ts from trading. Farmers generally retain surplus rights as secu-
rity against drought because of unreliable river fl ow while crop profi tability in 
this area is similar for buyers and sellers (they grow the same crops). If potential 
buyers are compared with potential sellers then the most important variable that 
discriminated between them was that buyers produced sugar cane, the reason 
being that sugar cane can better withstand drought than competing crops. This 
may be attributed to the irregular river fl ow, a fi nding that was also observed in 
the Crocodile River (East) (Gillitt, 2004).

A follow-up study by Gillitt (2004) was undertaken among irrigation farmers 
in the Boegoeberg and Kakamas Irrigation Schemes along the Orange River of 
South Africa who had transferred water entitlements between January 1998 and 
August 2003. A total of 37 farmers were interviewed. A principal component 
analysis of factors associated with buyers in the Orange River was conducted. 
This indicated that buyers of water entitlements have a higher income per cubic 
metre of water applied, a larger percentage of cropped area planted to lucrative 
export table grapes and horticultural crops, and more advanced irrigation tech-
nology while it has a negative loadings with the percentage of cropland planted to 
other grapes and percentage of planted to fi eld crops (lower return). This indicates 
that a water market promotes effi ciency in water use and that water is transferred 
to high-income crops (table grapes and horticultural crops). These relationships 
were confi rmed in regression models (ridge regression, logistic regression).

5.2 Risk in water marketing

Policy risk and risk aversion appear to be important in explaining future invest-
ment in irrigation farming in the Lower Orange River. These farmers are 
also highly risk averse, especially regarding downside risk. Important policy 
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implications are that farmers should be better informed about the practical impli-
cations of the NWA and specifi cally water licences.

A study was conducted in the Crocodile River (East) where water supply is 
irregular; water was transferred from areas where risk is high to areas where 
lower risk crops can be produced especially sugar cane (Gillitt, 2004). A total of 
18 farmers were interviewed. Although the number of farmers was small in the 
latter region, some of these farmers entered into several contracts, for instance, 
1 farmer leased from 12 lessors. These conclusions confi rm results of a study by 
Bate et al. (1999). In the Lower Crocodile River, crops in the purchasing area 
have lower production risk (sugar cane), lower fi nancial risk and better cash 
fl ow (bananas and sugar cane). Other attributes of buyers are that they irrigate 
larger areas and they probably have a defi cit allocation (use more water than their 
quota). A motivation for buyers is to legitimize their current use. In regression 
analyses, the net present value of gross margin per cubic metre of water used was 
not signifi cant, showing that the main reason for transfer is lower risk.

The characteristics of buyers and sellers of water differ in the Crocodile (East) 
and Orange rivers. In the Orange River where water supply appears more stable 
(due to large irrigation dams), water is transferred from areas where the return 
per cubic metre of water is low to areas where the return is high. In the Lower 
Crocodile River where water supply is highly irregular, water is transferred from 
areas where risk is high to areas where lower risk crops such as sugar cane can 
be produced.

The risk aversion of irrigation farmers was measured by the Arrow–Pratt 
absolute risk aversion coeffi cient (APAR) (standardized for scale and range of 
data) (Nieuwoudt et al., 2005). The empirical investment model shows that farm-
ers who are more risk averse expect to invest less in the future. Risk manage-
ment strategies in an environment of risk are crucial. Policies that increase risk in 
agriculture will have a signifi cant negative effect on future investment in irriga-
tion. Farmers were tested for downside risk where there is a chance that they can 
lose money if they select the uncertain alternative. Farmers are more risk averse 
(downside risk) than anticipated in the questionnaire as almost all the farmers 
picked the most risk-averse category. That is, they did not pick a choice where 
money could be lost. An APAR for downside risk was estimated at 3.28, which 
implies in a choice situation an indifference between a certain income of R0.0 and 
being given a 50% chance on winning R800,000 or losing R200,000. The mean 
of this gamble is R300,000, which is a signifi cant reward for taking a risk.

6 Equity with water allocation

One of the main objectives of the National Water Policy in South Africa is to 
achieve equitable access to water. A target has been set that at least 30% of 
water must move towards previously disadvantaged individuals (PDIs) due to 
racially discriminatory legislation. According to a recent document, it is envis-
aged that the 30% will be achieved in 2014 while it will be further increased to 
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45% in 2019 and 60% in 2024. Of the 60% attributable to Blacks in 2024, it is 
suggested that half should be allocated to women (Department of Water Affairs and 
Forestry, 2008). If irrigation water is provided to PDIs then they will still have to 
be provided with suitable irrigable land, which is a problem as most of the suit-
able land is already under cultivation. It does not make sense if water is moved 
from a developed farm which has little production potential without water and 
channelling it to a new farm that must still be developed. The development cost 
of irrigation farming is high and providing PDIs with water only does not make 
sense. It is proposed that the most effective way to redistribute water to PDIs is 
through the government programmes of restitution and redistribution of land. 
The value of water is capitalized in the value of a farm and empowering a PDI 
to own a farm also provides him access to the water rights of the farm. PDIs 
need not only water and land but also other support services to build their capac-
ity, which includes training. This implies coordination of actions from the gov-
ernment departments of land affairs, water affairs and forestry, and agriculture 
(extension service) while other stakeholders need to be included such as the Land 
Bank of South Africa (fi nancing) and commercial farmers.

