
Final Report on
Political Economy
of Water Markets

Annex

Water, Public Goods and
Market Failure

November 2016



 

 

!

!

!

Water,!Public!Goods!and!Market!Failure!!

!

ANNEX!
Final!Report!on!Political!Economy!of!Water!Markets!

!
November!2016!

!

Bruce!Aylward!

!

!

!

!

!

!

!

!

!

!

!

Portland,!Oregon!



 

Preface 
This paper is one output of a project entitled “The Political Economy of Water Markets.” The project was 
carried out by Ecosystem Economics LLC and AMP Insights. The outputs of the project include a final 
report and a set of case studies. 

The final report consists of three papers and an annex: 

1. Healthy Water Markets: A Conceptual Framework by Bruce Aylward, Davíd Pilz, Megan 
Dyson and Carl J. Bauer 

2. Political Economy of Water Markets in the Western United States by Bruce Aylward, Davíd 
Pilz and Leslie Sanchez 

3. Comparative Analysis of Legal Regimes with Respect to Fostering Healthy Water Markets by 
Davíd Pilz, Megan Dyson, Bruce Aylward, Carl J. Bauer and Amy Hardberger 

Annex: Water, Public Goods and Market Failure by Bruce Aylward 

The eight case studies consist of the following. 

1. The Evolving Water Market in Chile’s Maipo River Basin by Carl J. Bauer 
2. Addressing Overallocation and Water Trade in New South Wales, Australia: Namoi Basin 

Groundwater by Megan Dyson 
3. Evolution of Australian Water Law and the National Water Initiative Framework by Megan 

Dyson 
4. Opportunities for Surface Water Right Marketing in Idaho’s Rapidly Urbanizing Treasure 

Valley by Jeff Fereday 
5. Texas Groundwater Markets and the Edwards Aquifer by Amy Hardberger 
6. Oregon’s Umatilla Basin Aquifer Recharge and Basalt Bank by Martha Pagel 
7. Truckee-Carson Surface Water Markets in Northern Nevada by Leslie Sanchez, Bruce 

Aylward and Don Springmeyer  
8. Smart Markets for Groundwater Trading in Western Nebraska: The Twin Platte by Richael 

Young 

The report and case studies can be downloaded from the AMP Insights website at 
http://www.ampinsights.com/rock-report. 

For further information on this work please contact Bruce Aylward at bruce@ampinsights.com. 
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1. Introduction 

Neo-classical economic theory holds that given scarce resources and competitive markets, rational 
egoistic actors will drive prices of factors of production and goods and services such that an optimal 
equilibrium in supply and demand will be reached. While very useful in many ways, one shortcoming of 
this theory is that markets are expected to produce efficient prices and quantities for private goods only. 
Economists generally hold that the market is not a good allocation mechanism for public goods (Varian 
1992). In the case of public goods, markets are said to fail.   

Few resources and environmental goods and services fit the definition of a private good. Resource and 
environmental economics is one of a number of sub-disciplines of economics and one largely concerned 
with solving this problem. Once upon a time these components of the economy may have been viewed as 
abundant. Increasing scarcity of these economic goods and services, as well as scientific understanding of 
the interdependence of natural and human systems are changing this view of abundance, even to the 
point of spinning off the newer discipline of ecological economics. Pollution and recreation, for example 
are significant local and global consumption bads and goods, and resources and ecosystem services are 
now considered to underpin important sectors of the economy. The question of how to best address public 
goods is not a marginal issue in public policy as it once was (though unfortunately still relegated to the end 
of most microeconomics textbooks).  

Pareto optimality describes a state where all mutually beneficial trades are complete; no further 
reallocation of resources can occur without the benefit of one person causing a loss to another. However, 
few projects or policies in the real world can claim to be Pareto optimal. Juxtaposed with this ideal, but 
often impractical objective is utilitarian economic theory. This theory, and its methodological tool of cost-
benefit analysis, suggests that as long as the gain to one person is larger than the cost to another the policy 
or project is socially desirable as net social utility is created. This, as the winner can compensate the loser, 
and all can come out ahead. A key caveat is that whether such compensation occurs or not depends on 
the rules in place. Acknowledging the public goods character of many resource and environmental 
questions compounds these problems as the implication is that resource use and changes in environmental 
quality may have widespread, threshold and/or significant impacts across society.  

In order to attain quasi-efficient quantities of public goods through public investment and incentives 
government is in effect trying to align the incentives faced by producers and consumers with those that 
would drive a socially or economically desirable outcome. Further, the political economy of class, power 
and economic relationships as manifested through the political process will determine not just the 
incentives but the rules for whether winners must compensate losers. Matters of efficiency are thus 
compounded by questions of distributional equity and both become a matter for politics, since unfettered 
markets do not serve well as an allocation mechanism. Politics being a generally less attractive descriptor 
of the collective action that is posited to be necessary in addressing the problems posed by public goods.  

The larger point is of course that once markets are admitted to fail, markets in these goods will not deliver 
on the optimal equilibrium between supply and demand, nor are markets likely to be the sole driver of the 
economy. Instead markets become just one of a number of possible alternatives for how to produce and 
provide public goods. And if markets are to be used they need to be markets that are set up with explicit 
rules that ameliorate or mitigate for the difficulties caused by the public nature of these goods. 

