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Sheila Olmstead and Nathan Richardson  

Abstract 
Booming production of oil and gas from shale, enabled by hydraulic fracturing technology, has 

led to tension between hoped-for economic benefits and feared environmental and other costs, with great 
associated controversy. Study of how policy can best react to these challenges and how it can balance risk 
and reward has focused on prescriptive regulatory responses and, to a somewhat lesser extent, voluntary 
industry best practices. While there is undoubtedly room for improved regulation, innovative tools are 
relatively understudied. The liability system predates environmental regulation yet still plays an 
important and in some senses predominant role. Changes to that system, including burden-shifting 
rules and increased bond requirements, might improve outcomes. Similarly, new regulation can and 
should incorporate modern understanding of the benefits of market-based approaches. Information 
disclosure requirements can benefit the liability system and have independent benefits of their own. 
Policymakers faced with a need for policy change in reaction to shale development should carefully 
consider alternatives to regulation and, when regulation is deemed necessary, consider which tool is best 
suited. 
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Sheila Olmstead and Nathan Richardson  

1. Introduction 

Shale gas development is increasing rapidly in the United States; natural gas extracted 
from deep shale reached about one-quarter of US production by 2010 and may comprise half or 
more of US production by 2040. Operators now can exploit these resources cost-effectively due 
to advances in two critical technologies: hydraulic fracturing and horizontal drilling. The use of 
these technologies to extract gas from deep shale formations has generated significant economic 
benefits, but it also has raised concerns about associated risks to the environment and human 
health.1  

The wide distribution of shale plays means that many are being developed in states such 
as Texas and Oklahoma with rich histories of oil and gas exploitation and regulation and others 
in states such as Ohio and Pennsylvania with little such history. States have long been the 
primary regulators of oil and gas development and have retained that role as production has 
expanded, though both federal and local authorities play some role. The regulatory framework 
for managing risks from shale gas development is highly dynamic. 

Flexible, innovative legal and regulatory approaches hold great promise as cost-effective 
alternatives to prescriptive regulation, but it remains to be seen whether they are appropriate for 
managing shale gas risks. This paper examines two main categories of innovative approaches 
that can be used to regulate environmental risks: liability rules and market-based regulations. For 
each approach, we discuss theoretical advantages and disadvantages, and we explore actual and 
potential applications to the regulation of risks from shale gas development.  
 

                                                 
 Sheila Olmstead is a visiting fellow at Resources for the Future and an associate professor at the Lyndon B. 

Johnson School of Public Affairs, The University of Texas at Austin. She may be contacted at 512-471-2064 or 
sheila.olmstead@austin.utexas.edu. Nathan Richardson is a resident scholar at Resources for the Future. The authors 
thank Kate Konschnik for insightful comments and the Alfred P. Sloan Foundation for financial support. 
1 See, e.g., Alan Krupnick, Hal Gordon, and Sheila Olmstead, Pathways to Dialogue: What the Experts Say About 
the Environmental Risks of Shale Gas Development, Resources for the Future Report (February 2013), available at 
http://www.rff.org/Documents/RFF-Rpt-PathwaystoDialogue_FullReport.pdf. 
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2. Liability Rules 

Virtually all public discussion of the risks of shale development centers on the proper role 
for regulation: which risks need to be regulated, and how stringent should that regulation be? 
Nevertheless, liability, not regulation, is probably the most important driver of operator practices 
aimed at reducing risks and this likely would remain the case under even the most ambitious 
proposals for more extensive regulation.  

Large areas of drilling-related activity are unregulated or only lightly regulated, like 
drilling equipment and, in most states, fracking fluids. Even when state drilling regulations are 
quite detailed, such as those aimed at ensuring well integrity, operators retain significant 
discretion. But operators always face the threat of lawsuit if their activity results in harms to 
others or to the environment. Lawsuits over drilling and related activities, such as truck 
accidents, are common. Operators therefore have a strong incentive to exercise due care in 
almost all activities, regardless of regulation.  

This is not to suggest that regulation is not useful and in many cases necessary, but rather 
that the two systems regulation and liability work together to shape patterns of behavior and 
thereby reduce risks. Much work has been done on the effects of liability rules in the 
environmental context, especially on Superfund and related state laws (Kornhauser and Revesz 
1994; Sigman 1998; Chang and Sigman 2000, 2007; Alberini and Austin 2002). But debates over 
how best to manage new risks imposed by expanding shale development have largely been 
missing a consideration of the liability system and of options available for improving its ability 
to manage new risks. 

