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Drilling Like There’s No Tomorrow: Bankruptcy, Insurance,
and Environmental Risk

By JUDSON BOOMHOWER®

This paper measures the effects of bankruptcy protection on indus-
try structure and environmental outcomes in oil and gas extraction.
Using administrative data from Texas, I exploit variation in an insur-
ance requirement that reduced firms’ ability to avoid liability through
bankruptcy. Among small firms, the policy substantially improved
environmental outcomes and reduced production. Most production
was reallocated to larger firms with better environmental records,
but high-cost production where social cost may have exceeded social
benefit decreased. These results suggest that incomplete internaliza-
tion of environmental costs due to bankruptcy is an important deter-
minant of industry structure and safety effort in hazardous industries.
(JEL G22,G33,125,L71, Q35, Q52)

In most legal systems, the debts of insolvent parties can be eliminated through
bankruptcy. Bankruptcy protection improves insolvent actors’ work incentives and
mitigates coordination problems among creditors.' However, bankruptcy protection
also distorts behavior by insulating actors from worst-case outcomes. For example,
financial firms may become excessively leveraged or consumers may accumulate
excessive personal debt. One important implication of bankruptcy protection is that
firms in hazardous industries will take excessive environmental and public health
risks. Since damages can be discharged in bankruptcy, firms with assets less than
their worst-case liabilities face inadequate safety incentives. Economists call this the
“judgment-proof problem” (Shavell 1986, 2002).

In addition to reducing precaution, the judgment-proof problem may also distort
industry structure. The ability to avoid liability through bankruptcy creates a private
cost advantage for small firms. This advantage may increase the share of output
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produced by small firms, since it may allow them to outcompete larger produc-
ers with lower social costs of production. The judgment-proof problem may also
encourage low-value production that would not be profitable for any firm if produc-
ers fully internalized expected damages.

There are many industries where potential environmental or health costs exceed
firms’ ability to pay. In the United States, bankrupt polluters have avoided billions of
dollars in liability under federal environmental laws. Example industries, of many,
include chemicals manufacturing, dry cleaning, hazardous waste disposal, retail
gasoline, and metals mining.” Taxi companies and drivers for ride-sharing services
like Uber have avoided liability for pedestrian injuries through bankruptcy. Asbestos
manufacturers have been liable for health damages that exceed their ability to pay,
and dozens have declared bankruptcy. Railroads and other freight shippers are sus-
ceptible to bankrupting accidents like an explosion in Quebec in 2013 that killed 47
people.” Discharging these companies’ liabilities achieves the goal of bankruptcy
by giving owners a “fresh start.” However, this policy goal may come at the cost of
weakened safety incentives and distorted industry composition.

One important industry where these concerns are likely to be relevant is fossil
fuel production. Extraction of crude oil, natural gas, coal, and tar sands all feature
pronounced environmental risk. These sectors also include many small producers.
Davis (2015) describes how natural gas producers in the United States face potential
environmental liability for groundwater contamination and other damages that far
exceeds their assets. The dramatic growth in oil and gas production over the past
decade due to the introduction of hydraulic fracturing has multiplied the potential
for environmental damage in this industry. The avenues for water contamination in
hydraulically fractured wells are the same as in the conventional wells considered in
this study (Darrah et al. 2014).

Regulators often seek to mitigate the judgment-proof problem through policy
interventions. One common approach is requiring firms to post bonds or to purchase
insurance to cover damages exceeding the firm’s assets.’ When firms post their own
assets as a bond, they face the threat of bond forfeiture. When they must purchase
insurance, they face ongoing monitoring and risk-based underwriting by the insurer.
By causing firms to internalize potential damages, these policies potentially change
the composition of firms in the industry and the amount of precaution that firms
exercise. The major fossil fuel-producing US states, US federal land managers,
Canadian provinces, and other jurisdictions require this type of “financial assur-
ance” from companies in oil and gas drilling. Such requirements are also common
in other industries where the judgment-proof problem is a concern, including metals

2Pollution examples are from: US Government Accountability Office (2005), Report 05-658 (chemicals man-
ufacturing, dry cleaning); GAO (2003), Report 03-761 (hazardous waste disposal); GAO (2007), Report 07-152
(retail gasoline); and US Environmental Protection Agency (2004), Report 2004-P-00005 (metals mining).

3Health and safety examples are from: Christopher Drew and Andy Newman, “Taxi Owners Deftly Dodge
Claims of Accident Victims,” New York Times, May 24, 1998 (taxis); Christopher B. Dolan, “Viewpoints: Uber
Should Have Enough Insurance, Just Like Anyone Else,” Sacramento Bee, August 8, 2014 (ride-sharing); White
(2014) (asbestos); and Betsy Morris, “Fiery Oil-Train Accidents Raise Railroad Insurance Worries,” Wall Street
Journal, January 8, 2014 (railroads).

# Alternative policies include direct safety regulation (Shavell 1984), minimum asset requirements (Shavell
2002), and vicarious liability for lenders or business partners (Kornhauser 1982, Pitchford 1995, Boyd
and Ingberman 2003). See Shavell (2007) for a review of possible policy responses.
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mining, landfills, hazardous waste disposal, and chemical manufacturing. Despite
the wide relevance of the issue and the range of policies enacted in response, empir-
ical understanding of the judgment-proof problem and intended solutions is limited.

This paper measures the effect of bankruptcy protection on environmental out-
comes and industry composition in the onshore oil and gas industry. I begin from
a simple conceptual model of a hazardous industry with heterogeneous firms and
projects (e.g., oil wells). Bankruptcy lowers the expected private costs of environ-
mental damage for small producers. As a result, small firms exercise too little care in
each project; acquire some projects that would be more efficiently operated by large
firms; and develop additional high-cost projects where social cost exceeds social
benefit. Requiring firms to purchase insurance to cover damages beyond their own
assets mitigates these distortions. This model yields testable hypotheses that guide
the empirical analysis. It also provides a framework for welfare analysis.

The empirical application uses data on the universe of onshore oil and gas pro-
ducers in Texas, the largest oil- and gas-producing state in the United States. I merge
administrative databases covering production, environmental outcomes, and entry
and exit to generate a novel dataset that includes thousands of firms and hundreds of
thousands of wells. To measure the effects of the judgment-proof problem, I exploit
a natural experiment created by the introduction of an insurance requirement during
2002-2003. Firms were required to purchase an insurance product from private insur-
ers that was specifically designed to address bankruptcy concerns. Insurers charged
firm-specific premiums based on predicted risk, so this requirement caused firms to
internalize expected environmental costs through ongoing premium payments.

I examine the effect of the insurance requirement on a range of outcomes related
to industry composition and environmental protection. These outcomes include
firm-level participation and output, well-level ownership and shutdown decisions,
and environmental outcomes related to water pollution. The nature of the data varies
across outcomes. These differences motivate a combination of empirical approaches,
including regression discontinuity, event study analysis leveraging quasi-random
variation in policy timing, and time series comparisons.

I find that the bond requirement caused striking changes in industry structure.
About 5 percent of producers left the market immediately. These exiting firms
were small and had poor environmental records. Among remaining firms, the bond
requirement reduced production among the smallest 80 percent of firms by about
5 percent on average. At the individual well level, the primary effect of the policy
was to reallocate wells from small to large producers. The bond requirement moved
about 4 percent of wells operated by the smallest 80 percent of firms to new opera-
tors. Another 1 percent of the wells operated by these firms were shut down, primar-
ily representing low-producing wells where social cost (including environmental
risk) is most likely to exceed social benefit.

Environmental outcomes also improved sharply. Small producers caused a large
share of environmental incidents industry-wide, even though they were a small
share of total output. This meant that the bond requirement had a large effect on
the total environmental cost of oil and gas development. I find clear evidence of an
approximately 70 percent decrease in orphan wells, which are wells abandoned by
insolvent owners without precautions needed to prevent pollution. Orphan wells are
a major cause of groundwater contamination from oil and gas extraction. They are
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also a source of atmospheric methane emissions that contribute to climate change
and pose an explosion hazard. Violations of water protection rules also decreased by
25 percent industry-wide. The results suggest that by screening out firms and wells
that insurers perceived to be high risk, and increasing accountability for remain-
ing firms, the bond requirement mitigated the harmful incentive effects created by
bankruptcy protection. A back-of-the-envelope comparison of the value of avoided
environmental damages and compliance costs suggests that the policy yielded sub-
stantial welfare gains.

My results build on a small set of existing empirical studies. Ringleb and Wiggins
(1990) find that the number of small firms in dangerous industries increased during
the 1970s, coincident with more aggressive enforcement of liability claims for work-
place carcinogen exposure. Alberini and Austin (2002) find that in states with strong
liability rules, toxics spills are concentrated among small firms. They suggest that
limited liability may induce specialization by small firms in risky activities. Using
state-level panel data on annual releases from underground storage tanks, Yin, Pfaff,
and Kunreuther (2011) finds decreased leaks in seven states after tank owners were
required to purchase private liability insurance. Brooks (2002) documents contract-
ing out of risky activities to small companies in ocean shipping. Finally, while not
focused on limited liability, a working paper by Yin, Kunreuther, and White (2007)
finds that stricter environmental regulations for underground tanks at service sta-
tions in Michigan led to increased exit by small firms.

This paper contributes to the literature about the judgment-proof problem in four
ways. First, the small number of existing empirical studies have primarily focused
on a single margin, such as accidents or firm size. This paper leverages project- and
firm-level data on both industry composition and environmental outcomes to provide
a comprehensive investigation of the judgment-proof problem in a single industry.
This allows me to say more about the full impacts of limited liability than has been
possible in previous studies. Second, the rich data allow for more detailed exploration
of the economic mechanisms behind the observed effects. For example, I am able to
track ownership of individual oil and gas leases as they transfer between firms or shut
down in response to the policy change; and I am able to observe how the response to
the policy change depends on a firm’s past environmental compliance history.

Third, the empirical analysis in this study requires weaker identifying assump-
tions than previous work. Earlier studies rely primarily on cross-sectional com-
parisons across jurisdictions, industries, or firms that are potentially vulnerable to
omitted variables bias. For example, firm size may be correlated with experience or
skill, which could also affect accident rates. In contrast, this paper focuses on com-
parisons immediately before and after a policy change, or between firms that have or
have not yet been required to purchase insurance for exogenous reasons.

