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Abstract

This thesis has three chapters on energy economics. The first compares two

policies that govern oil and gas leasing in the American Southwest. The second

provides an overview of fracking and economic research on fracking to date. The

third evaluates a policy meant to encourage renewables and decrease greenhouse gas

(GHG) emissions.

In the first chapter, I compare two policies that drillers can use to coerce

landowners into leasing their land: forced pooling in New Mexico and Rule 37

exemptions in Texas. Forced pooling is widely used in other states and has received

widespread criticism, while Rule 37 exemptions are only used in Texas and have

received much less criticism. Using a dataset containing details for nearly 100,000

leases at the New Mexico-Texas border, I examine leasing outcomes. I find that,

despite the criticism, landowners contracting under forced pooling fare better in two

dimensions of lease outcomes, royalty rates and concessions from firms, and no

worse in the third, bonus payments.

In the second chapter, I explain the fracking boom and give an overview of

studies done by economists thus far. Economists’ research on fracking has explored

the local and national economic consequences of fracking, fracking’s effects on the

housing market and infant health, how the fracking boom affected oil and gas

leasing negotiations, and how fracking can be used as a natural experiment to

answer questions about road safety and voter turnout.
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In the third chapter, joint with Arik Levinson, we evaluate renewable

portfolio standards (RPSs). RPSs aim to encourage renewables and discourage GHG

emissions. Some prominent government agencies assert that US renewables growth

has been largely due to RPSs. That seems unlikely, given that in most regions,

renewables exceed RPS requirements. We combine the best features of four recent

academic studies, using reduced-form and instrumental variables approaches. In

some specifications, RPSs do appear to reduce the use of natural gas and decrease

GHG emissions, while boosting the use of wind power. But the effects are

small—consistent with the academic findings and in contrast to the public claims

and policy goals.

Index words: Applied Microeconomics, Oil & Gas, Fracking, Renewable
Energy
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Chapter 1

Lessors of Two Evils

“The person who owns the land should be able to decide what’s done beneath it.

Surprisingly, this is not the case in most states.” 1

1.1 Introduction

Landowners in at least 38 states can be forced by law to lease their mineral

rights to oil and gas firms.2 These laws are the result of a decades-long

back-and-forth. In the early 20th century, drillers raced to exploit the open resource,

leading to rampant over-drilling. In response, states passed laws that governed how

close oil wells could be to each other and required firms to acquire a minimum

amount of acreage before drilling. Developers found it difficult, if not impossible, to

acquire enough land by contracting with voluntary landowners. This led to the

opposite problem: under-drilling. As a consequence, most states passed two

complementary laws: forced unitization and compulsory pooling.

Forced unitization combats inefficient over-drilling. It requires oil and gas

firms to coordinate their drilling to use the cost-effective, minimum number of wells

to drill an oil field. Compulsory pooling counters the resulting under-drilling by

allowing these firms to circumvent holdouts by landowners. Once developers acquire

a state-mandated minimum amount of acreage through voluntary leases, they can
1Robertson (2018)
2Baca (2011)
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force owners of the remaining acreage to join the pool and contract, “a process

which has been derided as ‘private eminent domain.’ ” 3,4

These state-specific minimum thresholds vary widely. For example, Tennessee

requires developers to acquire 50 percent of the land needed to drill a well before

applying for forced pooling, Ohio requires 65 percent, and New Mexico requires 75

percent.5 These laws are nearly ubiquitous, with Texas being the only notable oil-

and gas-producing state with neither forced unitization or compulsory pooling.6

Compulsory pooling rules have been widely criticized. Landowners across the

US feel that compulsory pooling laws strip them of property rights and bargaining

power.7,8 In contrast, the lack of such laws is a point of pride for Texans, who view

their absence as preserving freedom and individual liberty.9 Texas does, however,

have a substitute for compulsory pooling, called a Rule 37 exemption, that oil and

gas firms can use on a case-by-case basis to circumvent landowners who do not want
3Lynch (2018), Young (2019)
4The terms forced unitization and compulsory pooling are often used interchangeably,

though technically pooling refers to the process of amassing mineral rights through leasing
land and unitization refers to the process of coordinating drilling on an area of land. For
brevity’s sake, going forward, when I refer to “compulsory pooling” or “forced pooling,” I
will be referring to the combination of pooling and unitization requirements enforced in New
Mexico.

5Sylvester and Malmsheimer (2015)
6Technically, Texas has the Mineral Interest Pooling Act (MIPA), which was enacted

to encourage voluntary pooling, and can, in very specific circumstances, be used for forced
pooling. However, according to Texas law, Warren (2014) states “Texas’ compulsory pooling
statute has limited applicability and is seldom utilized.” This is because one of the many
conditions to use MIPA is that the oil field had to have been discovered after 1961. Again,
Warren (2014) points out “the great majority of the reservoirs in Texas were discovered and
produced, at least at some level, prior to 1961.” For reference, the Permian Basin, which
is the focus of this paper, was discovered in 1920. So, while Texas does technically have a
pooling law, it is not used in practice. And according to Goodrich (2017), Texas remains
the only oil producing state to not have a forced unitization law.

7Hunt (2012), Baca (2011), Jaffe (2016)
8Testimonials from landowners can be found in Appendix A.
9Goodrich (2017), Sartain (2013)
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to contract. But since Texas does not have unitization laws like New Mexico, firms

do not have to coordinate their drilling.

The landowners’ concerns about compulsory pooling are not inconsistent

with the laws’ original intents. Prior research demonstrates that wells in states with

forced pooling and unitization laws, like New Mexico, are about twice as profitable

as those in states without such rules, like Texas.10 However, those rules have been

accused of wresting some of the bargaining power away from landowners. It could be

that these laws increase the productivity and profitability of wells, but decrease the

share of those rents accruing to landowners.

In this paper, I ask if one eminent domain policy—compulsory pooling or

Rule 37 exemptions—leads to more lucrative leasing outcomes for landowners, in

terms of royalty rates, bonus payments, and concessions terms. Do compulsory

pooling and forced unitization laws lead to worse leases, relative to Rule 37

exemptions, as the criticism suggests?

To answer this question, I use a dataset containing detailed lease information

for nearly 100,000 leases signed between 2001–2019 in the Delaware Basin, a subset

of the Permian Basin that spans the New Mexico-Texas border. I examine the leases

signed under each eminent domain regime to discover which landowners receive

better contracts, all else equal.

To evaluate the leases, I consider three of their main features: the royalty

rate, the bonus, and any concessions a landowner is able to secure from an oil and

gas firm. The royalty rate is the share of profits from oil and gas extraction

guaranteed to the mineral rights owner once drilling begins, paid at regular intervals

for as long as the well operates. The bonus is a one-time payment made when a

lease is signed. Bonuses are paid before drilling begins, even if oil and gas cannot be
10Vissing (2017)
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successfully extracted. Finally, concessions are collections of guarantees from oil and

gas firms, offering landowners environmental protections and protections against

property and legal damages. To evaluate the concessions terms I consider three

bundles: the damage protection bundle, the legal protection bundle, and the entire

protection bundle.

Common concessions against damages include a “no well” clause, which

places restrictions on where a firm can drill a well and a “use of water” clause, which

lays out when, if at all, a driller can access a landowner’s water supply. Some

examples of legal concessions are a “lien” clause, which allows a landowner to

maintain possession of a driller’s property until that driller pays any debts it may

owe to that landowner, and an “indemnity” clause, which shifts responsibility to the

driller from the landowner in an event that a third party were to claim negligence

on the part of the landowner for any damages.11

Identifying whether one eminent domain policy is better for landowners is

difficult, especially in the absence of a natural experiment. I therefore ask three

related questions. First, on average, do landowners negotiate worse leases under

forced pooling in New Mexico than under Rule 37 exemptions in Texas, controlling

for lease and demographic characteristics? To answer this question, I run a basic

regression to compare leases signed in New Mexico and Texas. If forced pooling is

indeed worse for landowners, I expect to see consistently worse leases in New

Mexico. Instead, I find that, on average, contracting in New Mexico under forced

pooling laws is associated with about a two percentage point larger royalty rate,
11The damage protection bundle consists of 6 concessions: Environmental Clause, Dam-

ages Clause, Use of Water Clause, Removal of Equipment Clause, Burial of Equipment
Clause, and No Well Clause. The legal protection bundles consists of 5 clauses: Force Majeure
Clause, Lien Clause, Forfeiture Clause, Ancillary Clause, and Indemnity Clause. The entire
bundle consists of all 11 clauses. Definitions of these clauses can be found in Appendix A.
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relative to contracting in Texas under Rule 37 exemptions. While the difference

between royalty rates is small, it favors those contracting under forced pooling,

seemingly contradicting the criticisms mentioned above. I find the bonus payments

to landowners are not statistically different between the states. Finally, I find that a

lease signed in New Mexico is five times more likely to have a damage protection

concession, two times more likely to have a legal concession, and four times more

likely to have any concession at all than a lease signed in Texas.

These results are useful for quickly and easily seeing which state is associated

with better leasing outcomes during the sample period. However, the identification

may be flawed. Differences in geology, other state laws that affect oil and gas

leasing, firm behavior, and any potential differential effects of macro events (e.g.

Great Recession) between the two states likely also affect leasing outcomes and

muddle the identification of the effect of forced pooling on leasing.

As described in detail in section 1.2.3, most other drilling requirements (such

as minimum oil well acreage requirements, royalty payment time frames, and

severance taxes on oil and gas) between the states are quite similar. Further, Vissing

(2017) shows that firm behavior is quite similar between the states within 100 km of

the border. These similarities should mitigate some of the fears about confounding

factors in the identification strategies described. However, differences in geology and

differential effects of macro events still exist and threaten identification of the first

question.

I therefore turn to the second question: did landowners receive more lucrative

and protective leases following the fracking boom, and was that change greater or

smaller for leases signed under forced pooling?12 The fracking boom, which arrived
12Fracking refers to the process of splitting apart shale rock using a fluid composed of

water, sediment, and chemicals. When it was paired with horizontal drilling and seismic
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in the Delaware Basin between 2010–2012, increased the profitability of drilling (at

least for drillers).13 One way to evaluate if one policy is better for landowners is to

see if any of the positive profit shock awarded to drillers from fracking was passed

onto the landowners. Therefore, I employ a difference-in-differences approach to

compare leasing outcomes for landowners who signed leases in New Mexico and

Texas, before and after the fracking boom. If forced pooling leads to less lucrative

leases for landowners, I expect to see a disparity in leasing outcomes between the

two states that favors Texas leases, and that widens following the fracking boom

and increased use of Rule 37 exemptions.

Instead, I find that royalty rates in both states decline after the onset of

fracking, suggesting that landowners did not see the same increase in profits that

drillers did as a result of the fracking boom. However, royalty rates in New Mexico

rebound relative to royalty rates in Texas after 2015. Again, I find no meaningful

differences in the bonus payments offered to landowners before or after the fracking

boom. Finally, the predicted number of concessions secured by landowners in New

Mexico is consistently higher for all three bundles (damage protection, legal, and

total) in New Mexico than in Texas. Similar to the the pattern of the royalty rates,

landowners in both states receive fewer concessions following the fracking boom, but

landowners in New Mexico begin to see an increase in the amount of concessions per

lease starting in 2015, while landowners in Texas do not.

Finally, I turn to the third question: do landowners who sign a lease after the

relevant eminent domain policy is approved receive worse leasing outcomes under

forced pooling relative to Rule 37?14 I focus on late-contracting landowners

imaging technology, it made extracting oil and gas from shale rock economically feasible,
leading to a boom for the oil and gas industry.

13Natural Gas Intel (2020)
14Following Vissing (2017), I will refer to those who sign a lease before the eminent domain

policy takes force as “early contractors” and those who sign a lease after as “late contractors.”
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specifically because they are the group with relatively less bargaining power, as they

are signing a lease after a driller has been given the power to proceed with drilling.

The group of late contractors is also likely to include those landowners who oppose

oil and gas drilling the most: the ones who turned down the first offer from a

developer in Texas, and the ones who were forced to pool in New Mexico.

Landowners in both states should receive worse leasing outcomes if they sign a

contract late relative to their early-contracting counterparts due to their lower

bargaining power. If forced pooling is worse for late-contractors, I expect landowners

who contract late in New Mexico to receive lower royalty rates, bonus payments,

and fewer concessions than landowners who contract late in Texas.

Instead, I find that leases signed after forced pooling is ordered in New

Mexico are associated with about a one percentage point higher royalty rate, about

$11.50 higher bonus payment per acre, and are about twice as likely to have a

concession than leases signed after a Rule 37 exemption is granted in Texas.

Therefore, it seems that late-contracting landowners who sign a lease under forced

pooling receive more lucrative and more protective leases than late-contracting

landowners who sign a lease in Texas, despite the criticism.

Because fears about differences in geology still remain, I run a robustness

check. If one state has more productive geology, on average, that state may have

more lucrative leases for that reason alone. Fortunately, I know the locations of each

lease and can compare leasing outcomes for landowners leasing land near the New

Mexico-Texas border to minimize geological differences. I repeat the analyses for the

first two questions for leases within 10 kilometers (km) of the New Mexico–Texas

border.15 The differences in royalty rates are even larger, and the differences in
15The sample of leases that considers early and late landowners contains too few observa-

tions at the border, which is why it is excluded from this robustness check.
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concessions are roughly the same, suggesting that differences in geology do not

account for the differences in leasing outcomes I see when looking at the entire

sample.

I run a second robustness check due to the fact that there are very few

observations where the bonus payment is non-zero. I repeat the analyses for all

three questions, considering the likelihood that a lease has a non-zero bonus

payment instead of the amount of the bonus payment. I find that, on average, Texas

leases are more likely than New Mexico leases to contain a non-zero bonus payment.

Late contracting landowners are less likely to have a bonus payment than early

contracting landowners, but there is no significant difference in the probably of a

bonus payment between late-contracting landowners in Texas and New Mexico.

However, the very few observations of a bonus payment mean more specific analyses

are not able to be estimated, such as the differences over time and differences at the

border.

The three dimensions on which I measure leasing outcomes—royalty rates,

bonus payments, and concessions—are likely correlated, in that a landowner who

secures a high royalty rate may also have a high bonus payment and many

concessions. I find that the residuals from the royalty rate and bonus payment

regressions are positively correlated, indicating that there is some omitted variable

positively affecting both the royalty rate and bonus payment in a lease. This also

means that there are some landowners who may have lucrative leases in all three

dimensions, and some who have relatively worse leases in all three dimensions. It is

easy to imagine the omitted variable(s) might be income or education. If this is

true, it would mean that rich, educated landowners with access to lawyers and

consultants may have an easier time protecting their home, property, and water

8



supply. Unsurprisingly, within the last decade, there have been increasing concerns

that environmental injustice is present in the oil and gas leasing process.16

Environmental injustice refers to marginalized groups’ lack of access to fair

treatment from and involvement in shaping environmental laws, regulations, and

policies due to their race, national origin, or income.17 In the context of oil and gas

leasing, environmental injustice can manifest in marginalized groups receiving less

lucrative leases, with fewer protections from the environmental damages that

accompany drilling. Do rich, white, educated landowners see better leasing outcomes

on all three dimensions than other landowners? Timmins and Vissing (2017) point

out that the ability to speak English may play a role in a landowner’s ability to

bargain effectively. By controlling for these demographic characteristics at the

zip-code level, I examine whether there is a correlation between income, education,

property-value, English-speaking ability and leasing outcomes, and if compulsory

pooling seems to ameliorate or exacerbate any environmental injustice relative to

Rule 37 exemptions. One potential explanation that has been offered up by prior

research for the correlated residuals and lease outcomes that I find is environmental

injustice. I do indeed find evidence that the ability to speak English well is

associated with significantly higher royalty rates, and that income and education are

associated with small increases in royalty rates. However, I do not find that any of

these demographic variables have a significant impact on the number of concessions

terms or the bonus payments a landowner is able to secure.