2.1 Regulation versus Liability in General 

But how do the two systems work together? When is liability appropriate and adequate, 
and when is regulation needed instead? Law and economics scholar Steven Shavell (1984, 357) 
addressed these questions in a landmark article, identifying four criteria on which to base an 
evaluation of which tool is superior for a particular situation: 

 Information asymmetry. Where private parties have greater knowledge about risky 
activities than prospective regulators do, liability is favored over regulation. Regulation 
without good information is likely to be too lax or too strict, and courts are usually better 
able to determine the required level of care (and whether it was met) in a particular 
situation than regulators can do across all actual and possible situations. 



Resources for the Future Olmstead and Richardson 

3 

 Ability to pay. If those responsible for harms can escape liability because they are unable 
to pay to remedy those harms, liability will give inadequate incentives to change 
behavior.  

 Threat of suit. Similarly, if those responsible for harms can escape liability because they 
are never sued at all, liability once again will give inadequate incentives. The best and 
most relevant example is activity that creates widely dispersed harms. Victims may lack 
standing to sue, ability to organize a class action, or ability to connect the harm suffered 
to the party responsible, for example. 

 Costs. Both liability and regulation have costs litigation costs on the one hand, and 
administrative and enforcement costs on the other. Litigation costs can be very high but 
are only incu

 costs 
(Shavell 1984, 364). 

Shavell observes that in most real-world settings, a mix of liability and regulation is used. 
He argues that as a general rule, the choice between the two in a given area seems to reflect these 
criteria: society generally, if not always, gets the regulation/liability decision right. 

2.2 Regulation versus Liability in Shale Development 

This is probably true in the oil and gas context as well. For most risks, private parties 
have better information than regulators, even sophisticated state-level agencies. This points in 
favor of a liability system, and, indeed, most operator decisions are made in the shadow of 
liability risk.  

But other factors point toward regulation. In many cases, operators have excellent 
information but potential victims do not, and it is hard for courts to determine if operators 
exercised due care. An important reason is the simple fact that activity occurs underground, 
where only equipment under the control of operators can observe it. Another challenge is that 
many operators are small independents whose resources may be inadequate to cover large 
damage awards. And the strongest factor in favor of regulating some oil and gas activities is that 
they may lead to significant but widely dispersed harms. Liability is likely to be an inefficient 
and impractical means of addressing, for example, fugitive methane emissions or contamination 
of rivers and streams with flowback fluids. This is of course not unique to oil and gas drilling
most environmental regulation can point to dispersed harms as its , and in fact one 
way of describing the growth of environmental regulation is a response to an inability of the 
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traditional liability system to address widespread environmental harms associated with industrial 
society. 

Whether regulation or liability is superior in cost terms for shale gas risks or any 
others is harder to determine. Shavell struggled somewhat to come up with general principles 
in his 1984 article, concluding that, on balance, liability is likely to be less costly. This may be 
true for many one-off, small scale events but is almost certainly not true when harms are 
dispersed because class actions are notoriously complex. Even allowing for class-action lawsuits, 
costs of a pure liability approach may be extremely high (Menell 1991).   

threat of suit could be viewed as a special case of his 
cost pillar. When potential plaintiffs find it difficult to sue, the cause is often the high cost of 
legal action in the face of collective action problems or procedural barriers that courts erect to 
protect against difficult-to-resolve suits. In other cases, inadequate threat of suit might arise from 

 

On the other hand, where information is readily available to private parties and instances 
of harm are relatively rare compared to the level of activity, liability is likely to be much less 
costly than detailed regulation. Good examples are truck accidents and aboveground damage to 

in the shadow of) 
the tort system. 

Therefore the intuition that the division of labor, as it were, between liability and 

asserts it does generally. This is not to say that some activities currently regulated might not be 
better handled through liability, or that there is no need for additional regulation because the 
current liability system is adequate. Either claim requires far more evidence than the above 
anecdotal review could provide.  