Finally, this study measures the significance of this market failure in one of the
most important industries in the world. More than 15.3 million Americans have had
an oil or gas well drilled within one mile of their home since 2000.” There has been
a great deal of empirical research on the effects of this boom (Allcott and Keniston
2018; Darrah et al. 2014; Muehlenbachs, Spiller, and Timmins 2015). This study

SRussell Gold and Tom McGinty, “Energy Boom Puts Wells in America’s Backyards,” Wall Street Journal,
October 25, 2013.
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targets a less-widely-explored question: do regulations induce oil and gas producers
to balance profits and environmental risk appropriately? The results suggest that
there would be benefits from increasing bond requirements in other oil- and gas-pro-
ducing states to at least the level required in Texas. These findings are relevant for
regions that are currently considering or implementing new bond requirements
for oil and gas producers, including Pennsylvania, California, and Alberta. More
broadly, they bolster concerns among economists and policymakers about limited
liability problems in many sectors, including landfills, chemicals, small-scale man-
ufacturing, and hazardous materials transportation.

The rest of the paper is organized as follows. Section I describes the oil and gas
industry. Section II proposes a model for how bankruptcy protection affects indus-
try composition and safety effort. Section III describes the empirical strategy and
Section IV describes the data. Section V presents empirical results, Section VI dis-
cusses aggregate impacts and welfare, and Section VII concludes.

I. The Onshore Oil and Gas Industry

The United States in 2015 produced 3.4 billion barrels of crude oil and 32.9
trillion cubic feet of natural gas, with a total value of $255 billion. The large major-
ity (83 percent of the oil and 94 percent of the natural gas) was produced on land
(“onshore”) and the remainder came from drilling in the ocean (*“offshore”).’ While
offshore drilling tends to be dominated by large multinational companies, onshore
production requires a relatively modest investment and many wells belong to small
independent firms. For example, in Texas during the period studied in this paper,
more than 5,000 operators reported production each year and the large majority had
annual revenues below $1 million. These firms often have few assets other than oil
and gas income.

Onshore production in the United States comes from over one million wells.’
Production rates vary widely across wells due to differences in underlying resource
quality and to natural declines in production over the life of a well. Because of the
long production history in this country and the steep “decline curves” associated
with more recent shale wells, many of the active wells in the United States today
are very low-producing. Seventy-six percent of oil wells and 72 percent of gas wells
produce less than 10 barrel-of-oil equivalents (BOE) per day; 39 percent of oil wells
produce less than 1 BOE per day.” Low-producing wells tend to be operated by
small firms, as shown in online Appendix Section A. While their output of valuable
products is lower, the environmental risks posed by these wells are the same as at
much more productive sites.

The primary environmental concern in this industry is pollution of groundwater
or surface water with crude oil, natural gas, drilling fluids, or concentrated saltwater

6 Statistics are from US EIA “Crude Oil Production” and “Natural Gas Gross Withdrawals.” Value is calcu-
lated using annual average prices at Cushing, OK and Henry Hub, LA, and assuming a natural gas heat content of
1,037 Btu per cubic foot.

7The 2011 Annual Energy Review (EIA 2012) reports 536,000 active oil wells and 504,000 active natural gas
wells (the most recent count).

8US EIA (2018), Table 8. One BOE is one barrel of oil or 6,000 cubic feet of natural gas. One BOE represents
the approximate energy content of a barrel of oil, and is a commonly used metric for combining oil and gas into a
single measure.
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(an unavoidable byproduct from oil and gas reservoirs). This threat exists at all
stages of production, from drilling through final site reclamation. During drilling,
improper construction of the cement and steel well casing can increase the risk of
leaks. Surface spills from storage tanks, waste pits, and pipes pose a threat through-
out production. And aging wells, particularly those that are no longer producing,
present a serious risk of groundwater pollution due to deterioration of the casing
and migration of pollutants up the open well bore. This risk is reduced by plugging
wells with cement once they are no longer producing. Plugging is costly and so
some firms delay it for months or years, increasing the risk of contamination in the
interim. In the extreme, wells may be left unplugged after the responsible firm is
dissolved or insolvent, creating orphan wells. During 1983-2008, 6 percent of oil
and gas groundwater contamination cases in Texas were from drilling and well com-
pletion activities; 33 percent from production; 43 percent from waste management
and disposal; and 17 percent from orphan wells (Kell 2011). Orphan and inactive
wells also emit methane to the atmosphere (Kang et al. 2016, Townsend-Small et al.
2016). Methane is a potent greenhouse gas, and also presents a risk of explosions.

The combination of many small firms, low-value projects, and large potential
environmental damages have made the judgment-proof problem a pervasive chal-
lenge for regulators in Texas and other states. As I show in Section VA, small firms
represent a large share of total environmental incidents even though they produce a
small fraction of total output. Bankruptcy can make it difficult to hold firms account-
able for damages. According to a 2003 report by the State Review of Oil and Natural
Gas Environmental Regulations, during 2001 and 2002 (before the bond require-
ment), Texas was unable to collect 68 percent of the penalties assessed for oil and
gas rules violations. The most common reason these fines were uncollectible was
bankruptcy.”

In response to these challenges, regulators in all of the major oil and gas regions
of the United States, as well as Canada and other countries, have enacted some form
of bond or financial security requirements. These requirements vary in their strin-
gency, with those in Texas being among the most strict (Dutzik, Davis, and Heeke
2013). A common way of complying with these requirements is to purchase an
instrument called a surety bond from a private insurer at market premiums. Surety
bonds obligate the insurer to pay the state up to the value of the bond if the insured
firm goes out of business and leaves some environmental cost. Unlike liability insur-
ance, if the state makes a claim against the bond, the insurer will attempt to recover
repayment from the oil and gas firm. Thus, a surety bond transfers default risk from
the state to the insurer, who becomes responsible for environmental damages that
exceed the oil and gas firm’s ability to pay.'"

2“RRC assessed $5,183,832 in penalties and collected $1,728,595... Penalties are most often uncollectible
because the company has gone out of business and has no assets” (STRONGER 2003).

19Texas and many other states accept surety bonds or irrevocable letters of credit to meet bond requirements.
The instruments are very similar. I follow convention and refer to both as “bonds.”
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II. Conceptual Framework

This section presents a model of how bankruptcy affects hazardous industries.
The goal is to provide a simple framework for how limited liability affects which
projects are produced and who produces them, as well as the level of precaution.''
This model yields testable predictions that I take to the data. It also guides the dis-
cussion of welfare effects in Section VI. The main results are presented here. More
details and proofs are in online Appendix Section H.

A homogeneous good is produced from discrete projects (e.g., oil wells, landfills,
mines). There are J types of potential projects, with a finite number of each type.
Project types vary in quality (potential output) p and are indexed from lowest to
highest quality by j =1, ..., J. Each project site is owned initially by a separate
landowner. The industry is small relative to the world market for output, so price per
unit of output is the world price p.

Firms buy project sites from landowners and produce output. There is an infinite
number of potential entrants of two types. High-technology firms (hereafter, H-type
firms) pay sunk entry cost F. Low-technology firms (hereafter, L-type firms) pay
sunk entry cost F; < Fpy. Output from a project is deterministic and depends mul-
tiplicatively on firm type and project type: f(Ai, pj) = A, p;. The technology shifter
A; € {Ay,AL} depends on firm type, withAy > A;. The complementarity between
firm productivity and input quality in this production function follows Becker (1973)
and subsequent models. This feature of the model closely matches the stylized facts
of the oil and gas industry, where there is a clear pattern of assortative matching
between firms and projects (as illustrated in online Appendix Figure 1).

To simplify exposition, I assume that each firm specializes in one of the J project
types (this assumption is relaxed in the online Appendix). I use ¢ to indicate units of
output from the firm and k = g/(A; p;) to represent the number of projects for a firm
of type i with projects of type j. A firm’s variable cost for k projects is c(k), with
c’(k) > 0. 1In addition, ¢"(k) > 0 (for example, due to span of control problems
as in Lucas 1978). Firms pay landowners an endogenously-determined price r; for
sites of type j.

Each project creates stochastic environmental costs. Firms can reduce expected
environmental costs by exerting costly safety effort. The level of safety effort in
each project is a continuous variable x. The price of safety effort is normalized to
1, so that per-project expenditures on safety are also x. The cost of safety effort and
the distribution of damages are the same for both types of firms. The environmental
costs of a project are /(x), a random variable with mean 1(x) and upper bound
h. Damages at each project are independent, so the firm’s expected environmental
costs are /1(x)k."?

" Existing models of the judgment-proof problem have had little to say about the choice of firm size or output.
Shavell (2002) assumes that firms produce only a single unit, and Pitchford (1995) describes firms as considering
a single project. Ganuza and Gomez (2011) and Che and Spier (2008) assume identical output across firms while
allowing for strategic choice of asset level and capital structure, respectively. Van 't Veld (2006) considers optimal
firm sizes with and without liability rules, but not heterogeneity in firms or projects, or an insurance requirement.

12potential damages are assumed to not depend on each project’s output. This is consistent with evidence on
the mechanisms of environmental damage in onshore oil and gas (Kell 2011, GWC 2014, CCST 2015, US EPA
2016). Unlike offshore incidents, where a well’s entire production stream may flow into the environment, onshore
water contamination generally occurs through isolated leaks of oil or gas, chemicals, or wastewater from fixed
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FIGURE 1. A HAZARDOUS INDUSTRY WITH HETEROGENEOUS FIRMS

A firm’s expected profit function with technology i and project type j is

(1) pq_C(%ﬂ;) —%{)j(rier—i—u(x)) —F,

When firms are fully liable for damages, they choose the socially optimal level of
safety effort, x*. This effort level is given by —A'(x) = 1, which equates the mar-
ginal reduction in expected damages with the marginal cost of safety effort, 1.
illustrates the market for projects of a given type j. The horizontal
axis represents the number of projects undertaken by a firm. The vertical axis rep-
resents revenues and costs. The solid horizontal line at pA p; represents the value
of output from a project produced by a type H firm at the fixed world price p. The
dashed horizontal line shows the project-level revenues for the type L firm with
the same project type, pA; p;. Define “project costs” to include all costs except
payments to landowners r. The two black curves indicate average project costs
for each type of firm: that is, project costs divided by the number of projects.
Competition for project sites implies that firms pay landowners the difference
between average project costs and project revenues, earning zero profits. Free
entry ensures that project costs are minimized. Each firm type’s optimal num-
ber of projects k; minimizes average production cost. Firms offer landowners the
difference between project revenues and average production cost at k7, shown as
ryj and ry;. If firms offered less, they would be outbid by a firm of the same type

equipment at the well site. This fixed equipment is present at wells of all production levels, and includes storage
tanks, pipelines and hoses, wastewater pits, and the well itself, including the casing. The likelihood and impacts of
these idiosyncratic equipment failures are not expected to depend on the well’s output. Furthermore, these releases
are usually caused by human error, aging or poor-quality equipment, orphan wells, and inadequate spill response.
None of these are more likely at higher-producing wells.
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operating at the efficient scale ;. If they offered more they would earn negative
long-run profits. All projects of type j are then produced by whichever firm type can
offer greater surplus to landowners.