In two of the areas visited (Crocodile River (East) and Olifants River (East)) 
land claims under restitution exceeded the targeted 30%. According to Van 
Veyeren (2007), approximately 80% of the land in the Crocodile River (East) 
has already been sold to PDIs, which means that 80% of the water rights have 
moved to PDIs. In the Berg River, which was also visited during 2007, no land 
claims exist. The government programme of land redistribution, however, allows 
for PDIs to purchase land by using grants from the Department of Land Affairs 
and coupling it with loans from the Development Bank of South Africa. It is sug-
gested that the latter programme be considered for this area.

7 Governance in water management

Water governance refers to the range of political, social, economic and admin-
istrative systems that are in place to develop and manage water resources, and 
the delivery of water services (Rogers & Hall as quoted by Pegram et al. 2006). 
‘Good governance’ depends on the principles of predictability, inclusivity, 
 representivity, accountability, effi ciency, effectiveness, social equity and justice. 
Other principles such as transparency are necessary to ensure safeguards in the 
system, while cooperation is necessary in a highly complex system. Causes of 
‘ ineffective governance’ include corruption, inadequate fi nancial resources, inad-
equate labour and managerial skills, low prioritization and poor  communication 
(Moss as quoted by Pegram et al. 2006).

According to Pegram et al. (2006), ‘coherent governance of the water envi-
ronment has been simplifi ed by the defi nition of water resources under the NWA 
to include a “watercourse, surface water, estuary, or aquifer”, … while resource 
quality refers to the quantity, quality, habitat and biota of a water resource. These 
broad defi nitions, together with the broad defi nition of water use to include 
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abstraction, storage, streamfl ow reduction, waste discharge (including sea out-
falls), waste disposal (with impact on water), in-stream activities and recreation, 
provide a relatively integrated basis for water resources management.

South Africa’s water resources policy and legislation is fi rmly grounded in the 
principles of the Constitution, and considers international best practice around 
integrated water resources management (IWRM) (including decentralization and 
participation) within the historical context of South Africa requiring redress. The 
NWA develops a coherent and integrated governance framework around these 
concepts, addressing catchment level strategic planning, allocation, protection, 
development and utilization of the water resources and charging for water. It 
further provides for decentralized organizational framework for water resource 
management, based on the establishment of CMAs.

However, the development and implementation of the necessary regulatory ena-
bling framework for legislation and regulation has been slow, particularly in the 
delayed establishment of CMAs; transformation of WUAs; establishment of a water 
resources classifi cation system; reallocation of water use entitlements, including 
compulsory licensing; development of catchment management strategies; authori-
zation of water use within a catchment paradigm; development of economic instru-
ments under the charging strategy, such as the waste discharge charge system.’

CMAs are statutory bodies established in terms of Chapter 7 of the NWA for 
the management for water resources. CMAs are responsible for the planning, 
implementation and management of water resources. Second, they are estab-
lished to coordinate the water-related activities of other organizations and water 
users. CMAs also play a role as organizations to which certain functions cur-
rently performed at national level may be delegated at regional or catchment level. 
The initial functions of the CMAs are mainly centred on managing the regional 
water resources and ensuring stakeholder participation within a water manage-
ment area (WMA).

WUAs are cooperative associations of water users established under the NWA 
to undertake water-related activities for the mutual benefi t of all its members 
within a WMA. Within the associations, members cooperate and pool resources 
to address local water-related needs and priorities. WUAs are therefore mainly 
established to manage local water infrastructure, e.g. irrigation water supply 
schemes, and to implement management decisions agreed on between the mem-
bers (Mazibuko & Pegram, 2006).

The Inkomati CMA establishment process began in 2000 and it was fi nally 
launched (the fi rst in South Africa) in 2006. The Inkomati WMA is a combination 
of the Komati, Crocodile and Sabie-Sand catchments. Within its jurisdiction falls the 
Crocodile (East) Main Irrigation Board which still has to be transformed to a WUA. 
At present, commercial agriculture, with crops such as sugar cane, citrus and other 
sub-tropical fruits, is the main water user in the catchment (Van Vuuren, 2007).

Pegram et al. (2006) further state that “delays in the development of key regu-
latory instruments have meant that the institutional and practical implementation 
of the policy and legal framework for water governance is not well developed. 
While this is not ideal, it has allowed improved understanding and implicit 
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change within the sector and implies that the fundamental regulatory change may 
be introduced in a coherent manner over the next few years. Specifi c governance 
issues related to the water environment include

Governance of CMAs at all levels, within a paradigm of cooperative, integrated, 
developmental and participatory management:
 Institutionalizing stakeholder participation in decision-making
 Oversight responsibilities, instruments and capacity of DWAF to ensure 

 effective governance and functioning of CMAs
Governance considerations and mechanisms for the development of catchment 
management strategies through a consultative process and their alignment with 
local development planning and provincial planning processes 
The institutional change (at all levels) required to move from centralized regula-
tory DWAF decision-making to decentralized participatory governance in water 
resources management
Requirements to empower civil society (particularly rural communities, women 
and the poor) to promote effective water governance at a local catchment scale”.