Nor is it to say that this division of regulatory labor arose by design. In most cases, 
regulation is imposed when the liability system comes to be viewed as inadequately addressing a 
given risk (usually in circumstances poor de 
novo creation of a new regulatory regime based on a theoretical framework. One of the liability 

it even if they outpace top-down regulation.  
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2.3 Policy Options for the Shale Liability System 

We therefore have a legal system for addressing risks of shale development in which 
regulation and liability operate in symbiotic parallel, addressing different risks and harms. And 
within this system, good principles exist for deciding whether a given activity is best left to be 
controlled by liability or regulated, though decisions in individual cases may be difficult. In 
broad terms, the current balance between liability and regulation appears to follow those 
principles. 

Therefore, rather than fueling already-contentious debates about whether additional 
regulation is needed, it is useful to discuss how the existing system for reducing risks can be 
made more efficient and effective. Policy options for improving regulation of shale development 
are widely discussed, but options for improving the liability system are relatively 
underexamined. Given the significance of liability in managing development risks and 
encouraging exercise of care by operators, this is unfortunate. This section explores some such 

 

2.3.1 Information Asymmetry 

When private actors have better access to information than regulators, liability is more 
effective, all else equal (Shavell 1984). But information asymmetry between private parties can 
create problems wrongdoers may escape liability because victims are not aware they have been 
injured, cannot determine who is responsible, or cannot acquire sufficient evidence to support 
their case. Even if this information can be obtained, doing so may be costly. As we already 
noted, this is particularly true for disparate harms, like air and surface water pollution. But even 
where harms are relatively localized, as in some cases of groundwater or soil contamination, 
information is often difficult to come by. Disclosure, burden shifting, and strict liability can 
improve the function of the liability system in situations of information asymmetry. Such 
situations are common in shale development, where levels of expertise between operators and 
potential victims (landowners and citizens) differ greatly. 

Olmstead 2008). But disclosure also provides information to prospective plaintiffs in legal 
action. If groundwater is contaminated by specific compounds, for example, fracking fluid 
disclosure rules, requirements that firms report spills and other such accidents, and wastewater 
transportation tracking and recordkeeping regulations can help victims identify and sue those 
responsible for environmental damage. Without such disclosure requirements, it might be 
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difficult or impossible for such litigation to succeed. Civil discovery can help plaintiffs uncover 
information but can be costly for both sides. 

Another approach in cases of information asymmetry is to shift presumptions or burdens 
of proof in litigation. For example, most states require testing of water wells near drilling 
operations to identify groundwater contamination. In contrast, Pennsylvania does not require pre-
drilling water well testing but instead shifts the burden of proof onto defendant operators if such 
testing is not done. Ordinarily, a plaintiff would have to show an operator caused the injury in 
question (here, groundwater contamination) to prevail in litigation. But in Pennsylvania, any 
contamination is presumed to have been caused by drilling unless the defendant operator can 
rebut this presumption with pre-drilling test evidence.  

In most cases, the operator will have better information than potential victims about 
groundwater quality and other geological and hydrological conditions. Placing the burden of 
proof on operators therefore likely reduces litigation-related costs and decreases the chance that a 
wrongdoer will escape liability because plaintiffs cannot establish causation. This may be one 
reason why energy developers in Pennsylvania typically engage in extensive pre-development 
groundwater testing at significant private cost (though these data are not publicly available, and 
post-development testing is only performed in the case of a complaint). Such burden-shifting 
approaches may be useful in other contexts in which litigation would be a better, cheaper 
alternative to regulation but for information asymmetries. 

Perhaps the most common approach to information asymmetry in litigation is the 
imposition of strict liability that is, liability without regard to whether a defendant has 
exercised due care. Str -
basis that such activities carry a very high duty of care. In a few states, oil drilling has been 
classed as ultra-hazardous, but in others courts handle drilling under the general negligence 
standard.  

Contrary to the intuition of many, imposing strict liability theoretically should not result 
in operators taking additional care (Shavell 1980). But it does have one important advantage it 
simplifies litigation. Plaintiffs may lack sufficient information to prove a defendant operator 
failed to exercise due care, but under strict liability they must only prove they were injured and 
that the defendant caused that injury. However, strict liability also affects activity levels: since 
those engaged in the activity are subject to greater liability, at the margin, some will simply 
choose not to engage in it (Shavell 1980). This may be a good thing if other factors, such as lack 
of information on the part of plaintiffs or the existence of judgment-proof defendants mean that 
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activity levels are greater than socially optimal. But if these factors are not present, strict liability 
carries a hidden cost. 