Projects that would yield revenues below the average project cost of both firm
types are not produced. To produce these without earning negative profits, a firm
would have to earn above its average cost on another project. This is impossible due
to competition. I define p as the minimum project quality cutoff for production.

Project costs do not depend on project quality, but project revenues do. The reve-
nue difference between firm types for a given project type, p(Ay — Ay) pj» increases
with site quality. In the figure, the vertical distance between the two revenue lines
grows as project quality increases. The greater returns to the advanced technology
increasingly counteract its higher costs, so that both firm types can coexist in equi-
librium even in the absence of any market failure. If both firm types are present
in equilibrium, then there is an interior project quality cutoff p. All projects with
quality above p are produced by type H firms and all projects with quality below p
are produced by type L firms. It is also possible for one firm type to be the efficient
producer for all project types. The case where both types exist in equilibrium is the
empirically relevant case, so that is where I focus attention.

A. The Effects of Bankruptcy Protection

Now assume that when damages exceed the value of the assets that can be seized
from the firm, the difference is discharged in bankruptcy. In the first period, the
firm pays the sunk entry cost F; and purchases and develops project sites. In the
second period, revenues are earned and damages are realized. The entry cost F; is
sunk. Once developed, projects are assumed to have no value other than the output
produced. Thus, the firm’s assets that can be seized to pay damages are equal to its
total revenue pq.' The firm is assumed to be the only party that is liable for envi-
ronmental damages. '

PROPOSITION 1: The availability of bankruptcy reduces safety effort if the firm’s
assets are less than worst-case damages. Assets represent a smaller share of worst-
case damages for the low-technology firm than the high-technology firm.

13The firm has an incentive to minimize asset exposure, so will be initially capitalized with an amount exactly
sufficient to cover the first-period costs. Thus, when damages are realized the value of the firm equals revenues
minus environmental damages.

14 A separate theoretical literature considers whether “vicarious liability” for business partners and other third
parties can mitigate the judgment-proof problem. See, for example, Kornhauser (1982), Pitchford (1995), and
Boyd and Ingberman (2003). Note however that onshore oil and gas pollutants are explicitly exempt from the
main US laws that extend environmental liability to third parties, the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and the Resources Conservation and Recovery Act (RCRA). These
“petroleum exemptions” limit the liability of landowners and other third parties for pollution from onshore oil and
gas extraction.
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Let v represent the firm’s total realized environmental damages, with probability
distribution function (PDF) f (v; k,x) .13 The profit function when bankruptcy exists
is

(2) pq—c( 1 )— 1 [Vj-ﬁ-x]—F[._{u(x)%p,- ) pq > hk

Aipj)  Aip; [f({’qvf(l})dv—l—fp’,}kqu(v)dv] pq < hk

When revenues are greater than worst-case damages hk, the profit function is
unchanged. However, when revenues are less than hk, the firm considers a trun-
cated damage distribution. For damage realizations above pg, the firm is bankrupt.
Expected damages are replaced in equation (2) by the probability-weighted sum of
damages from 0 to pq, plus pg for all larger outcomes. The firm will choose safety
effort less than x* because it does not fully internalize expected damages.

The amount of the distortion in safety effort depends on the ratio of total revenues
to worst-case liabilities. When pg < hk, decreases in pg/ (ﬁk) increase the gap
between expected damages and expected private losses. This ratio can be rewritten
as pA;p;/ h. Since Ay > A;, and because the project types produced by H-type
firms have larger p, the ratio is always larger for the H type firm. The larger revenues
generated by high-technology production lead high-technology firms to internalize
a larger share of potential damages on each project.'®

Having established that the type L firm’s incentives are relatively more affected
by bankruptcy protection, I now apply an expositional simplification and treat the
type H firm as if its assets were sufficient to fully internalize worst-case damages.
This is not a required assumption, but it simplifies the discussion. It also approxi-
mates the reality of the empirical application, where the assets of major international
oil and gas companies are large relative to potential onshore damages.

The second proposition addresses industry composition.

PROPOSITION 2: The availability of bankruptcy leads low-technology firms to
produce projects with quality below the efficient minimum quality, p, and above the
efficient quality cutoff between producer types, p.

The availability of bankruptcy lowers private project costs for potentially judg-
ment-proof firms. Returning to Figure 1, the average cost curve for type L firms
shifts down to the gray line labeled AC;. This affects production in two ways. First,
it becomes privately profitable to produce lower quality projects. Projects yielding
revenues between the minimum values of AC; and AC; are produced, even though
the social surplus from these sites is negative.

Second, the lower private costs for type L firms increase the distance r;;. Limited
liability allows type L firms to outcompete type H firms for some project types
above p. This is inefficient; these projects could be produced more safely at lower cost

157 (v;k,x) is the distribution of the sum of damages from all the firm’s projects. If the PDF of project-level
damages given x is g(h;x), f(v;k,x) is the k-fold convolution of g(h;x).

19 The online Appendix describes a second reason that the high-technology type is less affected by bankruptcy,
which is that operating many projects reduces the volatility of total damages when project-level damages are
independent.
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by type H producers. Both of the effects described in Proposition 2 lead to increases
in the number of L-type firms, in order to produce these additional projects.'’

B. Effects of an Insurance Mandate

Now consider a policy that requires producers to purchase insurance to cover
damages beyond their firm’s assets. Firms purchase surety bonds from insurers
in a competitive market. Maximum payments are set by the coverage limit of the
required bond, 3, which is chosen by the state. Insurers sell surety bonds at a price
7 that just covers expected losses plus underwriting expenses,

(3) T = p[;erq [v—pq| f(v)dv+ ﬁhqu Bf (v)dv + u(k).

If damages are less than pg, the firm bears these costs and the insurer pays nothing.
If damages exceed pq, the firm declares bankruptcy and contributes its assets pg
toward environmental costs. The first term in equation (3) represents the insurer’s
losses when damages are between pg and 3 + pgq. The second term represents the
insurer’s losses when damages exceed 3 + pg, and the insurer pays 3.'8 Underwriting
expenses are u.

PROPOSITION 3: An insurance mandate improves incentives for judgment-proof
producers and improves industry composition. Low-technology firms produce fewer
projects with quality below p and above p. Low-technology firms exercise greater
safety effort on projects they do produce.

Insurers will charge high premia to firms with few assets relative to their level of
environmental risk. At the other extreme, the insurer will never pay out if the firm
has assets greater than worst-case damages hk, because the firm internalizes all pos-
sible environmental costs. In this case, the surety bond price will reflect only under-
writing costs. Thus, one important factor in determining insurance premiums will be
the ratio of assets to expected environmental costs.

Insurers will also price contracts based on observable indicators of safety effort,
for example accidents and regulatory compliance. This risk-based pricing leads
firms to increase their safety effort.'” Firms have an incentive to avoid accidents
and regulatory violations by exerting greater safety effort, up to the point that the
reduction in premiums equals the marginal cost of safety effort.

7 The model also predicts a decrease in type H firms since their share of projects decreases. A more realistic
view of very large firms may be that average cost is essentially flat above some minimum efficient scale, so that
these adjustments in large-firm output happen through changes in firm-level output, not the number of large firms
(especially when the difference between “small” and “large” firms is large) (Bain 1956).

8S0, unless the bond is set at or above worst-case damages, insurers also do not fully internalize expected
damages.

19Previous theoretical work by Shavell (1986) shows that requiring full insurance leads to the optimal level of
safety effort when effort is perfectly observable. When effort is imperfectly observable, the model of Shavell (1979)
shows that the insurance requirement will also increase safety effort, although the resulting effort level may be less
than x* (with insurance premiums reflecting this higher level of expected damages).
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The bond requirement changes the industry in several ways. Because firms that
were previously judgment-proof increase their safety effort, expected environmen-
tal costs fall while these firms’ private costs increase. Internalization of expected
environmental costs changes the division of projects between large and small firms,
reducing the number of high-quality projects (projects above p) that are inefficiently
produced by low-technology firms. The number of projects with quality below p,
which generate negative social surplus, decreases as previously judgment-proof
firms internalize the social costs of these projects.”

A bond requirement could also inefficiently exclude some firms. Underwriting
or other transaction costs increase bond prices above the insurer’s expected losses,
potentially excluding some firms that would otherwise operate profitably. I return to
this topic in Section VI.

C. Testable Predictions

My empirical application examines the introduction of an insurance requirement
for oil and gas producers in Texas. This model predicts that such a policy change will
have several potentially observable effects. At the individual project level, industry
composition will respond along the two margins described in Proposition 2.

Prediction I.—Some high-quality projects will be reallocated from small firms
to large firms. These projects were inefficiently operated by small firms prior to the
policy (i.e., projects with quality above p).

Prediction I1.—Some low-quality projects operated by small firms will be shut
down. These are projects that would not be profitable for any fully accountable firm
(i.e., projects with quality below p).

The model also predicts changes in industry composition at the firm level.

Prediction Il —The number of small firms will decrease as the number of proj-
ects efficiently operated by small firms falls, following Proposition 2.

Prediction IV.—The decrease in industry participation will be larger for firms
with observable indicators of low safety effort, such as poor historical environmen-
tal compliance, following the argument in Proposition 3.

Prediction V.—Production by remaining small firms will decrease as they shut
down or divest projects that are no longer privately efficient.”!

Finally, there will be changes in environmental outcomes.

20This last prediction is similar to a result in a theoretical paper by Polborn (1998), showing that requiring
insurance corrects firms’ decisions about whether to engage in production.

21 For simplicity, the description of the model assumes that firms specialize in projects of a single quality level.
The online Appendix relaxes this to allow firms to operate multiple project types. In the empirical application, firms
tend to operate wells of similar but not identical quality, so that previously judgment-proof producers may choose
to divest or shut down some wells while continuing to operate others.
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Prediction VI.—Environmental outcomes will improve for projects operated by
small firms, following Proposition 3.