The purpose of this Annex is to review the concepts involved in public goods, incentive compatibility and 
market failure and apply them in a general fashion to water. The discussion aims to clarify why 
establishing property rights to water as a commodity is not a good idea, and why, when rights to use water 
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are issued, the resulting market in these rights should not a free market, but instead should be a regulated 
market. While these conclusions may be self-evident from a survey of how water is governed today in most 
jurisdictions, understanding why this result should be expected and that it is a logical one is useful. 
Further, it also underpins a general framework for understanding water markets and the manner in which 
they should be regulated (as elaborated further in the main body of the final report). 
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2. Economic Characteristics of Blue Water: Exclusion and 
Rivalry 

The phenomenon of public goods, is often attributed to an early paper by Samuelson (1954, 387) who 
called these goods “collective consumption goods” and characterized them as goods that “all enjoy in 
common in the sense that each individual's consumption of such a good leads to no subtraction from any 
other individual's consumption of that good.” As recounted by Ostrom (E. Ostrom 2010) in her Nobel 
prize lecture, the dichotomy between private and public goods grew over time to include club goods and 
common pool resources based on the elaboration of the concepts of exclusion and rivalry. These two 
concepts define the central characteristics of goods (good here is shorthand for goods and services) (Randall 
1983; Cornes and Sandler 1986). Understanding the nature of particular goods in this regard leads to the 
classification of the goods on a continuum from a purely private good to an impure public good to a 
public good.  

This classification system leads to insights into how markets fail in the presence of public goods and thus 
lead to the suggestion of appropriate property regimes and institutional arrangements for governance and 
management of non-private goods. While these were originally hypothesized to consist of market or state 
(government) by Samuelson (1954), Ostrom (2010) again reminds us that collective action can involve a 
multitude of complex and interwoven arrangements.  

This section develops the twin concepts involved and applies them to surface water, groundwater, 
freshwater ecosystem services, and, because irrigation is the single most dominant use of water, the 
withdrawal of irrigation. Note that the picture drawn here is necessarily imprecise given that the 
institutional framework governing water at a given time and in a given place will vary. So, in this case, as 
far is practical, the discussion is primarily concerned with the generic characteristics of water, apart from 
the state of the world as it exists now, with evolved systems of governance and management, and 
imbalances between demand and supply. That said, it is easy to speculate based on experience how 
technology and institutions may affect the exclusion and rivalry of water. Further, as pointed out by 
Ostrom (2011) it may be useful to think of classifying goods as low to high in terms of exclusion and 
rivalry rather than as simply excludable or rival. 

2.1 Exclusion 

Exclusion refers to whether it is easy or difficult (i.e., costly) to exclude or limit consumption by other 
potential users or beneficiaries. Exclusion can be achieved through means of physical barriers and control 
(e.g., the application of technology), or through institutional arrangements (e.g., a legal system of property 
rights). These are often referred to as de facto or de jure exclusion, respectively. Goods can therefore be 
classed as excludable (low difficulty of exclusion) or non-excludable (high difficulty of exclusion).  

Surface Water. In a state of nature with no institutional protection or regulation, surface water flowing 
through water courses or stored in water bodies is available to those seeking to withdraw water for human 
uses. As surface water flows downhill in a channel, its path is well known. There is little to stop any 
particular individual or group from attempting to capture the water through diversion of all or a portion 
of the water or damming of the water. The disincentive to this action is the cost of doing so, which must 
be compared with the benefits of withdrawal. Control over access to a watercourse could be exercised by 
controlling access to the land adjacent to the water. However, the cost of any one individual controlling 
access to any significant portion of a river in this manner is high. If groups of users band together to 
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construct large diversions or storage facilities even this effort does not prevent another user from installing 
an even larger diversion, or building a dam upstream, thereby vacating the returns on the first group’s 
effort. At the point of diversion or storage it is very difficult to exclude others from withdrawing surface 
water failing some de facto or de jure effort to exclude others. Surface water therefore has high difficulty 
of exclusion. 

Freshwater Ecosystem Services. For many of the same reasons, it is difficult to exclude other 
potential consumers from enjoying the various livelihood and lifestyle benefits provided by freshwater 
ecosystems. Similar to water, fish, wildlife, and riparian vegetation, as well as other ecosystem services of 
freshwater systems are available to those that wish to harvest these fugitive or stationary resources. As with 
surface water, the ecosystem services associated with freshwater ecosystems have high difficulty of 
exclusion. 

Groundwater. With groundwater, physical isolation of the resource provides an important barrier to 
human use. In a state of nature or at an early stage of civilization the use of groundwater was limited 
largely to where it emerged as springs, and consequently would be classed as surface water. Technology is 
therefore an essential element of accessing groundwater. An early example is the qanat system developed 
by Persians in the 1st millennium BC, in which tunnels were excavated into hillsides to access groundwater 
via gravity flows (English 1968). De jure or de facto exclusion requires controlling access to lands on the 
surface overlaying the aquifer. However, aquifers are typically large, making this a difficult and costly 
proposition. Furthermore, technological advances now allow wells to be drilled at angles to the surface. It 
will thus be difficult for one consumer to exclude others whose land also covers the groundwater. 
Groundwater then is non-excludable. 

Withdrawn Irrigation Water. In economic terms, developing the capacity to withdraw water 
implicitly lead to the exclusion of other humans and the ecosystem from using that water in place or 
withdrawing it. Withdrawn irrigation water therefore, whether from the ground, as surface storage or as a 
diversion from a watercourse, is potentially excludable. Threats to this exclusion are the possibility of 
others accessing the diverted water or accessing the water source before the water makes it to the point of 
diversion. This poses a much larger problem with surface water than for groundwater. Groundwater is 
often pumped from a well and used on a field, all in close proximity and even on the same property. 
Further groundwater is often pressurized directly to sprinklers or other application technologies. In other 
words, once groundwater is pumped it is effectively dedicated to the use of the well owner and excluded 
from use by others. Surface water is very different; particular where large and open shared conveyance 
systems run water to many different users. On such systems theft and overuse are a distinct possibility.  