2.3.2 Ability to Pay 

Policymakers have long been aware of problems created by reliance on the liability 
system when potential damages exceed the ability of defendants to compensate victims. Oil and 
gas development is a classic example: damages from spills or contamination can be great, and 
many independent operators have limited resources. Traditional tools for addressing this problem 
are financial responsibility, insurance requirements, and bonding. 

Generally, when an operator applies for a permit to drill a well, it must show evidence of 
adequate financial resources or insurance to pay related claims. Operators also may be required 
to post a bond in association with the permit. For example, Pennsylvania requires operators to 
file a bond of $2,500 for each well permit. Operators in Pennsylvania and Colorado alternatively 

 $25,000 covering all wells in the state. Texas requires a similar 
$25,000 blanket bond for up to 10 wells. 

Bonding can reduce the ability of operators with limited resources to escape liability and 
therefore increase incentives to take due care to avoid harms but only when funded 
appropriately. An amount of $2,500 is certainly insufficient to cover the expected damages from 

incentive to take additional care. A $25,000 blanket bond is probably even less effective since 
large operators may have thousands of wells. Stronger financial responsibility requirements can 
improve the ability of the liability system to generate adequate incentives for operators. 

2.3.3 Threat of Suit 

The primary reason operators might expect to escape suit for harms they cause, and 
therefore face inadequate incentives to reduce risks, is the disparate nature of many such harms, 
such as air and surface water pollution. This is the source of the appeal of much oil and gas 
regulation, and no policy can change the distributed nature of risks from the activity.  

Nevertheless, some policy changes can increase the effectiveness of the liability system. 
For example, the cost and complexity of pursuing class-action claims might be reduced for 
certain kinds of injury related to shale development.. As noted above, information disclosure 
rules are also useful in that they enable actual and potential victims to find out about harms, 
identify responsible parties, and establish causation in litigation. 
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2.3.4 Costs 

Almost all of the tools and policy options discussed above for resolving information 
asymmetries, addressing inability to pay, and preventing operators from escaping liability also 
help reduce the costs of litigation. Information disclosure regulations lessen the need to rely on 
expensive discovery to acquire information. Burden shifting rules, in theory, put the burden of 
evidence gathering on the party able to meet it at least cost. Strict liability can greatly simplify 
cases by eliminating the need to prove duty of care and breach of that duty. 

Other measures to reduce cost include expediting litigation, most obviously by appointing 
(and funding) enough state and federal judges to manage current and future caseloads. In states 
and districts with large amounts of drilling activity and related litigation, specialist courts or 
dockets might also improve the ability of courts to efficiently handle such cases. 

3. Prescriptive Administrative Regulation (of Shale Gas Development) 

Until the 1990s, the standard approach to environmental regulation was limited to policy 
-and-

regulate behavior or performance of individual facilities. While there are many such approaches, 
they fall into two general classes: technology standards and performance standards.  

A technology standard requires firms to use a particular pollution abatement technology. 
For example, the 1977 Clean Air Act Amendments required new power plants to install large 
flue-
shale context, technology standards may require a particular type of cement in well casing. Other 
types of command-and-control regulations, such as setback requirements, are similarly uniform 
across firms, though they do not deal specifically with technology.  

A performance standard allows polluters more freedom. Rather than requiring a specific 
number of feet of setback or a specific casing technology, for example, a performance standard 
might require that concentrations of specified pollutants in streams near drilling sites not exceed 
a certain level or that a pressure test on the cement casing not exceed a given reading. In theory, 
regulators can vary technology or performance standards across regulated firms, though in 
practice, they have tended to implement uniform standards.  

Command-and-control policy instruments are not all equal in economic terms. For 
example, performance standards are generally better than technology standards at minimizing the 
sum of emissions control costs and pollution damages (Besanko 1987; Bennear and Coglianese 
2012). Some performance standards are better than others in effectiveness and cost-effectiveness 
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terms (Helfand 1991). For reasons discussed in Section 4, however, economic theory strongly 
favors market-based over command-and-control policy instruments, even performance standards. 

