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Abstract 

 
 

Rights-based institutions have been adopted for certain natural resources in order to more 
effectively mitigate the losses of the common pool. Past central government regulation has not 
proved satisfactory. A major issue has been the assignment of those rights. In this paper, I 
examine three different allocation rules: first-possession, lottery or uniform allocation, and 
auction and draw predictions as to when they might be adopted. I analyze the assignment, timing, 
and nature of the rights granted in five resources: oil and gas unit shares, water rights, radio 
spectrum rights, emission permits, and selected fishery ITQ’s in six countries (Australia, Canada, 
Chile, Iceland, New Zealand, and the U.S). I find that rights-based arrangements generally are 
adopted late, but when they are implemented, first-possession rules dominate where there are 
incumbent users. Lotteries and auctions are rarely used. I discuss criticisms of first-possession 
rules and argue that first-possession is likely more efficient than previously recognized.  
Accordingly, restrictions on such allocations (rights set-asides for particular groups and 
exchange limitations) may be costly in the long run for maximizing the value of the resource. I 
also look at government regulation of use rights to water and the radio spectrum under the public 
interest and public trust doctrines.  The record suggests that private, rather than public interest 
considerations dominate agency decisions.  There may be similar regulatory effects in fisheries 
and other resources.  
 
 
 
 
 
 
I. Introduction. 

There is an accelerated trend toward assigning property rights of some type to resources 

in order to mitigate the losses of the common pool.1  A recent survey found that tradable use 

permits were used in 9 applications in air pollution control, 75 in fisheries, 3 in water, and 5 in 

land use control.2 These institutional innovations have taken place as the resources have become 

more valuable, as they have faced growing open-access or common-pool losses, and as 

dissatisfaction has increased with existing centralized regulation.3 There are multiple advantages 

of property rights arrangements including flexibility, cost-savings, information generation, 

migration to high-valued uses, and better alignment of incentives for conservation or investment 

in the resource. The more complete are property rights, the more the private and social net 
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benefits of resource use are meshed, eliminating externalities and the losses of the common 

pool.4  

By contrast, centralized (command and control) regulation, which typically relies upon 

uniform standards, arbitrary controls on access, constraints on timing of use, and/or limits on 

technology or production capital, suffers from a variety of well-known problems including high 

cost, inflexibility, ineffectiveness, and industry capture. Further, regulatory decisions take place 

in the absence of information about alternative uses that market trades generate. Finally, 

centralized state regulatory rules may or may not align with the incentives of actual users of the 

resource.  Generally, no party involved--actual users, regulators, politicians—is a residual 

claimant to the social gains from investment or trade.5 Accordingly, extraction, production, 

investment, and allocation decisions are based on other factors that are apt not to be consistent 

with maximizing the economic value of the resource or of conserving it. Indeed, the experience 

with many central regulatory regimes has not been satisfactory—fisheries continue to be 

depleted; air pollution abatement targets have not been achieved; water has not been re-allocated 

effectively; and technological change in the radio spectrum has been retarded.  

Despite the attractions of more definite property rights, they remain controversial, 

limiting or slowing their adoption. They generally are adopted only late, after conditions have 

deteriorated for many regulated resources.6 Allocation is the most controversial aspect because 

of the distributional implications involved in moving from open-access or central regulation to a 

property regime.7 In many cases, at least some constituencies, including regulators, who 

benefited from the previous regulatory arrangement, will be disadvantaged under a new rights 

system.  Hence, these parties will resist the new arrangement until there are few options.  
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More broadly, any property right that has meaning involves exclusion, so that some 

parties that previously used the resource will be denied access. Production under a property 

rights regime has a different composition of inputs and timing than what occurs under open-

access or regulation, with negative impacts on certain groups of labor, input sellers, service 

organizations, and processors. These production changes are inherent in the efficiency gains of 

privatization, but not all parties directly benefit from them. Further, as the resource rebounds and 

becomes more valuable, new owners have wealth, status, and political influence not available to 

those without access privileges. These distributional factors, along with the costs of bounding, 

measurement, and enforcement constrain the extent and timing of the assignment of property 

rights to address the common pool. In this paper, I examine these issues across a variety of 

resources and develop generalizations for application of ITQ’s in fisheries.  

II. Open-Access and the Allocation of Property Rights.  

 The Losses of the Commons  

Garrett Hardin’s the Tragedy of the Commons (Science, 1968) made clear in the popular 

scientific press what resource users had always understood, that open-access can result in 

important economic and social losses.8 Hardin was not the first to call attention to the tragedy of 

the commons.  More than a decade before his article, H. Scott Gordon (1954) clearly outlined 

similar logic in another classic: "The Economic Theory of a Common-Property Resource: The 

Fishery. Gordon=s analysis was extended by Scott (1955), Cheung (1970), among others.  

Under open-access, individuals are attracted to valuable resources so long as their private 

marginal costs of access and production are less than or equal to the average returns for all 

parties from resource use. Waste occurs for a variety of reasons. One is that short-term 

production levels are too high and investment is too low.  Because property rights are not clearly 
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assigned, individuals in their production decisions do not consider the full social costs of their 

activities.  Accordingly, the net private and social returns from individual production decisions 

diverge. Production by one party lowers the productivity of others. These technological 

externalities are seen by all parties, leading them to rush production before their competitors.  As 

a result, total output or harvest by all parties exceeds the social wealth-maximization point, 

where social marginal costs equal social marginal returns.  Therefore, individuals exploit the 

resource too rapidly and intensively at any time, relative to interest rate and price projections.  

Further, the emphasis on competitive, short-term production ignores long-term investments. The 

incentive to invest is reduced because investors cannot anticipate that they will capture the 

resulting returns.9   

Another source of waste is limits on exchange due to the absence of more definite 

property rights.  Demsetz (1967) argued that an assignment of property rights was a prerequisite 

for markets to facilitate socially-valuable trade among economic agents and thereby, to create 

asset prices that reflected underlying demand and supply.  In the absence of market price signals, 

open-access resources do not flow smoothly or routinely to higher-valued uses as economic 

conditions change.  Moreover, they are not allocated effectively over time.  When market prices 

indicate that the present value of resource rents is greater from future, rather than current use, 

exploitation will be delayed.  Under open-access, however, there is little incentive for economic 

agents to postpone resource use to the future. 

Finally waste occurs because under open-access competing claimants must divert labor 

and capital inputs from socially-valued production to predatory and defensive activities.10 Rent-

dissipating violence among competing claimants is possible.  
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Central State (Command and Control) Regulation 

In cases where the resource is relatively easily bounded and measured, such as land, and 

where the numbers of parties involved are small, some type of locally-devised property 

institution effectively mitigates the losses of the commons.11 Group or common property 

arrangements are an example. Where these conditions are not met, the initial response to open-

access generally has been state regulation of entry and production to include: a). restrictions on 

access or time of use, such as limits placed on non-citizens or non-residents in fisheries or 

prohibitions on use of large parts of the radio spectrum;  b). equipment controls, such as on 

vessel size or technology used in fisheries and uniform requirements for scrubbers on power 

plants; and c). extraction regulations, such as prorationing in oil production and air pollution 

emission controls.  The aim of these regulations is to constrain output to more optimal levels and 

thereby avoid some rent dissipation.   

State regulation is the initial resort for a number of reasons. One is that it avoids the 

complex, costly, and controversial allocation of more definite property rights, which could 

directly address the problem of externalities. Second, state regulation may involve lower costs of 

measurement, bounding, and enforcement, and if the resource is of relatively low value, more 

definite property rights may be too costly to be an option.12 Another reason is that state 

regulation is consistent with the notion that many natural resources are rightly “public” with 

ownership reserved in the state rather than in private parties. Similarly, if there are important 

public goods associated with the resource, then state ownership and regulation of access may be 

optimal. There are, however, potential problems associated with use and regulation under vague 

and uncertain concepts of the “public interest” or the “public trust” as described below. Finally, 

state regulation can advantage certain influential political constituencies who mold regulatory 
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policy in their behalf.  While market processes are relatively transparent, political and 

bureaucratic processes are less so, facilitating preferential treatment to certain parties.13 This 

situation underlies the notion of regulatory capture.14 

One of the constituencies in regulation is the bureaucracy itself which develops a stake in 

the maintenance and expansion of state authority and resistance to property regimes where more 

decision-making responsibility is granted to actual resource users. Agencies often are relatively 

insulated especially when resource management requires scientific knowledge that may not be 

generally available to citizens. Hence, agency officials can manage the resource to maximize 

budgets and regulatory discretion, to advantage particular favored constituencies, and/or to 

advance particular political, scientific, and professional views of resource access and use.  Since 

neither politicians nor bureaucrats are direct residual claimants to the resource rents that are 

saved by mitigating the losses of open-access, their regulatory decisions may or may not increase 

the social or economic value of the resource.  

For all of these reasons, when the costs of central regulation become large and its 

effectiveness in stemming open-access losses questioned, other options become considered. If 

the resource is of high enough value to warrant more definite property rights, then they can be 

adopted. But property rights arrangements are costly and how they are implemented affects their 

efficacy in addressing the losses of the commons. A key issue is that of allocation. .   

Allocation of Property Rights    

Demsetz (1967) suggested a smooth process of the emergence of property rights as 

resource values rose, offsetting the costs of definition and enforcement. But experience reveals 

that the process of institutional change is more complex than he envisioned.15 Allocation is 

contentious because of the assignment of wealth and political influence associated with exclusive 



 7

property rights. Property rights are political institutions and the underlying negotiations 

determines the nature of the rights arrangements that ultimately emerge, their timing, and 

effectiveness.16 As emphasized by Coase (1960), allocation rules are always important for 

distribution and they affect efficiency in the presence of transaction costs.  Property rights 

allocation also is affected by other factors, including the physical nature of the resource, the 

number and heterogeneity of the parties involved, equity norms and precedents, and the legal 

environment. There are several allocation mechanisms: 

First-Possession Rules. 

First-possession is the dominant method of establishing property rights.17 It assigns 

ownership on a first-come, first-served basis or first-in-time, first-in-right. First-possession rules 

are attractive because they recognize incumbent parties, who have experience in exploiting the 

resource and hence, may be the low-cost, high-valued users. Incumbents also have a direct stake 

in access to the resource and will be important constituents in any property rights distribution. 

They are concerned about past investment in specific assets, which otherwise would not be 

deployable to other uses. Since first-possession rules recognize these investments, this security 

should encourage future outlays. Allocations that do not consider the position of incumbents will 

face opposition, raising the costs of rights assignment and enforcement.18 Accordingly, 

grandfathering in initial allocation has been a necessary ingredient in building the political 

support necessary to implement the approach.19  

There are other reasons why first-possession rules can be efficient. In principal, they 

recognize first-movers, innovators, entrepreneurs, who first experiment with and use a resource. 

Society benefits from innovative, risk-taking activities, and first-possession recognizes such 

actions. Further, under first-possession the market determines optimal claim size, whereas under 
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other allocation arrangements bureaucratic or political objectives define the assignments. If these 

are not consistent with optimal production size then further trade is required, and if transaction 

costs are high, such exchange might be limited. Hence, first-possession can economize on 

transaction costs.20 

Examples of first-possession rules include allocating property rights based on historical 

catch in fisheries, on past fuel use in emission permits, prior appropriation in water rights, past 

utilization in spectrum allocation, and on novelty in patent and copyright assignment. First-

possession rules also often include beneficial use requirements for maintenance of the right to 

limit hoarding and constraints on valuable new entry.   