Technology and institutions may each have roles in exercising exclusion over withdrawn surface water. At 
the extreme end, running water through a pipe buried underground would protect it from others seeking 
to siphon of some water for their own use. Alternatively, society (whether as government or a group of 
users) may establish rules and enforcement capability to ensure that water users can enjoy the benefit of 
their diversion without leakage.  

Conclusions. In sum, it appears to be highly difficult to exclude potential beneficiaries from water in its 
various guises. The exception would be withdrawn irrigation water; which once withdrawn is far less 
difficult to deny access to other potential beneficiaries. With respect to freshwater in a river or lake, 
however, it requires considerable effort and investment by water users or society in technology and/or 
rules in order to establish exclusion and thus is considered to be largely non-excludable. 
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2.2 Rivalry 

The second characteristic that distinguishes public from private goods is rivalry in consumption, or 
alternatively subtractability of use (E. Ostrom 2010). Rivalry reflects the degree to which the use of a unit of 
a good by one individual reduces, or does not reduce, the potential for others to use that same unit. For 
instance, consumption of a doughnut by one individual prevents it from being consumed by others. On 
the other hand it is possible for many people to simultaneously access and consume a television show 
without affecting others watching the same show. A doughnut is rival but a television show is non-rival. 

There are three elements to rivalry with respect to water; these include congestion and the inter-annual 
timing and spatial dimensions of water withdrawals. The concept of concept of congestion involves the 
response of the good to demand and supply. Some goods are simply non-rival no matter the demand for 
the good. A lighthouse provides the same service to each ship within its reach no matter the number of 
ships and boats within its reach. Other goods, however, and in particular many natural resources and 
ecosystem services, are non-rival at low levels of use relative to natural supply. In other words at low 
demand levels they are plentiful; extraction or harvest by one user does not affect that of other users. 
However, as more users attempt to make use of the resource its quantity or quality are degraded. 
Examples here in include a fishery or roads and bridges.  In these cases there is a loss of function or 
productivity and perhaps even of resilience, affecting the renewability or availability of the resource or 
good. This is called congestion and the resource is said to be congestible, and therefore only conditionally non-
rival. Generally, we see that with water resource they suffer form congestion and become rival as social 
and economic development proceeds.  

A second element of rivalry reflects the temporal dimension of rivalry, or the extent that consumption 
today by one individual affect the future consumption of that individual or others. Water is not subject to 
biological reproduction and thus congestion of surface water, for example, in the present does not 
necessarily affect its future availability. This differs with groundwater where the resource can be 
considered a stock that has accumulated over long periods. Higher and higher levels of extraction may 
cause today’s consumption to affect consumption in future periods, or simply to make it more costly. 

The third element of rivalry may be particular to water and it reflects the physical nature of water, gravity 
and the spatial nature of consumption. The consumptive nature of human uses of withdrawn water and 
some environmental uses of water enter into the assessment of rivalry. For example, many human uses of 
surface water are not fully consumptive. The remaining non-consumptive portion of the withdrawn water 
returns to the hydrologic system and is available as surface or groundwater further down gradient. There 
is then a distinction between withdrawal and consumption of water, and the term “use” of water is 
therefore inexact. For consumptive purposes the withdrawal of water is only fully rival where no water 
seeps into the ground and the end use is fully consumptive. Most withdrawals of water lead to the return 
of some portion of that water to the source and are only partially rival (or partially non-rival) from the 
perspective of the downstream consumptive user. That some portion of the water returns down gradient 
may however be of little consolation immediately below the water withdrawal. So the extent of rivalry also 
has a spatial dimension as well, and one that may vary with the nature of use as consumptive or non-
consumptive.  

Surface Water. For surface water quantity there are two main aspects to the discussion of rivalry: the 
issue of demand relative to supply and the consumptive nature of the water use itself. However, the 
multifunctional nature of water suggests that other useful attributes of surface water including timing, 
potential energy and quality will also affect rivalry. 

With respect to surface water an obvious determinant of congestibility with respect to the balance of 
supply and demand is climate. The differences in this balance between arid and humid regions are 
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considerable. Despite threats to the hydrologic regime of major rivers in the humid tropics (e.g., the 
Amazon, Congo and Mekong Rivers) posed by dams, it is hard to conceive of demand for water actually 
drying up these rivers. In these systems the use of water is not congestible and surface water is largely non-
rival. On the other hand, major rivers in arid regions (e.g. the River Murray in Australia, and the middle 
Rio Grande and Colorado Rivers in the US) have been completely dewatered at their lower reaches over 
the last few decades as more and more water is withdrawn for human use. In these systems the withdrawal 
of one user affects other users on the system, as there is not enough to meet all human uses, to say nothing 
of ecosystem needs. Surface water is therefore congestible and conditionally rival with respect to climate. 
Surface water may be seen to be non-rival initially but trends towards rivalry with development. 

A caveat on the arid/humid comparison is that complete dewatering of surface waters is not necessary to 
impair freshwater ecosystem services. In particular, withdrawing natural flow from a river system by the 
construction of dams and reservoirs may make the human provisioning services of flow rival with respect 
to freshwater ecosystem services. Holding water back in storage will also affect the timing of flow but the 
large cost of such infrastructure means that this storage will tend to be effect over a few years of a wet/dry 
cycle at best and, therefore, storage of surface water does not affect withdrawals far into the future. 

With respect to the spatial aspect of rivalry surface water might be considered partly non-rival due to the 
partly consumptive nature of many out-of-stream use. However, this does not fully address the multi-
functional nature of water in its various uses. For fish migration, for example, the fact that water returns to 
a stream two miles downstream is of little consolation to a migrating adult salmon if all the water is 
withdrawn at the point of diversion.  