The differences in leasing outcomes for all three questions—the difference

over the entire sample, the difference before and after forced pooling, and the

difference for early and late contractors—all favor landowners who contract under
16Timmins and Vissing (2017), Carre (2012), Avery (2020), Siegel (2020), Jalbert (2016)
17Department of Energy (2021)
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forced pooling. None of the three identification strategies are perfect, but they tell a

consistent story, one that runs contrary to current criticism of compulsory pooling

and praise of Rule 37 exemptions.

1.2 Brief Background on Oil and Gas

Oil and gas extraction in the United States has a long history. Four topics

are relevant to the research questions and specific to New Mexico and Texas. The

first is the differences in eminent domain laws. Firms in each state follow different

requirements when attempting to lease with voluntary landowners. They also follow

different rules when contracting with coerced landowners after a Rule 37 exemption

or compulsory pooling has been ordered. The second is differences in productivity

due to coordinated drilling. The coordinated drilling required by unitization in New

Mexico leads to higher per-well productivity than wells in Texas.18 The third is

other differences in how New Mexico and Texas regulate drilling. If the two states

are similar in other aspects of drilling operations, it is likelier that the differences I

find in leasing outcomes are in fact due to the difference between forced pooling and

Rule 37 exemptions. The fourth is the fracking boom. The fracking boom acted as a

positive income shock for drillers in both states. Additionally, drillers increasingly

invoked Rule 37 exemptions following the fracking boom, which was not widely used

in Texas (at least on the Delaware Basin) before that time.

1.2.1 Differences in Eminent Domain Laws

In New Mexico, once drillers have identified a parcel of land on which to drill,

they must amass leases covering 75 percent of that parcel before applying for forced

pooling. After forced pooling has been granted, the oil and gas firm can use it to
18Vissing (2017)
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coerce the landowners of the remaining 25 percent of the parcel to contract. These

remaining landowners have two choices: sign the contract that is offered to them by

an oil and gas firm, or refuse to sign and receive the state-mandated minimum

royalty payment of 12.5 percent and the state-mandated minimum property and

legal protections offered by the Surface Owners Protection Act.19 However,

landowners who refuse to sign are also subject to something called a risk penalty. A

risk penalty is an extra cost specifically for non-signatories. It stipulates that

non-signers may be liable for an additional fee, equal to up to 200 percent of their

share of the drilling costs.20 This means that non-signatories may have to pay three

times their share of the drilling costs, in the end. Often, a risk penalty must be paid

before royalty payments can be received.

In Texas, drillers must follow the well-spacing and density requirements

outlined by Rule 37. This regulation lays out how many wells can be in one area and

how far wells must be from one another. Instead of a pooling law, Texas drillers have

at their disposal the opportunity to apply for an exemption to Rule 37. If granted,

an exemption allows drillers to drill near an existing well, to have densely-packed

wells, and to drill near un-leased land, circumventing the Rule 37 regulations. To be

granted an exemption, drillers must attempt to contract with every landowner who

will be affected by the proposed drilling. Specifically, firms must offer each

landowner a “fair and reasonable” contract.21 If a landowner declines an offer, a

developer can apply for a Rule 37 exemption. These petitions are adjudicated on a

case-by-case basis by an elected triumvirate of judges on the Texas Railroad

Commission. In practice, it is rare that a Rule 37 exemption not be approved.22

19Hewett (2020)
20Harder(2014)
21Vissing (2017)
22Ibid.
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Once granted, a firm can drill near or under (laterally) the affected landowner’s

property without compensating the landowner whatsoever for mineral extraction.23

The differences between the two states’ policies can be seen in a very simple

hypothetical example in Figure 1.1. The left-hand side represents an area of land in

New Mexico with some distribution of landowners, represented by the dots. The

blue dots represent landowners needed to meet the compulsory pooling threshold,

and the red dots represent landowners who can be forced to pool. The gray area

represents the 75 percent of acreage a firm needs before applying for forced pooling.

Once a firm has leases to that land, it can coerce the landowners of the remaining

25 percent (the red dots) to contract after compulsory pooling has been ordered.

Note that the land the firm amasses to meet the compulsory pooling requirement

does not have to be contiguous (though it is in this image). In addition to a forced

pooling mandate, New Mexico requires unitization, or coordinated drilling. Under

unitization, firms use the cost-effective number of wells on a pooled unit, or area. In

Figure 1.1, one well is used on this plot of land.

For simplicity, the same area of land and same distribution of landowners is

represented for Texas’s laws on the right-hand side. In this image, the blue dots

represent those landowners who contract on the initial offer from an oil and gas

firm, and the green dots represent those who sign a contract after a Rule 37

exemption have been ordered. In Texas there is no minimum acreage threshold.

Rather, the decision to contract is made on a case-by-case basis, the same way the

Rule 37 exemptions are decided. Since there is no unitization law in Texas—no

coordination requirement—there are likely more wells in Texas than there would be

in New Mexico for the same area of land. Hence, in the figure there are five oil and

gas wells on the Texas side and only one on the New Mexico side. This is a
23Ibid.
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hypothetical example, so it is possible that firms in Texas could voluntarily

coordinate; however Libecap and Wiggins (1985) find that unitization rarely occurs

voluntarily. Empirically, Vissing (2017) shows that there are more wells, which are

more densely-packed (and therefore less productive), in areas in Texas where Rule

37 exemptions have been granted.

Furthermore, the penalties for not signing a contract are different in New

Mexico and Texas. In New Mexico, holdout landowners (landowners who do not

sign a contract) are guaranteed a state-mandated minimum royalty payment of 12.5

percent and property protections via the Surface Owners Protection Act.24 However,

they face the additional risk penalty of 200 percent of their share of the drilling

costs. In Texas, non-signatories are not guaranteed any payment from extraction

after a Rule 37 exemption has been granted. The oil and gas firms are also not

responsible for repairing any reasonable damages on or near the landowners’

properties.25

Early vs. Late Contractors

Landowners who sign contracts before and after these eminent domain

policies are enforced—early and late contractors—will have different levels of

bargaining power. In both states, early contractors should have more bargaining

power than late contractors, as drillers have not yet been approved to drill without

their approval.

In New Mexico, the early contractors are the landowners of the first 75

percent of the land, who signed contracts before compulsory pooling was ordered.
24Hewett (2020)
25Reasonable damages include the building of roads to reach the well site and accessing

the landowners’ fresh water source if it is the only one available, among others (Vissing
2017).
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The late contractors own the remaining 25 percent of the land. In Figure 1.1, the

early contractors are those owning land on the gray area—the blue dots—and the

late contractors are the red dots who are forced to join the pool.

In New Mexico, early contractors are critical for drillers since a firm has yet

to meet the minimum requirement for compulsory pooling. Before this threshold has

been met, drilling can still be delayed or prevented by landowners who refuse to

contract. Therefore, early contractors in New Mexico should have some level of

bargaining power. After forced pooling has been ordered, late contractors can be

forced to join the pool. Landowners can no longer prevent drilling after forced

pooling has been ordered. So, late contractors have two options. They can sign a

contract with likely worse outcomes than their early-contracting counterparts; or

they can refuse to sign, take state-minimum payments and protections, and face a

risk penalty. Therefore, late contractors should not have as much bargaining power

as early contractors, as they cannot affect the firms’ decisions to drill and will have

fewer guarantees if they choose not to sign a lease.

Similarly, in Texas, early contractors are those who sign a contract before a

firm is granted a Rule 37 exemption. Again, looking at Figure 1.1, the early

contracting landowners are represented by the blue dots and late-contracting

landowners are represented by the green dots.

In Texas, early contractors all sign the “fair” contract offered by an oil and

gas firm, or a re-bargained version of it. Unlike in New Mexico, there is no minimum

threshold after which eminent domain takes force. Each landowner is critical to the

firms’ drilling prospects, at least in the first round of contracting; if a firm applies

for a Rule 37 exemption, it must be able to prove it offered a fair contract to every

affected landowner. Therefore, early contractors in Texas should have some level of

bargaining power relative to late contractors. Once a Rule 37 exemption has been

14



granted, late contractors again have two options. They can sign a contract that will

likely have fewer concessions and perhaps a lower royalty rate than one they have

already turned down; or they can refuse to sign a contract and forego profits from

production and protection against reasonable damages. Late contractors in Texas

should have less bargaining power than their early contracting counterparts, as they

have already turned down a “fair” offer from the firm and are guaranteed almost

nothing if they choose not to sign a contract.

Those landowners who refuse to sign a contract in Texas are guaranteed less

than those landowners who refuse to sign a contract in New Mexico, in terms of

minimum payments and protections. New Mexican landowners have state-mandated

protections and guaranteed profits; Texan landowners do not. Therefore I expect

late contractors in Texas to have less bargaining power than late contractors in New

Mexico.

1.2.2 Differences in Productivity

Over-producing oil and gas is costly. Using too many wells lowers the

pressure underground, limiting the amount of oil and gas that can feasibly be

extracted and increasing the cost to extract that which can still be accessed.26

Coordinated drilling has historically led to the most productive and profitable oil

extraction.27 Recently, Vissing (2017) confirms this result for both oil and gas

extraction, in light of fracking and horizontal drilling technology: about twice as
26Libecap and Wiggins (1984)
27Libecap and Wiggins (1985)
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much oil is recovered and 71 percent more gas is recovered per well in New Mexico,

under coordinated drilling, than in Texas, without it.28

Landowners are compensated via the royalty rate—a percentage of the

profits drillers earn by extracting the oil and gas from beneath their land. This

means, given that New Mexico’s forced unitization laws lead to more productive

extraction on a per-well basis, New Mexican landowners will receive bigger

payments (in absolute dollar amounts) than Texan landowners if they receive the

same royalty rate in their leases. Thus, above and beyond the differences in

guarantees to non-signers in New Mexico and Texas, the mineral rights in New

Mexico are worth more than the mineral rights in Texas on a per-well basis.

1.2.3 Other Drilling Regulations

New Mexico and Texas have different eminent domain laws and coordinating

drilling requirements. Those differences are the focus of this paper. How similar are

the two states when it comes to other drilling regulations? The more similar they

are, the more likely it is that the differences in leasing outcomes I find are in fact

due to forced pooling, instead of other potentially confounding factors.

The states are largely similar in terms of drilling regulations. Both states

require drillers to make royalty payments within 90 days of when the oil or gas is

sold. Drillers cannot contract out of this requirement in either state. Drillers in both

New Mexico and Texas also must declare their desire to drill in the same way, by

filing with the relevant county clerk. Both states treat marital property (property

28Vissing (2017) uses a border discontinuity approach for this calculation. She looks at
wells within 100 km of the New Mexico-Texas border to control for differences in oil and gas
fields.
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that was bought communally during the course of a marriage) similarly in the

leasing process.29

Further, both states allow the mineral rights to be severed from the property,

meaning that the individuals a driller needs to contract with may not live on the

land the driller wants to drill under. One key difference in how surface owners are

treated between the two states is that New Mexico has a Surface Owners Protection

Act, meant to protect the surface owners regardless of whether the surface owners

are the mineral rights owners or not. Texas has not codified such a law. However, I

have restricted my sample to only consider those leases where the mineral rights

have not been severed, i.e. the landowner is the mineral rights owner. Therefore, this

distinction should not alter the leasing outcomes, except for what a landowner is

guaranteed by the state if she chooses not to sign a lease, as discussed above.30

Another key difference between the states is how federal land is treated in

the leasing process. Federal lease terms tend to be much longer than leases for

state-owned or privately-owned land, often exceeding 10 years. The terms of the

lease are also quite different empirically. New Mexico has a lot of federal land, owned

by the Bureau of Land Management, whereas Texas has none. I have dropped both

federally-owned land and state-owned land from my sample, and instead focus on

privately-owned land, to prevent this difference from confounding the results I find.

Other key similarities between the states are outlined in Table 1 of Vissing

(2017). The minimum acreage required for an oil well is the same in both states: 40

acres. In New Mexico, 160 acres must be acquired for a gas well, while 40 acres are

required for a gas well in Texas. The severance tax on gas is the same in both

states: 7.5 percent. The severance tax on oil is slightly higher in New Mexico, at 7.8
29Hewett (2020)
30Ibid.
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percent and slightly lower in Texas at 5 percent. The severance tax refers to what

drillers must pay on oil and gas extractions, so the fact that they are similar is

important for a firm’s decision on which state to drill in.31

1.2.4 Firm Behavior

Many of the top oil and gas drilling firms operate in both New Mexico and

Texas.32 But is their behavior similar? A complete analysis of firm behavior is

beyond the scope of this paper. However, in her 2017 paper, Vissing performs a

border discontinuity exercise, looking at wells that are drilled and operated within

100 km of the state border. When she performs this analysis, controlling for the year

the well was drilled, she finds that there are largely similar numbers of oil wells in

New Mexico and Texas. There are slightly fewer gas wells in New Mexico than

Texas, likely due to New Mexico’s coordinated drilling laws. She also finds that

there is no difference in firm competition between the states.

However, she does find that there is some heterogeneity within the state of

Texas. In areas with Rule 37 exemptions, she finds there are more wells, more

densely packed, than in areas without these exemptions. She also finds these

densely-packed areas have more firm competition. As there is no coordinated

drilling requirement in Texas, the owners of the wells may operate privately, which

could explain why there are more firms operating in these areas.

1.2.5 Fracking

The fracking boom in the Delaware Basin had two important consequences

for leasing. First, more landowners than ever began contracting under these eminent
31Vissing (2017)
32Hewett (2020), Vissing (2017)
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domain policies. The fracking boom was accompanied by a leasing boom, as drillers

raced to accumulate newly profitable land.33 Increased oil and gas leasing was

ubiquitous in the United States, including in New Mexico and Texas. Before the

fracking boom, Rule 37 exemptions were not widely used on the Delaware Basin in

Texas. So, when drillers began turning to Rule 37 exemptions as a way to

circumvent holdouts by landowners following the fracking boom, their use increased

faster than the use of compulsory pooling in New Mexico. Compulsory pooling has

been used relatively consistently on the Delaware Basin in New Mexico since 1980,

with the exception of 2006. Figure 1.2 shows that the number of forced pooling

orders approved each year remained relatively constant from 1980 onward, while the

number of Rule 37 exemptions approved each year increased drastically after the

fracking boom.34

Second, the fracking boom acted as a positive shock, increasing oil and gas

output and profitability, at least for drillers. And, at least in Texas, developers

began using eminent domain laws to allow for as much drilling as possible and to

capitalize on the new windfall. Asking whether forced pooling is beneficial for

landowners, relative to Rule 37 exemptions, includes asking whether forced pooling

disproportionately caused better leases following the fracking boom, in line with the

increased profitability of drilling. There was a bigger pie to be split following the

fracking boom. Whether forced pooling is better or worse for landowners than Rule

37 exemptions depends on whether landowners contracting under forced pooling saw
33Zuckerman (2014)
34The increased use of Rule 37 exemptions in Texas is likely due to the fact that, in

Texas, the increase in leasing due to the fracking boom occurred in urban and suburban
areas. As land parcels are smaller in urban and suburban areas than in rural areas, drillers
have to contract with more landowners to meet the acreage requirements, increasing their
contracting costs. As a way to counter these increased costs, Vissing (2017) and Timmins
and Vissing (2017) speculate that drillers increasingly turned to Rule 37 exemptions.
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a relative increase in their share of the pie. And there was a quick, sharp, sustained

increase in the number of landowners subject to these eminent domain policies

following the fracking boom. Did those landowners leasing under forced pooling

benefit from the fracking boom along with drillers via an increase in their share of

profits and protections, relative to landowners leasing under Rule 37 exemptions?

1.3 Data

Oil and gas leases are complicated documents composed of many terms.

Certain terms are common to all leases, including: grantor name and address,

grantee name and address, acreage, lease length, royalty rate, and any bonus

payment, among others. Descriptive statistics for these primary terms can be found

in Table 1.1. The average lease in New Mexico has a higher royalty rate (17 percent)

than the average lease in Texas (14 percent). Recall that if a mineral rights owner

chooses not to sign a lease, they are guaranteed a 12.5 percent minimum royalty

rate in New Mexico, so the average lease has a royalty rate 4.5 percentage points

higher than the state-mandated outside option. In Texas, a mineral rights owner is

not guaranteed any profits from production if a driller is granted a Rule 37

exemption.35 This discrepancy in royalty rates widens for leases within 10 km of the

state border. Leases close to the border in New Mexico have an average royalty rate

of 19 percent, while leases close to the border in Texas have an average royalty rate

of 12 percent, which is less than the guaranteed minimum in New Mexico.