8 Separation of water and land rents

Research initiated and fi nanced by the Water Research Commission of South Africa 
in the period 2005–08 (Nieuwoudt et al., 2008) in three catchments concluded 
that through the water market, land and water prices will be further separated as 
water moves to non-agriculture with the concomitant increase in water prices and 
a decrease in land prices. The reason is that some of the investments in irrigation 
such as development costs of land are fi xed (sunk) with zero opportunity costs. 
Without water, the development cost of land has no value in its second best use 
(grazing). Water is expected to move to urban use because of the high migration in 
South Africa to cities. Water prices may increase as follows: in the Crocodile River 
(East) from R15,000 ($1=R10) ha–1 (13,000m3 ha–1) to R45,000 ha–1 (or R3.46 m3), 
in the Olifants River (Loskop Dam) from R11,673 ha–1 (7700m3 ha–1) to R19,500 
ha–1 (or R2.53 m3), while in the Berg River from R20,000 ha–1 (5000m3 ha–1) to 
R45,000 ha–1 (R9 m3). The purpose was not to calculate a precise fi gure for future 
water prices but to show that in a water market, prices will increase in future pro-
viding an incentive for further water conservation and more effi cient use. The latter 
is important as the increase in food prices experienced during 2008 may be a long-
run phenomenon. This agrees with the view of the South African National Agricul-
tural Marketing Council (2008) that governments and international  organizations 
have notoriously underinvested in food, nutrition and agriculture.

9 Conclusion

Considerable progress has been made with implementation of new approaches 
to water management according to the legal framework in South Africa. It is 
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anticipated that acceptance of regulations to mandate water measurement will 
enable volumetric charging. This is an important economic instrument to relate 
fi nancial water costs to water use and to provide incentives for effi cient irriga-
tion. At the same time, a change from a unitary to a two-part charging system 
should be introduced (Water Research Commission, 1996). It will facilitate both 
demand management of water and balancing of the budgets of CMAs and WUAs. 
Correct incentives for conservation and allocation of water will be instituted by 
a combination of accelerated compulsory licensing to achieve equity and promo-
tion of water markets to achieve effi ciency. Key requirements are restitution or 
redistribution of land together with water use rights and clear specifi cation of the 
volume and reliability of available water attached to the use entitlement. Decen-
tralization of water management functions from DWAF central offi ces to CMAs 
fi nally requires cooperation and participation by all water users to ensure effec-
tive performance and governance.
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Chapter 14

Sustainability of groundwater resources
in India: Challenges and scope for economic 
instruments and policy

S. Msangi
International Food Policy Research Institute, Washington DC, USA

Abstract

In this chapter, we address the groundwater resource management issues in 
selected regions of India, within the context of the policy and natural environments 
that exist. We illustrate the underlying nature of the resource management prob-
lem and suggest possible alternative interventions, with the use of an economic 
model that is linked to a simplifi ed representation of the characteristic hydrology. 
By illustrating the policy problem in this way, the chapter explores the scope that 
alternative economic instruments could have in correcting the perverse incentives 
that exist for groundwater conservation, in some regions, while improving human 
welfare. In doing so, we hope to better clarify the role of market (and non-market 
based) instruments in addressing common pool resource management problems 
in India, and provide guidance to researchers and policymakers on how they can 
best study these cases, and further refi ne their policy recommendations.

Keywords: Common pool resources; Groundwater; Market-based instruments; 
Natural resource management; Policy and institutions

1 Introduction

The critical situation of groundwater overdraft in South Asia has been under keen 
observation in the last decade, given the increasing resource scarcity that has been 
felt by rural farmers in that region, especially in India. Despite the tremendous 
productivity gains to Indian agriculture, which were realized during the Green 
Revolution, the problem of resource scarcity has been aggravated by the intro-
duction of these water-intensive varieties to an extent where current levels of 
groundwater extraction are unsustainable. Besides the scarcity of land in India, 
there has been a keen competition for limited water resources on which many 
of the important cereals, pulses and even higher value crops depend for contin-
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ued productivity in the face of variable environmental and economic conditions. 
The tension between larger landowners and those that are less well-endowed 
often stems from the differential access to key productive inputs such as water. 
As has been observed in the North China Plain, decades after the policy-induced 
explosion in groundwater exploitation to promote grain security (Crook, 1999), 
the rapid increase in tubewell usage, and the expansion of groundwater irrigation 
in India, has also had its toll on the natural resource base, over time.

The literature on water resources in India has documented the problem 
of groundwater overdraft and identifi ed a number of issues to be at the root 
of the problem. An impressive example has been set by a handful of charis-
matic village leaders in Western India who are able to mobilize awareness over 
economic and environmental issues, as well as exert their personal infl uence 
over villagers to change both their social and resource usage behaviour. Many 
policymakers and analysts are intrigued by their example, and seek to better 
understand the elements of their success – and how it might be replicated in 
other settings. As it is diffi cult to ‘replicate’ such leaders – well-designed policy 
mechanisms must take their place, to help coordinate the activities of farmers 
and overcome the cooperative failures that might otherwise result in decreased 
overall benefi ts.