Also, it may be important to consider rivalry of surface water not just in terms of molecules of physical 
water, but other attributes of water that are of value in other uses including the timing of flow, water 
quality and potential energy. For example, the choice between diverting stored water into an irrigation 
canal system or directing the water through a turbine and penstock to generate power and from there 
downstream is an either/or situation. Consumption of the water’s potential energy in hydropower makes 
it rival to the irrigation use in this case. For run of river hydropower, the choice to divert water out of the 
river and put it in a pipe alongside the river is clearly rival to the ecosystem need for flow. In this case, two 
non-consumptive uses of water may be rival. All this said, with respect to irrigation, which forms the 
majority of surface water usage, the use of water by anyone user along the length of a river will not be 
fully rival.  

Freshwater Ecosystem Services. As pointed out above many freshwater ecosystem services are rival 
with respect to human uses of water, in that they are degraded by the human withdrawal of water from 
the system. However, these services also may be classified as rival or non-rival in terms of their own 
consumption by humans. These services are divided into two groups: those that fail to exhibit rivalry and 
those that are congestible. Many of the provisioning ecosystem services, such as fish and wildlife, are 
subject to congestion as demand and harvest rates increase. Supporting, regulatory and cultural services 
are non-rival as the enjoyment of these services are much more independent of the number of users of the 
service. For example freshwater recreation ultimately suffers from congestion, but is not as sensitive as fish 
and wildlife are to increasing withdrawals by human uses.  

Groundwater. Groundwater is different than surface water with respect to rivalry. In comparing 
demand with supply, the chance of running out of groundwater due to increasing demand is much less. 
This is because the stock of groundwater is often large compared to the annual throughput of surface 
water. In the short run then, groundwater is often not a congestible good. It can meet the needs of many 
users all at once and for some time. However, at some point the over-draft will lead to rivalry between 
today’s users and users in the future. Further, there are spatial elements to rivalry as well. A continued and 
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long-term overdraft of groundwater imposes marginal costs on other users, as they need to deepen their 
wells.  

Groundwater provides the illusion or myopia of non-rivalry. Although not as highly rival with respect to 
congestion, groundwater then is subject to spatial and temporal rivalry. This is a central problem in its 
management. 

A difference between surface and groundwater stems is that the manner in which groundwater extraction 
affects freshwater ecosystem services is less direct, immediate and visible than with surface water 
withdrawals. Emptying out a groundwater basin may not impact ecosystems if the water is fossil 
groundwater. There is simply a cone of depression (or empty space) in the aquifer. That said many 
groundwater systems are hydrologically connected to a freshwater system and a continued overdraft will 
mean that groundwater users will eventually adversely impact surface water flows, sometimes via reduced 
contributions to surface flow and sometimes via saltwater intrusion in coastal areas. Again, timing is an 
important issue, as the impact of groundwater extraction is attenuated and may accrue only gradually 
over time. In areas where the groundwater system is connected to the sea, saline intrusion may have other 
negative impacts on provisioning and other services. 

Withdrawn Irrigation Water. Once irrigation water is withdrawn from the surface or ground the 
determination of its rivalry depends on the demand for water and the extent of the consumptive use of 
that water. Once pumped, groundwater is not subject to demands beyond those of the pumper. The use is 
not subject to congestion. Further, the use of groundwater may be largely consumptive. This may reflect 
the expense of acquiring marginal units of water due to pumping costs, as well as the on-site nature of the 
use of the water. Withdrawn groundwater for use in irrigation may therefore be considered as largely 
rival. Again, this is a generalization and is subject to exceptions. 

Surface water, once withdrawn is not subject to demand by various parties but by those on the 
conveyance. As with groundwater surface water does not appear subject to congestion. The exception to 
this would be in times of shortage or drought when supplies and withdrawn water amounts are low. At 
that point in time the use of water from a shared conveyance is rival, one users take subtracts from that 
available to others. With regard to the extent of consumption by surface water irrigation this may vary. 
However, generally the need to divert and transport water over long distances and the lack of pressure in 
open conveyances suggests that surface water use will often generate significant seepage and return flows 
and therefore be non-rival. Put another way, achieving rivalry of use is costly, as it would involve piping 
the delivery of water to the farm and deploying highly efficient but costly field application techniques. In 
regions where this is the case withdrawn surface water comes closer to resembling groundwater in terms of 
this classification. But in the main – and prior to significant expenditure – withdrawn surface water is non-
rival, and during shortage or drought congestible. 

Conclusions. Contrasting inefficient surface water use with efficient groundwater use in irrigation gives 
rise to a difference in the classification of these two resources in terms of rivalry. Groundwater is not 
congestible in the short run and may generally be regarded as rival only in the long run. Surface water 
appears much more susceptible to congestion and rivalry as demand increases relative to limited supply. 
However, surface water uses are often only partially consumptive and therefore not fully rival. Still the 
human provisioning services of surface water and groundwater (in the long run) are significantly rival with 
respect to freshwater ecosystem services. In turn, ecosystem services are themselves congestible with 
respect to provisioning services, but non-rival with respect to supporting regulatory and cultural services. 
Withdrawn irrigation water exhibits characteristics of non-rivalry for surface water uses and rivalry for 
groundwater uses. This is a complex way of stating an intuitive observation about water: choices about 
water use require analysis of a multitude of trade-offs (Brown 1997). 
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3. Public Goods and Incentive Compatibility 

Combining the concepts of exclusion and rivalry is a powerful method for understanding the incentives 
that different actors may have for the provision or production of different goods (Randall 1983). This 
section examines four types of goods that emerge from this the analysis of exclusion and rivalry: private, 
public, common pool, and club goods. Doing so provides insight into how, generally speaking, these goods 
might be managed so as to best ensure incentive compatibility and improve economic outcomes. 