The average lease in Texas has a higher bonus payment per acre ($8.06) than

the average lease in New Mexico ($0.81). However, the standard deviation on the

mean bonus payment is quite large due to the rarity of non-zero bonus payments in

the sample. Only about 8.5 percent of the leases in the sample have a non-zero
35Vissing (2017)
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bonus payment. Conditional on having a bonus payment, the average bonus

payment is $2,534.87, but the standard deviation on even this conditional mean is

large, as bonuses vary widely.

In addition to the primary terms, leases have auxiliary clauses, which are not

required to be in each lease. These terms, namely the concessions from oil and gas

firms, vary from lease to lease based on what a landowner was able to bargain for,

or secure, from a driller. Not every lease has the same concessions, or guarantees

from an oil and gas firm. And even those leases that do have the same broad

concessions may differ in the specifics of the clauses. Descriptive statistics for these

concession terms can be found in Table 1.2. The average lease in New Mexico has

more of most concessions terms than the average lease in Texas, but again, most of

the means reported in Table 1.2 have large standard deviations. Definitions for each

clause can be found in Appendix A.

Enverus, an oil and gas data aggregator, generously provided access to leases

in the Delaware Basin, which overlays the New Mexico-Texas border.36 The

Delaware Basin is part of the larger Permian Basin, a mature oil and gas field, with

drilling dating back to the 1920s.37 Fracking and horizontal drilling technology were

introduced to the Permian towards the end of the US fracking boom, around

2010–2012.38 In line with the concurrent leasing boom, over half the leases in the

sample were signed after 2010. Of the Enverus leases, fewer than 100 were signed

before 2001. I dropped them from the sample as they were outliers, both in terms of

land size and the laws that were in effect governing drilling and leasing at the time
36The Delaware Basin comprises of the counties Lea, Eddy, Harding, and Chaves in New

Mexico and Andrews, Brewster, Cochran, Culberson, Gaines, Glasscock, Jeff Davis, Loving,
Martin, Pecos, Reagan, Reeves, Terrell, Ward, Winkler, and Yoakum in Texas.

37Natural Gas Intel (2020)
38Ibid.
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they were signed. The remaining sample includes leases signed in the Delaware

Basin—in New Mexico and in Texas—from 2001 to 2019.39

I also have data from Enverus on these eminent domain policies—forced

pooling orders in New Mexico and Rule 37 exemptions in Texas. For each forced

pooling order, I can see the date it was approved and the zone of land it covers. For

each Rule 37 exemption, I can see the date it was approved and the longitude and

latitude of its location. I match the compulsory pooling orders to the lease dataset

by a zone location variable, which identifies the zone for which the compulsory

pooling was ordered and also identifies the affected leases for each forced pooling

order. I match the Rule 37 exemptions using the longitude and latitude of each

exemption to the associated lease. This allows me to create a dataset that can

identify landowners affected under each regime—compulsory pooling in New Mexico

and Rule 37 exemptions in Texas, and whether each contract was signed before or

after the eminent domain policy took force.

There are 519 different forced pooling zones in New Mexico in my sample.

Each zone affects an average of 30 leases, though the range is large. The fewest

leases in any zone is 2, and the most leases in any zone is 884.40 In total, 15,279

leases were signed in forced pooling zones in my sample. Some zones show signs of

bunching, i.e. that many leases were signed right before a forced pooling order was
39The primary, or common, terms of each lease have already been digitized by Enverus.

The more complex concession terms have not been. To digitize them, I scraped the PDF file
of each lease from an individual link for every lease Enverus has in the Delaware Basin. I
then converted the PDFs into TIFF images and used Ghostscript to convert the image of
each lease into a text file. Finally, I extracted the grantor (landowner) and grantee (driller)
names and addresses and all the chosen concession terms using a text recognition program in
Python. I then matched this dataset of concessions to the primary lease terms provided by
Enverus via string-matching, using the grantor and grantee names and addresses to create
a dataset containing detailed lease information.

40The lower bound here is by law. Forced pooling can only be ordered if at least two
landowners are affected.
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approved and that royalty rates dropped as soon as the zone was forced to pool.

However, other zones show no signs of bunching. Examples of both types of zones

can be found in Appendix A. An interesting area of future research would be to

identify the pivotal landowners in each zone and take a more theoretical approach

to study the bargaining power of the driller and the landowners, both pivotal and

non-pivotal, in each zone. However, that is beyond the scope of this paper.

In Texas, there is no relevant zone to compare with forced pooling zones,

since Rule 37 exemptions are approved on a case-by-case basis. In my sample, 1,607

leases were affected by a Rule 37 exemption in Texas.

The use of eminent domain laws in Texas rose after the fracking boom,

relative to its past use, while the use of such laws in New Mexico stayed relatively

constant. The number of forced pooling orders in New Mexico and Rule 37

exemptions in Texas approved over time can be seen in Figure 1.2. If forced pooling

is better for landowners than Rule 37 exemptions, I expect to see consistently better

leases in New Mexico than Texas, from 2001-2019, and the gap between them widen

following the fracking boom and as the use of Rule 37 increased.

1.3.1 Concessions

The most detailed and complex elements of the leases are the concession

terms, or clauses. There is no guarantee that any two leases will have the same

clauses, which makes it difficult to account for every possible concession. But, there

are certain concessions that are common to many leases. I focus on common clauses

that provide landowners with legal protections and protections against damage to

their land, property, and water supply.41 Damage protection clauses place limits on
41Following Timmins and Vissing (2017), the full list of clauses are as follows: envi-

ronmental, damages, water protection, use of water, surface access, pollution, removal of
equipment, burial of equipment, no well, pooling, indemnity, forfeiture, lien, ancillary, force
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a driller’s activities in order to prevent damage to a landowner’s property, home,

and water supply. They may also spell out what, if any, repairs or compensation a

driller will offer a landowner in the event that damage does occur. Legal clauses lay

out what landowners will be guaranteed in the event that the oil and gas firms

declare bankruptcy before finishing the project, among other events.

I code each clause to be “0” if the clause does not exist in the lease, and “1” if

it does. So, the more clauses a landowner has in her lease, the more protections she

has secured from the firm and the better off she is.

1.3.2 Other Data

Finally, I incorporate demographic data to help control for factors that may

affect landowners’ ability to bargain with oil and gas firms. The lease-level data

provided by Enverus include the permanent address of the landowner. This allows

me to match the landowners’ permanent addresses to the average demographic

characteristics of respondents in that zip code from the ACS 2017 5 Year Census

Survey.42 Among the demographic characteristics I include are median income,

education attained, and property values at the zip code level, as these will all likely

affect landowners’ ability to contract successfully.

A landowner’s income, education, and property value could be positively

correlated with leasing outcomes. Richer, more educated landowners with

highly-valued properties may have the means to hire experts—geologists and

lawyers—to effectively bargain with oil and gas companies. Therefore, I include

these demographic characteristics as controls to separate the effects of contracting

majeure, and post-production costs. Definitions of these clauses can be found in Appendix
A.

42To minimize differences between the states, I drop any leases where the mineral rights
have been severed from the estate. This is because New Mexico and Texas treat severed
mineral rights slightly differently (Hewett 2020).

24



under forced pooling from the effects that income, education, and home value have

on contracting.

Timmins and Vissing (2017) indeed find that higher income individuals tend

to negotiate better leases in Tarrant County, Texas.43 If landowners in New Mexico

and Texas are very different from one another, this would be yet another threat to

identification, as any differences in leases might be attributable to differences in

income, education, and property value rather than forced pooling. Luckily, the

average landowner in New Mexico is quite similar to the average landowner in Texas

for all the demographics listed in Table 1.3. These similarities hold when looking at

the states as a whole and when looking at the sub-sample of landowners living

within 10 km of the state border. Vissing (2017) also finds that the average lessor in

New Mexico is quite similar to the average lessor in Texas, minimizing another

potential difference between the two states.

1.4 Results

I present the analyses and results for the three main questions: (1) do

landowners in New Mexico negotiate worse leases on average than landowners in

Texas?, (2) did landowners receive more lucrative and protective leases following the

positive shock brought on by the fracking boom, and was that change greater or

smaller for leases signed under forced pooling?, and (3) do late-contracting

landowners negotiate better leases under forced pooling or Rule 37 exemptions?
43They also investigate if environmental injustice is present in the leasing process in Tar-

rant Co., Texas. They find that conditional on income and education levels, white landowners
tend to negotiate better leasing outcomes than non-white landowners. One possible expla-
nation they offer is that the ability to speak English well may improve a landowner’s ability
to bargain on a lease. I do not observe whether individual landowners speak English, but as
a proxy I include the proportion of the local population that speaks English well.
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I then perform two robustness checks. First, because the identification is

likely still muddled, I repeat the analyses from the first two questions for a

sub-sample of leases within 10 km of the New Mexico–Texas border, to minimize

differences in geology.44 Second, due to the very few number of non-zero bonuses in

the sample, I repeat the analyses for all three questions questions and consider the

likelihood that a lease will have a bonus payment at all.

If forced pooling harms landowners as the criticisms suggest, I expect to see

worse New Mexican leases in all three dimensions over the whole sample, before and

after the fracking boom, for late-contracting landowners, and for landowners at the

border. Instead, I find the opposite, undermining the widely-circulated criticisms of

forced pooling.

1.4.1 Basic Regression

To answer the first question and estimate whether forced pooling in New

Mexico offers landowners better contracts than Rule 37 exemptions in Texas over the

entire sample, I run the following regression for royalty rates and bonus payments:

ylsy = β0 + β1Forced-Poolingls + δ′X + θy + ϵlsy (1.1)

where ylsy is the royalty rate or bonus payment, depending on the specification, at

the lease-state-year level; Forced-Poolingls is an indicator for whether the lease was

signed in New Mexico; θy are year fixed effects; and X are demographic control

variables at the zip-code level.
44I would ideally like to perform this robustness check on all three questions, but there

are too few leases signed after eminent domain policies that are also within 10 km of the
border to make repeating the analysis feasible.
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The parameter of interest is β1, which gives the average difference between

signing a lease in New Mexico and Texas over the entire sample. Table 1.4 shows the

average lease signed in New Mexico on the Delaware Basin between 2001-2019

received about a two percentage point higher royalty rate than the average lease

signed in Texas. This means that firms offer landowners in New Mexico two

percentage points more of the profits from drilling than firms offer landowners in

Texas. Regardless of which state’s drillers generated more profit from oil and gas

extraction, landowners in New Mexico are able to bargain for a higher percentage of

those profits, a larger slice of the pie, than landowners in Texas.

A few of the demographic control variables seem to affect the royalty rate a

landowner can receive. More rural landowners receive slightly higher royalty rates,

which is intuitive as it is less costly for drillers to bargain with rural landowners

than with urban or suburban landowners. This effect is quite small: an increase in

population of 10,000 people is associated with a 0.1 percentage point lower royalty

rate. Younger landowners are able to secure slightly higher royalty rates, but again

this difference is quite small: adding one year is associated with a 0.2 percentage

point lower royalty rate. Important for the environmental justice conversation, the

ability to speak English very well is associated with a five percentage point higher

royalty rate. Landowners with graduate degrees tend to have higher royalty rates,

compared to landowners with less education. And finally, an $10,000 increase in the

median income of a zip code is associated with a 0.2 percentage point higher royalty

rate for those landowners.

I do not find a significant difference between the bonus payments on the

leases under forced pooling and Rule 37 exemptions. I also do not find that any of

the demographic controls I include significantly affected the bonus payments for

landowners.
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I next run a negative binomial regression to estimate the effect of signing a

lease in New Mexico on the number of concessions a lease has. The three

concessions bundles, damage concessions, legal concessions, and the entire bundle,

are count variables—non-negative integers.45 The underlying model equation is:

log(ŷlsy) = β0 + β1Forced-Poolingls + δ′X + θy (1.2)

where ylsy are the concessions bundles and the right-hand side variables are defined

as in Equation 1.1. The model is estimated via maximum likelihood. Equation 1.2

can be re-written as:

ŷlsy = eβ0+β1Forced-Poolingls+δ′X+θy = eβ0eβ1Forced-Poolinglseδ
′Xeθy (1.3)

Equation 1.3 lends itself to interpreting the coefficients as incidence rate ratios, a

more digestible interpretation rather than the difference in log counts—the

interpretation for the parameters in Equation 1.2. Table 1.5 shows these incidence

rate ratios for the concessions. A lease signed in New Mexico is five times more

likely to have a concession protecting against damage, two times more likely to have

a legal concession, and four times more likely to have any concession at all than a

lease signed in Texas. I find that none of the demographic controls I include

significantly impact the number of concessions in a lease.

Landowners signing leases under forced pooling were able to secure higher

royalty rates and more concessions than landowners signing leases under Rule 37

exemptions, and there was no significant difference in the bonus payments between
45Many leases do not have any concessions terms at all, so the distribution is left-skewed, or

shows over-dispersion. Therefore I use a negative binomial rather than a Poisson distribution.
Further, all of the zeros are true zeros—a landowner could have secured a concession but
failed to do so—rather than excess zeros—a landowner could not have secured concession
so therefore the lease does not have any—so I do not opt for a zero-inflated regression.
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the states in a regression that controls for demographic and lease characteristics. I

have provided evidence that drilling practices are largely similar between the states,

pointed out instances where the states differ, and dropped leases for federal and

state owned land and for absentee mineral rights owners to minimize those

differences. I have shown that the average landowner in New Mexico is quite similar

to the average landowner in Texas in Table 1.3. But even so, the identification using

this basic regression is likely imperfect. Geological differences may remain, as well as

any differential effects of big macro events, such as the Great Recession, or the

fracking boom.

The fracking boom provided a positive profit shock to drillers, which led to a

sustained increase to the number of landowners leasing their land to drillers and an

increase in the number of eminent domain policies used in Texas. I will take

advantage of this shock by asking if forced pooling or Rule 37 exemptions offered

landowners better leases following the fracking boom.

1.4.2 Before and After Fracking

To answer this second question, I add an interaction term to employ a

differences-in-differences style approach to observe the effect of signing a lease in

New Mexico over time, specifically before and after the fracking boom. For the

royalty rates and bonus payments, I run the following regression:

ylsy = β0 + β1Forced-Poolingls + β2Lease-Yearly

+ β3Forced-Poolingls ∗ Lease-Yearly + δ′X + ϵlsy

(1.4)

where Lease-Yearly is an indicator for the year each lease was signed,

Forced-Poolingls ∗ Lease-Yearly is an interaction between Forced-Poolingls and

Lease-Yearly and the rest of the variables are as defined in Equation 1.1. Estimating
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Equation 1.4 allows me to see how royalty rates and bonus payments changed after

the onset of fracking under forced pooling and Rule 37 exemptions. The effect of

signing a lease under forced pooling in New Mexico in a given year is β1 + β3.

The royalty rates for each year of the sample, estimated from the regression

results of Equation 1.4 using royalty as the outcome variable, can be seen in Figure

1.3. For the majority of the sample, the royalty rates in both states trend together,

with the point estimates for royalty rates in New Mexico slightly higher than those

in Texas, which makes sense given the results from the basic regression. It seems

that in both states, after the onset of fracking between 2010-2012, royalty rates fell

for landowners initially, suggesting that neither policy forced drillers to offer

landowners any of the increased profits they saw. However, it does seem that royalty

rates for Texas landowners fell more drastically. In two of the years following the

fracking boom, 2012 and 2014, royalty rates were about three percentage points

higher in New Mexico than Texas, and this difference is significant at the 5 percent

level.