These predictions apply to small firms. The market that I examine also includes
large firms with very low risk of environmental bankruptcy. The model implies that
large firms will be unaffected by the policy, beyond absorbing some projects from
small firms. This is an additional testable prediction.

III. Empirical Setting

The empirical analysis focuses on onshore oil and gas extraction in Texas. This
setting is well suited to studying liability and bankruptcy. The industry involves
major environmental risks and many small producers. Output is homogeneous and
the industry is essentially perfectly competitive due to liquid international markets.
Texas is the largest oil- and gas-producing state in the United States, allowing for
meaningful statistical analysis.

Measuring the effects of the judgment-proof problem requires variation in firms’
ability to avoid liability that is uncorrelated with unobserved determinants of envi-
ronmental outcomes and industry structure. This is a difficult empirical problem.
Deep-pocketed firms may also be more experienced or skilled than financially-weak
producers, invalidating simple cross-sectional comparisons. Similarly, comparisons
across jurisdictions with different liability regimes may be biased if accident-prone
firms locate in areas with weak liability rules. This paper addresses the identification
problem by exploiting the introduction of a bond requirement for oil and gas pro-
ducers in Texas during 2002-2003. When bonds are required, small firms are less
able to escape environmental costs through bankruptcy. This policy change provides
an opportunity to cleanly measure the effects of the judgment-proof problem.

Texas has changed its bond requirements for oil and gas producers twice. The
first time was in 1991, when bond requirements were introduced for firms with poor
environmental records. This rule affected a small share of firms. Most could avoid
the requirement by paying a $100 annual fee called the “Good Guy Fee” or other
minor fees. The second change was in 2001. The Texas Legislature passed Senate
Bill 310, which required bonds for all oil and gas producers. This industry-wide
bond requirement is the primary focus of my empirical analysis. The rule required
firms to post assets that could be seized by the regulator in the event of environmen-
tal damage. The bond applied to all types of water pollution, requiring that “all oil
and gas activities and operations shall be carried out so as to prevent pollution of
any ground or surface water in the state.””” Firms could deposit their own assets with
the regulator or purchase a surety bond from a private insurer at market premiums.
As described in Section I, surety bonds obligate the insurer to pay the state up to the
value of the bond if the insured firm goes out of business and leaves some environ-
mental cost. Ninety-seven percent of firms chose surety bonds.

The bond amount required from each firm depended on the number and depth of
wells operated. The formula was $2 per foot of well depth across all wells. Producers

22Railroad Commission of Texas, Form P-5PB(2), June 2002.
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could also cover a number of wells with a “blanket bond.” Up to 10 wells could be
covered with a $25,000 blanket bond; 11 to 99 wells with a $50,000 blanket bond;
and over 100 wells with a $250,000 blanket bond.

The annual premium that insurers charge for a surety bond is typically 1-2.5 per-
cent of the amount of the bond. However, for firms that are deemed to be high-
risk because they are financially weak or have a poor safety record, premiums can
exceed 10—15 percent and insurers may also require collateral (Gerard 2000, Boyd
2002, Kaiser and Snyder 2009, Gerard and Wilson 2009). As a concrete example,
premiums for an operator with a combined 10,000 feet of well depth (2-3 wells)
could range from $200 per year for low-risk firms to $3,000 per year plus collateral
requirements for the highest-risk firms. Thus, the primary effect of the bond require-
ment was to increase the operating costs of firms that the market perceived to have
a high risk of environmental damage and insolvency. Gerard and Wilson (2009)
report that 48 private insurers operated in this market in Texas.™

The requirement was phased in over 12 months. Each firm had to comply at
its first annual license renewal between March 2002 and February 2003.”! These
license renewal dates are determined by the regulator based on the date the firm was
created and cannot be manipulated by firms.

The salience of the bond requirement to producers was reflected in news coverage.
Bonding was controversial because of a perception that it pushed out small firms.
An op-ed in the Midland Reporter Telegram stated, “Bonding is no problem for
major oil companies and large publicly owned independent companies. The small
independent, however, is finding bonding very difficult at best... If the Railroad
Commission persists in its current bonding requirements it could put thousands of
honest hardworking Mom and Pop operators out of business.” Under the headline,
“Can’t Afford the Bond? Then Don’t Run a Well,” the San Antonio Express News
editorialized, “Texas is better off if only companies that can afford to be responsible
environmental stewards stay in the oil and gas business.”

IV. Data

I construct a novel dataset on market structure and environmental outcomes by
merging several administrative databases from the Railroad Commission of Texas
(RRC), the state agency that regulates oil and gas production. Online Appendix
Section J describes the creation of the dataset in detail. The final merged dataset
includes 257,318 leases active during 1993-2012, and 35,568,267 lease-month
observations. A lease is a parcel of land on which the producer has negotiated

23In principle, the coverage formula could have favored consolidation since “blanket bonds” allow firms to
operate additional wells without additional coverage. However, unless insurers judged a firm to be an environmental
risk, bond premia were small compared to other costs and benefits of merging. Most firms with just a few wells
continued operating as before. After the policy change, 45 percent of remaining firms still had three or fewer wells.
Consolidation to take advantage of blanket bonds would also not explain the systematically poor environmental
records among exiting firms, improvements in environmental outcomes among remaining small firms or the shut-
ting down of low-producing, high-risk wells.

24 As an interim measure through 2004, firms were technically allowed to avoid bonding by paying an annual
fee equal to 12.5 percent of the required coverage amount. This had little effect since this fee was more than the
private bond premiums faced by all but the very riskiest firms.

25<PBPA Members Detailing Problems Getting Bonds,” Midland Reporter Telegram, March 31, 2002; and
“Can’t Afford the Bond? Then Don’t Run a Well,” San Antonio Express News, August 9, 2002.



VOL. 109 NO. 2 BOOMHOWER: DRILLING LIKE THERE'S NO TOMORROW 405

production rights, and includes one or more wells. I observe monthly production of
crude oil and natural gas for each lease. Each lease-month observation is associated
with one of 10,489 producers.”9 I observe the entry and exit dates for these pro-
ducers based on their annual license applications. I define entry as the date of first
application, and exit as 12 months after the final license renewal.

Environmental outcomes data also come from the RRC. Orphan well data come
from the Railroad Commission’s March 2014 Orphan Well List. Data on rules vio-
lations come from records of field inspection violations. I consider violations related
to Statewide Rules 8 and 14. Statewide Rule 8 (“Water Protection”) governs water
quality protection during drilling and production. Statewide Rule 14 (“Plugging”)
requires that idle wells be plugged properly and promptly to prevent pollution.”’
Orphan wells and rules violations are merged to the production data using unique
operator identification numbers. Blowout data come from the RRC records of blow-
outs and well control problems. The blowout data are not consistently formatted,
requiring me to merge on multiple fields as explained in the online Appendix. The
final dataset includes 3,404 orphan wells, 11,101 violations, and 427 well blowouts
during 1993-2012.

V. Results

This section describes the empirical results. I begin in Section VA with a descrip-
tive summary of environmental incidents according to firm size, showing how small
firms account for the majority of total environmental damage and highlighting the
potential importance of limited liability. I then proceed to the formal empirical anal-
ysis, which is guided by the predictions from the theoretical model. Section VB
considers the predicted changes in industry composition at the firm level. Then
Section VC leverages the lease-level production and ownership data to examine the
predicted channels for these changes. Section VD examines the predicted changes
in environmental outcomes. The nature of the data and predicted responses vary
somewhat across the outcomes in Sections VB-VD, which motivates some differ-
ences in the empirical strategy. I discuss these differences in each section. Finally,
Section VE discusses additional robustness checks using an alternative empirical
design, which are consistent with the main results.

A. Descriptive Evidence of Incident Rates for Small Firms

shows the share of total environmental damage associated with firms
of different sizes. A large share of total environmental incidents come from the

26Every lease is assigned to one legally-identified operator, which is the firm that is responsible to the state
for all compliance and environmental costs. Throughout the paper, I identify leases according to operatorship.
There may be additional ownership interests in a given lease. In a robustness check in online Appendix Section F,
I collapse operators that are known to be related through ownership into 9,888 firm groups and reproduce the main
results with no meaningful differences.

271 focus on these rules to exclude minor procedural violations, such as paperwork delays or improper signage.
Example violations include: “Well #3 Inactive/Unplugged. Well #2 open to atmosphere. Required signs not posted.
Oil on ground inside and outside of firewall”’; “Oil /oil saturated soil at well not cleaned up/remediated. Well inac-
tive /unplugged. Vegetation on firewall a fire hazard”; and “Post signs; disk, turn or till oil saturated soil; equip well
#1 w/ appr’d wellhead assembly; install a bradenhead observ valve.”
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FIGURE 2. ENVIRONMENTAL INCIDENTS AND FIRM S1ZE

Notes: For each firm, I calculate oil and gas production from March 1996 to February 2002 in barrel-of-oil equiva-
lents. The horizontal axis represents cumulative production for all firms. Firms are ordered from left to right on this
axis in order of average annual production. The vertical axis represents cumulative environmental incidents during
this same period. The gray dashed line has a slope of 1.

smallest producers. The horizontal axis shows cumulative pre-period production
across all firms. Operators are ordered along this axis from smallest to largest annual
production so that, for example, 0.2 represents the 20 percent of total output that
comes from the smallest firms. The vertical axis shows the cumulative share of envi-
ronmental incidents. The dashed gray line has a slope of 1. One hundred percent of
orphan wells, 98 percent of field rules violations, and 41 percent of blowouts are
associated with the 20 percent of production that comes from the smallest firms. The
strong concentration of environmental incidents among small producers illustrates
the potential significance of limited liability problems in this industry.

B. Industry Composition Effects at the Firm Level

I begin the presentation of the empirical results by considering the effects of the
bond requirement on firms. Theory predicts that the bond requirement will affect the
participation decisions and output of small firms. In this section I use annual operat-
ing license data and firm-level production to investigate these effects.