The rule-of-capture that applies in fishing, oil and groundwater extraction is a type of 

first-possession rule. Ownership is granted to the party that invests in extraction. But the rule-of-

capture grants ownership to the flow and not generally to the resource stock, and hence in the 

presence of open-access conditions, it can exacerbate competitive extraction incentives. If the 

competing parties are homogeneous and ownership is short-term, then full dissipation is possible 

as parties rush to “capture” the asset. If, on the other hand, the parties are heterogeneous and use 

rights are long-term, then first-possession assignments to a flow can mitigate rent dissipation.21  

The same criticism of first-possession rules and rent dissipation applies if homogeneous 

claimants race to establish property rights to the stock.22 But as before, if the parties are 

heterogeneous and the resulting rights are secure and permanent, then full dissipation will not 

occur. There are costs with any rights allocation rule, and the “winners” of such a race may be 

the most efficient producers. Accordingly, first-possession may not be more costly than other 

assignments. Generally, if the transaction costs of subsequent exchange are high, then it makes 

sense to assign rights to low-cost users with histories of past involvement in the resource. 
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Despite their ubiquity, first-possession rules often run afoul of fairness considerations, 

and this situation raises political opposition to them. First-possession discriminates against new 

entrants. There are wide-standing views that “people should get what they deserve and deserve 

what they get.” If first-possession ownership is viewed as rewarding those who by luck and 

connections were allocated the right, then they may be opposed or their returns taxed.23 In the 

case of intellectual property rights, where the fixed costs of research and development are low, as 

may be the situation in software, it is argued by proponents of the “open source” movement that 

copy rights and patents are inefficient. They deny access, expansion of the market, and related 

subsequent innovation.24 

Uniform Allocation Rules.   

Equal sharing rules avoid the distributional concerns associated with first-possession and 

better reflect egalitarian goals. If there are no restrictions on subsequent exchange of property 

rights and transaction costs are low, there are few efficiency implications. The resource still 

migrates to high-valued users. Uniform allocations also avoid the measurement costs of verifying 

claims of past production or use or of documenting precedence claims that are part of first 

possession assignments. They can also avoid the costly pursuit of property rights when first-

possession is known to be the allocation rule.  

Lotteries are examples of uniform allocations because each claimant is given an equal, 

random draw in the assignment of rights to the resource, and the allocation granted generally is 

partitioned equally among lottery winners.  Uniform allocations via lotteries are most effective 

when applied to new resources where there no incumbent claims and all parties are relatively 

homogeneous. They can also be used when the access and use rights granted are short-term and 

no long-term ownership is implied, such as with lotteries for annual hunting licenses. Where 
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there are existing parties who use a resource informally (and sometimes illegally), implementing 

a uniform allocation rule for the assignment of formal property rights is resisted because it does 

not recognize prevailing claims. Opposition by established users to the re-allocation of rights as 

part of a uniform allocation rule will raise the costs of definition and enforcement.25   

Auction Allocation. 

A third allocation mechanism is auction. It can directly place asset into the hands of those 

who have the highest value for the asset. It thereby avoids the transaction costs of re-allocation. 

Auctions also generate resources for the state and avoid the windfalls that might be considered 

unearned and divisive. Auction returns can be used to cover the costs of defining and enforcing 

property rights and other costs of resource management. As with lotteries, auctions work best for 

new, unallocated resources where there are no incumbent claimants and where resource values 

are very high. By granting more of the rents to the state, auctions reduce the distributional 

implications of first-possession or uniform-allocation. 

Incumbents naturally resist auctions in the allocation of rights because they are forced to 

pay for something they believe they are already entitled to because of first-possession. For these 

reasons auctions not used as often as economists have predicted.26 Auctions can be used in 

conjunction with other allocation arrangements to provide an adjustment margin when some 

parties are not allocated sufficient property rights for efficient production and the transaction 

costs of gaining additional increments from others are high. 

As with other allocation arrangements, there are costs to auctions. The state must be able 

to measure and enforce resource boundaries and individual allocations secured by auction. The 

terms of the auction may also be influenced by competing claimants who lobby for rules that 

provide them with specific advantages. 
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Transaction Costs.  

Property allocation systems are affected by transaction costs. These are a function of 

information about the resource, the nature of the asset, the number and homogeneity of the 

claimants, equity concerns, and public trust or public interest notions. Throughout the discussion 

below, the comparison is between open-access and a property regime, but it applies as well with 

a comparison with central government regulation and property rights.  

The nature and distribution of information about the environmental/resource problem to 
be addressed by a property rights allocation.  
 
 If there is limited or asymmetric information about the size of open-access or regulatory 

losses or of the costs of addressing them, the expected gains from a property rights allocation as 

a solution will be uncertain. This situation raises the transaction costs of assigning rights. 

Resource users will not be able to effectively compare the advantages of a more formal rights 

system with returns under open-access and regulation or to determine how they will fare in the 

new arrangement. There are costs of organizing to influence the rights allocation mechanism, as 

well as costs of defining and enforcing individual claims. If the benefits are more uncertain than 

are the costs at any point in time, then a consensus on property rights will be difficult to obtain. 

Some parties who have adapted well to open-access or regulation may conclude that they are 

better off under the status quo.  

For these reasons, formal property rights often are not implemented until either resource 

values are very high (the rental losses of open-access or central regulation are very large) or until 

late in the use of a resource when the open-access losses have largely been borne and the stock is 

close to depletion. At that time, the benefits of property rights become clearer. Information about 

open-access or regulatory losses and the costs of addressing them is spread more evenly. 
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Additionally, transaction costs are lowered because with reduced earnings and the depleted state 

of the resource, there are fewer claimants to involve in the allocation of property rights. 

In order to avoid long-term rent dissipation, an appropriate state response is to provide 

credible, scientific information about open-access losses such as the size of declining fish stocks, 

air pollution costs, or lost amenity values of a resource and about the sources of those losses. 

Recognition of existing users in any proposed rights arrangement and enforcement guarantees 

also can speed institutional change. First-possession allocation rules reduce uncertainty for 

incumbent users in the calculation of individual net gains from adoption of property rights. 

 The physical characteristics and value of the resource. 

Larger, more mobile, unobservable environmental/natural resources such as groundwater, 

air, and fish and wildlife stocks have higher measurement, and enforcement costs in assigning 

and protecting property rights than do stationary resources such as land. The state may lower 

transaction costs by providing information about the boundaries of the resource and by defining 

and enforcing individual partitions of it. Accurate measurement and effective enforcement are 

critical for the success of any rights-based regime. Large migratory resources that are difficult to 

bound may not be successful candidates for individual property rights because partitioning may 

not be feasible. Larger rights allocations covering extensive territories may be more plausible, 

but they involve greater enforcement costs.  

More valuable resources also are associated with higher enforcement costs because there 

are more claimants and potential entry.  Resource values may rise due to exogenous supply and 

demand factors or due to the gradual depletion of the resource under open-access. As open-

access losses increase for valuable resources, the returns to the assignment of property rights rise. 

Capturing a portion of rents that are saved is the motivation for individual parties as they 
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negotiate for the assignment of property rights.  As outlined by Demsetz (1967) more valuable 

resources tend to have more precise property rights because the larger benefits from definition 

and enforcement offset the higher costs of doing so.  

 The number and heterogeneity of the bargaining parties. 

 An extensive body of research on collective action regarding natural resources as well as 

within cartels, reveals that larger, more heterogeneous groups have higher costs of reaching 

agreement and enforcing compliance. There is potential for free riding, holdup, and defection. 

The state can mitigate these problems by defining property rights to limit entry and by punishing 

those who violate contracts and trespass. In contrast, smaller, more homogeneous groups are 

better able to find consensus on the allocation of property rights. This suggests that allocation of 

rights to new resources with no pre-existing claimants can occur at less cost than will be the case 

for established resources with heterogeneous incumbent claimants and new entrants.27 Similarly, 

Ostrom (1990) and others have shown that small homogeneous groups with frequent interaction 

can effectively reach agreement on resource allocation and use. These groups often use 

community property rules to mitigate open-access problems and enforce them through norms and 

customs. These arrangements, however, may not be sustainable in the face of exogenous 

increases in price and entry by new claimants. 

  Equity and precedent of resource ownership, access, and use.  

As noted above, norms of fairness affect the allocation of property rights. An ownership 

distribution that is highly skewed and is not open to entry by ambitious non-owners can be costly 

to enforce and hence, be unstable.  Resentment of windfall allocations that are based on luck or 

political connections may lead to re-allocation efforts or to tax policies that capture at least a 

portion of the windfall gains.  These actions add uncertainty to any property rights regime and 



 14

reduces its effectiveness in addressing open-access losses. For example, if ITQ’s are allocated 

based on historical catch and the fishery stock rebounds under the new arrangement, quota 

owners may receive considerable gains in wealth. Those denied access to the fishery under the 

allocation rules may lobby for a share of those gains via taxes or other quota restrictions. This 

sets the stage for political conflict over the regulation of the fishery.  As Johnson (1995) shows, 

these taxes are not neutral in terms of impact on the incentives of ITQ holders to conserve the 

stock. 

Some resources, such as water or some wildlife, have been viewed as inherently public 

and private ownership has been resisted. Two related regulatory concepts are those of the public 

trust and the public interest.   

 Public Trust/Public Interest.  

The “public trust” is a common law principle creating the legal right of the public to 

utilize certain lands and waters, such as tidewaters or navigable rivers, and other waters and 

natural resources with high amenity or public goods values.28 Under the doctrine, the rights of 

the public are vested in the state as owner of the resource and trustee of its proper use. It 

historically had fairly narrow application, but broader interpretations are advocated by some 

parties. 29 For example, recent water diversion restrictions have been implemented in the US 

West under the public trust to protect natural habitat.30 

 The justification for public trust is that many vital natural or environmental resources 

provide important public goods that would not be provided effectively by private ownership 

because of the inability to exclude and to appropriate the returns from production and 

investment. Other justifications are based on equity of access; that private ownership would 



 15

result in excluding most citizens from access to naturally-occurring resources. Therefore they 

should be held in the public trust and not given away.31   

The public trust, however, is a vague concept that can be used opportunistically by 

interest groups to advance their preferred uses of the resource without compensating other 

parties. Where there are undisputed public goods at stake, then the public trust can be used to 

protect them via state regulation.  Where there are mixed private and public values at stake in 

resource use, then the benefits are not so clear. While market failure to provide public goods is 

articulated by proponents of the public trust, the incentives of the state to provide public goods 

are less clearly outlined. That is, regulation in the guise of pubic trust can be used to advance 

special interests rather than resource or environmental improvements.  

Accordingly despite its attractions, extension of the public trust doctrine as justification 

for limits on rights-based approaches comes at a cost. The associated regulatory interventions 

weaken property rights, promote open-access conditions and conflict, and thereby potentially 

dissipate private and public values of the resource. Valuable trade is reduced; useful information 

about alternative resource uses is not generated; important private investment is foregone; and 

competition over the common resource brings waste. Additionally, with so many interests 

involved, it may be impossible to reach consensus in allocation and use decisions. The high 

transaction costs of reaching agreement result in paralysis and lock-in of resource use in existing 

patterns, even though new, more valuable demands for its use may have arisen. 

Predictions. 