Starting around 2015, in line with the increase in use of Rule 37 exemptions,

the royalty rates for New Mexican landowners began to increase relative to royalty

rates for Texan landowners, though the royalty rate in New Mexico was only

statistically higher than the royalty rate in Texas in 2018. The difference in royalty

rates is small, yet favors New Mexican landowners contracting under compulsory

pooling. Taking an average over all the years in the sample, the average lease in

New Mexico has a royalty rate two percentage points higher than the average lease

in Texas. The corresponding point estimates for the the predicted royalty rates in

Figure 1.3 can be found in the Column 1 of Table A.1 in Appendix A.

Looking at the bonus payments is straightforward: in Figure 1.4, the bonus

payment in both states was very close to $0 per acre for most of the sample period.
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This is likely due to the fact that non-zero bonus payments are rare in the sample.

In 2018, the average bonus payment per acre in Texas jumped to just over $150 but

with very wide confidence intervals that cannot distinguish it from the small bonus

payments of previous years. The fracking boom did not seem to have an effect on

the bonuses offered in either state. And, while the average bonus payment per acre

in Texas rose relative to the average bonus payment per acre in New Mexico after

2015—around the time the use of eminent domain in Texas rose relative to the use of

eminent domain in New Mexico—the payments in both states were not meaningfully

different in any year of the sample. The corresponding point estimates for the bonus

payments in Figure 1.4 are in the Column 4 of Table A.1 in Appendix A.

The underlying model equation for the negative binomial regression

comparing concession bundles before and after fracking is:

ŷlsy = eβ0eβ1Forced-Poolinglseβ2Lease-Yearlyeβ3Forced-Poolingls∗Lease-Yearlyeδ
′X (1.5)

where the variables are as defined in Equation 1.4. Figure 1.5 shows the differences

in the predicted number of concessions landowners in each state were able to secure.

Unlike the bonus payment, forced pooling and Rule 37 exemptions do seem to give

landowners significantly different levels of protection in terms of guarantees from oil

and gas firms in almost every year of the sample. Remember that the entire bundle

of concessions contains 11 possible concessions. So, while the average lease in both

states contains relatively few concessions, New Mexican landowners secured

significantly more of the concession bundle than Texan landowners throughout the

whole of the sample.

Following the fracking boom around 2010–2012, concessions fell for

landowners in both states, suggesting once more that landowners did not benefit as
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much as drillers from the windfall of the fracking boom. And again, as in the case of

the royalty rates, concessions for New Mexican landowners began to recover relative

to concessions for Texan landowners around 2015, around when the use of Rule 37

exemptions began increasing.

Figure 1.6 shows the differences in the predicted number of damage

protections concessions for the average lease in each state. The damage protection

concession bundle trends mirror the entire concession bundle trends. Landowners in

both states on average secured less than half the entire bundle, which has six

possible concessions, but landowners in New Mexico are secured nearly double the

number of protection concessions as landowners in Texas. The average lease in both

states contains fewer damage protection concessions following the fracking boom.

The decline is more severe for leases in New Mexico than Texas, but not enough to

close the gap between them. Finally, similarly to the entire concession bundle, the

number of damage protection concessions in the average lease in New Mexico

rebounded relative to the average lease in Texas around 2015, when the use of Rule

37 exemptions increased.

Figure 1.7 shows the predicted number of legal concessions for the average

lease in each state over the course of the sample. Landowners in both states secured

relatively few of the five possible legal concessions, though New Mexican landowners

again secured more on average over the course of the sample. The biggest gap

between the average lease in New Mexico and the average lease in Texas for legal

concessions came between 2005–2010, just before the onset of fracking. Following the

fracking boom, the number of legal concessions per lease in Texas declined modestly,

while the number of legal concessions per lease in New Mexico declined sharply, all

but closing the gap between them. Similarly to the other two concession bundles,
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toward the end of the sample period, the number of legal concessions per lease in

New Mexico increased relative to the number of legal concessions per lease in Texas.

Notably, for all three measures of concessions—all concessions, damage

protection concessions, and legal concessions—the gap between how many

concessions a New Mexican landowner could secure and how many concessions a

Texan landowner could secure widened around the same time the use of Rule 37

exemptions rose relative to the use of forced pooling, after 2015. However, it should

be noted that there were also large gaps in the amount of concessions the average

landowner in each state was able to secure between 2005–2010.

Of the five measures of leasing outcomes discussed—royalty rate, bonus

payment, concession bundle, damage protection concession bundle, and legal

concession bundle—the concessions bundles are the three that are most dependent

on a landowner’s ability to bargain. Timmins and Vissing (2017) and Vissing (2017)

measure bargaining power via the concessions a landowner is able to secure from an

oil and gas firm, rather than royalty rates or bonus payments. Concession terms are

not guaranteed in any lease—landowners must have some knowledge about the

protections they are seeking and fight for them. From 2001–2019, landowners living

under forced pooling in New Mexico were able to secure more concessions—both

damage protection and legal—than landowners living under Rule 37 exemptions in

Texas.

So, if the number of concessions is a good measure of bargaining power, it

seems landowners in New Mexico had more bargaining power when contracting with

oil and gas firms than landowners in Texas. However, the onset of fracking limited

the number of concessions landowners in both states were able to secure, perhaps

suggesting that fracking limited the bargaining power of landowners under both

policies. After the increased use of Rule 37 exemptions relative to forced pooling
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orders, Texans saw fewer concessions per lease relative to New Mexicans, suggestions

that the increased use of Rule 37 exemptions limited the bargaining power of

Texans relative to the bargaining power of New Mexicans. The point estimates that

accompany Figures 1.5–1.7 can be found in Table A.3 in Appendix A.

While the differences in royalty rates and bonus payments between the two

states over the sample are relatively small—about two percentage points on average

for royalty rates and no meaningful difference for bonus payments—the differences

in secured concessions are larger. And, the differences in all measures of leasing

outcomes favor contracting under forced pooling in New Mexico. This supports the

idea that forced pooling may, in fact, benefit landowners. At the very least, it makes

it hard to argue that forced pooling makes them worse off, as the criticisms suggest.

1.4.3 Do Late Contractors Have Less Bargaining Power?

To answer the third question, do late-contracting landowners negotiate worse

leases under forced pooling, I run the following regression on the royalty rates and

bonus payments for late-contracting landowners:

yls = β0 + βlLatel + β2Latel ∗ Forced-Poolings + δ′X + ρs + ϵls (1.6)

where yls are the leasing outcomes (royalty rate or bonus payment) at the

lease-state level, Latel is an indicator for whether the lease was signed after the

eminent domain policy was ordered and Latel ∗ Forced-Poolings is an indicator for

whether the late-contractor was in New Mexico under forced pooling, X are

demographic characteristics and ρs are state fixed effects. The coefficient of interest

is β2, which gives the effect of signing a lease late under forced pooling laws, and

answers whether forced pooling laws in New Mexico offer late-contracting
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landowners better leasing outcomes than their late-contracting counterparts in

Texas under Rule 37 exemptions.

The results for royalty rates and bonus payments per acre can be seen in

Table 1.6. Contracting late in both states is associated with worse leasing outcomes

in both dimensions, as expected. However, contracting late under forced pooling is

associated with about a one percentage point higher royalty rate, and $11.50 higher

bonus payment per acre. These differences are small, but statistically significant.

Notably, the difference in bonus payments between late contractors in New Mexico

and late contractors in Texas is significant—this difference disappears when looking

at landowners who sign a lease at any time in the eminent domain process.

To evaluate the differences in secured concessions, I estimate the following

model equation with a negative binomial regression:

ŷls = eβ0eβlLateleβ2Latel∗Forced-Poolingseδ
′Xeρs (1.7)

where the variables are as defined in Equation 1.6.

Table 1.7 shows the results. Leases that are signed late in either state are

about half as likely to have any of these concessions terms as leases that are signed

early. The likelihoods of having either damage protection or legal concessions in a

lease also decrease when that lease is signed late. Looking at Table 1.7, the

likelihood of having a concession in a lease that was signed late increases by a factor

of almost two if the landowner contracts under forced pooling rather than Rule 37

exemptions. The likelihood of having a damage protection concession if a landowner

contracts late in New Mexico increases by a factor of almost three relative to

contracting late in Texas. The incidence rate for a legal concession is also slightly

higher for late-contractors in New Mexico than Texas, but this estimate is not

statistically significant at the 5 percent level.
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While identification of landowners who have the least amount of bargaining

power and/or who oppose oil and gas drilling the most is imperfect, it does seem

like those who contract late, which likely includes both groups mentioned, are better

protected in all three dimensions—royalty rates, bonus payments, and

concessions—under forced pooling than Rule 37 exemptions. Looking at the decision

to contract early and late, particularly under forced pooling, is an important area of

future research, especially for bargaining theory, but beyond the scope of this paper.

1.4.4 Robustness Checks

The results thus far should be interpreted with caution, as there may be time

invariant differences between the two states that affect leasing outcomes. One such

obvious difference is geology. If one state has more oil and gas under its land, or oil

and gas that is more easily accessible, it can offer landowners more valuable leases

solely for that reason, independent of its eminent domain policy.

Fortunately, I can see the location of each lease from Enverus. I therefore

repeat the analyses for the first two questions on a sub-sample of leases within 10

km of the New Mexico-Texas border to minimize the difference in geology for those

leases. I re-estimate Equations 1.1–1.5, considering only leases signed within 10 km

of the New Mexico-Texas border.46

46I chose 10 km as the first distance from the border to try following Muelenbachs, Spiller,
and Timmins (2015), who consider a distance of 10 km as being in the vicinity of a well. This
sample was relatively small compared to the leases in the entire sample, so I examined the
sample of leases at 10 km intervals from the border. Beginning at a distance of 40 km from
the border, the sub-sample of leases resembled the entire sample of leases. The results from
the sub-samples converged to the results from the entire sample at distances greater than
40 km, so I chose 40 km as the second distance to report for the border sub-sample. When
comparing the productivity of wells in New Mexico and Texas using a border discontinuity
approach, Vissing (2017) uses a distance of 100 km from the border. Both distances reported
in this paper are below that threshold. Since the trends for the group of leases within 40
km of the border mirror those in the full sample, I do not discuss the analysis for the 40 km
results in the paper. The figures and point estimates corresponding to royalty rate, bonus
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The effects of signing a lease under forced pooling on royalty rates from

re-estimating Equation 1.1 for the 10 km border sub-sample can be seen in Table

1.4. On average, leases signed in New Mexico near the border receive royalty rates

five percentage points higher than leases signed in Texas near the border. This effect

is more than twice as large as the effect of two percentage points found when

considering the entire sample. Figure 1.8 shows the results from re-estimating

Equation 1.4. Beginning around 2010, leases signed under forced pooling have

significantly higher royalty rates than leases signed under Rule 37 exemptions.

Comparing the disparity in royalty rates for New Mexican and Texan landowners

for the entire sample and for those within 10 km of the border, the gap in royalty

rates near the border is greater than the gap in royalty rates for the entire sample,

especially after the fracking boom and the increased use of Rule 37 exemptions. If

we believe that geological differences are minimized here, then differences in geology

should not account for the differences in royalty rates I see when looking at the

entire sample. In fact, it is possible that more of the difference in the royalty rates

should be attributable to the difference between contracting under forced pooling

and contracting under Rule 37 exemptions. These results may suggest that the

entire sample is underestimating the benefits of contracting under forced pooling.

The results for bonus payments from re-estimating Equation 1.1 for the 10

km border sub-sample can be seen in the Column 2 of Table 1.4 and the results

from re-estimating Equation 1.4 can be seen in Figure 1.9. Much like in the full

sample, the results show no meaningful differences between contracting in New

Mexico or Texas in terms of bonus payments.

payment, and all three concessions bundles for the 40 km border sub-sample can be found
in Appendix Figures A.4–A.8 and Appendix Tables A.1–A.3, respectively.
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The differences in secured concessions between the two states do not

disappear at the border. The results from re-estimating Equation 1.3 can be seen in

Table 1.5. A New Mexican lease signed at the border is 4.1 times more likely to

contain any concession than a Texan lease, compared to a likelihood 4.3 times

greater when looking at the entire sample. A lease signed at the border in New

Mexico is 4.6 times more likely to have a concession protecting against damage than

a lease signed at the border in Texas, compared to a likelihood 5 times greater for

the whole sample. Finally, a New Mexican lease at the border is 1.8 times more

likely to have a legal concession than a Texan lease at the border, compared to a

likelihood 2.3 times greater when looking at the whole sample.

Figures 1.10–1.12 show the results from re-estimating Equation 1.5. The

trends seen in these figures largely mirror the trends seen for the entire sample, but

the gap between the predicted number of concessions for leases signed under forced

pooling and Rule 37 exemptions, as seen in Figure 1.10, has diminished slightly

relative to the gap seen in Figure 1.5. Leases in both states received fewer

concessions following the fracking boom at the border, as is the case for the entire

sample, and similarly, leases in New Mexico began receiving more concessions

relative to leases in Texas circa 2015.

Figure 1.11 shows the predicted number of damage protection concessions

per average lease in New Mexico and Texas at the border, which follows very similar

trends to the predicted number of concessions at the border. New Mexican

landowners still consistently secured more protection concessions per lease over the

entire sample, but the disparity between protection concessions in forced pooling

leases versus Rule 37 exemptions leases was slightly smaller at the border than for

the entire sample. Landowners in both states negotiated fewer protection
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concessions following the fracking boom, but once again, landowners in New Mexico

received more protection concessions starting in 2015.

The difference in legal protections at the border is much smaller than the

difference in damage protection concessions and total concessions, than it is for the

entire sample of leases in the Delaware Basin. Figure 1.12 shows the differences in

the predicted number of legal concessions per lease. New Mexican leases, on average,

secured more legal protections over the whole sample, but New Mexican and Texan

leases seemed to secure around the same number of concessions following the

fracking boom at the border. The number of legal concessions secured by New

Mexican landowners following the fracking boom at the border decreased drastically

but never recovered relative to Texan landowners, as was the case for the other two

concessions bundles.

The disparity in royalty rates between forced pooling leases and Rule 37

exemption leases increases at the border, and the disparities in the number of

concessions secured in each bundle at the border do not disappear. If the

assumption that differences in geology are likely minimized at the border, these

results suggest that differences in geology do not account for the differences found

between forced pooling and Rule 37 exemptions when looking at the entire sample.

The second robustness check I perform is to account for the very few

observations that have a non-zero bonus payment in the sample. I repeat the

analyses for bonus payments on all three questions and consider the likelihood that

a lease will have a non-zero bonus payments rather than the amount of the bonus

payment. To perform this analysis, I use a probit model that is estimated via

maximum likelihood. The underlying model equation for the first question is:

Pr[y = 1|X] = Φ(β0 + β1Forced-Poolingls + δ′X + θy) (1.8)
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where y is a non-zero bonus payment, Φ() represents the normal distribution, and

the rest of the variables are as defined in Equation 1.1. The parameter of interest is

β1. As can be seen in Table 1.8, the coefficient is negative and significant, meaning

that leases signed under forced pooling in New Mexico are less likely to have a

bonus payment than leases signed under a Rule 37 exemption. This analysis cannot

be estimated for the sub-sample of leases within 10 km of the border, due to too few

non-zero bonus payment observations.

I next repeat the analysis for the second question: whether leases are more or

less likely to have a bonus payment in either state before and after fracking. The

underlying model equation for the second question is:

Pr[y = 1|X] = Φ(β0 + β1Forced-Poolingls + β2Lease-Yearly

+ β3Forced-Poolingls ∗ Lease-Yearly + δ′X)

(1.9)

where y is a non-zero bonus payment, Φ() represents the normal distribution, and

the rest of the variable are as defined in 1.4. Here, the parameter of interest is

β1 + β3. As can be seen in Figures 1.13 and 1.14, there are many years when the

probability of having a bonus payment in a lease signed in New Mexico cannot be

estimated. It cannot be estimated in any years for the 10 km sample. In the few

years it can be estimated for the whole sample, the probability of having a bonus

payment in a lease in Texas is far greater than the probability of having a bonus

payment in a lease in New Mexico. It should be noted that neither state is likely to

offer landowners a bonus—the probability of a bonus payment is less than 15

percent in both states for the whole sample period. The figure with the estimates for

the 40 km border sub-sample, as well as the table containing the corresponding

point estimates for all three figures can be found in Appendix A: Figure A.9 and

Table A.6, respectively.
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Finally I repeat the analysis for the third question: asking if late-contracting

landowners are more or less likely to receive a bonus payment in New Mexico or

Texas. The underlying model equation for the third question is:

Pr[y = 1|X] = Φ(β0 + βlLatel + β2Latel ∗ Forced-Poolings + δ′X + ρs) (1.10)

where y is a non-zero bonus payment, Φ() represents the normal distribution, and

the rest of the variable are as defined in 1.6. The parameter of interest is β2. As can

be seen in Table 1.9, late contractors in both states are less likely to receive a bonus

payment than early contractors. There is not a statistically significant difference

between the probabilities of late-contractors receiving bonus payments in New

Mexico and Texas. However, from the earlier regression, recall that contracting late

in New Mexico is associated with an $11.50 higher bonus payment per acre than

contracting late in Texas.