Participation. shows the raw data on exit. The dots represent the num-
ber of firms leaving the market each month. Prior to the introduction of the partial
bond requirement in September 1991, about 40-50 firms exited each month. With
the bond requirement, exit increases sharply to over 100 firms per month and stays
high for 12 months, then decreases sharply. The same pattern accompanies imple-
mentation of the universal bond mandate. In March 2002, exit almost doubles from
about 60 to over 100 firms per month.
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FIGURE 3. NUMBER OF FIrRMs EXITING BY MONTH

Notes: Exit date is 12 months after final annual license renewal. Vertical dashed lines show September 1991—
August 1992 and March 2002—February 2003. Includes firms with production during 1990-2012; see online Data
Appendix for description of 1990-1992 production data.

I measure the effect of the bond requirement by comparing exit rates among firms
scheduled to renew their annual licenses just before and just after the policy took
effect. Firms make this exit decision once per year, during the month assigned to
them by the regulator. Importantly, the timing of these license renewal decisions is
fixed in time by the firm’s assigned renewal month. Firms scheduled to renew imme-
diately prior to implementation of the bond requirement could remain in the industry
for another year at no additional cost. Firms scheduled to renew after implementa-
tion faced a discrete, permanent increase in operating costs. A regression disconti-
nuity (RD) estimator is well suited to measuring the effect of this discrete change.
The estimating equation is

(4) 1[Exit|;; = o+ () 1[Implemented|, + 3, T, + X, 35 + ;.

The dependent variable 1[Exir]; is an indicator variable equal to 1 if firm
i leaves the industry in month 7. After firms exit they are removed from the sample.
The variable 1 [Implemented]t is an indicator variable equal to 1 in March 2002 and
all later months; 7, is a flexible function of the running variable, month. Covariates
X, are included in some specifications to increase precision. They include monthly
crude oil prices and month-of-year fixed effects.” The function 7, is centered at

28 Crude oil and natural gas prices are highly correlated during this period (correlation coefficient 0.8). To sim-
plify interpretation of the price effects, I include oil prices only.
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FIGURE 4. THE EFFECT OF THE BOND REQUIREMENT ON EXIT

Notes: The sample includes March 1998 to February 2006. There is one observation per firm per year in the
assigned license renewal month. Dots are monthly means of residuals from a regression of 1[Exiz] on month-of-year
fixed effects and monthly crude oil prices. The red fitted curves show separate quadratic polynomials for before and
after March 2002, allowing an additional intercept after February 2003 for the end of the rollout period.

March 2002, so the constant term « gives the level of exit immediately prior to the
policy change. In specifications that include a bandwidth larger than 12 months
around the implementation threshold, I include an additional dummy variable for
observations after February 2003, the end of the 12-month implementation period.

The error term 7);, includes unobserved determinants of 1[Exit|;,. The identifying
assumption is that 7; does not change discontinuously at implementation. Under
that assumption, 3, cleanly measures the effect of the bond requirement on exit.
This assumption is supported by the similar 12-month patterns of exit observed for
the 1991 and 2002 policies in Figure 3. There are clear discontinuous increases in
exit during each period, suggesting that the effect in 2002 is unlikely to be caused by
an unobserved idiosyncratic shock. The timing of the two rollouts differ (one starts
in September, the other in March) and both split calendar years.

Renewal dates are assigned by the RRC and cannot be changed by firms. The bond
requirement was implemented according to assigned renewal dates; firms could not
avoid it by submitting their renewal paperwork early. Online Appendix Section B
shows the usual McCrary (2008) check for manipulation of the running variable.
As expected, there is no evidence of firms manipulating their license renewal dates.

Figure 4 shows graphical results. The horizontal axis shows months before and
after March 2002. The dots are monthly means of the residuals from a regression
of 1 [Exit] ;, on a constant term, month-of-year fixed effects, and monthly oil prices.
The fitted curves show separate second-degree polynomials in the running variable
before and after March 2002. There is a clear increase of about five percentage
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points in the share of firms exiting in March 2002. At the end of the implementation
period, there is a decrease in exit to approximately pre-implementation levels.”

Figure 5 shows the effect by quintile of firm-level average annual oil and gas
production. These quintiles are defined based on average annual production prior
to the policy change, in barrel of oil equivalents (BOE).* The effect of the bond
requirement is largest for small firms. For the first two quintiles of firm size, there is
a clear increase in exit of more than 10 percentage points in March 2002. In the third
quintile, there is a smaller but still clear increase of about 7 percentage points. In the
fourth quintile there is a small increase of about 3 percentage points. In contrast, in
the top quintile of firm size there is no distinguishable change in the share of firms
exiting in March 2002.

shows regression estimates. Following Lee and Lemieux (2010), I pres-
ent results using both local linear regression with a rectangular kernel function and
flexible polynomials with wider estimation bandwidths. Column 1 reports estimates
using local linear regression with a 12-month bandwidth. The estimated effect of
the bond requirement is a discontinuous increase in the exit rate of 5.3 percentage
points. The baseline rate of exit before the policy change, given by the constant
term, was 10.8 percent. Column 2 adds controls for crude oil prices in the assigned
license renewal month, with little effect on the estimates. Column 3 shows results
using separate second-degree polynomials in the running variable on each side of the
threshold, and a 48-month bandwidth. Column 4 uses the same second-degree poly-
nomial and bandwidth and controls for prices and calendar month fixed effects. The
estimates of the policy effect vary only slightly across specifications, ranging from
4.8 to 6.6 percentage points. None are outside the 95 percent confidence intervals of
the other estimates, and all of them are statistically different from zero. Throughout
the rest of the paper I use the local linear regression specification, as recommended
by Gelman and Imbens (forthcoming). Following Lee and Card (2008), the standard
errors are clustered according to the running variable, month of sample. This allows
for arbitrary correlation of residuals across firms in each month.

Online Appendix Section B includes additional robustness checks and alterna-
tive estimates. These include (i) additional RD bandwidths and polynomials; (ii)
alternative variance estimators including two-way clustering and Newey-West het-
eroskedasticity and autocorrelation consistent estimates; and (iii) a survival regres-
sion. It also discusses entry and net entry (entry minus exit).

presents regression results according to firm size. The results are consis-
tent with the graphical evidence in Figure 5. In the first and second quintiles exit
increases by 9.3 and 12.6 percentage points, while in the third and fourth quintiles
it increases by 5.8 and 3.0 percentage points. The estimated effect of the policy

29Exit is lower during the last three months of the implementation period (December 2002—February 2003),
creating a negative slope in the fitted polynomial. During these months, a legal challenge temporarily limited full
enforcement of the policy for firms that had not already renewed their licenses. On November 27, a Travis County
Court judge issued a temporary order requiring the Railroad Commission to accept $1,000 cash payments in lieu of
bonds from operators who qualified for the “Good Guy” exemption. The bond requirement was eventually upheld,
but producers coming up for renewal during this period may have stayed in the market another year in hopes of the
rule being overturned.

30 Average annual production is calculated using data from March 1996 to February 2002. The cutoffs are
twentieth percentile: 1,100; fortieth: 3,550; sixtieth: 10,420; eightieth: 43,396; Maximum: 87,330,104. These same
quintile definitions are used throughout the paper.
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FIGURE 5. THE EFFECT OF THE BOND REQUIREMENT ON EXIT, BY FIRM S1ZE

Notes: Each panel reproduces Figure 4 for a single quintile of the output distribution. Output is calculated based on
average annual production during March 1996 to February 2002 in barrel-of-oil equivalents (BOE).

change on exit is close to zero in the largest quintile. The background level of exit
also decreases across quintiles, from 22 percent to 6 percent.

shows regression results according to past environmental compliance
history. Column 1 shows results for firms with fewer than 0.2 past violations of
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TABLE 1—EFFECT OF THE BOND REQUIREMENT ON EXIT

(n 2 3) (4)
1{Implemented) 0.053 0.066 0.048 0.050
(0.012) (0.013) (0.009) (0.009)
Oil price —0.194 —0.097
($100/bbl) (0.093) (0.040)
Constant 0.108 0.095 0.101 0.099
(0.007) (0.007) (0.006) (0.007)
Month-of-year fixed effects No No No Yes
Specification Local linear ~ Local linear Quadratic Quadratic
regression regression polynomial  polynomial
Observations 12,200 12,200 48,619 48,619
Firms 6,512 6,512 8,854 8,854

Notes: This table reports the results of four separate regressions. The data are a monthly panel with one observa-
tion per firm per year, in the firm’s assigned license renewal month. The dependent variable is an indicator variable
equal to 1 in the month of exit. 1{Implemented] is an indicator variable equal to 1 starting in March, 2002. Columns
1 and 2 show the results of local linear regressions with a 12-month bandwidth and a rectangular kernel function.
Columns 3 and 4 use a separate quadratic polynomial on either side of the implementation date, and a 48-month
bandwidth (March 1998 to February 2006). Columns 3 and 4 also include an indicator variable equal to 1 start-
ing in March 2003 to capture the end of the implementation period. Oil prices are monthly average Texas first pur-
chase prices in the month of license renewal, in hundreds of 2010 dollars. Standard errors are clustered by month.

TABLE 2—EFFECT OF THE BOND REQUIREMENT ON EXIT BY OUTPUT QUINTILE

Quintile 1  Quintile 2 Quintile 3  Quintile4  Quintile 5

(1) 2) 3) () (5)
1[Implemented) 0.093 0.126 0.058 0.030 0.007
(0.041) (0.015) (0.024) (0.020) (0.013)
Constant 0.220 0.158 0.091 0.061 0.063
(0.016) (0.012) (0.020) (0.018) (0.008)
Observations 1,872 2,064 2,220 2,424 2,557
Firms 1,022 1,092 1,157 1,257 1,325

Notes: This table reports estimates separately by output quintile for the regression specification shown in column 1
of Table 1. All regressions are estimated using local linear regression with a 12-month bandwidth and a rectangular
kernel function. Standard errors are clustered by month.

TABLE 3—EFFECT OF THE BOND REQUIREMENT ON EXIT BY ENVIRONMENTAL RECORD

No or few violations ~ Many violations

(1) (2)

1[Implemented) 0.054 0.121
(0.015) (0.040)
Constant 0.104 0.189
(0.009) (0.032)
Observations 10,064 1,073
Firms 5,310 543

Notes: This table reports estimates separately by compliance history for the regression specifi-
cation shown in column 1 of Table 1. Column 1 includes firms with fewer than 0.2 past viola-
tions per lease operated, as of the assigned license renewal date. Column 2 includes firms with
0.2 or more. All regressions are estimated using local linear regression with a 12-month band-
width and a rectangular kernel function. Standard errors are clustered by month.
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Statewide Rules 8 or 14 per lease operated. This includes 90 percent of firms
(79 percent of firms have zero past violations). Among this group, the probability of
exit increased by 5.4 percentage points. Column 2 shows results for the 10 percent
of firms with the highest violation rates. Among these firms, exit increased by 12.1
percentage points.