A recent analysis suggests that 81 percent of observed shale gas regulations at the state 
level are prescriptive (Richardson et al. 2013, 14). Prescriptive approaches are common at the 

hydraulic fracturing on federal lands require operators to maintain specific types of logs and 
meet particular well construction standards.  

Of these prescriptive approaches, however, performance standards are practically 
nonexistent. Even when states do frame shale-related regulations as performance standards, they 
often appear to be unenforceable. In order to be effective, a performance standard must set a 
well-defined, measurable standard. For example, requiring firms to limit venting or flaring to 
circumstances where it is economically necessary or to avoid such practices when they create a 

-
by-case permitting decisions. Conversely, a performance standard that effectively precludes all 
but a single compliance mechanism is a performance standard in name only. The US 
Environmental Protection Agency (2012) established updated New Source Performance 
Standards in 2012 for oil and gas wells, though in practice these are structured so that a single 

 

Setting these quasi-performance standards aside, out of 27 states surveyed by Nathan 
Richardson and colleagues (2013), only Alabama, Montana, Nebraska, and Texas use 
performance standards, and none of them uses a performance standard for more than one 
regulatory element in the survey. Since these standards are so rare, drawing conclusions about 
their rationale would be unwise.  

Another, even more flexible approach is case-by-case permitting, under which operators 

performance standards, this form of regulation is widely used for shale gas development 
activities, accounting for 14 percent of regulations in the 27 states surveyed, and up to 20 25 
percent of regulations in some individual states (Richardson et al. 2013).  

Case-by-case permitting allows both operators and regulators some discretion in the 
manner in which requirements are satisfied, but the level of performance is not uniformly 
specified across firms. One benefit of this approach is that operators and regulators can tailor 
their technologies and practices to local conditions and priorities. It has important drawbacks, 
however. It is administratively costly, since each permit must be independently reviewed. And it 
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frequently lacks transparency because it is difficult for industry, much less the interested public, 
to know what practices and technologies are required.  

4. Market-Based Administrative Regulation (of Shale Gas Development) 

In contrast to the prescriptive approaches described above, market-based policy 
instruments are decentralized, focusing on aggregate or market-level outcomes, such as total 
emissions, rather than the activities of individual facilities. A wide array of policy instruments 
falls within this category. Taxes, environmental markets (such as tradable pollution permit 
programs), and information disclosure policies are common examples.   

The principle that market-based instruments are more cost-effective than command-and-
control policies in the short run is well-developed in economic theory (Crocker 1966; Baumol 
and Oates 1971; Bohm and Russell 1985; Tietenberg 1990; Hahn and Stavins 1992; Stavins 
2003). Market-based tools have this advantage because they exploit cost differences across 
regulated firms. In the context of pollution control, the firms with the lowest abatement costs 
exercise the most control, and those with the highest costs control less, paying more for permits 
or higher tax bills. This short-run cost-effectiveness advantage tends to be emphasized in public 
policy debates, and it is a critical argument in favor of market-based instruments.  

However, the greatest potential cost savings from these types of environmental policies 

they require firms to pay to pollute, market-based tools provide strong incentives for regulated 
firms to invest in new technologies that reduce pollution abatement costs over time, either 
creating these innovative technologies themselves or adopting cheaper pollution control 
technologies developed by other firms (Downing and White 1986; Milliman and Prince 1989).  

4.1 Environmental Taxes 

The classic economic prescription for the management of environmental market failures 
is to tax negative externalities and subsidize positive externalities, with the efficient tax, or 
subsidy, equal to the marginal damages, or benefits, at the efficient level of the externality (Pigou 
1920; Baumol 1972; Sandmo 1975). To our knowledge, no taxes are being used to regulate 
negative impacts of shale gas development per se in the United States. But oil and gas 
production are subject to many local, state, and federal taxes that potentially could be used as 
tools to mitigate potential risks from shale gas development.   
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A severance tax is one candidate. While pollution taxes tend to be charged on the flow of 
emissions from a particular source to air or water, severance taxes are typically charged on the 
quantity or market value of a nonrenewable natural resource stock removed from the 
environment. The severance tax is the most widely adopted state oil and gas tax (Chakravorty et 
al. 2011). Twenty-six out of 31 states reviewed by Richardson et al. (2013) currently have 
severance taxes on natural gas (see Figure 1).  
 