When evaluating if one state offers landowners higher bonus payments than

the other in earlier analyses, the results were statistically insignificant. In an

attempt to evaluate if one state offers landowners a higher probability of any bonus

payment whatsoever, many of these robustness checks still result in insignificant

results due to very few observations of non-zero bonus payments. However, on

average, over the whole sample, landowners in Texas are more likely to receive a

bonus payment than landowners in New Mexico.

1.4.5 Correlated Outcomes and Environmental Justice

Finally, much former work has identified environmental injustice in the oil

and gas leasing process.47 Specifically, Timmins and Vissing (2017) find that

47Timmins and Vissing (2017), Carre (2012), Avery (2020), Siegel (2020), Jalbert (2016)
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wealthier landowners are able to secure better leases, and beyond that, conditional

on income and education levels, minorities tend to sign worse leases in Tarrant

County, Texas. They find that the ability to speak English has a significant effect on

the quality of the lease a landowner signs. I too find this to be true when looking at

royalty rates, but not when looking at bonus payments or concessions terms.

I run a seemingly unrelated regression on the royalty rate and bonus payment

outcome to see if the residuals are correlated. If they are, some omitted variable is

likely increasing a landowners ability to bargain for a better royalty rate and a

better bonus payment, and perhaps more concessions too. In other words,

landowner’s who are able to negotiate successfully in one dimension of an oil and

gas lease are most likely able to negotiate successfully in all three dimensions.

Given the independent variables for each regression do not vary with the

outcome variables, the point estimates from running the regressions together will

not change. Instead, I am interested in the correlation of the residuals. Is there an

omitted variable that positively affects both the royalty rate and the bonus? The

correlations of the residuals are reported in Table A.7 in Appendix A. The seemingly

unrelated regression is run on the main specification, using the entire sample where

the dependent variables are the interactions between each year and if the lease was

signed under forced pooling in New Mexico, plus all the demographic controls.

There are positive correlations between the residuals from the royalty rate

and the bonus payment regressions. This means there is some omitted variable that

positively affects a landowner’s ability to negotiate a higher royalty rate and a

higher bonus payment. I do not run a seemingly unrelated estimation that includes

the concession bundles since OLS and negative binomial estimations require

different assumptions on the residuals. However, it is intuitive that landowners who

successfully negotiate for a higher royalty rate and bonus payment are also able to
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negotiate for more concessions, especially if we believe the assertion that concessions

terms are the best measure of bargaining power. These positive correlations suggest

that some leases in the sample are lucrative in all three dimensions and others are

less attractive, offering landowners fewer protections and lower profits.

There is more than one explanation for why the sample of leases includes

some incredibly attractive leases in all dimensions and other leases that lack

protections and guarantee the lessors less profit. For example, perhaps a subset of

landowners resides over incredibly productive geology and is compensated

accordingly. Or perhaps a subset of firms is more generous to the landowners it

leases land from than others. One oft-cited explanation is that there is

environmental injustice in the leasing process.

I find some evidence that supports the assertion in Timmins and Vissing

(2017) when looking at the demographics that affect royalty rates and the correlated

residuals. However, I do not find any evidence that any demographic characteristics

affect bonus payments or concessions terms. This might be because my demographic

data are at the zip-code level rather than at the individual level. But any evidence

of environmental injustice in the oil and gas leasing process is worrying. The fewer

protections a lease has, the more likely a landowner is to suffer property,

environmental, and legal damages from oil and gas extraction. If there is a

relationship between income, education, linguistics, race and leasing outcomes, it is

likely that minorities and marginalized groups are subject to more of the dangers of

oil and gas drilling. Environmental (in)justice in the leasing process, specifically

with respect to the eminent domain policies that affect it, is an important area for

future research, with the appropriate data to uncover the relationship between

individual-level demographic characteristics and leasing outcomes.
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1.5 Conclusion

In this paper, I explore how two different eminent domain policies—forced

pooling and Rule 37 exemptions—affect leasing outcomes for landowners. I measure

leasing outcomes in three ways: royalty rates, bonuses, and concessions from oil and

gas firms. I find that landowners signing contracts in New Mexico under forced

pooling fare better in two dimensions, royalty rates and concessions, and no worse in

the third, bonuses.

These results tell a consistent story: on average, landowners contracting

under forced pooling receive more lucrative and protective leases than landowners

contracting under Rule 37 exemptions. These outcomes hold whether I consider a

basic difference over the entire Delaware Basin, compare outcomes before and after

fracking, or look at those landowners who contract after the relevant eminent

domain policy has been approved, and are robust when re-examined for a

sub-sample of leases within 10 km of the border.

Forced pooling laws affect landowners in at least 38 states. These landowners

have criticized the laws for stripping them of bargaining power and the right to

protect their land from the dangers of drilling, especially in light of the fracking

boom. By contrast, landowners living in Texas—the only oil producing state not to

have forced pooling and unitization laws—praise their state for allowing individual

liberty to thrive. But the eminent domain policy left to drillers in Texas—Rule 37

exemptions—offers almost no guarantees to landowners who wish not to sign a

contract.

One potential explanation for why forced pooling may leave landowners

better off than the criticism would suggest is the different levels of bargaining power

that New Mexican and Texan landowners face. Landowners contracting under
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forced pooling have some idea of how close the driller is to meeting the forced

pooling threshold, whereas there is no relevant threshold for landowners contracting

under Rule 37 exemptions. Landowners in Texas are supposed to receive a “fair and

reasonable” contract, but the offer is take-it-or-leave-it. If a landowner would rather

not endure drilling in Texas and turns down the offer from the driller, she will likely

endure the effects of the eminent domain policy, possibly receiving no profits or

protections from drilling. In New Mexico, a landowner who would rather not endure

drilling can make an assessment of how close the driller is to meeting the forced

pooling threshold when she decides to sign a contract or not. Moreover, forced

pooling guarantees landowners a 12.5 percent royalty and standard protections,

even if they choose not to sign a lease.

Identifying the different levels of bargaining power of landowners and drillers

in New Mexico and Texas is an important area for future research. Forced pooling is

an especially relevant and important application for bargaining theory, collective

holdup, and sequential vote buying.48 Understanding the full extent of drillers’ and

landowners’ bargaining power will help us understand why forced pooling laws, while

heavily criticized, seem to offer landowners more concessions from oil and gas firms

and slightly higher royalty rates than Rule 37 exemptions offer to its landowners.

48See Chen and Zapal (2021), Iaryczower and Oliveros (2020), Iaryczower and Oliveros
(2017), and Genicot and Ray (2006) for some examples.
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1.7 Tables and Figures

Table 1.1: Primary Lease Terms Descriptive Statistics

Entire Sample 10 km Sub-Sample
NM TX NM TX

Royalty 0.17 0.14 0.19 0.12
(% of Profits) (0.09) (0.12) (0.09) (0.12)
Bonus Per Acre 0.81 8.06 1.92 26.71
($ Per Acre) (15.94) (476.15) (20.22) (802.22)
Land Size 119.36 646.12 314.15 1150.29
(Acres) (240.61) (2117.25) (457.08) (1992.83)
Length of Lease 41.25 37.56 38.99 36.46
(Months) (16.91) (17.34) (18.09) (15.71)
Observations 15224 76995 567 4109
Notes: Means shown above. Standard deviation in parentheses.
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Table 1.2: Lease Concessions Descriptive Statistics

Entire Sample 10 km Sub-Sample
NM TX NM TX

Protection Clauses
Environmental 0.0002 0.0001 0.0000 0.0000

(0.0154) (0.0102) (0.0000) (0.0000)
Damages 0.0307 0.0040 0.0097 0.0014

(0.1724) (0.0629) (0.0981) (0.0378)
Use of Water 0.5026 0.0464 0.4867 0.0716

(0.5000) (0.2104) (0.5004) (0.2579)
Removal of Equipment 0.3355 0.1336 0.6465 0.1858

(0.4722) (0.3403) (0.4786) (0.3890)
Burial of Equipment 0.0741 0.0010 0.0920 0.0014

(0.2619) (0.0321) (0.2894) (0.0378)
No Well 0.2107 0.0168 0.3487 0.0506

(0.4078) (0.1283) (0.4771) (0.2193)
Legal Clause
Indemnity 0.0000 0.0003 0.0000 0.0000

(0.0000) (0.0161) (0.0000) (0.0000)
Forfeiture 0.0284 0.0360 0.0000 0.0874

(0.1661) (0.1864) (0.0000) (0.2825)
Lien 0.1156 0.0147 0.1816 0.0162

(0.3198) (0.1203) (0.3860) (0.1264)
Force Majeure 0.1416 0.0005 0.1913 0.0005

(0.3487) (0.0227) (0.3938) (0.0219)
Ancillary 0.0018 0.0512 0.0000 0.1304

(0.0423) (0.2204) (0.0000) (0.3368)
Observations 8382 19402 413 2094
Notes: Each column represents the percent of leases with each clause. Standard deviation in parentheses.
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Table 1.3: Demographic Characteristics Descriptive Statistics

Entire Sample 10 km Sub-Sample
NM TX NM TX

Total Population 27569.46 25759.91 23427.12 26152.75
(17454.82) (17619.12) (15048.04) (17502.22)

Observations 10723 52873 309 2700
Median Age 38.31 37.99 38.70 38.24

(6.74) (6.63) (6.15) (6.43)
Observations 10654 52629 306 2680
Percent Male 0.50 0.51 0.50 0.51

(0.04) (0.05) (0.06) (0.06)
Observations 10670 52641 306 2680
Percent White 0.59 0.57 0.61 0.62

(0.21) (0.24) (0.21) (0.20)
Observations 10670 52641 306 2680
Median Income ($) 31545.36 33780.21 32743.65 35942.26

(10427.95) (13792.79) (12255.55) (13828.56)
Observations 10566 52501 306 2679
Percent HS Grad 0.27 0.23 0.24 0.21

(0.10) (0.10) (0.09) (0.10)
Observations 10669 52632 306 2680
Percent Some College 0.31 0.28 0.29 0.27

(0.07) (0.07) (0.06) (0.07)
Observations 10669 52632 306 2680
Percent Bachelors 0.18 0.22 0.21 0.24

(0.10) (0.12) (0.10) (0.11)
Observations 10669 52632 306 2680
Percent Grad Degree 0.11 0.14 0.13 0.16

(0.09) (0.11) (0.09) (0.10)
Observations 10669 52632 306 2680
Percent Speak English Only 0.94 0.94 0.94 0.94

(0.02) (0.02) (0.02) (0.02)
Observations 10670 52641 306 2680
Percent Speak English Well 0.16 0.17 0.15 0.14

(0.10) (0.12) (0.10) (0.09)
Observations 10670 52641 306 2680
Percent Homes Owned 0.66 0.63 0.65 0.60

(0.15) (0.17) (0.18) (0.19)
Observations 10651 52598 305 2680
Percent Homes Built Before 2000 0.81 0.80 0.80 0.79

(0.15) (0.16) (0.15) (0.15)
Observations 10651 52598 305 2680

Notes: Means shown above. Standard deviation in parentheses. Percent Speak English Well is measured for those who
are multi-language speakers.
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Table 1.4: OLS Regressions on Royalty Rates and Bonus Payments: Entire
Sample and 10 km Sub-Sample

Royalty Rate Bonus Payment
Forced-Pooling 0.0195* -10.69

(0.0012) (5.57)
Observations 62823 62823
Forced-Pooling (10 km) 0.0500* -12.03

(0.0072) (32.06)
Observations 2984 2984
Notes: Standard errors in parentheses, * p < 0.05. Controls not listed: Acres, Population, Median Age, Percent who
Speak English Only, Of Multi-Language Speakers, Percent who Speak English Very Well, Percent with up to HS
Education, Percent with Some College, Percent with Bachelor’s Degree (in reference to holding a graduate degree),
Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000, Percent of Homes with 2+ Beds, Percent
White, Percent Male. Demographic controls are zip-code level averages. Year FE included. Standard errors clustered
at county level.

Table 1.5: Negative Binomial Regressions on Concessions: Entire Sample
and 10 km Sub-Sample

Entire Bundle Damage Bundle Legal Bundle
Forced-Pooling 4.3002* 5.0236* 2.2921*

(0.1342) (0.1563) (0.1062)
Observations 17301 17301 17301
Forced-Pooling (10 km) 4.0822* 4.5680* 1.8120*

(0.4410) (0.5335) (0.2878)
Observations 1903 1903 1903
Notes: Incidence rate ratios (IRR) reported. An IRR below 1 indicates the incidence rate is decreasing, while an IRR
above 1 indicates the incidence rate is increasing. Standard errors in parentheses, * p < 0.05. Controls not listed:
Acres, Population, Median Age, Percent who Speak English Only, Of Multi-Language Speakers, Percent who Speak
English Very Well, Percent with up to HS Education, Percent with Some College, Percent with Bachelor’s Degree (in
reference to holding a graduate degree), Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000,
Percent of Homes with 2+ Beds, Percent White, Percent Male. Demographic controls are zip-code level averages. Year
FE included.
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Table 1.6: OLS Regressions on Royalty Rate and Bonus Payment for Late-
Contractors

Royalty Bonus Per Acre
Late -0.012* -12.099*

(0.001) (5.088)
Late×Forced Pooling State 0.011* 11.491*

(0.003) (4.905)
Observations 62823 62823
Notes: Standard errors in parentheses, * p < 0.05. Controls not listed: Acres, Population, Median Age, Percent who
Speak English Only, Of Multi-Language Speakers, Percent who Speak English Very Well, Percent with up to HS
Education, Percent with Some College, Percent with Bachelor’s Degree (in reference to holding a graduate degree),
Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000, Percent of Homes with 2+ Beds, Percent
White, Percent Male. Demographic controls are zip-code level averages. Year FE included. SE clustered at county
level.

Table 1.7: Negative Binomial Regressions on Concessions for Late-
Contractors

Entire Bundle Damage Bundle Legal Bundle
Late 0.5131* 0.4350 0.5842*

(0.1544) (0.2062) (0.1333)
Late×Forced Pooling State 1.9985* 2.6874* 1.0106

(0.5935) (1.2624) (0.2532)

Observations 17301 17301 17301
Notes: Incidence rate ratios (IRR) reported. An IRR below 1 indicates the incidence rate is decreasing, while an IRR
above 1 indicates the incidence rate is increasing. Standard errors in parentheses, * p < 0.05. Controls not listed:
Acres, Population, Median Age, Percent who Speak English Only, Of Multi-Language Speakers, Percent who Speak
English Very Well, Percent with up to HS Education, Percent with Some College, Percent with Bachelor’s Degree (in
reference to holding a graduate degree), Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000,
Percent of Homes with 2+ Beds, Percent White, Percent Male. Demographic controls are zip-code level averages. Year
FE included. SE clustered at county level.
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Table 1.8: Likelihood of a Bonus Payment

Entire Sample 10 km Sub-Sample
Forced-Pooling -2.036* —

(0.208) —
Observations 62823 2310
Notes: The estimation cannot be run on the 10 km Sub-sample due to a lack of non-zero bonus payments. A negative
and significant coefficient means that those signing a lease under forced pooling are less likely to see a bonus payment
in their lease than those signings a lease under Rule 37. Standard errors in parentheses, * p < 0.05. Controls not listed:
Acres, Population, Median Age, Percent who Speak English Only, Of Multi-Language Speakers, Percent who Speak
English Very Well, Percent with up to HS Education, Percent with Some College, Percent with Bachelor’s Degree (in
reference to holding a graduate degree), Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000,
Percent of Homes with 2+ Beds, Percent White, Percent Male. Demographic controls are zip-code level averages. Year
FE included. SE clustered at county level.