Overall, firms’ exit decisions are consistent with Predictions IIT and IV from the
theoretical model. Many firms left the industry, as predicted. Prediction III states
that exit should be concentrated among small firms, because environmental bank-
ruptcy risk is a primary determinant of insurance premiums. Small firms have fewer
assets overall and they also tend to operate wells that generate little revenue relative
to the environmental risks that they present. Large firms are predicted to show no
exit effect, since large firms in this setting internalize all or nearly all environmen-
tal costs and thus represent very little risk to the insurer. Prediction IV states that
observable predictors of low safety effort, such as past environmental violations,
should also be correlated with exit. Tables 2 and 3 are consistent with all of these
predictions.”’

Firm-Level Oil and Gas Production.—This section considers the effect of the
bond requirement on output among firms that remained in the industry and became
bonded. Theory predicts that remaining small firms’ output will decrease in the
short run, as they sell some projects to larger producers or shut down projects that
are no longer profitable after internalizing environmental costs.

The output data differ in some ways from the license renewal data, which affects
the empirical strategy. License renewal decisions are restricted to a specified month
by the regulator, but firms are free to adjust output at any time. Since firms might
have altered their production during the months before or after their assigned license
renewal month, it is not appropriate to consider the discrete change between the
final month of the pre-period and the first month of the implementation period as
the impact of the policy. Furthermore, production is observed every month for every
firm. This suggests a method that can exploit the variation in when firms became
subject to the policy, comparing contemporaneous output of firms that have already
had to comply and firms that have not yet had to comply. I use a difference-in-differ-
ences design that takes advantage of this 12-month quasi-randomized rollout (this
design is often called an event study, following Jacobson, Lal.onde, and Sullivan
1993 and subsequent studies). It leverages the panel nature of the monthly produc-
tion data through firm and time fixed effects, which reduce noise and allow me to
separate the effect of the bond requirement from other time-varying factors like oil
and gas prices. I run the following regression:

(5) In(Production;) = ~+ 11[Bonded)|;, + 0; + 7, + 1.

31 Table 3 also shows that some firms with few violations left the industry, albeit at a lower rate than firms with
many violations. This suggests that violations (or lack of them) provide a noisy measure of safety effort to insurers,
which is not surprising. Inspections are relatively infrequent and not all unsafe operations are cited. Furthermore,
firms with few assets relative to potential damages can represent a large risk for insurers even if the firms exercise
high levels of precaution, since even relatively small damage outcomes can bankrupt these firms.
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Here, 1 [Bonded] i 1S an indicator variable equal to 1 for firm-month observations
after firm /’s assigned license renewal date; Production;, is the firm’s production (in
barrel-of-oil equivalents) in month 7; J; is a firm fixed effect, and 7, is a month fixed
effect. The sample is limited to the 12 months during the implementation year, and
to firms that stayed in the industry after the bond mandate. In my preferred specifi-
cation [ interact 1 [Bonded] ;» and the month fixed effects with a categorical variable
for firm size quintile. This estimates the effect of bonding separately for each size
group, and allows for separate arbitrary time trends in production within each output
quintile.

The identifying assumption in this analysis is that v, is independent of
1[Bonded),, conditional on §; and 7, As explained previously, 1[Bonded);, is
entirely determined by the firm’s assigned license renewal date and these dates are
not manipulable by firms. As a further check on this assumption, online Appendix
Section C includes a comparison of average output and number of leases across
renewal month groups. There is no evidence of differences across groups.

shows the effect of becoming bonded on production among remaining
firms.’4 Column 1 shows the pooled estimate. Production decreases by 3.6 percent
on average after firms become bonded. Column 2 estimates separate effects for
firms above and below the eightieth percentile of firm size. Small firms reduce their
production by about 4.8 percent, while the point estimate for large firms is near
zero. Finally, Column 3 estimates separate effects for each quintile. There is a clear
decreasing pattern with size, though the estimates are noisy because of how thinly
the data have been divided in this final column. The largest estimated effects are in
the bottom three quintiles: 10.8 percent, 5.9 percent, and 4.3 percent.

Online Appendix Section C includes additional validity checks, including an
event study figure and a placebo analysis of the effect of license renewal on firm-
level oil and gas production in other years. The placebo analysis shows no change
after license renewal in other years. This test further supports the exogeneity of the
timing of license renewal, since any omitted variables related to license renewal
would also be expected to affect estimates for other years.

Anderson, Kellogg, and Salant (2018) show that production rates for oil wells
are determined by geology, with little scope for intensive-margin adjustment by
producers. Thus, these observed changes in production imply that small firms shut
in some high-risk wells, sold wells to other producers, and/or decreased the rate at
which they drilled or acquired new wells. This is consistent with Prediction V from
the theoretical model. Prior to the bond requirement, small firms operated projects
that they chose not to operate after internalizing environmental costs. On average,
small firms that became bonded decreased their output by 4.8 percent. Large firms
did not change their output after becoming bonded, again consistent with theoretical
expectations.

32Since some firms left the industry in response to the policy, these estimates should not be interpreted as the
average output elasticity for the pre-policy firm population. Equation (5) consistently estimates the effect on output
among firms that chose to remain in the industry. These estimates will be smaller in absolute value than the overall
average output elasticity in the pre-policy firm population, unless one assumes (implausibly) that firms that chose
to exit would have had a less negative output response than the firms that chose to stay.
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TABLE 4—EFFECT OF BONDING ON O1L AND GAS PRODUCTION FOR BONDED FIrRMS

() ) ©)

1[Bonded) —0.036
(0.013)
1[Bonded)] x Quintiles 1—4 —0.048
(0.017)
1[Bonded) x Quintile 1 —0.108
(0.065)
1[Bonded) x Quintile 2 —0.059
(0.036)
1[Bonded) x Quintile 3 —0.043
(0.032)
1[Bonded] x Quintile 4 —0.018
(0.018)
1[Bonded| % Quintile 5 —0.004 —0.004
(0.016) (0.016)
Constant 6.647 6.646 6.639
(0.014) (0.014) (0.013)
Firm fixed effects Yes Yes Yes
Month-by-quintile fixed effects Yes Yes Yes
Observations 45,539 45,539 45,539
Firms 4,467 4,467 4,467

Notes: This table reports the results of three separate regressions. The dependent variable is
the log of monthly oil and gas production in barrel-of-oil equivalents. The sample is limited to
March 2002-February 2003, and to firms that renewed their annual operating license during
that period. 1[Bonded) is an indicator variable equaling 1 in all months after a firm’s license
renewal month and 0 in all months before; the month of license renewal is dropped. Standard
errors are clustered at the operator level.

C. Industry Composition Effects at the Individual Lease Level

In this section, I turn to the data on individual oil and gas leases to examine
compositional effects in more detail. The theoretical model identifies two margins
of adjustment at the project level. Prediction I is that there will be a reallocation of
relatively high-quality projects from small to large firms (“transfers”). Prediction
II is that there will be a reduction in low-quality projects operated by small firms
(“shut-ins”).

compares the rates of transfers and shut-ins during the implementation
period to the average rates in surrounding years. Within each panel of the table, I
report results separately by size of the firm that owned the lease at the beginning of
each 12-month period. The smallest 60 percent of firms are pooled to increase preci-
sion, since these small firms own relatively few leases. Column 1 shows the number
of lease-year observations in each group.

Panel A of the table shows transfers. Column 2 reports the share of all leases that
changed operators during the implementation year, and Column 3 reports the average
rate of operator changes during each of the three years preceding and three years fol-
lowing the implementation year. Column 4 shows the difference between 2 and 3, or
the level of “excess” ownership transfers during the implementation year. The level of
excess transfers for the smallest firms was 6.6 percentage points, a difference that is



VOL. 109 NO. 2 BOOMHOWER: DRILLING LIKE THERE'S NO TOMORROW 415

TABLE 5—INDUSTRY COMPOSITION EFFECTS AT THE INDIVIDUAL LEASE LEVEL

Lease-year Implementation Baseline in Excess (%)
Firm size quintiles observations year rate (%) adjacent years (%) (2) —(3)
(1 2 A3) 4)
Panel A. Transfers, all leases
1-3 83,310 16.1 9.4 6.6
4 86,442 11.2 9.8 14
5 261,090 10.0 10.8 —0.8
Panel B. Transfers, high-quality leases
1-3 9,621 13.3 4.0 9.3
4 11,505 11.0 10.2 0.8
5 92,576 11.2 11.6 —-04
Panel C. Shut-ins, all leases
1-3 83,310 6.2 4.2 2.0
4 86,442 3.8 3.7 0.0
5 261,090 4.4 4.1 0.2
Panel D. Shut-ins, low-quality leases
1-3 35,787 9.1 6.7 2.4
4 27,734 5.9 5.7 0.2
5 38,433 7.4 7.3 0.1

Notes: This table reports transfers and shut-ins of oil and gas leases by year and size of firm. Implementation year
includes March 2002 to February 2003. Adjacent years include 36 months before and 36 months after the imple-
mentation year. Firm size is the size of the firm owning the lease at the start of the year. Panels A and B show the
share of oil and gas leases with a change in operator. In panels C and D, shut-in dates are defined as the first month
of a 24-month or longer period of no output from a previously producing lease. To focus on movements that were
plausibly related to the bond requirement, this table ignores leases owned at the beginning of the year by the largest
2 percent of firms. This removes a handful of mergers involving thousands of leases.

statistically significant at the 1 percent level.’” For fourth-quintile firms, the level of
excess transfers was 1.4 percentage points. Among the largest firms transfer rates were
similar across years. Theory also predicts that the projects reallocated from small to
large producers by the policy will be relatively high quality. Panel B uses lease-level
production rates as an indicator of lease quality to investigate this prediction. The sam-
ple in this panel is limited to the highest-producing 25 percent of leases in the state.
The rate of excess transfers for high-quality leases owned by the smallest firms was
9.3 percent, confirming that excess transfers were particularly high for high-quality
leases.