Although an analytical framework has not been presented here, the discussion suggests a 

number of predictions for allocation rules: 1). First-possession will be used when there are 

incumbent users; 2).Uniform allocation or lotteries will be used for new resources where there 
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are no influential incumbents; 3). Auctions will be adopted for new resources where there no 

incumbent users and where both potential rents and the transaction costs of subsequent trades are 

high. They also will be used on the margin to add flexibility to an existing first possession 

allocation system.  4). Adoption of rights-based institutions will come late in resource use when 

the costs of both open-access and central regulation are high; and 5). The most complete rights 

will be assigned to resources that are more valuable, less mobile, and more observable.  

  With these concepts in mind, we now turn to five environmental and natural resources 

where allocation of rights has been used to address open-access: oil and natural gas, water, the 

radio spectrum, air pollution emission permits and fisheries. Implications and conclusions are 

drawn in the final section of the paper. 

III. Allocation of Rights to Subsurface Oil and Gas Reservoirs in North America.   

 In the United States and Canada rights to access oil, natural gas, and other minerals 

generally are assigned to surface land owners.32 Actual ownership of subterranean oil and natural 

gas comes through the common law rule of capture, which as been noted, is a form of first-

possession. Under the rule of capture, ownership depends upon extraction. This ownership rule, 

however, creates conditions for competitive open-access extraction if there are multiple surface 

owners above the deposit. 

Oil and gas are lodged in subsurface reservoirs under great pressure. When any part of 

the surrounding geologic formation is punctured by a well bore, a low-pressure area is created. 

Natural gas and oil migrate rapidly toward the opening. The extent of migration depends upon 

subsurface pressures, oil viscosity, and the porosity of the surrounding rock.  Reservoirs are not 

uniform.  These characteristics differ across the field, generating inherent variation in well 

productivity.  This migration potentially allows adjacent landowners to extract their neighbor’s 
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oil. Because this potential is recognized and because most oil and gas fields in the United States 

lay below multiple surface land owners (over 1,000 in the huge East Texas field), the stage is set 

for wasteful, competitive withdrawal.    

Land owners grant extraction rights to firms through oil and gas leases. By this process, 

multiple firms gain access to the pool, and the lease, rather than the field, becomes the unit of 

production.  Many firms, particularly major producers, obtain multiple leases on a reservoir and 

have operations on many fields.  Each firm has incentive to drill competitively and drain to 

increase its share of oil field rents, even though these individual actions lead to aggregate 

common-pool losses.  Rents are dissipated as capital costs are driven up with the drilling of 

excessive numbers of wells (more than geologic conditions require or price and interest rate 

projections warrant) and with the construction of surface storage, where the oil can be held safe 

from drainage by other firms.  Unfortunately, once in surface storage, oil is vulnerable to fire, 

evaporation, and spoiling.  Rapid extraction also increases production costs as subsurface 

pressures are vented prematurely, forcing the early adoption of pumps and injection wells.  Total 

oil recovery falls as pressures decline because oil becomes trapped in surrounding formations, 

retrievable only at very high extraction costs. Finally, rents are dissipated as production patterns 

diverge from those that would maximize the value of output over time. 

The common-pool problem has been recognized since oil was first discovered in the 

United States in 1859 and it has plagued petroleum production wherever there are numerous 

firms producing from a single formation.  The problem also arises in Canada where surface 

ownership is fragmented as in the U.S. and parts of the North Sea, the Caspian region, and the 

Middle East when hydrocarbon deposits cross national boundaries and producing firms.33  There 

never has been disagreement over either the nature of the open-access problem or the general 
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solutions to it. The conflict has been over allocation of oil net revenues under regulation or the 

assignment of property rights under unitization of production.   

The first response to open-access was state regulation of production, with most 

regulations adopted between the early 1930s and 1960. Libecap and Smith (2002) describe the 

pattern of state regulation of oil and gas production. Overall production “allowables” were 

determined each year in each state based on geologic conditions and more importantly, on 

estimated oil demand and supply. These allowables were then prorated among the regulated 

firms as annual production quotas.  First-possession was the allocation mechanism and the 

specific factors included past production and investment, such as the number and depth of 

existing wells on a lease. The latter variables encouraged denser drilling of deep, costly wells in 

order to increase prorationing quotas, and thereby shifted production allowables from low to 

high-cost producers. Further to gain their political support for regulation, the owners of 

numerous small, high-cost firms in Texas were able to obtain exemption from prorationing rules 

for their so-called “stripper” wells (very high-cost, low-production wells). These and other 

preferences to high-cost small firms reduced the overall benefits of regulation by over $2 billion 

annually by the early 1960s, but they allowed for some of the margins of competitive output to 

be controlled.34  

The most complete solution to open-access in oil and gas production is field-wide 

unitization. Under unitization, production rights are delegated through negotiation to a single 

firm, the unit operator, with net revenues apportioned among all parties on the field (including 

those that would otherwise be producing).  As the only producer on the field and a residual profit 

claimant, the unit operator has incentive to maximize field rents.  Accordingly, unitization results 
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in important economic gains: a time stream of output that more closely approximates the rent-

maximizing pattern, increased oil recovery, and reduced wells and other capital costs.  

Despite these attractions for mitigating the substantial losses in involved in common-pool 

crude oil production, early, complete, voluntary field-wide unitization has not been widespread.  

Libecap and Wiggins (1985) reported that as late as 1975 only 38 percent of Oklahoma 

production and 20 percent of Texas production came from field-wide units. For a unit to be 

complete, it must cover all of the formation and include all leases.  Under voluntary unitization 

then, unanimity is required for agreement on a unit contract, and there is potential for holdouts to 

block agreement.  

The key issue of contention is the allocation of shares of the net proceeds of unit 

production among the various parties.35 These shares are property rights to the unit rents. Shares 

are assigned as first-possession rights based on lease values, but measurement is a major 

obstacle. Each lease’s share is assigned in part on current and cumulative past production, which 

advantages those leases that were oldest and produced the most over newer leases with more 

limited production histories. The other allocation factors are estimates of the lease’s strategic 

position on the hydrocarbon formation or future production potential. Strategically-located leases 

may be on the path of oil migration or have other locational advantages that allow them to do 

well under open-access production. These leases have the greatest potential to hold out. 

Measuring past output is not a source of contention; rather allocation conflicts are based on both 

legitimate disputes over the future production potential of a lease where information is imperfect 

and over strategic maneuvering.  

Wiggins and Libecap (1985) examine the bargaining problem underlying unit formation 

and Libecap and Smith (1999) describe the nature of a complete unit contract. As a result of 



 20

conflicts over allocation, unit agreements can take a very long time to negotiate or breakdown 

and result in incomplete units that cover only part of a field. In their detailed analysis of 7 units 

in Texas and New Mexico, Wiggins and Libecap found that they required from 4 to 9 years from 

the time negotiations began until agreements could be reached.  Moreover, in 5 of the 7 cases the 

acreage in the final unit was less than that involved in the early negotiations.  With incomplete 

units, part of the reservoir remains open-access or is organized into competitive subunits with 

significant losses.   

Owners of small, very productive, strategically-located leases systematically withheld 

agreement in order to extract larger shares that better reflected what they believed they could get 

under unregulated production. At the same time firms with large holdings on a given field were 

most likely to agree early to a unit regardless of allocation because they bore more of the field-

wide losses of competitive extraction. Giving up some share allocation was offset by increases in 

overall production at lower cost. Negotiators for these firms tended to be more flexible in 

negotiations over allocation rules.   

 In all cases, agreement on voluntary unitization did not occur until late in primary 

production. The incentive to agree to the unit at that time came because secondary oil recovery 

through artificial injection of water or other substances to expel remaining oil is more effective 

with unitization.  In addition, disputes about production potential became less important as all 

leases neared primary depletion.  Unfortunately, by that time, many of the open-access losses 

associated with competitive production were already inflicted on the field. 

To speed unitization, states have intervened with so-called compulsory or forced 

unitization statutes. These statutes relax the unanimity voting rule on share allocations. Between 

the late 1940s and the 1960s, all oil-producing states, except Texas adopted some form of forced 
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unitization law to facilitate unit formation. Only in Texas was the power of small firms 

sufficiently great to block the legislation. Not surprisingly, Texas has a lower share of production 

from fully-unitized fields than does other states.  It also has had more high-cost producers than 

other states. 

IV. The Allocation of Surface Water Rights in the Western U.S. 

In the U.S. there are two types of water rights, riparian and appropriative. Riparian rights 

tie ownership of water to the ownership of the land that is appurtenant to water flows. Riparian 

rights are the common law institutions that dominate in the eastern U.S. They are recognized to 

lesser degree in some western states, such as California and Texas.36  Each land owner has a 

claim to use a reasonable portion of the water that flows across or adjacent to his or her property. 

Riparian rights are a type of common property. 

The other surface water ownership arrangement, prior appropriation, is found in the semi-

arid West and it is based on first-possession. The appropriative doctrine emerged in the 19th 

century in response to the development of mining and agriculture in the semi-arid West where 

growing numbers of people and economic activities were increasingly concentrated in areas 

where there was too little water.37   

Under the appropriative doctrine, the first claimant can divert a certain amount of water 

from its natural course for private beneficial purposes on land remote from the point of 

diversion.38 Subsequent claimants can also divert water with lower priority rights. On a stream, 

then there is a ladder of rights, ranging from the lowest to the highest priority. During times of 

drought when stream flows are reduced, the highest priority claimant receives water before 

junior claimants, who share the residual according to their priority.  Hence, the more senior the 

claimant the more definite the amount of water secured by the right.  
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Importantly, under the appropriative system, individuals generally gain only usufructory 

or possessory rights to water, subject to the requirement that the use be beneficial and reasonable 

and to oversight by the state in monitoring transfers to insure that they are consistent with the 

public interest.39 Measurement of beneficial use typically is physical diversion. Accordingly, 

possessory rights holders have had little incentive to conserve water or to leave it in stream since 

that could be evidence of a lack of beneficial use.40   

Because appropriative rights can be separated from the land and sold or leased, they can 

be the basis for private water transfers in response to changing economic conditions. But trades 

that change the location of water diversion, nature of use, and timing, especially if they are large 

relative to stream flow, are restricted by state law and regulated by state agencies. Changes in 

location of diversion to points upstream, for example, could harm other rights holders by 

reducing downstream flows. Changes in the location of use, particularly those that are out of 

basin, reduce return flows and available water to other rights holders. To mitigate these effects, 

state water agencies typically allow changes in diversion and location for only historical 

consumptive uses, which is difficult to measure.41 All water rights exchanges that involve 

changes in location, timing, or nature of use require state regulatory approval with opportunity 

for third-party protests of potential harm. To be approved, transfers must demonstrate that they 

will not harm other diverters on the stream. Some states have more restrictive regulations 

regarding transfers than do others. 

Conflicts over allocation occur when there are proposed trades to re-allocate water from 

low to high-valued uses. In the American West, approximately 80 percent of consumptive water 

use is in agriculture, often in low-valued or subsidized crops. New water demands for growing 

urban areas, such as Los Angeles or Las Vegas, and for environmental and recreational uses to 
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augment instream flows, substantially raise water values at the margin.  Whereas farmers may 

pay $15/acre foot, urban and environmental values may be $300 to $20,000 or more. Griffin and 

Boadu, (1992 p. 274-5) estimated that the average transfer produced net benefits of $10,000/acre 

foot. As a result there are significant allocative gains from moving some water from agriculture 

to urban and environmental uses.  