Table 1.9: Likelihood of a Bonus Payment for Late-Contractors

Probability of a Bonus
Late -0.515*

(0.206)
Late×Forced Pooling State -0.116

(0.204)
Observations 62823
Notes: A negative and significant coefficient means the probability of having a bonus payments is lower in both states
when contracting late. Standard errors in parentheses, * p < 0.05. Controls not listed: Acres, Population, Median Age,
Percent who Speak English Only, Of Multi-Language Speakers, Percent who Speak English Very Well, Percent with
up to HS Education, Percent with Some College, Percent with Bachelor’s Degree (in reference to holding a graduate
degree), Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000, Percent of Homes with 2+ Beds,
Percent White, Percent Male. Demographic controls are zip-code level averages. Year FE included. SE clustered at
county level.
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Figure 1.1: New Mexico vs. Texas
Notes: The left hand side of the figure represents New Mexico, which employs both forced
pooling and forced unitization. The grayed area, 75 percent of the plot of land, represents
the 75 percent minimum threshold firms must reach before applying for forced pooling. The
blue dots represent landowners who sign a contract with a firm before forced pooling was
ordered, and the red dots represent landowners who sign a contract after forced pooling was
ordered. Because firms must coordinate their drilling in New Mexico, there is only one well
on this plot of land. The right hand side of the figure represents Texas, which employs Rule
37 without any coordinated drilling law. There is no minimum threshold firms must reach
in Texas. Rather, they must attempt to contract with every affected landowner. So here, the
blue dots represent landowners who signed a contract voluntarily, and the red dots represent
landowners who signed a contract only after a firm had been granted a Rule 37 exemption.
Since there is no coordinated drilling laws in Texas, firms need not coordinate. Therefore,
for the same plot of land and the same distribution of landowners, there are 5 wellpads in
Texas relative to 1 in New Mexico.
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Figure 1.2: Use of Forced Pooling (Left) and Rule 37 Exemptions (Right)
over Time
Notes: As can be seen from the left hand side of the figure, forced pooling in New Mexico
has been used somewhat consistently from around 1980–2019, with a spike right before 2010.
In contrast, on the right hand side of the figure, the use of Rule 37 in Texas was almost
non-existent before 2010, with major spikes occurring from 2015–2020, following the fracking
boom.
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Figure 1.3: Predicted Royalty Rates over Time
Notes: As can be seen in the above figure, the predicted royalty rates for New Mexico and
Texas trend together, staying consistent throughout the early 2000s, and falling starting
around 2010–2012. This coincides with the onset of the fracking boom in the Delaware Basin,
suggesting that landowners in either state did not experience the increased profitability that
drillers did as a result of the boom. However, in 2017, the predicted royalty rate for New
Mexico rebounds relative to the predicted royalty rate for Texas.
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Figure 1.4: Predicted Bonus Payments over Time
Notes: As can be seen in the above figure, bonus payments between the two states were
not meaningfully different in any year of the sample. In 2019, the predicted average bonus
payment in Texas rose sharply, but with wide confidence intervals that made it indistin-
guishable from zero.
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Figure 1.5: Predicted Concessions per Lease over Time
Notes: As can be seen in the above figure, the predicted number of concession in the average
lease are significantly higher in New Mexico, under forced pooling, than in Texas, under Rule
37, for the entire sample. Concessions for landowners in both states fall following the fracking
boom, as did royalty rate. However, similarly to royalty rates, concessions for landowners
in New Mexico rose sharply against concessions for landowners in Texas towards the end of
the sample, suggesting that landowners in New Mexico are able to secure more protective
leases, on average.
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Figure 1.6: Predicted Protection Concessions per Lease over Time
Notes: As can be seen in the above figure, the predicted number of damage protection
concessions follow roughly the same pattern as overall concessions. All told, landowners in
New Mexico contracting under forced pooling seem to be able to secure leases with more
protections against damages to their home, property, and water supply than landowners
living in Texas contracting under Rule 37.
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Figure 1.7: Predicted Legal Concessions per Lease over Time
Notes: As can be seen in the above figure, the predicted number of legal concessions follow a
slightly different pattern than the other types of concessions. Landowners in New Mexico are
still able to secure more legal protections than landowners living in Texas, but the margin
is much smaller than the damage protection concessions and total concessions bundle. New
Mexican landowners saw a sharp drop in the number of legal concessions per lease following
the fracking boom, perhaps suggesting that the fracking boom curbed their ability to bargain
for legal protections more than royalty rates or other types of concessions. Similarly to
royalty rates and other concessions, the number of legal concessions per lease for landowners
in New Mexico rose sharply toward the end of the sample period, while the number of legal
concessions per lease for Texan landowners did not.
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Figure 1.8: Predicted Royalty Rates over Time - 10 km
Notes: As can be seen in the above figure, the difference between royalty rates in New
Mexico and Texas actually increases at the border. Starting in about 2010, royalty rates
in New Mexico are significantly higher than royalty rates in Texas in almost every year
in the sample. If the assumption that geological differences are minimized at the border
is believable, then differences in geology do not account for the differences in royalty rates
secured by New Mexican and Texan landowners.
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Figure 1.9: Predicted Bonus Payments over Time - 10 km
Notes: As can be seen in the above figure, the difference between bonus payments does not
change at the border. Bonus payments are still not meaningfully different between the states
in any year of the sample.
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Figure 1.10: Predicted Concessions per Lease over Time - 10 km
Notes: As can be seen in the above figure, New Mexican landowners are still predicted to
secure more concessions than Texan landowners at the border. However, the margin does
diminish when compared to the entire sample. If the assumption that geological differences
are minimized at the border is believable, this figure shows that geological differences do not
account for the entire gap in the number of secured concessions between New Mexican and
Texan landowners.
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Figure 1.11: Predicted Protection Concessions per Lease over Time - 10
km
Notes: As can be seen in the above figure, New Mexican landowners are still predicted to
secure more damage protection concessions than Texan landowners at the border. However,
the margin does diminish slightly when compared to the entire sample. If the assumption
that geological differences are minimized at the border is believable, this figure shows that
geological differences do not account for the entire gap in the number of secured protection
concessions between New Mexican and Texan landowners.
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Figure 1.12: Predicted Legal Concessions per Lease over Time - 10 km
Notes: As can be seen in the above figure, New Mexican landowners are still predicted to
secure more legal than Texan landowners at the border. However, the margin does diminish
significantly when compared to the entire sample. Notably, the rebound in legal concessions
starting in 2017 that New Mexican landowners in the entire sample experienced is absent
at the border. If the assumption that geological differences are minimized at the border is
believable, this figure shows that geological differences do not account for the entire gap
in the number of secured legal concessions between New Mexican and Texan landowners,
though it may account for the majority of it.
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Figure 1.13: Predicted Probability of a Bonus Payment
Notes: As can be seen in the above figure, there are many years where the probability
of having a bonus payment in a New Mexican lease cannot be estimated due to too few
occurrences of non-zero bonuses. However, for the years where the probability of a bonus
payment can be estimated in both states, the probability of receiving a bonus in a Texas
lease is significantly higher than the probability of receiving a bonus in a New Mexico lease.
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Figure 1.14: Predicted Probability of a Bonus Payment - 10 km
Notes: As can be seen in the above figure, there are no years where the probability of having
a bonus payment in a New Mexican lease can be estimated due to too few occurrences of non-
zero bonuses. There are also a few years where the probability of having a bonus payment in
a Texas lease cannot be estimated due to too few occurrences of non-zero bonuses. However,
for the years that the probability of a Texas lease bonus can be estimated, the results at the
border largely mirror the results for the entire sample.
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Chapter 2

The Economic History of Fracking

2.1 Introduction

In the mid-2000s, US production of oil and natural gas from shale rock

exploded, surpassing the highest levels of oil and gas production previously achieved

in the 1970s. This production boom would come to be known as the fracking boom,

and was the result of a few complementary technologies. Hydraulic fracturing, or

fracking, refers to the process of splitting apart shale rock with highly-pressurized

slickwater, made up of water, chemicals, gels, and sediments.1 However, fracking

fluid has existed for decades, and the first well was actually fracked in 1949. So why

did the fracking boom occur decades later? In the absence of two other technologies,

horizontal drilling and three-dimensional seismic imaging, drillers were not

producing enough oil or gas from each well to make fracking profitable on a wide

scale. Horizontal drilling is appropriately named; it allows pipes to be placed

laterally, and these laterals can extend for long distances underground, at times up

to a mile or more. Horizontal drilling allows each lateral to have more contact with

the oil or gas reservoir, allowing for more oil or gas extraction than traditional,

vertical drilling. Three-dimensional seismic imaging technology allows drillers to

more accurately see where the oil or gas reservoirs are located and target their

drilling. The combination of these three technologies resulted in the fracking boom.
1Denchak (2019)

72



The fracking boom had immediate and sizable effects on the media’s and the

public’s perception of oil and gas production in the US. On the one hand, fears

about US dependence on foreign oil and that the US had already reached peak oil

extraction, that had been looming since the 1970s, dissipated overnight. On the

other hand, environmental and health concerns came to the forefront of the debate

soon after, with reports of earthquakes and water contamination.2 Reporters

published stories in the Northeast of homeowners being able to light their drinking

water on fire following wells being fracked nearby.3

Economists had more nuanced reactions to the fracking boom. Recent

economic research on fracking can be split into four categories: broad economic

consequences of fracking, industry-specific consequences of fracking, leasing

consequences of fracking, and using fracking as a natural experiment.

The broad economic consequences of fracking consist of how fracking

impacted consumers and producers of oil and gas, both locally and nationally. Two

seminal papers in this category are Bartik et al. (2019) and Hausman and Kellogg

(2015). Bartik et al. (2019) look at the local economic consequences of fracking for

many different oil and gas reservoirs across the US. They find that home values,

employment, and crime all increase near fracked wells, and that the average US

household has a positive willingness to pay for fracking, meaning that the economic

pros of living near a boom town outweigh the cons. However, their findings are quite

heterogeneous, with almost all the positive effects from fracking occurring in the

Bakken region in North Dakota and Montana, and much smaller or no positive

effects in the remaining reservoirs in the US. Hausman and Kellogg (2015) look at

the national effects of the shale gas boom on the price of natural gas and find that
2Odell (2004)
3Lustgarten (2011), Schlanger (2014), Welsh (2012)
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the price of natural gas decreased significantly as a result of the fracking boom,

causing consumer surplus to increase by more than producer surplus decreased.

Beyond broad economic consequences, many industries have been specifically

affected by the fracking boom. I focus on two: the housing market and health.

Economists generally agree that the fracking boom caused lower oil and natural gas

prices, and that the gains to consumer surplus outweighed the losses to producer

surplus. There is much less agreement on fracking’s effects on home values. Two

papers, Muehlenbachs et al. (2015) and Gibbons et al. (2021) quantify this effect in

two different settings: Pennsylvania and the UK. The papers find that homes

decrease in value due to both the environmental impacts of fracking and the

negative press surrounding these environmental effects. Muehlenbachs et al. (2015)

find that homes that are near fracked wells but are not at risk of contamination

increase in value.

The second specific sector affected by fracking is health. Currie et al. (2017)

examine the health effects of fracking specifically on infants who were exposed in

utero. The authors find negative, though highly local effects. Being exposed to

fracking in utero is associated with lower birth weights and a worse score on a

measure of infant health when within 3 kilometers of a fracked well. Currie et al.

(2017) attribute these poor measures of health to pollution ingested via air, water,

or both.

In addition to, or perhaps despite, the local negative effects of fracking,

landowners living near wells in the US likely also receive royalty payments. These

royalty payments are a part of larger lease negotiations. Three papers explore how

the fracking boom has affected the oil and gas leasing process. Timmins and Vissing

(2017) find that the leasing process is Coasian. By this they mean that landowners

who have higher willingness to pay to avoid fracking (higher incomes) receive better
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leases, both in monetary terms and in the number of environmental and property

protections from drillers. Timmins and Vissing (2017) also find evidence of

environmental injustice in the oil and gas leasing process in Tarrant County, Texas.

Environmental injustice occurs when minorities and other under-represented groups

are excluded from the process of writing laws and policies governing environmental

issues, and then suffer a disproportionate amount of environmental consequences as

a result. In terms of oil and gas leasing and fracking, environmental injustice refers

to minorities receiving less environmentally protective and less monetarily attractive

leases.

In her job market paper, Vissing (2017) finds that drillers’ use of eminent

domain policies to amass land increased in Texas following the fracking boom, and

is associated with worse leasing outcomes for landowners. Feldman (2022) examines

how the fracking boom affected landowners contracting under two different eminent

domain policies in New Mexico and Texas and finds that landowners’ share of the

profits of drilling decreased following the fracking boom under both policies, in both

states.

Finally, economists have used the fracking boom as a natural experiment to

answer questions in related fields. Muehlenbachs et al. (2021) examine how the

increase in truck traffic due to fracking has affected car accidents and car insurance

premiums. They find slight, but significant increases in the number of car accidents

and in annual car insurance premiums due to the increase in the number of trucks

caused by fracking.

Boomhower (2021) uses exposure to fracking-induced earthquakes in Texas

and Oklahoma to examine whether politicians are held accountable for

environmental externalities. He finds that in specialized elections for energy

regulators, there are small but significant effects in Oklahoma, where the
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earthquakes were most severe, suggesting that there is some public response.

However, the magnitude of the effect is small and disappears completely for broader,

gubernatorial races, indicating that politicians are not held fully accountable for the

environmental externalities of fracking.

This paper proceeds as follows. Section 2.2 briefly describes fracking, how it

differs from traditional drilling, and why the fracking boom revolutionized the oil

and gas industry. Section 2.3 provides a more in-depth discussion of what

economists have had to say about fracking so far. Section 2.4 concludes.

2.2 What’s Fracking and What’s the Big Deal?

To understand how and why fracking revolutionized the oil and gas industry,

it is perhaps better to first understand how traditional, vertical drilling works.

Vertical drilling is what it sounds like: a well-pad (drill site) with one wellbore

(hole) extending vertically down from the well-pad into reservoir or pool of oil and

gas below the earth’s surface. The pipe has limited contact with the reservoir, only

at certain points along the vertical path down into pool of oil or gas. For many

types of rock formations, limited contact is fine. The rocks are porous, and oil and

gas naturally flow to the top. Drillers are able to extract large amounts of oil and

gas with relative ease. Shale rock is different, and requires fracking.

2.2.1 Fracking is...

Fracking provides a different way to drill shale rock which, unlike other

previously tapped rock formations, is tight. This means that the oil or gas is

trapped inside and does not flow freely to the surface. Fracking splits shale apart
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with an explosion of water, and the sediments and chemicals work to keep the rock

from closing, allowing the once trapped oil or gas to flow to the surface.4

The fracking boom occurred between 2007–2013. But fracking has been

occurring for much longer. Halliburton successfully fracked its first commercial well

in 1949.5 And the idea for fracking, or using small explosions to access hidden oil

and gas, can be traced as far back as the Civil War.6 But when we think of the

boom, what we are really witnessing is the combination of a perfected fracking fluid,

seismic imaging, and, most importantly, horizontal drilling technology.7

In the early to mid 2000s, three technologies came together that would pave

the way for the fracking explosion. First, the fracking fluid, slickwater, was

perfected.8 Previous fracking fluids relied too heavily on gels or chemicals to keep

the rock open. Most experts assumed that the slickwater needed large amounts of

chemicals, but as they discovered in the mid-2000s, increasing the amount of water

was the key to creating fractures that stayed open.9 Second, three-dimensional

seismic imaging technology improved and became more accessible. Geologists and

drilling companies could see where the oil and gas was underground with increased

accuracy. This technology allowed drillers to home in on the pockets of oil and gas

they were trying to reach. It led to more efficient drilling.10

However, the most important advancement came in the form of horizontal

and directional drilling. Like the names imply, these drilling technologies allow for

pipes to be laid horizontally or at an angle, diagonally, in the ground. These pipes,
4Denchak (2019)
5Wells and Wells (2007)
6Denchak (2019)
7Zuckerman (2014)
8Ibid.
9Zuckerman (2014)

10Ibid.
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called laterals, can extend for a mile or more underground. Importantly, multiple

laterals can extend from a single well-pad. And each lateral is capable of fracking.