3.1 Private and Public Goods 

Economists define private goods as those that are excludable and rival. Private goods are subject to 
exclusion, making them easy to confine or control. Those who want to consume them are excluded from 
their consumption unless they make arrangements to acquire the good from the holder or producer of the 
good.  In a capitalist system this usually entails buying the good. The consumption of these goods by 
consumers is also rival. Once the consumer has purchased the good and consumed it, it is no longer 
available to other consumers. Because of this, if a demand exists, the producers have incentives to satisfy 
it, given that they can expect to cover production costs and even make a profit. A free market 
environment is generally considered to be the most efficient way for these goods to be produced, allocated 
and consumed – provided that an institution (typically government) exists that provides a stable 
framework underpinning the transactions. 

By contrast, public goods do not lend themselves easily to exclusion, and are non-rival. Once they are 
produced, everyone has access to them (although perhaps within certain limits, geographic or political). 
Even those who do not contribute equally to the costs of production are able to consume them (referred to 
as free-riding). Because of free riding, producers have little incentive to produce, as their costs may not be 
covered. Hence, the provision of public goods requires collective action. While this often involves some 
form of government intervention there are a range of alternatives for addressing the problems posed by 
public goods as discussed further in the next section. 

3.2 Common Pool Resources and Club Goods 

There are two other categories of goods beyond the purely private and the purely public, based on a 
simple overlay of exclusion and rivalry, and applying the concept of congestion with respect to rivalry. At 
times these are called impure public goods given the interest of economists in understanding how to efficiently 
manage goods that are either non-excludable or non-rival (Pearce 1986).  

The term common property resource was originally used to characterize resources like fisheries that were 
owned in common and exploited under conditions of individualistic competition (Gordon 1954). Later, 
the term common pool resource was coined to differentiate between the concept of ownership and property 
from the classification of goods that are non-excludable, and congestible such as a fishery or the open 
range (Schlager and Ostrom 1992). Like public goods, common pool resources do not lend themselves 
easily to exclusion, but their consumption is subject to congestion. As long as total demand does not 
exceed the productive capacity of the resource, individual users can consume the goods without impeding 
consumption by others. When demand exceeds availability however, congestion occurs and users 
operating on an exclusively voluntary basis have a strong incentive to continue appropriating the goods as 
fast as possible; those that abstain from consumption simply yield benefits to those that do not. And in the 
absence of a defined system of property or usage rights, all users are at liberty to consume the resource. 
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Economists typically presume that this leads to an inefficient level of production of these resources as the 
resource is harvested unsustainably and the well-known Tragedy of the Commons ensues (Hardin 1968). 

The final category is that of club goods, which are also called toll goods (Cornes and Sandler 1986; E. 
Ostrom 2010). Club goods are congestible but afford the possibility of exclusion. At low levels of 
consumption their use is non-rival, but as demand increases there is the threat of congestion, for example 
if the number of users increases. However, the ability to deny access to non-members provides an avenue 
to limit the number of people seeking to share in the consumption. This may limit degradation of the 
good and allow a defined group to enjoy its benefits.  

Figure 1 depicts how rivalry and exclusion analyses combine to highlight differences between the types of 
goods outlined above. This formulation is based loosely on Randall (1983) and seeks to highlight the 
importance of congestibility in classifying resources. In the case of common pool resources, increasing 
congestion makes the resource rival. This may lead to degradation or exhaustion of the resource, unless 
some form of collective action is taken to reduce the problem caused by lack of exclusion. One such 
approach is to deploy property rights (or develop technology) to enable exclusion of the resource. This 
effectively makes the resource rival and excludable.  Moving a common pool resource in this direction 
may make it amenable to management through markets (as with water as we discuss further below). For 
congestible but excludable goods the onset of congestion gives the good the characteristics of a private 
good.  For such club goods, the expectation is that as congestion occurs the excludable nature of the good 
will lead to investment and market systems of allocation. The classic example of this is developing a toll 
road next to a public access highway (Davis and Whinston 1967).  

FIGURE 1: PUBLIC, IMPURE PUBLIC AND PRIVATE GOODS 

 

3.3 Public Good Nature of Water 

As noted at the outset, any classification of water that emerges from such a generalized discussion is surely 
imperfect and incomplete. Nevertheless, in order to follow through with the analysis and demonstrate the 
purpose of this analytical approach surface water, groundwater, freshwater ecosystem services and 
withdrawn irrigation water are placed into the matrix provided in Figure 1, based on the analysis of 
exclusion and rivalry provided earlier. Figure 2 shows the classification of each resource and type of use as 
a public, private, common pool or club good. The results suggest a dispersion of these types of water 
throughout the matrix. The supporting, regulatory and cultural freshwater ecosystem services appear to 
be public goods, whereas pumped groundwater appears to be a private good. Surface water withdrawn 
for irrigation is a club good. Further, a number of items are congestible and non-excludable, including 
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surface water, groundwater in the long run, and the provisioning ecosystem services and thus can be 
classified as common pool resources.  