Figure 1. State Severance Taxes at $5.40/Mcf Natural Gas Price 

 

 
Source: Richardson et al. (2013), 66, Map 21. 

 

State and local governments rely heavily on severance tax revenues to fund public goods 
(Kunce 2003).They may also be justified in theory as a way to capture the intertemporal external 

terms) in the case of shale development, the fact that a unit of gas removed from shale today is 



Resources for the Future Olmstead and Richardson 

12 

not there to extract tomorrow. Private firms operating in competitive markets do internalize this 
cost as they make choices about how to allocate their extraction activities over time (Hotelling 
1931). However, the public sector as owner of subsurface minerals in some instances and as 
steward of such resources more generally can capture and invest these rents to promote the 
economically sustainable use of nonrenewable resources (Hartwick 1977; Solow 1992), remedy 
environmental harms (Gulley 1982), or simply provide ongoing income that might smooth the 
boom-and-bust cycle common to resource-based economies. In theory, the optimal severance tax 
also could account for negative gas production externalities to the extent that those externalities 
are related to the quantity or value of production from a given well. Methane emissions and 
emissions of local and regional air pollutants, such as nitrogen oxides (NOx) and volatile organic 
compounds, are good examples.  

Unfortunately,	  severance	  taxes	  at	  current	  US	  levels	  appear	  to	  have	  little	  impact	  on	  
producer	  behavior.	  Recent	  analyses	  refute	  older	  studies	  comparing	  state	  and	  federal	  oil	  
and	  gas	  taxes	  in	  the	  1990s	  that	  suggested	  the	  severance	  tax	  had	  relatively	  strong	  impacts	  
on	  production	  in	  comparison	  to	  the	  federal	  corporate	  income	  tax	  or	  state	  property	  taxes	  on	  
oil	  and	  gas	  reserves	  (Deacon	  1993).	  The	  newer	  analyses	  account	  for	  tax	  interaction	  effects	  
and	  other	  complicating	  factors	  and	  show	  that	  production	  is	  quite	  inelastic	  to	  even	  large	  
changes	  in	  the	  severance	  tax,	  though	  they	  may	  have	  somewhat	  more	  impact	  on	  drilling	  
activity	  than	  on	  production	  (Kunce	  2003;	  Kunce	  et	  al.	  2004;	  Chakravorty et al. 2011).	  	  

A second challenge is that the most significant potential risks related to shale gas 
development are not necessarily linked to producing wells (Krupnick et al. 2013). In fact, once a 
shale gas well is in production, many risks from the development process are no longer relevant. 
Local air pollution and congestion from truck traffic are good examples; so are surface water 
risks from impoundments used for hydraulic fracturing. Other risks such as habitat 
fragmentation from well pads or pipelines can no longer be affected by a tax on production. 
Thus, a severance tax will not provide effective incentives on the margin for mitigation of these 
risks, though the revenues could be used for corrective action or public investments in risk 
reduction. 

In 2012, Pennsylvania chose a different option that may avoid these two challenges. The 
state implemented an impact fee on gas production from the Marcellus Shale, which counties or 
municipalities may vote to adopt. The fee is imposed on every producer in adopting localities 
and applies to all spudded unconventional gas wells. The amount of the fee depends on the 
average annual price of natural gas and is charged on a per-well basis, regardless of production.  
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The constitutionality of this fee is currently under review before the Pennsylvania 
Supreme Court, but to the extent that there are fixed external costs to shale gas well 
development, the impact fee approach may be economically justifiable. Such a fee could vary 
spatially for example, higher fees could be implemented in areas such as sensitive habitat that 
have higher anticipated social costs of well development. Fees also could increase over time as 
the land footprint of shale gas development consumes a greater fraction of formerly open space, 
increasing the marginal value of remaining open space.   