In this chapter, we point to a number of promising ideas that policymakers can 
apply to the problem of managing the demand for scarce groundwater resources, 
since options for supply expansion are largely exhausted. There are a number 
of important institutional considerations that we point out, which are critical in 
determining the success of these policy measures. We illustrate where market-
based instruments might be appropriate, and where a more centralized form of 
intervention might be needed to stabilize the resource base.

In the next section, we present a quick overview of the issues facing ground-
water users and resource managers in India, which is followed by a discus-
sion of the economics underlying the natural resources management problem. 
The subsequent section highlights some possible types of intervention, and a 
concluding section summarizes the main arguments and offers directions for 
future study.

2 Overview of groundwater issues in India

The importance of irrigation in maintaining the necessary productivity within 
the Indian agricultural sector has long been recognized by researchers and poli-
cymakers, and is a major driver behind the growth in output that was observed 
during the period of the ‘Green Revolution’. While the agro-ecological conditions 
vary widely across the Indian subcontinent, there is a sizable share of agricultural 
production that relies on irrigation, as shown in Table 1.

Much of the literature that deals with the management of water resources in 
Indian agriculture has focused, in particular, on groundwater management, which
represents a signifi cant share of the water resources that are available to the 
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majority of Indian farmers. Table 2 shows the agricultural area that is supported 
by tubewells and other wells, as opposed to other kinds of water withdrawals 
from surface sources.

The deepening scarcity problems that have been observed in many parts 
of India, as a result of increasing demands on limited water resources for both 
agricultural and non-agricultural uses, have also been a source of concern 
for both policymakers and analysts who seek to promote the sustainability of 
water resources through improved management on both the demand and the 
supply side. A number of authors have focused on the electricity subsidies to 

Table 1: India irrigation, 2003–04.

State

Total cultivable 
area
(’000 ha)

Net irrigated 
area
(’000 ha)

Irrigated as 
percentage of total 
cultivable (%)

East 13,077 2416 18.5

West 76,758 16,862 22.0

North Central 36,529 18,977 52.0

North East 6129 439   7.2

North West 11,477 7818 68.1

South 39,498 8592 21.8

All India total 183,468 55,104 30.0

Source: CWC, Delhi, India – Water-related statistics.

Table 2: Indian irrigation by source.

State
Tubewells 
(’000 ha)

Other wells 
(’000 ha)

Other sources 
(’000 ha)

Total all sources 
(’000 ha)

East 233 98 265 2416

West 3865 8220 893 16,867

North Central 12,898 569 622 18,977

North East 2 2 193 437

North West 4865 20 183 7818

South 2304 2186 597 8592

All India total 24,167 11,095 2753 55,107

Source: CWC, Delhi, India – Water-related statistics.
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agriculture, which might be giving perverse incentives to farmers using elec-
tric pumps to withdraw more groundwater than would otherwise be socially 
optimal (Kumar, 2005; Scott & Shah, 2004). The lowering of electricity 
costs, among other subsidies to the agricultural sector (e.g. fertilizer) that 
have been ongoing since the 1970s, have been an integral part of the strategy 
of the government to encourage the intensifi cation of agriculture. This has 
led to fl at electricity tariffs and radically reduced costs of power, resulting 
in the virtual demetering of rural zones. Others have suggested alternative 
policy instruments that might help groundwater users to internalize the exter-
nal effects that they impose on other users of the common pool groundwater 
resource, through such instruments as taxes on pumping, based either on the 
volumetric quantity of water used or electricity that is consumed (Kumar & 
Singh, 2001).

These types of instruments, however, are diffi cult to impose, due to prob-
lems of observability and measurability of actual volumes of water that are 
used by individual groundwater users. The recommendations that might apply 
to regions that have groundwater pumpers with very large landholdings, like 
Kern County, California (Feinerman & Knapp, 1983), may not be as appli-
cable to developing country regions where there are numerous smallholder 
farmers, like in East and South Asia. A number of other studies have tried 
to examine the role of markets for water, and the way they can potentially 
improve the allocation of water among users, by using market-based incen-
tives and trading mechanisms, as well as the possible welfare losses that can 
result from the exercise of monopoly power by wealthier and larger landown-
ers on their poorer and smaller neighbours (Kajisa & Sakurai, 2005; Prakash, 
2005). Nonetheless, the presence of informal markets for water has been 
shown to provide benefi ts for smaller landowners or tenant farmers who would 
otherwise not have the means to make the investment in tubewells themselves 
(Meinzen-Dick, 1996).

In this chapter, however, we will focus on the choice of instruments that might 
be employed by policymakers to encourage more effi cient use of water resources, 
and promote the sustainability of limited groundwater resources, within the con-
text of India. We will consider the effi cacy of tax- or tariff-based approaches to 
control, as well as that of quantity-focused instruments – and discuss the situa-
tions in which the effi cacy of one might outweigh that of the alternative meth-
ods. We will discuss these instruments within the context of a theoretical model 
of economic behaviour, which addresses groundwater use as well as inter-agent 
reallocation and trade of permits. Our conclusions and recommendations will 
then close the chapter.