The misallocation of water has been recognized as a problem for a long time, yet water 

markets have developed slowly and controversially in the U.S.  The conflict is over the nature of 

water rights and their exchange. First, there are legitimate concerns about the impact of water 

trades on other water users (third party effects); there are pure rent-seeking efforts to capture a 

greater share of the often very large returns possible from reallocation; and there are efforts to 

block any private water trades and to assert greater state control over water rights under the 

public trust doctrine.  Because individuals typically hold only usufruct rights to the water, there 

is the potential for retroactive regulatory applications of the public trust doctrine that roll back 

pre-existing appropriative rights.42 As discussed above, unless narrowly defined, public trust 

interventions potentially weaken property rights and their advantages in addressing open-access. 

For example, in a far-reaching ruling by the California Supreme Court in 1983 in the 

Mono Lake case (National Audubon Society v. Superior Court 685 P.2d 709) the court limited 

Los Angeles’ ability to divert water from streams where it had held appropriative rights since the 

1930s and 1940s.  In general, Los Angeles was not compensated for the lost water and had to 

secure alternative sources.  Public trust extensions emphasize that private water usufruct rights 

are non-vested and revocable and that such actions are non-compensable.43 There apparently is 

no constitutional basis for takings challenges of public trust restrictions of private water rights.   
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Because water rights are comparatively weak (relative to land) and subject to 

considerable regulatory oversight, the transaction costs of exchange can be high—20 percent or 

more of the value of the exchange.44 And large transfers can take years to complete, as is 

evidenced by the recent purchase of water from the Imperial Irrigation District by San Diego 

which took some 20 years to negotiate. For all of these reasons Ker, Glennon, and Libecap 

(2006) show that the gap in water prices from those involving agriculture to urban and 

environmental exchanges relative to those solely in agriculture have been growing not declining 

since 1987.45 This implies that the costs of misallocation are increasing.   

Efforts to increase instream flows for valuable fishery habitat, recreation, and amity 

values illustrate the problems of reallocating water rights. Instream flows require that diversions 

be restricted, potentially undermining prior appropriation claims based on them. Monitoring 

costs are high because instream rights are vulnerable to increased diversion by downstream 

appropriative rights holders.46 Water supply uncertainty also complicates reallocation. Periodic 

drought requires a rationing mechanism for allocating the reduced supply among traditional 

diversions and stream flows.  If a minimum flow level is necessary to provide public goods 

amenities, then traditional irrigation diversions must be reduced. If the mechanism employed is 

clear, predictable, and involves reasonable compensation, then instream flow rights and 

appropriative rights can coexist. If the mechanism is more arbitrary, uncertain, and does not 

include fair compensation, then appropriative water rights are weakened.  And the more they are 

weakened, the greater the losses of open-access conditions for water—more costly conflict, 

reduced investment and trade, and less information about alternative water uses.47  
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V. Allocation of Rights to the Radio Spectrum. 

 The radio spectrum is a range of frequencies over which electromagnetic signals can be 

transmitted.  It is not a scarce resource in the same sense as oil or water. The extent of 

electromagnetic range is limited only by technology, and new technologies have increased the 

density of information that can be transmitted on a wave, therefore reducing minimum channel 

sizes.  New technology has also expanded the portion of the spectrum that is commercially 

usable.  Future breakthroughs promise to fundamentally alter the way the spectrum is used.  This 

could be done by spreading a signal over a larger range, but with very low power, jumping from 

frequency to frequencies, or by patching together multiple small pieces of frequency. Uses of the 

spectrum include radio, television, wireless internet, remote controls, cordless (home/office) and 

mobile (cell/pcs) telephony.  

The usual measurement of the spectrum is in Hertz, a unit of frequency.  A 1 Hertz wave 

repeats every second.  Therefore, more Hertz means a longer wave.  The longer a wave is, the 

longer an antenna needs to be to capture all the information on the wave.  The more information 

a wave needs to carry, the more it must modulate its frequency.  That means it uses a broader 

range of frequencies (which cannot be used by other transmitters).  A TV “channel” is about 6 

MHz wide.  An FM “channel” is about .2 MHz wide.  Thus, TV signals require 30 times the 

capacity as FM radio signals. 

There are formidable technical problems in allocating property rights to the 

electromagnetic spectrum. A signal occupies a place in a multidimensional space—time, 

geophysical space, frequency, power. Signals are encoded in amplitude and modulation of waves 

of electromagnetic radiation. There is a problem of interference.  When signals collide, some of 
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the information they carry is lost. Signals cannot be fenced if they are in the same location, 

similar power, time, and same or adjacent spectrum frequencies. 

In the U.S. the spectrum was first used commercially by radio in the 1920s and entry was 

open with frequencies claimed under first-possession. Broadcast rights were assigned 

incrementally. The Department of Commerce awarded short-term licenses to the frequencies 

under the Radio Act of 1912 to minimize interference. The license dictated where a station could 

broadcast, on what frequency bandwidth and when. Initially license holders could determine how 

powerful their signals could be. There was little chaos or frequency interference early on. 

Spurred by the burgeoning popularity of this new medium, the number of frequencies available 

to broadcast rose from 2 in 1920, to 70 in 1923, to 89 in 1924. 48 By 1922 there were over 500 

radio stations. Frequency interference charges were handled in courts, and the licenses were 

exclusive, transferable, and recognized as a property right.49  As entry increased and inference 

rose, there were symptoms of open-access problem and demands for more specific property 

rights.  

These demands could have been addressed by greater enforcement of first-possession 

claims via the courts. But in 1926, Congress made the spectrum the inalienable possession of the 

people of the United States and established the Federal Radio Commission to assign wave 

lengths, determine power, location of transmitters, to regulate equipment used, and to prevent 

interference. These are powers now held by the Federal Communications Commission, FCC, 

established in 1934. The previous process of allocating spectrum rights based on first-possession 

was replaced with a system of administrative licensing of use privileges or operating permits, not 

property rights, under the Radio Act of 1927, and this practice remains today.  Indeed in 

applying for a license, the applicant must acknowledge that the license does not imply a property 
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right to the spectrum, although the licenses themselves (as use rights) are considered property. 

There was considerable emphasis on the public nature of the spectrum. Hence, broadcasters 

acquire no vested interest in the air waves and are issued licenses of no more than three years' 

duration. 

The FCC was granted considerable regulatory discretion that added uncertainty to 

broadcast licenses. Existing broadcast licenses were grandfathered in their frequencies at no cost 

to holders as first-possession claims, but new licenses were restricted to be assigned by 

administrative allocation after review of the ability of broadcasters to serve the public interest.  

New entry was limited, and values of grandfathered licenses rose. Although incumbent licenses 

generally were routinely renewed, in re-application holders had to verify to the FCC that their 

programming was in the public interest, detailing the percentage of time devoted to different 

types of programs such as entertainment, religion, news, education, discussion, and community. 

Where two or more parties applied for the same frequency, the FCC assigned the license to the 

party whose use was considered most suitable.50  

 In 1927 because most of the spectrum remained undiscovered, unused, and unclaimed, 

the government might have used auctions to allocate licenses to new frequencies, even if the 

government retained actual ownership to the spectrum.  This did not happen in part because the 

value of the spectrum was still generally unknown, although auctions would have elicited 

information that was not generated under other allocation mechanisms. The FCC might also have 

continued with recognizing new possessory claims, but it did not, largely due to lobby pressure 

by incumbents. The National Association of Broadcasters as an industry trade group helped to 

draft the license allocation procedures and they served to limit new entry to protect incumbents.51 

Under the Radio Act of 1927 licensing system, the major broadcasting networks emerged, NBC, 
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ABC, CBS, and remained dominant. In exchange for these limits on entry, the industry agreed to 

content control by the FCC.   

The broadcast licenses administratively assigned by the FCC allocate blocks or slices of 

contiguous bandwidth frequency, power, time of use, equipment, and nature of use. These 

license stipulations address interference by controlling inputs. The licenses are not transferable 

or sub-dividable, and the frequency bandwidth included in the license cannot be used for 

different purposes. Although license holders are generally prohibited from selling their licenses, 

the companies that hold the licenses can themselves be bought and sold.  License acquisition 

through mergers is commonplace.  In fact, over 70 percent of the current owners of television 

stations are not the entities that originally received the licenses from the FCC.  The sale prices of 

such companies have largely reflected the scarcity value of their licenses. This transfer, however, 

is not costless.  The FCC uses its authority to extract "voluntary" concessions from license 

holders that wish to assign or transfer licenses in a merger context.”52   

The same block allocations and dedicated purposes are assigned across the country, but 

use values vary greatly. Much of the spectrum is not used as a result. New uses require new 

licenses. As such, the rigid administrative allocation mechanism has hindered the development of 

new technologies and uses of the spectrum.  

Administrative allocation of licenses remained the dominant assignment mechanism until 

1981 and still today accounts for 98 percent of the spectrum that is available commercially.53 The 

alternative is to define specific exclusive rights to the spectrum in time, area, field strength, and 

bandwidth. For example, bandwidth confined within fiber optic cables, which is technically 

identical to wireless, is privately owned and traded.  
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In the late 1970s technology made possible cellular telephone uses and demand grew for 

access to more spectrum. The administrative process was slow and there was little public interest 

content in cellular phone use. In 1981 the FCC was authorized by Congress to use lotteries for 

non-broadcast spectrum uses. Over 1,400 transferable cellular telephone licenses were granted 

through 1989. The FCC restricted the lotteries to applicants who could certify themselves as 

“capable of constructing and running mobile phone systems,” but brokers emerged to secure 

licenses to resell them.  A flourishing secondary market emerged and demonstrated the enormous 

profits that could be made selling licenses.54  

In 1993, again in response to new technologies and efforts to capture more of the rents 

associated with the spectrum, the FCC used auction allocation for unused spectrum (previously 

withheld for military use) for cellular telephones, fax, and wireless internet service. The nature of 

the right was not changed; it remained a use privilege. In 1997 Congress authorized further 

auction of broadcast licenses.55  

Auctions account for only 2 percent of the total radio frequency spectrum, and access to 

some auctions was limited to designated parties, such as women and minorities.56  Set-asides, 

price preferences, or installment payments plans were used for targeted firms. The FCC also 

gave premium license acquisition terms to companies who developed pioneering technologies, a 

practice known as pioneer preferences.  

The FCC has been more lenient with authorizing auctioned licenses to be subdivided and 

subsequently leased by licensees. In the case of cellular telephony the Commission has allowed 

licensees to slice spectrum into increments of any size and to occupy or lease those increments 

more or less as they see fit.57 More lenient regulations also apply to Direct Broadcast Satellite 

(DBS).58 These options strengthen use rights, and huge values are involved. The use of lotteries 
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and auctions as allocation mechanisms to new spectrum and the assignment of more definite 

property rights as resource values rise are consistent with the predictions outlined in Section II. 

VI. Allocation of Air Pollution Emission Permits.  

 Early regulatory efforts to reduce air pollution in the U.S. were costly and not effective.  

They relied on relatively inflexible, uniform air quality standards and required that polluting 

firms meet them. Regulation included rules on emissions, equipment to be used, such as types of 

scrubbers and performance standards. The uniform rules did not recognize that the costs of 

controlling emissions varied across and within firms. Traditional regulation gave advantages to 

old plants and technology. There were no incentives to develop new technologies, and central 

regulation was often used politically to disadvantage certain firms and regions at the behest of 

entrenched interests with little environmental benefit.59 Beginning in the mid 1970s 

dissatisfaction with the costs and performance of centralized air pollution regulation led to the 

adoption of emission trading programs, despite some resistance from regulatory agencies.60 The 

relatively late turn to property institutions follows the timing predictions described earlier. 