FIGURE 2. EXCLUSION AND RIVALRY OF WATER  

 

Water and groundwater are often summarily classed as a common pool resource along with many other 
natural resources that are available to all in a state of nature, but that exhibit congestion at higher levels of 
demand and use (V. Ostrom and Ostrom 1972; Dinar, Rosegrant, and Meinzen-Dick 1997). However, as 
evidenced above, the classification of water will depend on the type of water and type of use being 
discussed – as well as the particular context. For example, one World Bank document discerns differences 
in rivalry and exclusion at each step in one value-added use – i.e. examining the nature of irrigation water 
at the main canal, the distribution system and the turnout to the farm (Dosi and Easter 2003). A doctoral 
dissertation meanwhile examines rivalry and exclusion in great detail along distribution systems in a 
particular context in Nepal (Lam 1994). The former paper largely classifies irrigation water as a club good 
while the latter paper figures it is a common pool resource – reflecting different perspectives and contexts 
for their analyses. In other words, the chosen frame of reference for analyzing rivalry and exclusion can 
yield a particular characterization of the resources in terms of their public good nature.  

For example, this Annex distinguishes between the rivalry of groundwater in the long and short run, 
based on the stock effect and that the congestibility of the resource and rivalry may occur only in the very 
long run. This is slightly different than prior assessments where groundwater is classified as congestible 
and packaged in with other common pool resources (Ciriacy-Wantrup and Bishop 1975). These authors 
proceed to conclude from their classification that groundwater, like the fishery, should be governed with 
co-equal rights (correlative rights) with shares allocated based on historic use up to a safe yield. While a 
sensible conclusion they have concluded that the same management system that applies to a renewable 
resource, the fishery, should also apply to the problem of managing a resource that is both renewable and 
exhaustible at the same time. While still a useful approximation it is worth noting that Ostrom (2010) 
warns against “one-size-fits-all-solutions.” That groundwater management is not often managed in the 
western US as these authors suggested some 40 years ago is also of interest. Perhaps the illusion or myopia 
of unlimited quantity of groundwater diagnosed above is not just an illusion but has some kernel of truth. 
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An exhaustible resource may be managed to an economic optimum over time. In this regard issuing 
annual shares to the resource might not be the best incentive plan. If the resource consists of a stock and a 
flow perhaps shares to a portion of the flow and the stock might have advantages. 
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4. Market Failure and Collective Action 

The last point above is a finer point of analysis that shows how this analytical approach can yield insight 
into resource management issues and the solutions to them. The larger point of the analysis so far, as 
portrayed in Figure 2, is that water in situ and freshwater ecosystem services are not private goods. 
Therefore markets will fail to provide appropriate quantities of these goods and services. Before turning to 
this in more detail we consider the two cases of private goods as suggested by the analysis. 

The analysis does suggest that irrigation water withdrawn from groundwater has the characteristics of a 
private good. By implication, once withdrawn, this water may be efficiently allocated by the market. The 
economic constraint on this is, of course, the costs to transport the water to other users. To some extent 
this transportation cost is a transaction cost. If this transaction cost outweighs the gains from trade 
between seller and buyer then there will be no transaction. The insight here is that should an irrigator 
pump groundwater for use in irrigation there is little need to unnecessarily regulate the sale or transfer of 
the produced water. If used for irrigation, the water would have been fully consumed. So disposing of this 
water on the open market does not affect other users and has the same impact on freshwater ecosystem 
services. This suggests that there is considerable scope for augmenting groundwater trading (Brozović and 
Young 2014). Of course, in many cases only higher value uses, such as municipal and industrial uses, will 
be able to afford these transportation costs. This is why the news often carries stories of large groundwater 
transport for urban consumption, such as that currently proposed by the city of San Antonio (Hardberger 
2016). 

The analysis also suggests that during the time of year when supplies or short or during drought that water 
withdrawn will be congestible and potentially a private good. This applies in the case of shared 
conveyances and particularly on large shared conveyances such as in large irrigation districts. Of course 
this relies on the premise that the water is also excludable. On a shared conveyance this form of exclusion 
is going to be institutional in form. In other words control over the limited water available is needed. 
Whether this control means that the delivering entity controls the water, select member of the group 
control the water in accordance with some priority system, or each member owns a co-equal share of the 
water is not critical to the economics. The distribution of property rights does not affect the efficiency of 
the outcome from the market bargaining that should ensue in the face of scarcity (Coase 1960). Of course, 
the distribution of property rights has everything to do with distributional equity and may drive the 
political economy that determines the property rights system. The larger point though is that when 
congestion and rivalry occur there is the opportunity for an internal market on a shared conveyance. 

Aside form these two instances the other human and ecosystem uses of water display public good 
characteristics and therefore cannot be considered as private goods. Therefore, if left to markets, these are 
unlikely to be produced and allocated in amounts consistent with their marginal value to society. The 
analysis of rivalry and exclusion thus leads to the identification of goods that are subject to market failure. 
According to Randall (1983), market failure is presented variously in the economics literature as caused by 
problems of common property resources, public goods, externalities, and monopoly. Randall (1983) shows 
all of these various characterizations of market failure can be identified through the diagnosis conducted 
above, that is based solely on the analysis of rivalry and exclusion, including congestibility and the notion 
of hyper-exclusion (i.e. monopoly). In other literature, a series of other terms such as open access, the free-
rider problem, collusion, barriers to entry, poorly defined property rights, perfect information, transaction 
costs, etc. have also attained some association with market failure. These latter terms are not reflective of 
market failure, being either derivative terms associated with the four identified by Randall, or issues 



 

Water, Public Goods and Market Failure 13 

associated with the idea of perfect competition within the market and not market failure per se (Pearce 
1986).  

With regard to market failure and water, the challenge is for society to take find an alternative means for 
the production and allocation of these goods. This is framed as the collective action to achieve effective 
allocations of water (Olson 1965). This was originally interpreted as meaning that the state should provide 
these public goods. However, over time both the expansion of the set of goods with public goods 
characteristics and the study of institutions led to the broadening of the potential scope for collective 
action beyond the state (Ostrom 2010).  