3 Linkages between land, energy and water usage

We fi rst examine the linkages that exist between land and water usage, before 
considering the role that energy plays in affecting groundwater usage.
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3.1 The economics of water usage and the role of land

The economics of water usage is typically based on the behavioural economics of 
a profi t-maximizing agent, who seeks to maximize the net revenue that accrues 
from irrigated agricultural production, and faces a trade-off in terms of costs of 
inputs (including water), or constraints in water or land use. Even without con-
sidering the dynamics of groundwater usage, and how the stock of water held in 
the underground aquifer evolves over time, the individual profi t-seeking agent 
can be hypothesized to behave according to the following, simple maximization 
problem.

 max ( ) . .
,x A

pAf x cx A s t A A− − ≤α 2
 (1)

where the decision-maker’s problem is defi ned in terms of choosing the optimal 
level of input (i.e. water) which enters into the agricultural yield function f(x), 
while also choosing the optimal land area over which to farm, A, which is avail-
able up to a particular limit A . The price of the agricultural output is denoted by 
p, whereas the cost of the productive input is given as c. The quadratic term in 
land area, α, captures the decreasing returns to adding land area which is due to 
limited management and labour, as well as variable land quality over the avail-
able area. The maximization problem written in eqn (1) can be stated in terms of 
the full Lagrangian function, shown in eqn (2) below, which has the shadow value 
of the constraint included as a choice variable.

 max , , ( )
, ,x A

L x A pAf x cx A A A
λ

λ α λ( ) = − − − −⎡
⎣⎢

⎤
⎦⎥

2
 (2)

The necessary conditions for profi t-maximizing choice over the variables x and A 
lead to the following set of equations

 
pAf x c x x pAf x c

pf x A A A pf x A

′ − ≤ ≥ ′ −⎡⎣ ⎤⎦ =

− − ≤ ≥ − −

( ) ( )

( ) ( )

0 0 0

2 0 0 2α λ α λ⎡⎡⎣ ⎤⎦ =

− ≤ ≥ −⎡
⎣⎢

⎤
⎦⎥ =

0

0 0 0A A A Aλ λ

 (3)

which we can use to defi ne the optimal choice of water and land usage by the rep-
resentative farmer. If we were to assume that the decision-maker always chooses 
to use as much land as is available, then we can reduce the set of conditions in eqn 
(3) to the following pair of equations

 pAf x c

pf x A

′ − =
− − =

( )

( )

0

2 0α λ
  (4)

which we can use to examine the sensitivity of the optimal choices to the key 
economic parameter values. By totally differentiating the pair of fi rst-order con-
ditions in eqn (3), with respect to each variable and parameter, we obtain the 
following linear system
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 pAf x

pf x

dx

d

Af x pf x

f x
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⎡
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⎢
⎢

⎤

⎦
⎥
⎥
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥ =

− ′( ) − ′( ) +
− (

( )

( )

0

1

1

λ )) +

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

⎡

⎣

⎢
⎢
⎢
⎢⎢

⎤

⎦

⎥
⎥
⎥
⎥⎥

2 0α

dp

dA

dc

 (5)

which allows us to relate changes in the vector of decision variables, 
on the left-hand side, to the vector of the key parameters, on the right-hand side. 
The sign of the principle determinant, D, shown below

 D
pAf x

pf x
=

′′
′ −

>
( )

( )

0

1
0  (6)

conforms to our expectations of a well-behaved maximization problem, 
in which the set of production possibilities can be circumscribed by a convex 
hull. Applying Cramer’s rule to the linear system in eqn (5) allows us to perform 
the following comparative static calculations, in which we examine the impact 
of parameter changes on the key decision variable of interest – that of water use 
(x). To look at the impact of changes in the volumetric cost of water (c) on water 
usage, we can compute the following differential

 ∂
∂

=

+
−

=
−

<
x

c D D

1 0

0 1 1
0

 (7)

in which the marginal effect of increasing the cost serves to decrease the level 
of water usage, as we would expect. Similarly, we can examine the impact of 
changing the constraint on land, such that we allow for a marginal change in the 
binding quantity A .

 ∂
∂

=

− ′( )
+ −

=
′( )

>
x

A

pf x

D

pf x

D

0

2 1
0

α  (8)

While these effects are opposite in sign, we can see that their relative magnitude 
depends on the magnitude of the value marginal product of water pf′(x) relative to 
unity. If it turns out that the value marginal product exceeds unity, then a change 
in allowable land area might be more effective in reducing water usage, than a 
change in the unit variable cost of water. The converse would be implied by the 
case where pf′(x) < 1. While the comparison of marginal impacts on water use, 
from the point of view of comparative statics, is useful in judging the effi cacy of 
alternative instruments for managing water demand, it does not describe the rela-
tive effi cacy of the institutions that might be used to apply those instruments. We 
will now take up this discussion in the following section.
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3.2 The energy dimension of groundwater usage