 Under the pollution permit system, an annual targeted level of emissions is set and then 

prorated across permit holders, who are allowed to discharge a specified amount of pollution. 

The permits have been allocated through first-possession, based on past electricity production, 

heat generation, fuel use or emissions, free of charge. There more information about production 

and fuel use than for past discharges. In some cases, a small portion, about 2 percent, have been 

auctioned to provide flexibility and to allow new entry by firms that did not have production 

histories. Since auctions were not used, the private sector received the scarcity rents. Some have 

criticized this outcome because of transaction costs of exchange and the ability to use auction 

proceeds rather than distorting taxes to finance the program.61 
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 Emission permits are a right to use the air to discharge waste products in production. 

They can be traded, although under the EPA emission trading program each time a permit is 

traded the authorized pollution under the permit is reduced by 20 percent, discouraging 

exchange. As with all of the resources described thus far, except oil, they are use rights only, not 

a property right to the air. Their value depends on their security, the longevity of the program, 

and the ability to trade and bank. Where these have been constrained, values have been lowered.  

The use of emission permits provides incentives for greatest reduction in pollution by 

those firms that can do so at lowest cost. Rather than equating pollution levels across firms, these 

instruments equalize incremental costs across firms to reduce pollution so that marginal 

abatement costs are equalized. Differential abatement cost information was not generated under 

central regulation.  Those firms with pollution below their allowable allotments can sell the 

residual emission rights, apply them to offset excess emissions in other parts of their operations, 

or bank them. Other firms can buy them, and an active market has developed in most emission 

systems where tradable permits have been used.62   

Two of the most successful programs were those authorized under the 1990 Clean Air 

Act Amendments to allow electric utilities to trade allowances to emit sulfur dioxide, SO2 , to 

reduce acid rain and the Los Angeles basin, RECLAIM (Regional Clean Air Incentives Market) 

program.  

 SO2 and NOx Allowance Trading. 

 This program is the centerpiece of Title IV of the 1990 Clean Air Act Amendments. The 

objective was to reduce SO2 and NOx emissions by 10 million and 2 million tons respectively 

from their 1980 levels. These are the principle gases associated with acid rain and they largely 

were emitted by electrical utilities.  Two phases were used. Phase I, which ran through 1995, 
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assigned emission permits to over 400 electrical generating plants and Phase II, which extended 

regulation to almost all generating units.63 Total emissions were gradually reduced each year to 

achieve the targeted level. Within the annual total, tradable emission permits were allocated 

across generating units.  

The emission permits explicitly are not a property right: “An allowance under this title is 

a limited authorization to emit sulfur dioxide…Such allowance does not constitute a property 

right.64 Emission permits were allocated based on first-possession so that existing polluters were 

grandfathered and newer units were disadvantaged. Units that began operating in the year 1996 

or later were not allocated any units, but were to purchase their allowances on the open market.  

Phase I allowances were allocated free of charge based on past power generation as 

indicated by heat input. The allocation formula granted emission rates of 2.5 pounds of 

SO2/mmBtu (million British thermal units) of heat input, multiplied by the unit's baseline, mm 

Btu (the average fossil fuel consumed from 1985 through 1987).  Some variations were allowed 

in part to make the program politically viable and to encourage investment in new and renewable 

energy technology. Accordingly, utilities in certain states such as Illinois, Indiana, and Ohio 

were allocated an additional 200,000 allowances annually during Phase I.  In these states there 

were important coal interests and all had ranking members or chairs of key Congressional 

subcommittees.65 Additional allowances were granted to plants where scrubbers had been 

installed that reduced SO2 emissions by 90 percent and to plants where emissions were reduced 

through use of renewable energy.  A small portion of the allowances, 2.8% of the total 

allowances for a year, were auctioned by the EPA.66   

Phase II allowances are part of a tighter overall annual emissions cap. The formula used 

in determining the initial allocation took an emission rate of 1.2 lbs of SO2/mmBtu of heat input, 
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times the unit’s baseline. As with phase I, exceptions and additional allowances were made for 

political and technical reasons.  For instance, additional allowances were allocated to units that 

did not perform at their capacity during the base year due to equipment malfunctions. Greater 

allowance allocations were granted to smaller units.67 An opt-in program also was used to 

encourage very low-polluting utilities to enter by granting them allowances which could be 

traded to others. The flexibility underlying the tradable emission permit system overcame 

political opposition to the ambitious air pollution reduction objective. There are various 

estimates of the cost savings of the program, but they range from $5 to $12 billion over a central 

regulation alternative.   

 RECLAIM (The Regional Clean Air Incentives Market). 

This program was established in January 1994 to reduce NOx and SO2 in a four-county 

area in the Los Angeles basin to meet federal and state clean air standards by 2010.68 The basin 

has some of the country’s worst smog or ozone levels, the only area to fall into extreme non-

attainment for ozone. South Coast Air Quality Management District (SCAQMD) sets total 

emissions set annually and tradable emissions permits granted to the largest fixed facilities 

emitting pollutants, as well as brokers, and environmental groups.  Allocation is also first-

possession, based on historical emissions—peak emissions activity between 1989 and 1992. 

Each facility received an allocation for each year between 1994 and 2000 based on a constant 

rate of reduction ( 7.1 percent for NOx and 4.1 percent for SOx). For the years 2001 to 2003, the 

allocation levels were decreased further (8.7 percent in NOx and 9.2 percent in SOx).69   

V. Allocation of ITQ’s in Fisheries.  

 Wild ocean fisheries are the classic open-access resource with over entry, over fishing, 

over capitalization, falling catch per unit of effort, and depleted stocks. These conditions follow 
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from the fugitive nature of offshore species, huge distances involved, overlapping political 

jurisdictions, and large numbers of heterogeneous, competing fishers.70 Unfortunately, the 

implications of open access have been understood for a very long time. Scott Gordon described it 

in 1954, yet 46 years later, Grafton, Squires, and Fox (2000), could still describe the dramatic 

wastes of over fishing and regulation in the Pacific Northwest halibut fishery, and a 2003 Nature 

article by Myers and Worm (2003) could report that the world’s major predatory fish populations 

were in a state of serious depletion.71  

 Historically, the initial regulatory response has been to deny access to certain groups 

based on political influence—non-citizens with expansion of the Exclusive Economic Zones 

(EEZs), sports versus commercial fishers, inshore versus offshore fishers, large-vessel versus 

small-vessel fishers, or vise-versa, and so on. This action temporarily reduced fishing pressure, 

but it did not solve the fundamental problem which is that rents exist for those who can find 

ways around the regulations.  

 As these failed, new regulations such as fixed seasons, area closures, and gear restrictions 

were put in place. These arrangements are politically attractive to regulators because they do not 

upset status quo rankings, minimize existing transaction costs, and call for major regulatory 

mandates, which are attractive to regulators and politicians. But they have not been successful. 

They do not align the incentives of fishers with protection of the stock. Further, given 

heterogeneous fishers and limited and asymmetric information about the stock and the 

contribution of fishing relative to natural factors, there are disputes about the design and efficacy 

of these regulations. Finally, there is no basis for fishers to contract among themselves to reduce 

fishing pressure and thereby to capture the returns from an improved stock. There are no 

property rights to exchange.  
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 There has been a turn to individual transferable quotas (ITQ’s) in some fisheries, almost 

always after continued declines in the stock under centralized regulation, a finding consistent 

with the predictions outlined in Section II and practices with other resources. ITQ’s require 

restrictions on entry, the setting of an annual total allowable catch, TAC, the allocation of rights 

or quotas to a share of the TAC, and enforcement. As such, ITQ’s are a usufruct right—the right 

to fish—not a right to the stock and the aquatic habitat. This limited rights arrangement is similar 

to western US water rights, US spectrum allocations, and pollution emission permits.  

The more secure, definite, durable, divisible, and permanent the ITQ, the stronger is the 

property right. And stronger property rights better link the incentives of fishers with the goal of 

maximizing the economic value of the fishery. Government regulators still determine the annual 

catch and then distribute that catch among ITQ holders. With permanent and transferable catch 

quotas, the quota holders find it to their advantage to preserve and if necessary rebuild the 

marine resources. The value of the share of the TAC depends on the state of fish stocks and the 

sustainability of the fishery.72 Enforcement costs may decline relative to those under other forms 

of regulation because fishers have a stake in the preservation of the stock as shareholders in the 

right to fish and self-monitor. 

The allocation of ITQ’s, however, is controversial because it implies a more permanent, 

transparent private claim to resource rents than exist under open-access or central government 

regulation. And some parties who are excluded or affected by changes in fishing practices are 

made worse off. These effects have important wealth and political distributional implications that 

affect the timing and nature of the ITQ system adopted.   

Established fishers with a history of fishing are the most formidable constituency in ITQ 

allocation discussions, and these fishers benefit from quota distributions based on historical catch 
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and past vessel and gear investment (first-possession rules). No ITQ could be implemented in a 

fishery where the interests of established fishers are ignored or importantly compromised.  For 

that same reason, uniform quota allocations or auctions are more likely to be used in new 

fisheries where there are no established fishers.  

There is more than political expediency in the allocation of ITQs based on historical 

catch.  As outlined above, it can be efficient as well. Assigning quotas to those with knowledge 

and past experience in the fishery likely is consistent with granting rights to the low-cost users.  

This practice reduces the need for subsequent re-allocation and therefore, economizes on 

transaction costs. Reserving the fishery rents to fishers, rather than granting them to the state via 

auctions, also, enhances long-term incentives of fishers for protection of the stock and provides 

incentives for investment. Collaboration between fishers and regulators in setting the TAC not 

only reduces resistance to the catch limit, but incorporates stock and habitat information 

collected by the industry.73 A portion of fishery rents often are taxed to cover at least some ITQ 

administration costs.   

Other parties, such as processors and other input suppliers (crews, dock owners, boat and 

equipment sellers and support providers) and their communities, however, may be adversely 

affected by changes in harvest patterns made possible by ITQ regimes. There is a change in the 

composition of resource users with successful ITQ’s. An important efficiency gain from 

mitigating open-access is reduced labor and capital requirements, but these benefits will not be 

captured by those who have redundant supplies under the new arrangement.  There are additional 

concerns that transferability of quotas and associated consolidation of the industry, which also 

bring efficiency gains, will gradually squeeze out small vessel owners. Indeed, the concerns of 

these groups who anticipated being harmed by ITQ’s led to a four-year moratorium on their 
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expansion in the U.S. in 1996 under the Sustainable Fisheries Act (PL 104-297). Regulators also 

may resist ITQ’s because of a potentially reduced regulatory mandate or diminished ties to 

specific constituents that become less active in the fishery under the ITQ.  

These allocation issues are similar to those that molded the timing and nature of oil field 

production controls in the US where the concerns of small producers led to exemptions and delay 

in adoption of mandatory unitization laws in Texas.  Similar allocation concerns also arise in 

water, where transfers are restricted to protect rural community interests. 

The following summarizes selected ITQ allocations and the strength of the property 

rights granted in fisheries in five countries, Australia, Canada, Chile, Iceland, New Zealand, and 

the United States.  