So instead of using a single vertical well that has limited contact with the rock

formation, drillers can attach multiple laterals in different directions, each of which

can have contact with, or frack, the rock formation horizontally for long distances.11

Figure 2.1 shows the difference between vertical and horizontal wells in the

context of fracking. Vertical wells make limited contact with the oil or gas reservoir.

Horizontal wells, on the other hand, can make much more contact with the shale

rock layer containing oil or gas. The more contact the well can make, the more small

fissures, or fractures, it can make. These fractures are represented by the thin,

squiggly lines and are the result of fracking. Each fracture allows oil or gas to flow

to the surface. So the more fractures, the more oil or gas extracted. Horizontal

drilling technology made fracking profitable because it allowed drillers to extract

enough oil and gas to justify the upfront cost of drilling. And widespread fracking

only took place when drillers were able to leverage all three technologies: perfected

slickwater to keep the shale rock open, better imaging to target where to place the

drill site, and horizontal drilling to extract more oil and gas per well.

2.2.2 It’s a Big Deal Because...

Oil and gas production from traditional, vertical wells peaked in the early

1970s. Following that peak, the public perception of the US energy supply was grim.

The media claimed that the US had tapped all feasible oil reserves, and that US

production of oil would decline for the next few decades until it stopped
11Zuckerman (2014), Natural Gas Intel (2020)
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completely.12 There were concerns that the US would be unable to meet its growing

demand for oil with domestic production.13

These fears were reaffirmed during the oil crises of 1973 and 1979. OPEC

slashed oil production, oil prices skyrocketed, and lines of cars waiting for gasoline

extended for blocks. By the mid-1980s, oil production resumed and gas prices fell to

their pre-crisis levels, but the mood remained bleak: the US was dependent on

foreign oil.14 This gloomy outlook on US domestic oil production continued until the

fracking boom in the mid-2000s.

To see the effects of the fracking boom, consider Figures 2.2 and 2.3, which

show Texas’s composition of oil production and gas production, respectively.15

Figure 2.2 shows that oil was predominantly produced by vertical wells until 2010.

Vertical production of oil peaked in the early 1970s, and declined until the

mid-2000s, giving credence to the fears about domestic US oil production.

In the mid-late 2000s, oil production from non-vertical wells skyrocketed,

accounting for most of the oil production in Texas, and surpassing the peak oil

production achieved by traditional wells in the early 1970s. Non-vertical wells

include horizontal, directional, and unconventional wells. Horizontal and directional

wells use laterals, and are one of the main reasons the fracking boom occurred.

Unconventional wells are wells that are drilled into unconventional rock formations,

such as shale rock. So the small percentage of oil produced from non-vertical wells
12See Lynch (2018) for some examples of books, such as Half Gone and $20 a Gallon!,

and articles, such as “As Prices Soar, Doomsayers Provoke Debate on Oil’s Future,” “Better
Understanding Urged for Rapidly Depleting Reserves,” and “The End of Cheap Oil.”

13Zuckerman (2014)
14See Odell (2004) and Lynch (2018) for examples
15Both figures were generated using generously provided data from Enverus, formerly

Drillinginfo, an oil and gas data aggregator.
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from 1949–mid-2000s comes from those few wells that were commercially fracked

before the fracking boom took place.

Figure 2.3 shows that gas production in Texas followed largely the same

pattern. Vertical gas production peaked in the early 1970s and declined until the

mid-2000s. Non-vertical gas production increased exponentially around 2010, and

even surpassed the peak reached in the early 1970s, despite vertical gas production

declining steeply.

It seemed like the fracking boom resolved the public’s fears about US energy

independence. Firms began shifting more and more of their oil and gas production

from traditional, vertical drilling to horizontally fracked wells. Opportunities for

drillers to make previously unimaginable profits abounded. And consumers

benefited as well: energy prices dropped substantially.16 Specifically, Hausman and

Kellogg (2015) estimate that fracking accounted for a price decrease of $3.45 per

thousand cubic feet and that nearly 100 percent of that price drop was passed

through to end consumers.

And then came the consequences. Environmental concerns rose to the

forefront of the fracking debate. People in Pennsylvania could light their water on

fire.17 Landowners in Oklahoma experienced earthquakes.18 Across the US, many

individuals and organizations objected and protested. Fracking gave the US access

to previously unfathomable amounts of oil and gas, and drillers were able to extract

them cheaply. The monetary gains from fracking were undeniable, but at what cost

were they achieved? Fracking came with consequences, both expected and

unexpected. Economists have been studying these consequences for the last decade.
16Zuckerman (2014)
17Lustgarten (2011), Schlanger (2014), Welsh (2012)
18Boomhower (2021)
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2.3 Why Should Economists Care about the Fracking Boom?

Existing economic studies involving fracking can be split into four categories:

one that explores the broad economic consequences of the fracking boom, one that

explores specific consequences on home values and health outcomes, one that

explores how fracking affects oil and gas leasing, and one that uses the fracking

boom as a shock or as a tool to answer another question.

2.3.1 Broad Economic Consequences

To evaluate the broad economic consequences of fracking, economists explore

how fracking affects producers, consumers, and households across the US. One

central study of the consequences of fracking looks at local outcomes of fracking for

nine different oil and gas reservoirs across the US. (Bartik, et al. 2019) The paper

provides a comprehensive review of the net benefits of fracking to local communities,

considering both the economic and non-economic outcomes. Non-economic

outcomes include pollution, traffic, and crime rates, dubbed disamenities of fracking.

The authors use a difference-in-differences approach and a spatial equilibrium model

to quantify both the economic benefits and the non-economic costs at each location.

The findings are likely unsurprising: counties where fracking occurs

experience an economic and natural resources boom relative to counties near the

same reservoir that are less tolerant of fracking. Specifically, counties that frack

produce close to $400 million of oil and gas annually, three years after fracking

begins.19 These counties have higher rates of employment (by four to six percent),

higher total income (by three to six percent), and higher salaries (by five to eleven

percent), as well as higher house prices (by about six percent) and rental rates (by

19Bartik et al. 2019
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about three percent). Local governments also benefit, seeing gains in revenue (about

16 percent), which tend to outweigh the increased expenditures (about 13 percent)

that come with a fracking boom town. However, the local non-economic effects of

fracking are not as positive. Bartik et al. (2019) create a measure of willingness to

pay (WTP) for the change in amenities that consists of the difference between the

percentage change in population after adjusting for moving costs and the percentage

change in real wages. They find the WTP for the disamenities that accompany

fracking is -$1,400. There is also evidence of higher rates of violent crimes, despite

increased expenditures on safety by local governments. (Bartik, et al. 2019)

Do the benefits outweigh the costs? The authors estimate that the net

welfare change for households in counties that experienced fracking is positive.

Across the nine shale reservoirs considered, the average WTP for fracking is about

$2,500 per household per year, which is equal to just less than five percent of

average annual household income. The measure of WTP for fracking is equal to the

total population of the area multiplied by the change in real income per household

(which includes both the change in wages and the dividend royalty income from oil

or gas production) and the change in the WTP for the amenities per household. So,

the positive $2,500 WTP for fracking the authors find is net of the -$1,400 WTP for

the disamenities of fracking. One caveat to this result is that there is a large

heterogeneity in the WTP for fracking across the country: counties in the Bakken

shale region (which is located North Dakota and Montana) make up most of the

positive willingness to pay and many other estimates of the WTP for fracking are

near zero.20

Bartik et al. (2019) provides a broad, comprehensive overview of how fracking

has affected communities throughout the US. Hausman and Kellogg (2015) author

20Ibid.
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another comprehensive paper on how the fracking boom affected the natural gas

industry from 2007 to 2013. This second paper estimates the supply and demand

functions for natural gas, and their elasticities, to create a counterfactual—what

would have happened but for the fracking boom. They do this by estimating the

intersection of the 2007 supply curve with the 2013 demand curve for natural gas.

Natural gas prices decreased following the fracking boom. Hausman and

Kellogg find that $3.45/mcf of the decrease in the price of natural gas is due to the

increased supply provided by the fracking boom. They calculate that consumer

surplus increased $74 billion annually from 2007 to 2013 due to this price fall. The

industrial and electric power sectors saw the largest gains in consumer surplus, and

the largest gains in consumer surplus took place in Midwestern and South Central

states.21 They estimate pass-through to be almost 100 percent, meaning that the

consumer surplus accrues to end-users, rather than distributors and retailers.

Producer surplus fell by $26 billion per year from 2007 to 2013. This can be

disaggregated into a decrease in annual revenue of $30 billion from existing wells

due to the price decrease and to an increase in annual revenue of $4 billion from

new wells. This means that net welfare increased by $48 billion annually from 2007

to 2013 due to the fracking boom.

However, this estimate does not take into account any environmental

damages, or any of the disamenities estimated by Bartik et al. (2019). Given the

increase in data on the environmental impacts of fracking over the last six years,

there is room (and demand) for future research that can monetize or otherwise

analyze the environmental impacts of the fracking boom.
21The other two sectors are residential and commercial.
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2.3.2 Industry-specific Consequences

Fracking has affected industries beyond oil and gas. One obvious industry is

the housing market; the local economic boons and disamenities of fracking are

bound to affect home values, but the direction is ambiguous. Another studied

impact of fracking is on health outcomes. Specifically, authors can take advantage of

in-utero exposure to fracking to see the effect on infants’ health outcomes. Three

papers delve into these specific issues, and they are discussed here.

Two papers discuss fracking’s impact on the housing market (Muehlenbachs

et al., 2015; and Gibbons et al., 2021). The first looks at how fracking has impacted

the housing market on the Marcellus Shale in Pennsylvania. The second looks at

how proposed fracking has affected house prices in the United Kingdom. There are

two main differences between the fracking process in the US and in the UK. First, in

the US mineral rights owners are paid royalties for the oil and gas that is extracted

from the land they own. Often, mineral rights and property rights are tied together,

meaning the landowner, or homeowner, receives the benefits of fracking. Sometimes,

the mineral rights are severed from the property, meaning the landowner will not

receive any of the benefits of fracking. However, in the UK, the Crown owns all

mineral rights.22 No landowners or homeowners receive any payments from fracking.

The second difference is that fracking has been commercialized and occurring on a

large scale in the US for years. That is not true of the UK, where fracking has

largely not yet occurred.23

Muehlenbachs et al. (2015) measure hedonic estimates of the impacts of shale

gas development on property values. The Marcellus Shale in Pennsylvania is one of
22Gibbons et al. 2021
23Ibid.
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the largest, if not the largest, natural gas shale plays in the US.24 The authors

measure the effects of developing that shale gas through fracking on house values

via three mechanisms: water source, well-productivity, and the visibility of the well

from the house. The authors use a triple difference strategy to answer this question.

They compare the prices of homes that were sold at least twice, once before a well

had been drilled nearby and once after. They also compare homes that are

groundwater dependent and those that receive water from public pipes. Finally, the

third difference comes from those homes that are within 2 km of a well and those

that are within 20 km of a well.

Values of homes that are closer to wells will likely be more affected by

fracking than homes that are a bit farther away. Muehlenbachs et al. (2015)

compare the change in house price for homes that rely on piped water that are

within 20 km of a well to homes that rely on piped water that are within 2 km of a

well. Homes that are within the vicinity of a well, which the authors define as within

20 km, will experience some of the local effects of a fracking boom. These include

increased employment, as well as increased traffic, crime, and some of the

disamenities discussed in Bartik et al. (2019). However, a home within 2 km of a

well may be affected even more. These landowners are more likely to receive royalty

payments from fracking (assuming the mineral rights have not been severed from

the estate) and are also more likely to experience noise and light pollution, in

addition to environmental pollution. This double difference yields what the authors

refer to as the adjacency effect, or being within 2 km of a well.

Muehlenbachs et al. (2015) also expect homes that are groundwater

dependent to be more negatively affected by a fracked well drilled nearby than

homes that receive their water from public pipes. There is a perceived risk that
24Muehlenbachs et al. 2015
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fracking will cause leaks, of methane and other chemicals, that may seep into the

groundwater being used by these homes. Reporters have published news articles

documenting homeowners experiencing adverse effects from fracking on their water,

such as it becoming contaminated or becoming flammable.25 The authors are careful

to note that is the perceived risk of groundwater contamination being measured

here, not the actual contamination of groundwater. They compare the change in

house prices of homes that are 2 km and 20 km from a well that depend on

groundwater to homes that are 2 km and 20 km from a well that depend on piped

water. This triple difference is the groundwater contamination risk effect.

Groundwater dependent homes are negatively affected by fracking and

drilling. If a house is within 1 km of a well and is groundwater dependent, the

authors find the adjacency effect to be 2.6 percent and the groundwater

contamination risk effect to be -16.5 percent, implying the house value falls 13.9

percent. Muehlenbachs et al. (2015) take this result to mean that even the threat of

groundwater contamination outweighs any of the monetary benefits of fracking.

Homes that receive piped water, however, do receive a small benefit from fracking.

The authors point out that this benefit comes from wells that are producing gas,

which they say suggests the positive benefit is due to the royalty payments received

by mineral rights owners. Further, only wells that are not visible from houses

provide a positive benefit, suggesting that there is a large disamenity of the ugly

aesthetic of a visible well.

Gibbons et al. (2021) provide a similar analysis for homes in the UK. As

mentioned, the UK differs from the US in two key ways: homeowners do not receive

royalty payments, and commercialized shale gas extraction has not yet begun. The

authors take advantage of staggered fracking licensing in the UK, and look at
25Lustgarten 2011, Welsh 2012, Schlanger 2014
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houses that were licensed for drilling in 2008. They use a difference in differences

model and compare changes in house prices in licensed areas to changes in house

prices outside of licensed areas, before and after licensing occurred in 2008. The

authors find that licensing, either for conventional drilling or specific to shale gas,

did not affect house prices.

In 2011, three years after the relevant round of licensing, Cuadrilla, a UK

drilling company, commercially fracked the first well in the UK, near Blackpool.26

Two small earthquakes occurred soon after. These earthquakes were too small to

cause any structural damage (a 2.3 and a 1.5 on the Richter scale). However, a

well-published report found the earthquakes to be very probably caused by fracking.

Gibbons et al. (2021) find that house prices declined following the

earthquakes. The house price effects range from -3.9 percent to -4.7 percent

depending on the control group specification. The effects are centered on the

earthquake site and decline with distance, but there are impacts in licensed areas up

to 25 km away from the site of the earthquake. In fact, the radius of affected homes

experiencing the negative house price effects largely overlaps with circulation of

local newspapers that covered the earthquakes. The authors conclude that again,

the perceived risk of an earthquake caused by fracking is as important as the

earthquake itself. Moreover, the house price effects persisted beyond 2011, meaning

that these fears are not fleeting.

These two papers show that the perceived risk, or fear, of environmental

consequences of fracking is enough to dampen house prices in affected areas. In the

US, the windfall of royalty payments to mineral rights owners can mitigate the

negative price effect, but is not enough to outweigh it for homes that are

environmentally vulnerable. In the UK, there is no such payment to landowners,
26Gibbons et al. (2021)
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and any local economic benefits of increased employment are not enough to make

the net local effects of fracking on house prices positive.

When considering the environmental impacts of fracking, we may think to

explore more than just the housing industry. Are humans’ health outcomes affected?