Energy enters the groundwater user’s problem, when consideration is given to the 
cost of pumping water to the land surface from the groundwater table. The unit 
cost of water usage, which we described by the single parameter c, in eqns (1) 
and (2), can be conceptualized as a function of several variables, within the con-
text of groundwater usage. Typically, the marginal cost of groundwater pumping 
is thought to vary according to the hydrological conditions under which water is 
withdrawn from the aquifer. In particular, the distance over which water must be 
lifted from the groundwater table to the surface (i.e. the ‘lift’) is a key determi-
nant to the marginal cost of pumping a single volumetric unit of water, as well 
as the energy costs that are associated with the action of the pump. Therefore, 
we can describe the marginal cost of water as a function of the ‘state’ of the 
system, which we can describe by the state variable h, which denotes the height 
of the groundwater table with respect to a reference level, and the distance it lies 
below the ground surface , shown in Figure 1 below.

Combining the ‘lift’ ( 3.) with the energy cost of pumping (e), we can express 
the marginal cost of water usage as

 c h e e S h( , ) = ⋅ −( )γ  (9)

where γ is a conversion factor. Combining this expression for marginal cost with the 
expression of the farmer’s fi rst-order condition for water usage in eqn 4 leads to

 pAf x e S h x t′ = ⋅ −( )−( ) ( )γ  (10)

in which we have also expressed the groundwater table, as a function of water 
usage decisions in the past x−t and which relates the present state-of-natural to a 
history of resource usage behaviour which, over time, results in increasing levels 
of cost to the farmer, both in the immediate period and in the longer term. In the 
next section, we look at the way in which a more dynamic perspective can lead to 
more effi cient usage of water resource by agricultural users.

4 Alternative economic instruments for Indian groundwater

Now that we have discussed the technical aspects of groundwater user behaviour, 
with respect to key parameters of economic behaviour, we can turn to the institu-
tional aspects of implementing groundwater management policy.

4.1 Demand-side management through quotas

If we were to introduce a volumetric charge for pumping, then this would act as 
an additive factor that raises the marginal cost of pumping above that which is 
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determined by energy and the hydrological state of the system. Such a charge or 
tax, t, would change the marginal cost in eqn (9) to equal

 �c h e t e S h t( , , ) = ⋅ −( )+γ  (11)

If we were to use the upper limit on available land as a policy instrument that 
limits the area of a heavily water-consumptive crop, we could then specify a limit 
that either coincides with or falls below the ‘natural’ limit that the farmer would 
otherwise face in the absence of policy intervention. If we denote this limit as a 
quota (Q), which would be allocated to each irrigator then we would have

 max ( ) ( , , ) . .
,x A

pAf x c h e t x A s t A Q A− − ≤ ≤α 2
 (12)

which represents the modifi ed maximization problem of the irrigator who faces 
two possible policy instruments. Applying the same assumptions as those used to 
derive eqn (4), we would have a modifi ed set of fi rst-order necessary conditions

 
pQf x e S h t

pf x Q

′ − ⋅ −( )+ =

− − =

( )

( )

γ

α λ

0

2 0
 (13)

which yields a similar linear equation system when we take the total differen-
tials with respect to all the decision variables and parameters of the problem. 
The magnitude of the differential, with respect to the tax, is identical to that 
shown in eqn (7), and is only a function of the parameters in the determinant. We 
can derive an additional expression that illustrates the impact of the quota on the 
implicit shadow value λ, which can be written as 

 ∂
∂

=
′′ +

⎛
⎝
⎜⎜⎜

⎞
⎠
⎟⎟⎟

<
λ

α

Q

pQf x c
Q

D

2
0

2

( ) �
 (14)

and is negative in sign, if the marginal pumping cost is suffi ciently small compared 
to the allocated quota. The sign of this expression conforms to what we would expect 
from a downward sloping demand curve for allocated quota, and denotes that the 
willingness to pay for additional quota goes up as the allocation gets smaller.

h

x

(S − h)
S

Figure 1: Simplifi ed representation of pumping from an aquifer.
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In the hands of a well-informed agent, who is forward-looking with respect to 
the state of the groundwater table, and the implications that a lower water table 
has for the future pumping costs and producer welfare, we could construct an 
optimal path of extraction that would ensure the long-term effi ciency of water 
usage, and maximize the sustainability of groundwater usage. Such a path would 
be obtained by solving the following social planner’s problem. 

 V h
pAf x e S h x A V h x r
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where the inter-temporal optimization is carried out with respect to the pumping 
of all players in each period, and where β is the discount rate that captures the 
social planners inter-temporal preferences. The function V(h)  is the maximized 
value of the dynamic game problem, for each player, beginning with the current 
level of groundwater lift (h), and proceeding under the assumption that actions 
taken in subsequent periods are done optimally with respect to the groundwater 
lift in each period. This recursive relationship linking the implied optimality of 
behaviour from period to period captures the essence of Bellman’s ‘Principle of 
Optimality’ (Bellman, 1957).