Australia 

There are at least 20 ITQ-managed fisheries in Australia, covering about 34 percent of 

the volume and 22 percent of the value of the country’s fisheries.74 They involve both state-

inshore and federal (commonwealth)-off shore fisheries. The dominant allocation method is first-

possession based on historical catch. Prior investment plays a smaller role. There are equity 

considerations in certain fisheries leading to equal or uniform quota distributions and/or 

restrictions on the maximum and minimum amounts of quotas that can be held as well as 

requirements that quotas be exchanged only among license holders. Allocations of ITQ’s are 

without charge, although standard income and capital gains taxation apply, and there is some 

administrative cost recovery through license fee charges.  ITQ’s in Australia are comparatively 

strong property rights, being permanent, divisible, and transferable, and apparently can serve as 

collateral for long-term loans. 
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One important ITQ fishery is the Southern bluefin tuna fishery, where ITQ’s were 

implemented in 1984 after serious deterioration of the stock. Quotas were allocated to all 

significant participants in the fishery who had landed at least 15 tons during the three seasons 

prior to 1984, based on formula of 75 percent catch history and 25 percent value of vessels. 

Another is the Southeast trawl fishery, where ITQ’s were adopted in 1992 in the face of 

declining stocks. The allocation rule weighed historical catch by 70 to 80 percent (depending on 

the trawl type) and 20 to 30 percent on past investment. A third ITQ fishery is the Southern Zone 

rock lobster fishery. After stocks crashed in the 1980s a TAC was set in 1992-3 and ITQ’s 

allocated in 1993-4. They initially were allocated based on past catch or pot share of total catch, 

but modified in 1994-5 to assign an equal share of TAC per pot, but the number of pots varied 

among license holders based on past practices. Hence, the allocation rule remained based on 

historical catch. Limitations were placed on the maximum and minimum number of pots that 

could be held by any license holder. Until 1998, quotas were transferable only among family 

members, but thereafter among any license holder. 

 Canada 

 There are ITQ’s in about 40 fisheries in Canada, accounting for over 50 percent of the 

value and volume of landings.75 In established fisheries, allocations are based on historical catch, 

modified by vessel size, capacity, and recent investment. The quotas are granted without charge. 

Most quotas, such as those for Pacific halibut (1991) and sablefish (1990), were adopted between 

1982 and 1998. In one newer fishery, the North Atlantic shrimp fishery, a uniform quota 

allocation of the TAC was used. In that fishery there are a small number of licenses and limited 

historical catch records. This practice follows the prediction described earlier. ITQ’s as property 

are weaker than in Australia. They do not have the legal status of property, but rather held as a 
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use privilege, subject to renewal and regulation. In most fisheries there are no limits on number 

of quotas that can be held, but there are no guarantees of permanence. Their term is the same as 

the fishing license, which generally is more or less automatically renewed. 

 Chile 

In 2002, there were four ITQ fisheries in Chile, the squat lobster, yellow prawn, black 

hack, and orange roughy.76 The squat lobster and yellow prawn ITQ’s were adopted in 1992 and 

1997 following sharp declines in the stock and the black hake and orange roughy ITQ’s also in 

1992 and 1997, as newly developing fisheries. Unlike the Australian and Canadian systems, 

initial allocation was by auction, followed by annual auctions of 10 percent of the outstanding 

quota shares. There are few participants (less than 10) in each of these fisheries so that allocation 

issues may have been less contentious.  ITQ’s have durations of 10 years, but do not have the 

status of property in Chile with fisheries held as public resources, although the right to fish under 

an ITQ is property. The ITQ’s are perfectly transferable, divisible, and are not linked to a vessel. 

There are no maximum limits on the number of quotas that can be held by a firm, but during the 

annual auctions no firm can bid for more than 50 percent of the TAC. Based on the success of 

these ITQ’s, they were to be extended to other established fisheries, such as the horse mackerel 

fishery. There are existing firms and they may be more numerous than in the other fisheries. 

Hence, ITQ’s are to be allocated based roughly on 50 percent weight on historical catch for the 

past four years for purse seiners and past two years for trawlers, and 50 percent vessel hold 

capacity. There are restrictions on transferability to existing fishers.  

Iceland 

Iceland is one of the first countries to adopt ITQ’s.77 Herring quotas were implemented in 

1975 and 1979; quotas in the capelin fishery in 1980 and 1986; quotas in the demersal fisheries 



 40

in 1984; and ITQ’s to all fisheries in 1991. 16 species are covered for 95 percent of the volume 

of the total catch. The quotas were granted without charge and include a right to catch a given 

proportion of the TAC every year. TAC shares are divisible and transferable.  In the demersal, 

lobster, scallop, and deep-sea shrimp fisheries, ITQ’s were allocated on the basis of vessel 

historical catch, 3 years prior to quota system adoption. In the herring and inshore shrimp 

fisheries, where smaller vessels may have predominated, there were initially equal shares for 

eligible vessels. There have been some restrictions on the transfer of annual quotas between 

geographical regions to protect local employment, and recent requirements that vessels holding 

quotas must be involved in harvest, a type of beneficial use requirement like that found in 

western U.S. water rights.  

 New Zealand 

New Zealand is also one of the first countries to adopt ITQ systems.78 After declines in 

deep water stocks within the 200-mile EEZ, New Zealand adopted ITQ’s in 1983 based on 1982 

catch volume and vessel capacity.  In 1986 an inshore ITQ system was adopted for vessels active 

in 1985 based on 1982-4 catch histories.  In both the offshore and inshore fisheries ITQ’s 

initially were fixed quantities, but these were changed to shares in 1990. Equity concerns led to 

assignment of 40 percent of the quota to the Maori. The ITQ’s are permanent, divisible, and 

transferable, with no restrictions on trade among participants. The rights apparently are as secure 

as those that exist for land. The rights security is similar to that found in Australia.  

 United States 

 ITQ’s are more limited and are a weaker property right in the U.S. than in many other 

major fishing countries.79 Only four U.S. marine fisheries operate under such regimes: the Mid-

Atlantic surf clam and ocean quahog fishery, the Alaskan halibut and sablefish fishery, and the 
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South Atlantic wreckfish fishery, all adopted in the early 1900s. Two extensions were under 

consideration in 1995 for the Gulf of Mexico red snapper and Pacific sablefish fisheries, but 

tabled with the 1996 Congressional 4-year moratorium on further ITQ’s. The ITQ’s are a 

permanent share of the TAC, divisible and tradable. They are allocated on the basis of historical 

catch at no charge. For example, in the quahog and surf clams fisheries, quotas were allocated on 

the basis of vessel catch 9 years prior to introduction of the program, 1979-1987, for quahog and 

4 years catch history during 1986-89 for surf clam. The quotas can be held by non fishers, and 

there are no restrictions on transferability. In the Atlantic wreckfish fishery, half of the TAC 

allocation was based on vessel catch recorded in 1989 or 1990 and half was equally allocated to 

all vessels that had a catch of 5,000 bounds prior to 1991. Transfers are unrestricted within the 

management area.  

In the Alaska halibut and sable fish fisheries, allocations went only to vessel owners who 

had landings during 1988-90 (historical catch) and were based on the best five of seven harvest 

years between 1984 and 1990 for halibut and best five of six harvest years between 1985 and 

1990. Quotas go the vessels and owners must be on the vessels (a type of beneficial use 

requirement). Part of the halibut TAC is reserved for community development quotas. ITQ’s in 

these two fisheries are weaker than in the others. There are restrictions of transferability to those 

in same management area and vessel class involving fishers with 150 days commercial fishing 

and there are minimum and maximum quota limits.    

VI. Concluding Remarks: Summary and Implications for Future ITQ’s in Fisheries. 

 Table 1 summarizes practices across the five resources with respect to the nature and 

strength of the property right granted, timing, allocation mechanism, existence of incumbents 

and high resource values, and political constraints. 
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Table 1 

As shown in the table first-possession allocation rules dominate, and property regimes are 

adopted late in resource use and common-pool losses. Where incumbent users existed at the time 

of establishing the rights regime, first-possession was employed. There is also recognition for 

past investment. Auctions are adopted very infrequently, only for fringe allocations where there 

are no incumbents and where resource values have been shown to be very high, as in the case of 

the radio spectrum. Although first-possession is criticized by many economists as being 

inefficient, its empirical regularity suggests that there are efficiency advantages beyond political 

expediency. Except in the spectrum where transfers of spectrum rights have been restricted 

historically (except for recent auction allocations) and in water where long-term trades that 

change nature and location of use are subject to regulation, transaction costs of exchange appear 

to be low in most resources.  Accordingly, initial rights assignments could be re-deployed with 

comparatively low transaction costs regardless of the allocation rule. 

Hence, stickiness of use based on initial rights assignment is unlikely to be a major 

source of efficiency loss. Granting rights to incumbents who have experience in the industry 

appears to be consistent with an assignment to high-value, low-cost users. The state, of course, 

does not receive the rents when rights are awarded at no cost, as it would with an auction or with 

taxes on quota value. These practices reduce the interest of the users in protecting and investing 

in the resource stock. And it is not obvious that politicians and regulatory agency officials would 

apply the revenues to achieve distributional or efficiency objectives.   

There is the potential for waste due to a race to establish credentials for the subsequent 

assignment of use rights if first-possession is known to be the allocation rule and the parties are 

homogeneous. Just how important this problem is depends on the empirical case at hand. In 
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general, for most of the resources examined here, there was a long history of prior use before the 

introduction of rights-based institutions and the claimants were heterogeneous. Hence, the real 

costs of race may have been comparatively low.  

In every case except for oil and gas unit shares, the rights granted are use rights only. 

They are not a right to the resource itself. Political interests have influenced the nature of the 

regulatory system and the rights that are possible under it. This is observed in oil and gas 

regulation and unitization legislation as well as with reservations of rights to certain groups in 

some fisheries and small parts of the radio spectrum. In some cases the use right is weak and 

uncertain due to state regulation under the public trust or public interest doctrines. Restrictions 

on entry to protect incumbent broadcasters under public interest regulation suggests that caution 

is order in predicting that public trust or interest regulation will advance public, as compared to 

private, interests in resource use. And regulatory constraints on trade likely lower the value of 

the use rights granted.   

In terms of implications for future ITQ’s in fisheries, first-possession or historical catch 

will govern where there are incumbent fishers, as is most common. Uniform allocations will be 

granted in new fisheries and auctions in new fisheries where there are high-valued species. 

Preferential assignments to certain groups of fishers (small, community) and accompanying 

restrictions on exchange lower the value of the rights and the value of the fishery. They may be 

important for political support of the rights arrangement, but they come at a cost. Finally, the 

stronger the right, the better the arrangement will protect the long-term value of the fishery. A 

broad regulatory mandate in the public interest may not be consistent with maximizing the value 

of the fishery and its contribution to well being of fishers who are part of it.  
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Table I 

Summary of Allocation Mechanisms and Strength of Property Right for Five Natural Resources  
Resource Nature of the 

Property Right 
Timing in 

Assignment 
Allocation Incumbents, High 

Resource Values ? 
Political Constraints 

Oil and Gas 
Unit Shares. 

Full, legal 
property right. 

Late in resource use 
and common pool 

losses. 

first Possession 
(Rule of Capture). 

Incumbents. No restrictions on trade.  
Small producers granted 
preferences in regulation 

and restrictions on 
mandatory unitization laws 

in Texas. 
Water Rights. Use rights. Used 

as collateral for 
short-term loans 

only. Value 
capitalized in 
land value.   

Early allocation but 
quantification comes 

late. 

first Possession 
(Priority). 

Incumbents. Trades affecting time, 
nature, and location 

regulated. Public trust 
doctrine review. 

Air Emission 
Permits. 

Use rights. 
Explicitly, not a 
property right.  