An institution is a set of norms or effective rules used by a group of people in order to organize a certain 
sphere of their collective activities (Ostrom, Schroeder, and Wynne 1993). A number of possible 
institutional arrangements exist for the management of goods, no matter their public or private 
characteristics: 

• Centralized arrangements – central collective provision or management by public functionaries, 
some elected, others not, that take decisions at the national scale. 

• Decentralized or devolved arrangements – power and authority to manage the resource are 
delegated from the center to a region (or other subunit of management). 

• Markets – resource allocation is conducted through buyers and sellers acting in a market 
environment that can be characterized as (a) a simple market where there are just buyers and 
sellers, (b) a differentiated market where there are provider organizations and intermediaries that 
lower transaction costs and (c) user groups that function as provider organizations in a 
differentiated market orchestrating production and other market functions. 

• Polycentric arrangements – power and authority is distributed across different groups all of which 
have their own set of roles and responsibilities in the production and management of the resource, 
this includes common property regimes or user groups where resource users treat the resource as 
common property and agree on rules for exclusion, i.e. for access and management. 

The relationship between the type of good and a particular type of institutional arrangement is not 
necessarily one-to-one. For example, the literature suggests that the exclusion problem inherent to 
common pool resources can be resolved through the adoption of common property regimes in which user 
groups set their own rules for exclusion, management, alienation and how access and withdrawal are 
operationalized (Schlager and Ostrom 1992). However, it is not inconceivable that a common pool 
resource could be managed through other means. Randall (1983) examines the example of creating non-
attenuated property rights and using market forces to achieve efficient production in a common pool 
resource. For Randall, who uses the case of the ocean fishery, this option suffers from the costs of 
enforcing exclusion in the open sea. He concludes that the problem is that these transactions costs are not 
only so high as to eliminate any gains from trade in the market, but reflect the cost (read impossibility) of 
creating effective property rights. For these he blames “peculiarities in the nature of the physical resource 
itself” (Randall 1983, 133). Interestingly, Randall extends this problem to include other resources 
including groundwater. However, as noted above the physical nature of groundwater is different still from 
fugitive resources such as fish. Further, under the right conditions it is possible to use property rights to 
effectively manage groundwater. 

This points to the need to examine each type of good in light of the existing fact situation (or in Ostrom’s 
terminology the socio-ecological setting) and to then layer on the historical context of institutional 
development, including policy, law, etc. A range of factors affect the rivalry and excludability of every 
good, and may, in fact, vary from one situation to the next. Sources of variation include: 

• the range (spatial, temporal or economic) in which the good is available (i.e. local, national or 
global); 
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• the biogeophysical environment (in the case of water topography and climate will be very 
important); 

• the relationship between supply and demand for each good (relative values of different products); 
and 

• the technologies employed in the production of the good. 

Because the classification of rivalry and exclusion may vary according to circumstances, a technology for 
exclusion that may be a realistic option in a developed country may not be so in a developing country. 
This may arise from variation in the cost of applying the technology or in the underlying supply and 
demand for the water. The latter might lead to a difference in the value or price of the good relative to the 
technology in one country as opposed to another, which will affect the feasibility of employing the 
technology. As classifications will vary over time and space, an institutional arrangement that succeeds in 
providing or producing the good in one site in an efficient manner may not do so in another. 
Nevertheless, the analysis of public good characteristics is an important step and serves to identify the 
most logical institutional alternatives. 

Before concluding the Annex the sub-sections below present an initial discussion of how the types of water 
analyzed earlier and the types of market failure identified leads to suggestions of potential institutional 
responses.  

4.1 Groundwater  

As reported earlier, groundwater (in situ) is often characterized as a common pool resource. However, as 
diagnosed here there is a myopic effect where in the short run groundwater appears to be a public good 
that is not subject to rivalry and exhaustion. This may, and often has, lead to lax attention by policy 
makers to the need to address groundwater use over time.  

Regardless, there is agreement on the difficulty of exercising exclusion over groundwater, particularly with 
respect to de facto exclusion. This leaves only the possibility of institutional exclusion. Centralized 
provision of groundwater by the state makes little practical or economic sense. Land and groundwater are 
distributed but generally in closer proximity in vertical distance than horizontal space. There is little logic 
to providing groundwater through centralized mechanisms.  

Centralized management and regulation however is a distinct possibility. The state may establish that 
groundwater is either common property or public property and allocate permits to use the resource. It is 
then only one additional step to make the permits marketable and deploy a market arrangement. 
Alternatively, exclusion at some local scale, whether of an aquifer, a sub-area of an aquifer, or some 
related administrative unit, can be achieved through a common property regime made up of users, as 
outlined earlier. As opposed to traditional, long-standing common property regimes that evolve over time, 
the creation of new such regimes is difficult. The state must decide which authorities to devolve to user 
groups and which to retain, making this a case of a polycentric arrangements. Decisions include how 
much groundwater to withdraw, how the permits are distributed and what rules apply to their use and 
exchange. Various systems that have evolved to manage groundwater in the face of its non-exclusive and 
partially rival nature are analyzed in the body of the main report. 

4.2 Surface Water and Freshwater Ecosystem Services 

As a congestible resource with high difficulty of exclusion, surface water may be managed using the same 
institutional approaches as for groundwater. However, a number of distinctions between the two 
resources suggest a number of potentially significant variations. First, as noted above there is the 
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possibility of centralized public provision through the financing of large infrastructure projects which 
whisk large amounts of water away in canals or impound water in large reservoirs. These uses can have 
large impacts on freshwater ecosystem services and suggest the need for centralized authority to regulate 
in favor of the provision of these services. Leaving such decisions to water user groups is unlikely to 
provide efficient quantities of ecosystem services.  