The solution to the social planner’s problem would give a ‘benchmark’ out-
come for water and land use that would maximize long-run benefi ts over time, 
and enhance groundwater resource sustainability over time. This benchmark 
would guide the policymaker as to the best choice of tax (t̂ ) or quota ( Q̂ ) to 
impose as an economic instrument on the less-informed, myopic irrigator who 
would not otherwise consider the long-run benefi t. Where numerous irrigators 
are involved, the social planners’ problem can be generalized to yield a vector of 
decisions over all agents that prescribe their optimal pumping x̂i i

N{ } =1  
and land 

use Âi
i

N{ }
=1

behaviour, over time. The well-informed policymaker would choose 

the optimal quota allocations as ˆ ˆQ Ai i=  and the optimal pumping tax ( t̂ ) equal 
to β ϕ′ + −( )V h x r� , which represents the extra marginal cost that the social plan-
ner imputes to each unit of water withdrawn from the aquifer, and is proportional 
to the derivative of the optimal value function.

The information that would be needed by the policymaker to set these policy 
instruments to their optimal levels is daunting, when dealing with many indi-
vidual agents, and is beyond the capacity of typical institutions of groundwater 
management. The fact that the individual irrigators know their own technolo-
gies and productive possibilities much better than the central administrator is 
a persuasive argument behind using market-based instruments – such that the 
individuals can interact within a decentralized framework, on the basis of their 
privately held information.

4.2 Market-based instruments for demand allocation

Allowing the quotas for land area to be tradable allows each player to engage 
in decentralized transactions that permit them to trade their initial allocations 
up to the point that their private benefi ts are maximized, and their individual 
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shadow values for quota allocations (λi) are equalized across agents. Taking the 
case of just two agents into consideration, for simplicity, we can depict such an 
equilibrium outcome in terms of Figure 2. This fi gure shows the equilibrium 
outcome where transaction costs exist (τ), which cause the agent transactions ( ẑ)
to deviate from those levels that would be realized in the absence of transaction 
costs (z*). In the presence of transactions costs, the volume of trade is less than 
that which is otherwise achievable, and the aggregate benefi ts of both agents fall 
below that which the central planner could achieve in the benchmark case.

4.3 Payment for environmental services

Borrowing from the notion of paying agents to perform a valuable environmental 
service such as saving water, we perform a simple experiment to try and quantify 
what such type of a payment would translate to in the context of rural Maharash-
tra state in central India.

Drawing on data from two villages in Ahmednagar district of Maharashtra 
(Hivre Bazaar and Shivni), we construct a numerical model that simulates water 
usage behaviour in agriculture and the subsequent effects on groundwater levels. 
We use this framework to measure the equivalent payment that would need to be 
made to farmers, in order for them to forego higher levels of groundwater pump-
ing in the initial period, in return for lower pumping costs in the future. In other 
words, we contrast the rapid drawdown of the water table in the early periods, 
with a more gradual path of water abstraction that enables users to withdraw 
water at a continuous and steady rate into the future, thereby avoiding high levels 
of pumping costs, corresponding to the higher levels of groundwater lift that they 
would otherwise be facing in the future. 

q1 � z

λ2 (q2 � z )

λ1 (q1 � z )�

(q1 � q2) � Q

ˆ

ˆ

z � zˆ

ˆ

� λ1 (q1 � z ) � τ

λ2 (q2 � z )

q2 � 0q1 � 0

λ2 (q2) � λ1 (q1) 

q1 � z

ˆ
ˆ

ẑ
TC

*

*

q1 � z q1 � z
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ˆ

q1 
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Figure 2: Decentralized allocation of tradable quota between agents.
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The more gradual path of extraction, which we describe above, emanates 
from the forward-looking, dynamic behaviour of an idealized type of user who 
recognizes the long-term benefi ts of keeping water in the ground and appropri-
ately balances this with the short-term benefi ts of extraction. This type of ‘social 
planner’ model gives a prescriptive view to the way in which the aquifer should 
be managed, and should be viewed as a way of benchmarking groundwater effi -
ciency. In essence, the social planner’s optimization problem solves the dynamic 
resource extraction problem, in a way that satisfi es the following relationship

Maximized    current benefits +   
decision variables

= max β i ((maximized 
                                   future valuee)present value { }

where the decision variables, namely the rate of groundwater withdrawals, drives 
the state of the system and determines the short-term gain while also affecting the 
future gains that can be realized from the water remaining in future periods.

The comparison between the optimal solution of the social planner and that of 
the myopically extracting case actually provides this type of information, since 
we can see exactly how the initial benefi ts gained by extracting more groundwa-
ter than is optimal compare with the later additional costs that are incurred in 
pumping from a lower groundwater table.

In the case of Hivre Bazaar village, we can see the comparison between the 
stream of net benefi ts that are derived from groundwater withdrawals over time –
from both the optimal case and that of myopic extraction (Figure 3). 