Late in resource use 
and common pool 

losses. 

first Possession 
Limited (2.8%) 

Auction in Phase I. 

Incumbents. 
Auction (extra or 
fringe permits, no 
incumbents, high 

values). 

Some preferences to coal 
using states in SO2 permits. 

More restrictions on 
banking in RECLAIM. 

Radio  
Spectrum. 

Use rights. 
Explicitly not a 
property right to 

the spectrum. 

Administrative 
allocation early, 

lottery and auction 
late. 

first Possession. 
Administrative 

allocation.  
Limited lottery and 

auction (2%). 

Incumbents.  
Auction (new 
spectrum, high 

value). 

Incumbent broadcasters 
benefited under allocation 

and  regulation to limit 
entry. Auction set asides 
for designated groups. 

Certain Fishery 
ITQ’s 

     

Australia. Use rights. 
Legal property 

right. 

Late in resource use 
and common pool 

losses. 

first Possession 
(historical catch, 

some past 
investment). 

Incumbents. Some quota trade 
restrictions. 

Canada. Use rights. 
Not property. 

Late in resource use 
and common pool 

losses. 
 
 

first Possession 
(historical catch and 
past investment and 

vessel size). 
 

Uniform allocation 

Incumbents. 
 
 
 
 

New fishery. 

Some quota trade 
restrictions. 

Chile. Use rights. New. 
 

Late in resource use 
and common pool 

losses 

Auction. 
 

first Possession 
(historical catch and 

vessel size) 

High value. 
 

Incumbents. 

Some quota trade 
restrictions. 

Iceland. Use rights. Fairly 
strong property 

right 

Late in resource use 
and common pool 

losses. 

first possession 
(historical catch, 

vessel size). 

Incumbents. Some quota trade 
restrictions. 

New Zealand. Use rights. 
Legal property 

right. 

Late in resource use 
and common pool 

losses. 

first Possession 
(historical catch and 

past investment). 

Incumbents. Some quota trade 
restrictions. 

Reservation of quota share 
for Maori. 

U.S. Use rights. 
Uncertain.  

Late in resource use 
and common pool 

losses. 

first Possession 
(historical catch). 

Incumbents. Some quota trade 
restrictions. Community 

quota reservations. Actual 
fishers. 



 45

 



 46

 
References 

Alberto Alesina and George-Marios Angeletos: “Fairness and Redistribution,” American 
Economic Review: 95 (4): 960-80.   

Alston, Libecap, and Schneider, 1996. “The Determinants and Impact of Property Rights on the 
Frontier: Land Titles on the Brazilian Frontier,” Journal of Law, Economics, and 
Organization 12(1): 25-61. 

 Anderson, Terry and Ronald N. Johnson (1986), “The Problem of Instream Flows,” Economic 
Inquiry 24 (4): 535-53. 

Arnason, Ragnar, 2002, “A Review of  International Experiences with ITQ,” Annex to Future 
Options for UK Fishing Management, Report to the Department for the Environment, 
Food and Rural Affairs, CEMARE, University of Portsmouth, UK. 

Barzel, Yoram, 1997, Economic Analysis of Property Rights, New York: Cambridge University 
Press. 

Blumm, Michael C. and Thea Schwartz (1995), “Mono Lake and the Evolving Public Trust in 
Western Water,” 37 Arizona Law Review, 701 Fall. 

Cheung, Stephen. 1970. The Structure of a Contract and the Theory of a Non-Exclusive 
Resource. Journal of Law and Economics 13(1): 49–70. 

Coase, Ronald. 1960. The Problem of Social Cost. Journal of Law and Economics 3(October): 
1–44. 

Cramton, Peter, 1997, “The FCC Spectrum Auctions: An Early Assessment.” Journal of 
Economics & Management Strategy, 6 (3): 431–95. 

Dahlman, Carl. 1979. The Problem of Externality. The Journal of Law and Economics 22: 141-
62. 

Demsetz, Harold. 1967. Toward a Theory of Property Rights. American Economic Review: 
Papers and Proceedings 57(2): 347–359. 

Demsetz, Harold, 1998, “Property Rights, The New Palgrave Dictionary of Economics and the 
Law, MacMillan, London, Peter Newman Ed. Vol. 3, 144-55. 

De Vany, Arthur, 1998, “Property Rights in the Electromagnetic Spectrum, The New Palgrave 
Dictionary of Economics and the Law, MacMillan, London, Peter Newman Ed. Vol. 3, 
167-71. 

Devine, Jennifer A., Krista D. Baker, and Richard L. Haedrich, 2006, “Fisheries: Deep-Sea 
Fishes Qualify as Endangered,” Nature 29, January 5: 439. 

Dewees, Donald N., 1998, “Tradable Pollution Permits,” The New Palgrave Dictionary of 
Economics and the Law, MacMillan, London, Peter Newman Ed., Vol. 3, 596-601. 

Ellerman, Denny A., 2000. Markets for Clean Air. New York: Cambridge University Press.    
Epstein, Richard, 1979, “Possession as the Root of Title,” 13 Georgia Law Review 1221.  
Farber, David J., Faulhaber, Gerald R. 2002, “Spectrum Management: Property Rights, Markets, 

and the Commons.” AEI-Brookings Joint Center for Regulatory Studies Working Paper, 
Washington D.C. 

Fromm, O and B. Hansjurgens, 1996, “Emission Trading in Theory and Practice-An Analysis of 
RECLAIM in Southern California,” Environment and Planning C-Government and 
Policy 14(3): 367-84. 

Fullerton, Don and Gilbert E. Metcalf, 2001, “Environmental Controls, Scarcity Rents, and Pre-
Existing Distortions,” Journal of Public Economics 80: 249-67.  



 47

Gangadharan, Lata, 2004, “Analysis of Prices in Tradable Emission Markets: An Empirical 
Study of the Regional Clean Air Incentives Market in Los Angeles,” Applied Economics, 
36 (14): 1569-82. 

Gates, Paul W., 1968, History of Western Land Law Development, Washington D.C.: Public 
Land Law Review Commission.  

Gauvin, J.R., “Initial Allocation of Individual Transferable Quotas in the U.S. Wreckfish 
Fishery,” Case Studies on the Allocation of Transferable Quota Rights in Fisheries 
Management, FAO Fisheries Technical Paper 411, Food and Agricultural Organization, 
Rome.  

Grafton, R. Quentin, 1996, “Implications of Taxing Quota Value in an Individual. Transferable 
Quota Fishery: Comment,” Marine Resource Economics, 11 (1): 125-27. 

Grafton, R. Quentin, Dale Squires, and Kevin J. Fox. 2000. Private Property and Economic 
Efficiency:  A Study of a Common-Pool Resource. Journal of Law and Economics 43: 
679-713. 

Griffin, Ronald C. and Fred O. Boadu 1992, “Water Marketing in Texas: Opportunities for 
Reform,” Natural Resources Journal, 32 (1992):  265-88. 

Getches, David H., 1997, Water Law in a Nut Shell, St. Paul, West Publishing Co. 
Glennon, Robert Jerome (2002) Water Follies: Groundwater Pumping and the Fate of America’s 

Fresh Waters, Washington D.C.: Island Press. 
Gordon, H. Scott. 1954. The Economic Theory of A Common-property Resource: The Fishery. 

Journal of Political Economy 62(2): 124–142. 
Gould, George A. 1995, “Recent Developments in the Transfer of Water Rights,” in Kathleen 

Marion Carr and James D. Crammond, eds., Water Law:  Trends, Policies, and Practice, 
Chicago: American Bar Association, 93-103. 

Hannesson, Rögnvaldur, 2004, The Privatization of the Oceans, Cambridge: MIT Press. 
Hardin, Garrett, 1968, “The Tragedy of the Commons,” Science 162: 1243-8. 
Hartley, M. and M., Fina, 2001, “Allocation of Individual Vessel Quota in the Alaskan Pacific 

Halibut and Sablefish Fisheries,” Case Studies on the Allocation of Transferable Quota 
Rights in Fisheries Management, FAO Fisheries Technical Paper 411, Food and 
Agricultural Organization, Rome.  

Hazlett, Thomas W. 2001,  “The Wireless Craze, The Unlimited Bandwidth Myth, The Spectrum 
Auction Faux Pas, and the Punchline to Ronald Coase’s “Big Joke”: An Essay on 
Airwave Allocation Policy.” Harvard Journal of Law & Technology, 14  (2):337-566.  

Howard and Huber 
Johnson, Ronald N., Micha Gisser, and Michael Werner, 1981, “The Definition of a Surface 

Water Right and Transferability,” Journal of Law and Economics  24 (2): 273-88.  
Johnson, Ronald N. 1995, “Implications of Taxing Quota Value in an Individual. Transferable 

Quota Fishery,” Marine Resource Economics, 10(4): 327-340. 
Johnson, Ronald N. 1996, “Implications of Taxing Quota Value in an Individual. Transferable 

Quota Fishery, Reply” Marine Resource Economics, 11(2): 129-30. 
Johnson, Ronald N. and Gary D. Libecap, 1982, “Contracting Problems and Regulation: The 

Case of the Fishery,” American Economic Review 72: 1005-22. 
Johnson, Ronald N. and Gary D. Libecap, 1994. The Federal Civil Service and the Problem of 

Bureaucracy: The Economics and Politics of Institutional Change, Chicago: University 
of Chicago Press.  



 48

Johnson, Ronald N. and Gary D. Libecap, 2001, “Information Distortion and Competitive 
Remedies in Government Transfer Programs: The Case of Ethanol,” Economics of 
Governance 2(2): 1001-34. 

Ker, Alan, Robert Glennon, and Gary D. Libecap, 2006. “Empirical Analysis of Water Rights 
Exchanges and the Role of Transaction Costs,” working paper, University of Arizona.  

Leal, Donald R, Ed, 2005, Evolving Property Rights in Marine Fisheries, Lanham, MD: 
Rowman and Littlefield. 

Lerner, Josh and Jean Tirole, 2005, “The Economics of Technology Sharing: Open Source and 
Beyond,” Journal of Economic Perspectives,  19 (2): 99-120. 

Libecap, Gary D., 1978, “Economic Variables and the Development of the Law: The Case of 
Western Mineral Rights,” Journal of Economic History, 38: 338-62. 

Libecap, Gary D., 1989, Contracting for Property Rights, New York: Cambridge University 
Press. 

Libecap, Gary D. 2006, “Chinatown”:  A Re-examination of the Owens Valley Water Transfer 
to Los Angeles and What It Means for Western Water Today” Stanford University Press, 
under preparation. 

Libecap, Gary D. and Wiggins, Steven N. 1984. Contractual Responses to the Common Pool:  
Prorationing of Crude Oil Production. American Economic Review.  74: 87-98. 

Libecap, Gary D. and Wiggins, Steven N. 1985. The Influence of Private Contractual Failure on 
Regulation:  The Case of Oil Field Unitization. Journal of Political Economy. 93: 690-
714. 

Libecap, Gary D. and James L. Smith, 2002, “The Economic Evolution of Petroleum Property 
Rights in the United States, Journal of Legal Studies 31 June: S589-608. 

Libecap, Gary D. and James L. Smith, 1999, “The Self-Enforcing Provisions of Oil and Gas Unit 
Operating Agreements: Theory and Evidence,” Journal of Law, Economics, and 
Organization 15(2): 526-48. 

Libecap, Gary D. and James L. Smith, 2001, “Regulatory Remedies to the Common Pool: The 
Limits to Oil Field Unitization,” Energy Journal 22 (1): 1-26. 