As with groundwater, the need for collective action begins by establishing the state’s ownership interest in 
the resource. At that point authority can be devolved or permits to use the resource issued by the state. 
Promoting common property management along a river may be awkward. Rivers systems are long and 
nested and while there may be reaches of such systems that can be managed jointly by users there are at 
least two reasons why this is difficult. First, the exclusion problem is not necessarily a local problem, but 
may instead be a problem far upstream. Second, the connection between upstream withdrawals for 
diversions or storage and downstream due to the partially consumptive nature of many uses of surface 
water, and particularly irrigation, may lead to coordination problems and inefficiencies. These difficulties 
suggest the need for coordination across nested scales of a river basin. In particular, the alternative of 
allocating permits to use water appears best coordinated at a basin scale. Regulate these permits at too 
fine an administrative scale and the large publically financed projects may impose their will on smaller 
permit holders. Also, the tradeoff between human uses and freshwater ecosystem services must likewise be 
managed, coordinated and regulated. For these reasons, centralizing the authority to manage the resource 
and regulate the permits seems appropriate. The central authority then must have the capacity to monitor 
and administer withdrawals in accordance with the permits at the local scale, or be willing to decentralize 
this task to local entities. 

4.3 Withdrawn Surface Water, Natural Monopolies and Clubs 

Unlike pure public goods, the storage and diversion of withdrawn irrigation water are generally classified 
as club goods, non-rival but exclusive. Club goods are less susceptible to market failure than pure public 
goods, however there are a number of critical factors that determine whether club goods are produced at 
optimal levels. Achieving withdrawals at large scale requires the construction of large dams and/or 
distribution networks. These are often regarded as natural monopolies because a large capital investment in 
infrastructure is required to build, for example, a distribution network on a scale that generates enough 
revenues to repay the investment. The allocation problem is therefore providing an incentive for the 
financing and construction of such systems. If these systems were non-exclusive then the problem of free 
riding would make attaining the necessary financing impossible. However, the advantage of these 
infrastructure works is that they provide considerable ability to exclude users that are not fully paid 
members of the user group (or club).  

Large irrigation schemes involving storage and distribution have often been managed by centralized 
agencies. For example, in the western United States, early efforts to promote the formation of private 
irrigation companies under the Carey Act of 1894 failed and the federal government stepped in and took 
on the task of building large irrigation schemes through the Reclamation Act of 1902. This was a 
collective action response to what was effectively a free-rider problem. 

The challenge changes once storage and distribution systems are in place. In well-managed systems where 
potential users are easily excluded (unless they pay), there is the threat of monopoly power as the system 
operator exerts control over the system. Many countries have chosen to continue requiring centralized 
provision of water through public utilities or parastatal organizations to counter this problem. Other 
countries have chosen a polycentric arrangement in which private companies provide the network and 
services, but do so under regulation by a public utility commission that sets rates and limits profits. These 
arrangements are effectively clubs, where users belong to a network and are provided service on the basis 
of membership and usage fees. 
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In poorly managed systems where exclusion is not enforceable, illicit taking of water may occur and 
reduce the potential consumption of water by legitimate members of the scheme. Alternatively, users shirk 
their responsibility to pay. In such cases there is a failure to exclude and the potential of rivalry so that the 
problem resembles more one of a common pool resource. With repayment of capital and operations and 
maintenance costs a continuing problem in many countries (developed and developing), irrigation sector 
reform now promotes self-government by water user groups as a means of fostering cost recovery. Local 
water users associations can internalize the costs and benefits of irrigation system management and 
reshape such systems to the real needs of users, rather than the needs as perceived by central governments 
thousands of miles away. It is important to note that there is a tendency to solve the initial water 
infrastructure financing challenge through a centralized arrangement that taps taxpayers generally, but 
then to decentralize responsibility to user groups to solve the operations and maintenance challenge.  
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5. Conclusions 

As pointed out by Ostrom (2011: 409), empirical study suggest the importance of “fitting institutional 
rules to a specific social-ecological setting as ‘One-size-fits-all’ policies are not effective.” This generalized 
application of public goods and market failure to water has sought to demonstrate how the analysis of 
particular goods and service can shed light on production and allocation problems associated with non-
private goods, which ultimately manifest themselves as problems of incentives. In the effort to develop 
institutional arrangements for collective action it is always important to recall that the goal is to align the 
incentives facing consumers and producers to arrive at efficient solutions. However, once public goods are 
encountered the concept of an efficient solution produced by a market goes out the door and 
understanding of what such a first-best solution would be is not only not clear, but admitted to be 
impossible to achieve. Also, once the invisible hand disappears questions of distributional equity become 
even more central to the political process. If this is confusing it should be. General solutions to general 
problems are useful heuristic devices but rarely map well to the complexity of real world settings and 
history. However, in a particular setting and on a path that depends on the history to that point, problems 
in water management are often fairly obvious and the approaches laid out in this paper can be deployed 
to find specific solutions to specific problems. 

With respect to the attempt to generally characterize water the overarching findings of the analysis are 
that freshwater and freshwater ecosystems are not private goods and should therefore not be left to 
markets. That said, markets remain one of a potential number of tools for managing water. In particular, 
the establishment of use rights to water and the enabling of regulated trade in such rights is one such tool. 
However, the complexity of the setting and the particular nature of water suggest that considerable care 
and attention to detail is necessary if such markets are to prove up as part of the water management tool 
chest and be a positive and contributing arrangement for sustainable water management. 
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