Panel C shows shut-ins. I define the shut-in date of a lease as the first month of a
period of at least 24 months with no production. Among the smallest 60 percent of
firms, the share of previously active leases that stopped producing was 2.0 percent-
age points higher than surrounding years. Fourth- and fifth-quintile producers shut
in leases at roughly the same rate as in surrounding years. Panel D limits the sample
to the lowest-producing 25 percent of leases in the state. These leases produce fewer
than 40 BOE per month. Low-producing wells have high per-barrel costs, including
environmental costs. Many of these wells produce large amounts of saltwater, which

33Inference in each row of the table is based on p-values from a regression of an indicator for transfer or shut-in
on l[lmplementationYear], with standard errors clustered at the firm level. Excess transfers and shut-ins for the
smallest 60 percent of firms are statistically different from zero at least the 5 percent level in all four panels of the
table. Differences are not statistically different from zero for fourth- or fifth-quintile firms, although the point esti-
mates for fourth-quintile firms suggest small positive effects on transfers.
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is costly to manage safely. They are also often old and thus at higher risk of leaks.
Among the smallest firms, the level of excess shut-ins on low-quality leases was
2.4 percentage points (compared to 1.0 for all other leases operated by these firms,
which are not reported separately in the table). Again, fourth- and fifth-quintile firms
shut in low-quality leases at similar rates across years.

Industry composition responded to the bond requirement through both of the
channels predicted by theory. Moreover, this method likely understates the effect
of the policy on projects. Some oil leases contain more than one well; individual
well shut-ins on multi-well leases will not be captured by this method. In addition,
these results do not include future projects that would have been drilled or acquired
by small firms in the absence of the policy. Thus, I interpret these results as a lower
bound on the effects of the policy at the project level.

It is also possible to implement the event study design from Section VB for trans-
fers and shut-ins. I discuss these results in online Appendix Section D. Transfers
during the implementation year were concentrated during the months just before
the selling firm’s license renewal month, as would be expected if these excess trans-
fers were related to the bond requirement. The power of the event study design to
detect shut-in effects at the individual lease level is limited, since these are relatively
uncommon events.

D. Environmental Outcomes

This section examines the effect of the bond requirement on orphan wells, water
protection rules violations, and well blowouts. These incidents are relatively infre-
quent, so I aggregate multiple years of pre- and post-program data to allow for
empirically meaningful comparisons. I compare outcomes before and after the bond
requirement, with a number of robustness checks to control for potential confound-
ers and time trends.

Orphan Wells.—QOrphan wells are a primary cause of groundwater pollution
and a source of atmospheric methane emissions. From an empirical perspective,
orphan wells are an attractive measure of environmental effort because there is no
scope for underreporting or differential enforcement. The Railroad Commission
knows the location of all modern oil and gas wells from drilling permit informa-
tion. When wells are plugged, operators must submit certification of plugging by an
RRC-approved cementing company.

Figure 6 shows the rate of well orphaning over time. The dots represent the share
of exiting firms each month that left orphan wells. The dashed vertical line shows
March 2003, the month after the end of the implementation period. This is the first
month in which exiting firms would have been bonded under the policy (as of this
month, all firms would have renewed their annual license). The horizontal gray lines
show two-year averages before and after. Before bonding, about 7 percent of exit-
ing operators left behind orphan wells. After, the average is about 3 percent, and in
many months no exiting operators leave orphan wells. There is a clear fall in well
orphaning exactly coincident with the bond requirement. Online Appendix Section
E shows similar results for the number of orphan wells per lease operated and the
total number of orphan wells, both of which show the same clear decrease.
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FIGURE 6. SHARE OF EXITERS ORPHANING WELLS, BY MONTH

Notes: This figure shows the share of exiting firms each month that left orphan wells. The gray horizontal bars show
means for two years before and two years after March 2003.

shows regression estimates of the change in well orphaning. The sample
includes firms that left the industry between 2000 and 2006. There is one obser-
vation per firm, in its exit month. The dependent variable is the number of orphan
wells divided by the number of leases operated. The first column includes all firms.
The constant term in this regression is 0.076, implying that prior to the bond require-
ment the average firm generated 0.076 orphan wells for each lease. The coefficient
onl [Bonded] is —0.052, which represents a 68 percent decrease following the bond
mandate. The next five columns show separate regressions by size quintile. The
constant terms in each column show that prior to the bond requirement, rates of well
orphaning were highest among small firms. Firms in the first quintile created 0.137
orphan wells per lease. These rates decrease across columns. The estimate for the
fifth quintile is 0.017, over eight times smaller.”? After the bond requirement, there
were striking decreases in well orphaning for small firms. In the first quintile, the
coefficient on 1 [Bonded] is —0.087. The decreases in the second and third quintiles
are also large and statistically significant. The fourth quintile estimate is substan-
tially smaller and the fifth quintile estimate is near zero. Online Appendix Section E
includes additional specifications and robustness checks, including alternative sam-
ple periods and a time trend.

This large decrease in well orphaning exclusively among small producers is con-
sistent with theory (Prediction VI). After the policy change, all firms still in the
industry had been judged to be acceptable risks by some insurer, based on their

34The few fifth-quintile firms with orphan wells are among the smallest firms in this group, just above the
quintile cutoff.
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TABLE 6—EFFECT OF THE BOND REQUIREMENT ON ORPHAN WELLS

By firm size quintile

All firms (1) (2) (3) (4) (5)

1[Bonded| ~0.052 —0.087 —0.058 —0.049 —0011 —0.007
(0.013) (0.045)  (0.020)  (0.018)  (0.021)  (0.011)

Constant 0.076 0.137 0082 0059 0046 0017
(0.011) (0.039)  (0.017)  (0.016)  (0.011)  (0.008)

Firms 2,777 653 583 456 411 422

Notes: This table reports six separate regressions. The sample includes firms that exited
between March 2000 and February 2006. The dependent variable is the number of orphan
wells left by the firm, divided by the number of leases operated. There is one observation per
firm, in its month of exit. Standard errors are clustered by month.

financial position and compliance history. Insurers are able to continuously monitor
firms’ assets, production, and environmental liabilities over time. If the firm accu-
mulates many non-producing wells or its net assets begin to decrease, the insurer can
raise premiums. This prevents firms from accumulating unsustainable plugging or
other environmental costs over time and eventually declaring bankruptcy. Insurers
in this market described this type of monitoring in interviews.

Other Environmental Outcomes. shows water protection rules viola-
tions by month and firm size. Firms have an incentive to reduce violations as soon
as they know that they will have to purchase insurance, because they expect insurers
to price the firm’s compliance history into premiums.?? Thus, I consider the date
at which the rule passed the Texas Legislature as the onset date for the policy. The
vertical dashed line shows the bill’s passage in June 2001. The horizontal gray lines
show the mean number of violations during two years before and after the policy
change. Small firms incur many more violations per lease than large firms. After
the policy change, the rate of violations among small firms is lower, and there is a
noticeable fall in violations at June 2001. The rate of violations among large firms is
low and relatively similar across time.

Finally, shows reported well blowouts over time. Because blowouts
occur most frequently during drilling, I normalize the number of blowouts by the
number of active drilling rigs.” The vertical line represents the policy’s passage
and the horizontal lines represent two-year averages before and after. Before 2001,
the time series of blowouts is noisy but relatively flat. There is a sharp drop coinci-
dent with passage of the bond requirement, and then the blowout rate remains low.
This outcome is tracked in less detail by the RRC than the other outcomes in the
paper. Unlike orphan wells and rules violations, the RRC relies on firms to self-re-
port blowouts. This introduces the possibility of underreporting by some firms, even
though reporting is required by Commission rules. Furthermore, the inconsistently

331n contrast, the decision to leave orphan wells accompanies the decision to leave the industry, so future rep-
utation is less of a concern.

36Data on the number of active rigs each month come from the Baker Hughes Historical Rig Count dataset,
available at http://www.bakerhughes.com/rig-count.
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FIGURE 7. WATER PROTECTION RULES VIOLATIONS, BY MONTH

Notes: This figure shows the number of violations of Statewide Rules 8 and 14 per 1,000 leases, by month. The gray
horizontal bars show means for two years before and after June 2001.
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FIGURE 8. WELL BLOWOUTS, BY QUARTER

Notes: This figure shows the number of blowouts per active drilling rig, by quarter. Rig data come from the Baker
Hughes Historical Rig Count dataset. The gray horizontal bars show means for two years before and after June
2001.

formatted operator information in the blowout data makes it difficult to assess the
heterogeneity of the change in blowouts across firms, as discussed in Section V. For
these reasons I focus on the overall blowout rate. In addition to the graphical results
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in Figures 7 and 8, regression estimates for the changes in rules violations and well
blowouts are included in online Appendix Section E.

E. Additional Robustness Checks: Alternative Empirical Design

To complement the main results and robustness checks in Sections VB-VD, 1
implement an additional robustness check that uses oil and gas producers in Louisiana
as a comparison group. I reestimate the main results using an alternative empirical
strategy of difference-in-differences, comparing Texas and Louisiana producers.
The results from this alternative empirical design are very similar to the results
using the preferred specifications, and are presented in online Appendix Section G.
The robustness of the results to the inclusion of a comparison group means that the
findings are unlikely to be driven by unobserved shocks to the oil and gas industry
that happened to coincide with the introduction of Texas’s insurance requirement.
For example, a contemporaneous shock occurring exactly at March 2002 could have
affected the results on producer exit decisions, while the findings on firm-level out-
put could have been affected by a series of contemporaneous shocks that altered
each firm’s output exactly at its assigned license renewal month. The complemen-
tary difference-in-differences results rule out such contemporaneous industry-wide
shocks. Online Appendix Section E.4 also includes an examination of other rules
implemented in Texas by the RRC during this same time period, none of which are
likely to have caused the observed changes in outcomes.

VI. Discussion

The empirical results are consistent with greater internalization of environmen-
tal costs, as predicted by theory. Prior to the bond requirement, small, financially
weak operators could produce oil and gas at low private cost by avoiding envi-
ronmental costs through bankruptcy. Bonding mitigated this problem. Firms whose
environmental costs were likely to exceed their assets, as judged by insurers, faced
high bond premiums. Previously judgment-proof firms either became bonded and
increased their safety effort, or they left the industry. These changes reallocated wells
from small to large producers and reduced the number of high-cost projects where
social cost is likely to exceed social benefit. There is striking evidence of reductions
in orphan wells and suggestive evidence of other environmental improvements.

This section contextualizes the results and discusses welfare implications. Section
VIA examines aggregate environmental benefits and Section VIB addresses indus-
try composition and output. Section VIC considers other potential distortions in the
market.