From this comparison, we can see that the gain in net benefi t that the myopic 
extraction case enjoys in the initial period is quickly dissipated, as the ground
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Figure 3:  Comparison of current value net benefi ts under optimal and sub-optimal 
extraction (Hivre Bazaar village).
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water table drops, and higher pumping costs are incurred. The net benefi ts from the 
5th year onwards remain consistently (and increasingly) below those of the social 
planner’s optimal path, which remains fairly constant over time. For the purposes
of comparison, we can contrast the initial net gain of myopic pumping – of 
roughly Rs 180,000 total – to the subsequent losses, which must be converted to 
a net present value, in order to remain comparable with the initial period gain. In 
this case, we apply the same 5% discount rate that is used in the model simula-
tions. This gives us a fi gure of Rs 11,849 per household in initial gain to myopic 
behaviour – compared to the net present value of Rs 21,390 per household in loss 
that is incurred because of higher pumping costs in the subsequent time periods. 
This means that, in net present value terms, losses more than double the initial 
gains that are made by over-pumping. A ‘patient’ household would be able to 
realize the future gains if they were suffi ciently forward-looking; however, this 
is not the case for myopically behaving agents who seek to maximize only their 
current profi ts, without regard for the carry-over effects.

A similar outcome is observed for Shivni village, in Figure 4, and the same initial 
gain is soon followed by subsequent losses in net benefi t over time, as the groundwa-
ter table deepens. Even though the overall magnitude of gains and losses differ from 
those of Hivre Bazaar, the overall patterns and implications are the same.

In the case of Shivni, the initial gain due to myopic over-extraction (of Rs 
220,000 total) translates to roughly Rs 5007 per household, and is balanced by a 
loss over the subsequent period equal to the net present value sum of Rs 12,845, 
which is more than double the initial gain.
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Figure 4:  Comparison of current value net benefi ts under optimal and sub-optimal 
extraction (Shivni village).
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If we interpret the gain in the initial period as being the payment which we 
would have to make to each irrigating household, in order to compensate them 
for curtailing their water usage, so that they behave more like the social planner, 
then it would require twice the payment in Hivre Bazaar than in Shivni to enact 
such a system. In the case of Shivni, an initial incentive payment of Rs 5000 
per household might encourage them to adopt a better plan for groundwater 
management – such that they can avoid the future costs as a ‘dividend’ to better 
resource usage. Even though the avoided cost is almost half of what it is in Hivre 
Bazaar, it is still a considerable sum, and is non-trivial for many of these households, 
in terms of what it represents for their overall welfare.

5 Synthesis and conclusions

The choice of an appropriate instrument for water management, which minimizes 
the administrative and informational burden but, at the same time, maintains key 
water-saving incentives, represents a common trade-off that is faced by policy-
makers, when implementing market-based instruments to improve the effi ciency 
of decentralized schemes for resource allocation. The excessive information 
requirements of implementing an optimal tax on volumetric extraction – in terms 
of both monitoring the volumes of water extracted by each individual and decid-
ing on the welfare-maximizing level across all agents – has to be balanced against 
the likely transaction costs that would be incurred by the individual agents who 
try and enact trades within a decentralized framework.

It remains an empirical matter to determine how large the loss of welfare 
due to transaction costs is, within a decentralized allocation scheme, relative to 
the administrative ‘errors’ that would be incurred by implementing a centralized 
allocation of quota with imperfect information. The advantage of allocating land 
areas, from an administrative point of view, lies in the fact that it is much easier 
to observe land area and cropping patterns, than it is to observe individual volu-
metric quantities of water withdrawal. So, by replacing the taxing of groundwater 
pumping with the restriction of land area, based on the type of crop that is grown 
– such that more water-consuming crops can be limited to a maximum area – we 
can overcome some of the information problems that would otherwise face the 
regulator in implementing a demand management scheme over many irrigators.

In this chapter, we have discussed the relative effectiveness of price-based 
instruments that increase the volumetric cost of water, compared to a quantity-
based limit on available land, within the context of a profi t-maximizing irrigator. 
We have argued for the relative effi cacy of these instruments, on the basis of 
the transaction and administrative costs that might be incurred in their imple-
mentation, either within a centralized or within a decentralized scheme of water 
demand management. We conclude that quantity-based instruments are more 
easily observable, and might impact total consumptive use of water within a 
groundwater basin to a greater degree than price-based instruments that only act 
to reduce water withdrawals from the common pool resource.
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We have also demonstrated how the value of avoided pumping costs in the future 
might be interpreted in terms of a dynamic problem, in which the user foregoes 
more immediate gain to commit to a smoother and more sustainable path of resource 
extraction. This kind of behaviour, however, involves moving beyond a myopic point 
of view and adopting a more forward-looking and patient attitude towards resource 
extraction and usage. The environmentally conscious village leader might be able to 
instil that kind of behaviour within the minds of villagers, but in the absence of such 
a leader, well-targeted economic instruments would need to be implemented.

Despite the welfare losses that are inevitable, when implementing market-
based schemes for decentralized demand management, these might still serve to 
overcome problems of asymmetric information that will inevitably occur when a 
less-informed central administrator faces a large number of individual irrigators. 
The degree to which these transaction costs might reduce the effi cacy below that 
of a ‘naïve’ implementation scheme by a central regulator remains a question that 
can only be answered by further empirical work. The importance of irrigation 
to Indian agriculture warrants such research, as it will undoubtedly enhance the 
knowledge base that policymakers need to have to better promote the sustainabil-
ity of India’s limited and increasingly stressed water resources.
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