Lueck, Dean (1995), "The Rule of first Possession and the Design of the Law." Journal of Law 
and Economics Vol.38 No.2 (October): 393-436. 

Lueck, Dean, (1998), “first Possession." in Peter Newman, ed. The New Palgrave Dictionary of 
Economics and the Law, Macmillan Press, Vol.2: 132-144. 

McAfee, Preston R, and McMillan, John, 1996, “Analyzing the Airwaves Auction.” Journal of 
Economic Perspectives, Volume 10, 1996, Issue 1, 159-175. 

McCay, B.J., 2001, “Initial Allocation of Individual Transferable Quotas in the U.S. Surf Clam 
and Ocean Quahog Fishery,” Case Studies on the Allocation of Transferable Quota 
Rights in Fisheries Management, FAO Fisheries Technical Paper 411, Food and 
Agricultural Organization, Rome. 

McMillan, John, 1994, “Selling Spectrum Rights.” Journal of Economic Perspectives, April, 3. 
Metzner, R., F.M. Crowe, and N.J. Borg, 2001, “Initial Allocation of ITQs in the Western 

Australia Abalone Fishery,” Case Studies on the Allocation of Transferable Quota Rights 
in Fisheries Management, FAO Fisheries Technical Paper 411, Food and Agricultural 
Organization, Rome.   

Myers, Ransom A. and Boris Worm. 2003. Rapid Worldwide Depletion of Predatory Fish 
Communities. Nature 423: 280-83.  



 49

Pashigian, B. Peter, 1985, “Environmental Regulation: Whose Self-Interests are Being 
Protected?” Economic Inquiry 23 (4):  551-584. 

Posner, Richard, 2003, Economic Analysis of Law, 6th ed, New York, Aspen Publishers.  
Rose, Carol M., 1985, “Possession as the Origin of Property,” University of Chicago Law Review 

52: 73-87.   
Rose, Carol M., 1991, “Rethinking Environmental Controls: Management Strategies for 

Common Resources,” Duke Law Journal 41: 1-38. 
Sax, Joseph L. 1990, “The Constitution, Property Rights and the Future of Water Law,” 

University of Colorado Law Review 61: 257-82. 
Sax, Joseph L.1994, “A Legal View: Community Rights and the Privatization of Water,” in 

Harold O. Carter et al, eds., Sharing Scarcity: Gainers and Losers in Water Marketing, 
Davis, CA: Agricultural Issues Center: 11-20. 

Shelanski, Howard A, Huber, Peter W. 1998, “Administrative Creation of Property Rights to 
Radio Spectrum.” Journal of Law and Economics,  41: 581-607. 

Shotton, Ross, ed, 2001, ,” Case Studies on the Allocation of Transferable Quota Rights in 
Fisheries Management, FAO Fisheries Technical Paper 411, Food and Agricultural 
Organization, Rome. 

Stavins, Robert N., 1995, “Transaction Costs and Tradable Permits,” Journal of Environmental 
Economics and Management, 29: 133-48. 

Stavins, Robert N., 1998a, “What Can We Learn from the Grand Policy Experiment? Lessons 
from SO2 Allowance Trading,” Journal of Economic Perspectives, 12(3): 69-88. 

Stavins, Robert N, “Economic Incentives for Environmental Regulation,” 1998b, The New 
Palgrave Dictionary of Economics and the Law, MacMillan, London, Peter Newman Ed., 
Vol. 2: 6-13.  

Stavins, Robert N., 2003, “Market-Based Environmental Policies: What Can We Learn from 
U.S. Experience (and Related Research)?” Workshop, August 23-24, Donald Bren 
School of Environmental Science and Management, University of California, Santa 
Barbara.  

Scott, Anthony, 1955, “The Fishery: The Objectives of Sole Ownership,” Journal of Political 
Economy 63: 116-24.  

Tietenberg, Tom, 2003, “Tradable Permits in Principle and Practice,” Workshop, August 23-24, 
Donald Bren School of Environmental Science and Management, University of 
California, Santa Barbara. 

Thompson, Barton H. (1993), “Institutional Perspectives on Water Policy and Markets,” 81 
California Law Review, 673-764.   

Umbeck, John, 1981, “Might Makes Right: A Theory of the Foundation and Initial Distribution 
of Property Rights,” Economic Inquiry 19: 38-59. 

White, Lawrence. 2000, “‘Propertyzing’ the Electromagnetic Spectrum: Why It’s Important, 
and How to Begin.” Working Papers 00-08, New York University, Leonard N. Stern 
School of Business, Department of Economics.  

Wiggins, Seven N. and Libecap, Gary D. 1985. Oil Field Unitization: Contractual Failure in the 
Presence of Imperfect Information. American Economic Review. 75: 368-85. 

                                                 
1 See Stavins (2003) for discussion of the movement toward market-based instruments. 
2 Tietenberg (2003, 1) 
3 Stavins (1998b).  
4 Libecap (1989), Dahlman (1972). 



 50

                                                                                                                                                             
5 Johnson and Libecap (1994, 156-71) 
6 Tietenberg (2003, 10), also notes this empirical regularity.   
7 Definition and enforcement costs for mobile, unobserved resources are also issues as discussed below. 
8 Discussion drawn from Libecap (1998). 
9 Indeed, empirical studies of land use in developing areas document the importance of property rights for mitigating 
common-pool conditions and encouraging investment (Alston, Libecap, and Schneider, 1996). 
10 Umbeck (1981).   
11 Issues of measurement are addressed in Barzel (1997). 
12 See Alston, Libecap and Schneider (1996) for discussion of the emergence of property rights as resource values 
change. 
13 For discussion of the problem of oversight when information is limited, see Johnson and Libecap (2001).  
14 Posner (2003, 346-349, 370-374, 529-537). “Over time, regulatory agencies come to be dominated by the 
industries regulated.”  
15 Rose (1998). 
16 See Libecap (1989).  
17 See discussion of first possession in Epstein (1979), Rose (1985), and Lueck (1995, 1998). 
18 On the American frontier, “squatters” moved ahead of the federal land survey. When the land was subsequently 
surveyed and opened for claiming, “claims clubs” formed to prevent outsiders from encroaching on pre-existing 
holdings. See Gates (1968, 152). 
19 See also, Tietenberg (2003, 10). 
20 See Epstein (1979). 
21 Johnson and Libecap (1982) show that heterogeneity among fishers limits rent dissipation even under open-access 
and the rule of capture. 
22 Stavins (1995) refers to grandfathering as a give away.  Inefficiencies would come through a race of homogeneous 
parties. 
23 Alesina and Angeletos  (2005, 960-80).    
24 Lerner and Tirole (2005).  
25 On the US agricultural frontier, the existence of incumbent informal land claimants or squatters led to enactment 
of the Preemption Acts that gave them preference in the allocation of formal property rights. Failure to do so would 
have led to conflict between existing and new claimants.  
26 Tietenberg (2003, 10) notes that auctions were used extensively in just one ITQ in Chile.  Historical catch was the 
dominant allocation mechanism. Lueck (1998, 136) points to the costs of auctions. 
27 Libecap (1989). 
28 Getches (1997, 217, 224-8). 
29 Sax (1994, 14) references use of the public trust doctrine in the Mono Lake case of National Audubon Society v. 
Superior Court, 33 Cal. 3rd. 419, 1983, whereby Los Angeles was restricted from excessive diversion of water from 
the surrounding watershed that was causing Mono Lake’s level to decline. The city was required to limit diversion 
of water, even though it held the water rights due to purchase of properties in the 1930s. Hence, the city’s water 
rights were weakened. An alternative approach would have been to purchase water rights from Los Angeles in order 
to raise the lake’s level.  
30 Gould (1995, 95), Simms (1995, 321). 
31 Tietenberg (2003, 15).  
32 With hard rock minerals, such as gold or silver, this ownership arrangement has been modified to grant ownership 
to an ore vein, allowing the mining owner to follow the deposit below the surface properties of others. For 
discussion, see Libecap (1978). 
33 For general discussion of the common-pool problem in oil and gas production, see Libecap (1998).  
34 Libecap and Smith (2002, S595). 
35 Libecap (1989, 93-114). 
36 California, Nebraska, Oklahoma, Oregon, Washington, North and South Dakota, and Texas have some riparian 
systems. See Getches (1997, 8). 
37 Thompson (1993, 681), Glennon (2002, 14-21). 
38 Getches (1997, 74-189). 
39 Gould (1995, 94), Simms (1995, 321) Getches (1997, 83). 
40 There has been movement to recognize instream flows as a beneficial use. 



 51

                                                                                                                                                             
41 Anderson and Johnson (1986) and Johnson, et al (1981) who describe how specifying a property right in water in 
terms of consumptive use with options for third party grievances can be an effective method for promoting transfers.   
42 Getches (1997, 11). Simms (1995, 321). 
43 Blumm and Schwartz (1995, 709-11). 
44 Thompson (1993, 704-5). 
45 Ker, Glennon, and Libecap (2006), and Libecap (2006, Chapter 1). 
46 Anderson and Johnson (1986) discuss the problems of defining rights to instream flows under the current 
appropriative water rights doctrine when diversions or instream flow rights are large relative to stream size. 
47 See summary of open access losses in Libecap (1998, 318). 
48 Hazlett (2001, 353). 
49 De Vany (1998), Farber and Faulhaber (2002, 3). 
50 White (2000,  9). 
51 The Fourth National Radio Conference, the government assembly responsible for crafting the new legislation, 
passed a provision including the public-interest test shortly after receiving a resolution the National Association of 
Broadcasters had passed suggesting it (Hazlett, 2001,  351). 
52 White (2000, 14). 
53 Hazlett (2001, 353). More market driven approaches in NZ, Australia, and Latin America. 
54 McMillan (1994, 3). 
55 Cramton (1997, 431–495). 
56 Hazlett (2001, 415). 
57 Shelanski and Huber (1998, 593). 
58 Shelanski and Huber (1998, 594). 
59 Pashigian (1985). 
60 Dewees (1998).  
61 Fullerton and Metcalf (2001). 
62 Tietenberg (2003, 12), Stavins (2003, 4).  
63 Stavins (1998, 6-13). 
64 (104 Stat 2591). 
65 Ellerman (2000, 40-43). 
66Ellerman (2000, 8-9)  
67 Ellerman (2000, 43-48). 
68 Gangadharan (2004) 
69Fromm and Hansjurgens (1996,  373; Regulation XX, Rule 2005.) 
70 Libecap and Johnson (1982), Leal, (2005), Tietenberg (2003, 5-12), and Hannesson (2004) for discussion of the 
emergence of various regulatory/property regimes.  
71 A similar conclusion for deep-sea fisheries was reported by Devine, Baker and Haedrich (2006), also in Nature. 
72 Arnason (2002, 1). 
73 See criticism of grandfathering in Fullerton and Metcalf (2001). Johnson (1995) discusses the importance of 
heterogeneous inputs, input rents beyond fishery rents, and the non-neutral impact of a tax on quota value.  Such a 
tax would result in adjustments in fishing effort and desired stock that could undermine conservation objectives. An 
auction that transferred quota value to the state could have a similar impact. See Grafton (1996) for comment and 
Johnson (1996) for reply. 
74 Arnason (2002, 3-11). 
75 Arnason (2002, 12-17). 
76 Arnason (2002, 18-23). 
77 Arnason (2002, 24-33). 
78 Arnason (2002, 45-51). 
79 Arnason (2002, 52-7). 