4.2 Environmental Markets 

While environmental taxation had been proposed since the early part of the last century, 
the rise of environmental trading markets began later, when the Nobel Prize winning economist 
Ronald Coase (1960) noted that the mere existence of externalities in a market could, under 
certain very restrictive conditions, induce private negotiation of efficient outcomes in cleaning 
up pollution. A key condition was well-defined property rights, which fostered the development 

-and-
other variations on the same theme (Dales 1968; Montgomery 1972). The conceptual framework 
of emissions trading programs is well described in the literature (Tietenberg 2006). The regulator 
sets an aggregate cap on pollution and allocates or auctions the implied number of pollution 
permits to the regulated community. The pollution permits are transferable, and each firm will 
buy and sell permits based on a comparison of market permit prices with its own marginal 
abatement costs. When the permit market clears, each firm will have equated its own marginal 
pollution abatement cost with the prevailing permit price, resulting in equal marginal costs across 
firms and the least-cost allocation of control responsibility to meet the aggregate cap.  

No emissions trading programs have been established specifically to regulate risks from 
shale gas development, but current and future applications may be relevant, requiring or 
facilitating the participation of energy developers directly or indirectly.   

Shale gas operators and service companies are subject to Clean Air Act regulations for 
local and regional air pollutants, some of which have been implemented through tradable permit 
policies. For example, the 2003 2008 NOx Budget Trading Program was designed to reduce 
aggregate NOx emissions and their regional transport in the eastern United States, in an effort to 
increase regional compliance with federal ambient ozone standards. Marcellus shale 
development is expected to contribute 12 percent of regional NOx and volatile organic compound 
emissions responsible for the formation of ground-level ozone by 2020 (Roy et al. 2012). If 
future trading programs were to emerge, sources in the shale gas production chain could be 
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incorporated, even though prior policies focused on coal-fired power plants and other large 
industrial point sources.  

Given the significant concerns raised about methane emissions in the shale gas 
production chain (Allen et al. 2013), participation of shale gas operations in existing markets for 
greenhouse gas emissions would seem to be an obvious candidate for extending the advantages 
of market-based regulation to this new sphere. For example, one could imagine operators 
generating emissions credits from green well completions that could be used as offsets in 
existing ma -and-
Emissions Trading System). 

If shale gas development is responsible for water pollution emissions in watersheds with 
water quality trading programs, operators may be affected by these programs. The Clean Water 
Act prevents shale gas operators from discharging effluent directly to rivers and streams, but 
water quality trading policies could be relevant to shale gas development in watersheds with 
Total Maximum Daily Loads (TMDLs) under the Clean Water Act that focus on contaminants 
such as sediment, dissolved solids, and chloride from both point and nonpoint sources. Links 
between shale gas development, sedimentation, and chloride in rivers and streams have been 
established in the literature (Olmstead et al. 2013), and flowback and produced water are high in 
dissolved solids. Together, these contaminants are the focus of 10 15 percent of TMDLs 
currently being implemented (US Environmental Protection Agency 2013). A handful of current 
water quality trading programs allow trading in sediment loads, but none focus on chloride or 
total dissolved solids (Fisher-Vanden and Olmstead 2013). However, use of these flexible policy 
instruments could reduce the cost of compliance with any new regulations addressing surface 
water pollution from shale gas development. 

Risks related to the quantity of water used in hydraulic fracturing are an additional 
concern and are another area where markets could help. These concerns are more relevant in arid 
regions than in those with more plentiful water supply (Nicot and Scanlon 2012). In some 
jurisdictions in the western United States, water users have the ability to lease and transfer water 
rights to other users. In theory, such markets can result in water moving to its highest-valued 
uses (Hartman and Seastone 1970; Brewer et al. 2008).  

Because irrigation has traditionally dominated water consumption, especially in the West, 
farmers stand to benefit most from the ability to engage shale gas operators who need reliable 
sources of water for hydraulic fracturing in leases or sales. If withdrawals for energy 
development pose a risk to agriculture in arid states, water markets could help to mitigate that 
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risk, compensating rights holders for any expected decreases in productivity. Water leases and 
transfers between irrigators and growing western cities (Brewer et al. 2008) may provide a 
template for such transactions with energy developers. A small number of documented trades 
already have taken place between agricultural users and energy developers in North Dakota; 
Colorado and Utah also have seen some participation of energy developers in water rights 

scale than what is implied by these documented instances, particularly in states such as Texas, 
where groundwater is private property. 

For water users, the decision to transfer water depends on the relative impacts of 
development, the value of agricultural production with less water, and the price that energy 
developers are willing to pay. While the seller of water benefits from trade, other water users, 
such as those who share infrastructure maintenance costs, may suffer unexpected consequences 
from water trading. Downstream junior rights holders who benefit from irrigation return flows 
may also experience damages if water used for hydraulic fracturing is not returned to rivers and 
streams, or if water quality is degraded. A careful examination of the distributional consequences 
of water markets as they relate to shale gas development is needed. 