A. The Approximate Value of Environmental Improvements

Small producers were substantially less likely to plug wells after production and
more likely to violate water protection rules when firms could avoid environmen-
tal costs through bankruptcy. Despite affecting small firms, the bond requirement
yielded large environmental improvements because small producers caused a dis-
proportionate share of environmental problems. The bond requirement reduced the
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number of orphan wells per lease among the smallest 80 percent of firms by 76 per-
cent, decreasing the industry-wide orphan well rate by 65 percent. The number of
rules violations per lease among the smallest 80 percent of firms fell by 33 percent,
reducing the industry-wide violation rate by 25 percent.’’

In this section I calculate a rough lower bound on the value of these avoided dam-
ages using a back-of-the-envelope estimate for pollution risk from orphan wells.
Orphan wells are the most straightforward outcome to value because groundwater
contamination is carefully tracked and scientists have estimated atmospheric meth-
ane emissions. While improvements in other environmental practices presumably
had additional benefits, these are more difficult to quantify. The benefits of improved
compliance with water safety rules depend on the resulting reduction in environ-
mental damage, which is unknown. Regulators do not collect complete data on sur-
face spills and other environmental damages that might result from noncompliant
operations. I limit this benefits calculation to orphan wells for feasibility reasons,
recognizing that this understates total benefits.

Prior to the policy change, small operators (the smallest 80 percent of firms) gen-
erated an average of 0.097 orphan wells per lease. At that time there were 34,109
leases belonging to small operators. If the pre-policy rate of well orphaning had con-
tinued, these leases would have been expected to create 3,322 orphan wells in future
years as operators left the industry. This study’s results imply that the policy reduced
this number by 76 percent, or 2,521 orphan wells. Between the implementation of
the bond requirement and 2013 (the most recent year in the data), small firms drilled
or acquired 18,526 additional leases. As a rough benchmark for benefits over this
period, applying the same reduction in orphan wells to these new leases yields addi-
tional benefits of 1,369 avoided orphan wells. This implies an overall back-of-the-
envelope number of 3,890 orphan wells avoided by the policy since enactment.

The expected economic damages from an orphan well depend on the cost and
likelihood of groundwater contamination, the amount of methane emissions, and the
costs to the state to eventually plug the well and remediate the site with public funds.
T use the best available information to develop a rough estimate of expected damages
in each of these categories. The largest category of damages is leakage to groundwa-
ter. Two recent studies imply that the damages from a groundwater contamination
event due to oil and gas development are about $4 million (Krupnick and Siikaméki
2014; Muehlenbachs, Spiller, and Timmins 2015). Based on historical incidents of
groundwater contamination from orphan wells reported in Kell (2011), I estimate
the risk of groundwater contamination to be approximately 0.21 percent per orphan
well-year. Full details of the assumptions and sources in this expected damage calcu-
lation are described in online Appendix Section I. After adding in the other categories
of costs as described in that appendix, this back-of-the-envelope accounting yields
expected costs of $119,900 per orphan well. Under this calculation, the approximate
total economic value of the orphan wells avoided by the policy was $470 million. It
is important to emphasize that these valuations are uncertain and reliant on strong

37 All aggregate effects in this section are calculated using weighted versions of the regressions in Table 6 and
Figure 7, where firm-level observations are weighted by the number of leases operated. Full details are included in
online Appendix Section E.5. Weights are necessary for aggregate calculations because small firms operate fewer
leases, so that an unweighted comparison of incident rates would overstate aggregate effects. For evaluating individ-
ual firm responses to the policy as predicted by theory, unweighted comparisons are more appropriate.
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assumptions. The primary goal of this exercise is to establish order-of-magnitude
estimates of total benefits and these numbers should be taken in that context.

The model in Section II shows that the net benefits of alleviating the judg-
ment-proof problem are the avoided environmental damages minus firms’ additional
spending on safety effort. For the particular case of plugging wells after production,
cost estimates are available. As shown in the online Appendix, reported average
costs range from $5,600 to $23,000 per well. This means that the aggregate cost to
firms to plug the orphan wells averted by the policy was $22 to $90 million. These
costs are much smaller than the avoided damages, implying large net benefits to mit-
igating the judgment-proof problem. The costs of other types of safety effort, such
as actions that reduced the rate of rules violations, are not observable in this setting.
However, as long as penalties were equal to or less than damages, profit maximiza-
tion implies that the net of environmental benefits and effort costs is positive.’

B. The Change in Industry Composition and Output

Reducing the ability to avoid liability through bankruptcy also changed the com-
position of the industry. Proposition 2 in the theoretical model describes how the
judgment-proof problem increases the number of projects produced by small firms.
Limited liability lowers private costs for small producers, leading them to produce
projects that would be more efficiently produced by larger firms. Aggregating the
results in Table 5 for the smallest 80 percent of producers implies that alleviating
the judgment-proof problem shifted about 1,300 leases, or 4 percent of the leases
previously owned by small firms, to new producers.

Proposition 2 also shows how artificially low private costs cause small firms to
expand production into project sites that would otherwise not be profitable. The
results imply that small firms chose to shut down about 400 low-producing leases
after internalizing environmental costs via the bond requirement. Wells like these
produce large volumes of hazardous saltwater, and are likely to be old and at greater
risk of leaks. Both of these composition effects are conservatively estimated, since
they do not account for future new projects that would have been operated by judg-
ment-proof firms. The efficiency costs of these production distortions depend on the
production costs of large and small firms. This study does not observe production
costs, but this is an important area for future research.

Notably, the state’s total output of oil and gas was essentially unaffected by the
policy. This is because the firms affected by the policy accounted for a small fraction
of production, and because most of the valuable production associated with exiting
firms was reallocated to other producers instead of shutting down.

C. Preexisting Distortions
In a more concentrated industry, reducing the number of producers could raise

competitiveness concerns. However, crude oil and natural gas are commodities that
are sold in highly competitive markets. Even after the bond mandate, producers in

38In practice, expected fines are likely lower than damages because of imperfect detection and enforcement, as
discussed in Shavell (2007).
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Texas faced essentially perfect competition from thousands of other firms within
the state and around the world. In hazardous industries that are more concentrated,
efficient regulation would involve multiple policy instruments: one to prevent firms
from avoiding liability through bankruptcy (e.g., an insurance requirement), and
another to address competitiveness (e.g., an entry subsidy).

Imperfections in the insurance market could also affect welfare. Equation (3) in
the theoretical model shows how transaction costs can lead the bond premiums paid
by firms to exceed expected environmental costs to the insurer. Market power among
insurers could also lead policies to be marked up above the insurer’s expected cost.
If these frictions were large, the additional costs for producers could potentially pre-
vent participation by firms whose operations would otherwise have created positive
social surplus. Several dozen firms offer surety bonds for oil and gas firms in Texas
(Gerard and Wilson 2009), which suggests that pricing is likely to be close to com-
petitive. However, transaction costs do exist and should be expected to affect premi-
ums. In this industry, several facts make it unlikely that these expenses were a major
barrier to participation. First, the industry continued to include many small firms
that secured coverage and operated profitably. Even after the bond requirement, over
half of producers had fewer than five leases. Second, firms that left the industry in
response to the policy had systematically poor environmental records, while firms
that remained increased their safety effort. These effects are consistent with pre-
miums being determined primarily by perceived risk. Furthermore, from a welfare
perspective, the importance of potential frictions in the surety market is limited by
the fact that output was primarily reallocated, not reduced. Almost all of the leases
operated by exiting firms were acquired by other firms that continued to produce.

Finally, it should be noted that requiring bonds is not the only available pol-
icy response to the judgment-proof problem. Alternative policies such as minimum
asset requirements for industry participants or vicarious liability for lenders and
business partners might also have achieved positive results in this industry. Shavell
(2007) discusses the relative advantages of each of these types of policies. Empirical
analysis of other instruments in markets where they have been adopted is an area for
future research.

VII. Conclusion

The ability to avoid liability through bankruptcy can weaken safety incentives and
distort industry composition. This paper measures the effects of the judgment-proof
problem in the oil and gas industry by exploiting a natural experiment in Texas. The
introduction of an insurance requirement caused producers to internalize a greater
share of environmental costs through premiums paid to private insurers. Reducing
firms’ ability to avoid liability through bankruptcy caused an immediate change in
industry composition. About 5 percent of firms, especially small firms and firms
with poor environmental records, left the industry. Production was reallocated from
small to large producers. Very low-producing projects, which were most likely to
have been socially inefficient after considering environmental costs, were shut down.
However, the overall rate of oil and gas production in the industry was unaffected.

The policy also caused notable changes in environmental outcomes. The
industry-wide rate of well orphaning fell by two-thirds, substantially reducing the
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overall threat of groundwater pollution from the industry. The industry-wide rate of
water safety rules violations fell by 25 percent. These improvements were concen-
trated among small firms, which accounted for a major share of total environmental
damage despite their small share of total output.

This paper focuses on a historical case study, but the results are relevant today.
Between 2006 and 2015, US oil and natural gas production increased by 85 per-
cent and 40 percent, respectively. The boom has had economy-wide benefits. It also
presents environmental challenges on a massive scale, as the growth in production
creates more opportunities for accidents and strains regulatory capacity. At the same
time, bond requirements in most jurisdictions remain low. The minimum bond
requirements for oil and gas production on federal lands have not been increased
since 1960, even to adjust for inflation (Davis 2015). Texas’s bond requirements
are some of the strictest among major oil- and gas-producing states.’ This study
supports arguments to increase bonds in other jurisdictions to at least the amounts
required in Texas. While it is impossible to extrapolate beyond the observed levels,
it seems likely that somewhat higher bond requirements could yield further benefits
given that Texas’ requirements are still below potential damages.

More broadly, the results suggest that bankruptcy should be taken seriously as a
determinant of market structure in hazardous industries. Within the energy sector,
these results have implications for the production of oil, natural gas, coal, and tar
sands. They are also relevant to transportation of these products along with gaso-
line and other refined products by pipeline, road, and rail. Examples in other sec-
tors include chemical manufacturing, hazardous waste management, and drivers for
ride-share companies. Further work in other settings will help to gauge the gener-
ality of these results, but this study supports concerns about the incentive effects of
bankruptcy in dangerous industries. Continuing to evaluate and address this market
failure will be an important component of efficient safety regulation in some of the
world’s most important industries.
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