4.3 Information Disclosure Policies 

Information disclosure policies have been developed to inform consumers about the 
public and private benefits of their consumption activities, as well as to influence the behavior of 

from shale gas development, though such policies also can indirectly influence consumers of 
goods and services produced by these firms. There is growing evidence for the effectiveness of 

 2005). 

An important example of this type of disclosure policy studied by many researchers is the 
requirement that manufacturing facilities publicly disclose toxic chemical releases under the US 
Toxics Release Inventory (TRI) program. Though releases have decreased dramatically since the 
TRI began, it has been difficult to determine whether the TRI is actually responsible for these 
decreases in toxic emissions because data are not available for releases before the program began 
or for unregulated facilities (Bennear and Coglianese 2005).   

Federal and state legislators have implemented information disclosure requirements in an 
effort to mitigate shale gas development risks. Since 2005, the injection of fracturing fluids other 
than diesel fuel has been exempt from the disclosure requirements of the Safe Drinking Water 
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Act, the federal statute that typically addresses risks to drinking water supplies from deep 
underground injection. However, the Bureau of Land Management draft rules for hydraulic 
fracturing operations on public lands, issued in May 2012, include a fracking fluid disclosure 
requirement, and fifteen states currently require disclosure of this kind (Richardson et al. 2013).   

Unfortunately, as with the TRI, no data are available on the contents of fracturing fluids 
before these state and federal policies came into force, and because all hydraulic fracturing 
operations tend to be covered by these rules, no data are available on fluids used by firms that do 
not disclose their contents. Thus, it will be difficult to gauge the impact of disclosure on 

he variation in timing of the adoption of 
disclosure rules by states, controlling carefully for other differences across states (perhaps 
looking at wells in the same shale play, but within states with different disclosure rules).    

One possibility is that disclosure results in public attention to operators using toxic 
chemicals, creating pressure for behavioral change from consumers or shareholders. Such 
impacts have been measured empirically for the TRI, which is available online 
(www.scorecard.org) in an easy-to-interpret format. FracFocus has emerged to play a similar role 
for fracking fluid disclosure requirements, and its website (www.fracfocus.org) allows users to 
obtain PDFs of fracking fluid chemical lists by well. Since disclosure through FracFocus has 
occurred for some locations since 2011, an empirical assessment of its effects on shareholder or 
consumer behavior may now be feasible. Similarly, researchers could compare practices on 
federal land (under the proposed Bureau of Land Management disclosure rule) to those on 
nearby private land where disclosure is not required. 

5. Conclusions 

New regulation may be required to mitigate shale gas development risks, most notably 
those with widespread associated harms. But for other risks, small changes to the liability system 
may be simpler and more cost-effective. When regulatory approaches are favored, market-based 
policies can significantly reduce costs.   

The vast majority of existing regulations governing oil and gas development are 
prescriptive. The most significant examples of market-based approaches to risk mitigation thus 
far are water rights trading and information disclosure regulations. Severance taxes are 
ubiquitous, but in their current form, any impacts on environmental risk are probably minimal. 
Air and water pollution trading programs under the Clean Air Act and Clean Water Act may 
eventually be relevant to shale gas operations. If shale gas operators reduce methane emissions 

http://www.scorecard.org/
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through green completions, these activities could generate greenhouse gas abatement credits that 
could, in theory, be used for compliance with climate-related cap-and-trade policies. 

A key research priority for understanding the potential for further innovation in liability 
and market-based approaches to shale gas risk mitigation is impact evaluation of those few 
innovative policies that have already been implemented. What has been the effect on operator 

water contamination 
near gas wells onto operators? How do the minimal bonding and insurance requirements that are 

increases in such requirements? Where energy developers are leasing and purchasing water 
rights from farmers and other rights holders, what have been the effects on water management 
costs, and on any affected third parties? How has fracking fluid information disclosure affected 
shale gas development practices?  

Though theory offers substantial support for innovative approaches, empirical evidence 
for their effectiveness and cost-effectiveness in practice is essential. 
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