Currie et al. (2017) look at the impact of fracking on infant health. Once again, the

setting for this study is Pennsylvania. The authors consider 1.1 million births

between 2004 and 2013. They use a differences in differences approach to compare

infants born to mothers living at different distances from active fracking sites and

those born before and after fracking began at each site.

Currie et al. (2017) find negative health effects of in-utero exposure to

fracking sites. The largest impacts occur when the mother lives within 1 km of a

well, and disappear beyond a distance of 3 km of a fracked well. The negative health

impacts include a 25 percent greater incidence of low birth weight babies and a

significant decrease in average birth weight when the mother lives within 1 km of a

fracked well. They also find significant declines in an index of infant health

outcomes. For mothers living between 1 km and 3 km of a well, there are still

significant reductions in infant health, but the estimates are one-third to one-half

the size of the measurements found for mothers living with 1 km. Low birth weights

in babies have been linked to increased incidences in infant mortality, ADHD,

asthma, lower test scores, lower schooling attainment, as well as a higher rate of

social welfare participation later in life.27

Comparing these mothers and infants often means comparing urban births

(usually not as affected by fracking) to more rural births (more affected by

fracking). There are differences between these mothers that may affect infant birth

weight beyond being exposed to fracking, such as differences in marriage rates, race,
27Currie et al. 2017
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and education. To address this, Currie et al. (2017) perform a robustness check,

where they compare siblings who were and were not exposed to fracking in-utero, to

include mother fixed effects. This sample size is quite limited, despite the ten year

sample period, but the robustness check confirms the previous results.

The authors are careful to mention that they do not consider how the

pollution travels, whether it is through the air, water, from fracking chemicals or

from increased emissions from trucks. Further, mothers living within 1 km of a well,

the ones whose babies are the most negatively affected by fracking, are also the ones

most likely to receive royalty payments, in line with Muehlenbachs et al. (2015).

These payments could potentially help mothers offset some of the negative health

effects their infants face by allowing them to afford medical care, though the

magnitude of this effect is still unstudied.

2.3.3 Leasing Consequences

Landowners living near active wells face the most negative consequences of

fracking, which have been documented above.28 They also have the most potential

to reap the monetary benefits of fracking, if they lease their land to drillers and

receive favorable terms. Oil and gas leases are complicated and require negotiations

between drillers and mineral rights owners. Often, the mineral rights owners are the

landowners. The fracking boom led to a leasing boom, meaning that more

landowners than ever began leasing their land to drillers. Three papers document

the fracking boom’s effect on leasing outcomes for landowners.
28Technically, landowners are not necessarily mineral rights owners. In some states, mineral

rights can be severed indefinitely from the estate. However, all three papers discussed restrict
the sample of leases to those where the landowner and the mineral rights owner are one and
the same, so I will use the terms interchangeably.
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Timmins and Vissing (2017) look at lease negotiations for shale gas in

Tarrant County, Texas. In addition to monetary gains from fracking, landowners can

use their leases to protect themselves from noise and environmental pollution,

damages, and legal liabilities. Landowners can also receive these protections if there

are local ordinances curtailing drilling activity. The authors investigate three

aspects of shale gas negotiations. First, they test whether the leasing process is

Coasian. It is Coasian if a higher willingness to pay to avoid fracking (higher

income) is associated with better leasing terms. Second, they ask if there is evidence

of environmental injustice in the leasing process. Environmental injustice occurs

when marginalized groups and minorities receive unfair treatment from and are

excluded from environmental policy-making decisions. In the leasing context,

environmental injustice can appear if minorities disproportionately receive less

lucrative and less-protective leases, disproportionately live closest to well sites, or a

combination of the two. Finally, they test whether the protections in leases are a

good substitute for the protections offered by local ordinances. Local ordinances can

provide residents in certain areas with a degree of protection from the dangers of

drilling, by placing limitations on drillers. If the ordinances provide similar

protections to people living near drill sites as the protections in leases, there is a

possibility of mitigating any environmental injustice by having uniform leasing

protections at the county, state, or national level. With uniform leasing standards

limiting drillers’ behavior, individuals lessors are not at the mercy of drillers.

To answer these three questions, Timmins and Vissing (2017) use lease-level

data and perform text analysis on the leasing terms. They then pair this with

micro-level demographic data to compare the terms secured by landowners of

different income levels and different races. There are a few terms that are common

to all oil and gas leases, which are called primary terms. These include the royalty
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rate, the bonus payment, and the length of the lease, among others. What makes

lease negotiations complicated is that landowners can bargain for auxiliary terms.

These terms are the ones that place limits on drillers: they include noise restrictions,

damage protections, and environmental protections, among others. These

protections are not included in the lease by default, so landowners must know what

to ask for and how to ask for it.

Timmins and Vissing (2017) find that the shale gas leasing process is indeed

Coasian. This means that landowners who are poorer are likely to receive worse

leasing outcomes. The authors then explore the relationship between race and

ethnicity and lease outcomes. They find that minorities and non-English speakers

sign worse leases, even after controlling for income levels. The authors infer from

this that there is environmental injustice present in negotiations for leases signed

during the fracking boom.

Finally, using tract-level data on drilling violations and complaints, Timmins

and Vissing (2017) find an inverse correlation between local ordinances and drilling

violations. They find the same negative relationship between protective leases and

drilling violations. This means that both methods of protecting landowners are

effective at minimizing drilling violations and complaints. Richer landowners tend to

have the most restrictive leases and live in more suburban areas with fewer local

ordinances, while minority landowners tend to live in more urban areas that have

more local ordinances but receive less restrictive leases. Because it seems that

restrictive leases are an effective substitute for local ordinances for preventing

drilling violations, Timmins and Vissing (2017) call for more uniform leasing

standards. If there were more restrictive uniform leasing standards, individual

municipalities would not need to pass as many ordinances and lease terms would be

more equal across minority and non-minority households.
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Vissing (2017) continues this discussion by examining shale gas leases

contracted under an eminent domain policy called Rule 37 exemptions in Texas, and

oil and gas production in Texas and New Mexico. Rule 37 exemptions provide

drillers a way to circumvent landowners who do not want to lease their land for

drilling once they have met certain requirements. The shale boom increased leasing,

and specifically it increased leasing in urban and suburban areas. This is notable for

drillers, as land lots are usually smaller in urban areas than in rural areas, so an

increase in urban leasing increases contracting costs for drillers. Following the

fracking boom, drillers began relying on Rule 37 exemptions at an increasing rate.

Vissing (2017) finds that Texas has more aggregate production of oil and gas

because its eminent domain policy and lack of coordinated drilling requirement

makes it easier for drillers to drill more wells. However, Texan wells are individually

less productive than wells in New Mexico, likely due to New Mexico’s coordinated

drilling requirements. Libecap and Wiggins (1984, 1985) found this to be the case

for oil drilling in the 1980s, but Vissing (2017) confirms it is still true with fracking

technology. Lastly, the author finds that when drillers use Rule 37 exemptions in

Texas, landowners tend to sign leases with fewer protection clauses. This is

especially concerning given the increased density of wells in urban and suburban

areas following the fracking boom, where landowners tend to live quite close to wells.

Finally, in Feldman (2022), I compare leasing outcomes for landowners under

Rule 37 exemptions in Texas (the outcomes Vissing (2017) examines) to leasing

outcomes for landowners under forced pooling in New Mexico. Forced pooling is

another eminent domain policy used in New Mexico that provides drillers a way to

circumvent unwilling landowners, provided they have voluntary contracts for 75

percent of the land needed to drill a well. Fracking made drilling more profitable for

the drillers, but were any of those profits passed on to landowners? And if so, did
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one policy protect landowners better than the other? The fracking boom came to

the Permian Basin—which spans the New Mexico–Texas border—between 2010 and

2012. During this time frame royalty rates, bonus payments, and the number of

auxiliary terms or protections in leases in both states fell, suggesting that drillers

did not pass through much of the increased profit they experienced. However,

landowners contracting under forced pooling in New Mexico tended to fare better

than landowners contracting under Rule 37 exemptions in Texas before, during, and

after the fracking boom.

The fracking boom came with a subsequent leasing boom. More landowners

were given the opportunity to lease their land to drillers, potentially benefiting from

the profits of drilling. However, increased drilling comes with disamenities too, such

as light, noise, and environmental pollution, increased traffic, and potential health

hazards. There is evidence that drillers made increasing use of eminent domain

policies that allowed them to offer less attractive leases to landowners, in both New

Mexico and Texas, during the fracking boom. Moreover, Timmins and Vissing

(2017) find evidence of environmental injustice in the shale gas leasing process,

meaning poor and minority households are disproportionately receiving less

protective and less lucrative leases.

2.3.4 Using Fracking as a Tool

The work discussed thus far has largely focused on highly local consequences

of fracking, but fracking also has more far-reaching implications. Rather than

studying the consequences of fracking, some new economics research uses the

changes brought by fracking to study other economic phenomena. Muehlenbachs et

al. (2021) use the increased trucking caused by fracking to examine whether having

more trucks on the road creates an accident externality for other cars using those
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same roads. And Boomhower (2021) uses fracking-induced earthquake exposure to

examine the voter-turnout and election effects of the environmental externalities

caused by fracking.

Trucks may not seem an obvious source of pollution or an obvious externality

from fracking, but each fracked well requires between 800 and 2,400 one-way truck

trips to transport water to the wells and wastewater away from them.29 Once again

focusing on fracked wells in Pennsylvania, Muehlenbachs et al. (2021) examine the

externalities associated with more trucks on the road due to fracking.

What are these externalities? First, trucks are bigger than cars. They weigh

more, they are taller, and they need more brake-distance. Trucks cause more

damage to cars in accidents than other cars would. The second externality of more

trucks on the road is that there are more long, tall objects on the road. These trucks

can cause more car-on-car collisions, for example if one car tries to pass a truck and

inadvertently hits another car.

Muehlenbachs et al. (2021) use a difference in differences strategy to quantify

the externality. Fracking provides a nice context for this type of study as typically a

large influx of trucks is needed within a small area for a short period of time

(usually 90 days or fewer).30 The double difference compares specific roads used by

shale gas trucks to similar roads in the vicinity not used by shale gas trucks, before

and after the fracking boom (pre and post 2007). The authors use GIS technology

to predict the routes of the trucks used for fracking. Pennsylvania experienced the

fracking boom around 2007, which is why the authors compare pre-2007 to

post-2007 to disentangle the effects of the shale boom from the effects of the trucks.
29Muehlenbachs et al. (2021)
30Ibid.
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Similar to other literature in this area, the authors define 2 km as the border for

being near a well.

There is an increase in truck traffic caused by the fracking boom: each well

requires 641–988 one-way truck trips. At the same time, Muehlenbachs et al. (2021)

find no increase in cars on these roads. They find zero to small effects on the

number of accidents involving a truck. Specifically they find that adding a truck to a

highway does not result in an increase in truck accidents, while adding a truck to a

rural road results in a small increase of one truck accident for every 93 trucks added.

However, the authors do find an increase in car accidents. Specifically, one car

accident occurs annually for every six new trucks on highways and every seven new

trucks on rural roads. The authors assert that this increase appears to stem from a

change in driving behavior: car drivers become more aggressive when speeding and

changing lanes.

Despite the increase in the incidence of car accidents, the authors find that

they are not more severe. The highway accidents even seem to be less severe than

before. However, this increase in car accidents has led to one other consequence.

Areas exposed to shale gas truck traffic see insurance premiums rise for

representative new enrollees. The average affected zip code saw an increase of

annual insurance premiums of $2.92 per enrollee. Importantly, this increase

corresponds to the location of the truck routes, not the location of the wells.

The estimates of the increased insurance premiums are small, but if

multiplied by all new enrollees in a zip code (assuming the number of vehicles

registered in Pennsylvania are all re-enrolled), one truck has an external cost of

$8,250 in higher aggregate insurance premiums each year. Further, these estimates

do not take into account other costs of trucks, such as increased stress, congestion,

noise, and pavement damage nor any of the benefits from trucking. Finally, the
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authors stress that Pennsylvania has a relatively high population density combined

with rural roads near fracking sites, which is an unusual combination, so these

results are likely not externally valid.

Another paper that exploits the effects of fracking is Boomhower (2021). He

considers two fracking states: Texas and Oklahoma. Both states are responsible for

a disproportionately large share of US energy production and fracking. However,

Oklahoma has suffered more acutely from earthquakes associated with fracking than

Texas. Boomhower uses exposure to these earthquakes to measure how voters

respond to the the externalities of fracking in terms of turnout and election

outcomes. Because Oklahoma and Texas have such large energy sectors, both have

specialized elections for energy regulators. These specialized races allow Boomhower

to see how voters react to the environmental consequences associated with fracking

without issue-bundling.

Issue-bundling occurs when voters elect one politician to represent their

interests in many policy areas, for example a governor or a president. Often, this

means that politicians will not face consequences for how they handled a secondary

issue, such as an environmental externality. In this setting, issue bundling might

occur when the voters of Oklahoma or Texas vote in the governor’s race. The

earthquakes associated with fracking might get overlooked compared to other, more

pressing issues for voters, such as the economy, education, or healthcare.

The specialized energy regulator races allow Boomhower (2021) to explore

whether voters hold politicians more accountable when there is no issue-bundling.

First, Boomhower (2021) confirms that the earthquakes are indeed more salient in

the specialized race by analyzing text from news coverage of the campaigns for the

energy regulators and the campaigns of the governors. Energy and the environment

were not mentioned often in the gubernatorial races. In Oklahoma in 2018, mentions
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of earthquakes were 110 times more common in the energy regulator race than in

the gubernatorial race. Environmental issues were 18 times more common, and oil

and gas were 12 times more common in the specialized race. In the energy regulator

race, the Republican candidate emphasized economic issues, while the Democratic

candidate emphasized environmental issues.

After confirming that the energy regulator race did not suffer from

issue-bundling, Boomhower (2021) measures voters’ responses to fracking-induced

earthquakes. Note that this is different from measuring how voters respond to

fracking itself. To do this, he compares the outcomes of the energy regulator races to

other down-ballot races, such as Labor Commissioner or Agricultural Commissioner,

in Oklahoma and Texas. Boomhower (2021) explores whether party labels dominate

environmental concerns, even in the absence of issue-bundling.

Voters turned out in higher numbers and voted more Democratically in

Oklahoma, where earthquakes were more severe, but not in Texas. In the Oklahoma

precincts that were most affected, Republican vote share for energy regulator fell by

1.5 percentage points and voter participation increased by about one-quarter of a

percentage point (a 15 percent increase). The magnitudes of these effects seem small

relative to the hedonic estimates of fracking, found in Muehlenbachs et al. (2015)

and Gibbons et al. (2021). Boomhower (2021) concludes that it is hard to un-bundle

issues in partisan races, and voters rely on party labels for down-ballot races. In

fact, he finds that precinct-level party vote shares for energy regulators in Oklahoma

and Texas are almost perfectly predicted by party vote-shares in other down-ballot

races that are unrelated to energy and the environment. One potential explanation

he offers is that voters may not pay attention to down-ballot races.

Finally, Boomhower (2021) looks at effects of earthquake exposure on voter

turnout and party vote share of the gubernatorial races. There is no relevant race to
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compare party vote shares to at the gubernatorial level, so he uses a few different

methods to estimate this effect, including a gradient of earthquake exposure. He

compares election outcomes at precincts that were very close to fracking-induced

earthquakes to precincts that were farther away. Boomhower (2021) finds no

evidence of any effect on participation or party vote-share at the governor race level.

Without the energy regulator race, there would be no evidence that voters care

about earthquakes associated with fracking at all, in campaign news coverage or in

election outcomes. But even when the issues are un-bundled in the specialized races,

politicians are not held fully accountable and there are limited electoral

consequences for fracking’s environmental externalities.

2.4 Conclusion

Economists agree that fracking lowered the price of oil and gas and increased

consumer surplus as a result. There is consensus that the increase to consumer

surplus due to cheaper energy was larger than the decrease to producer surplus. To

my knowledge, the negative impacts on infant health found in Currie et al. (2017),

the effects of the fracking boom on leasing found in Timmins and Vissing (2017),

Vissing (2017), and Feldman (2022), as well as the impacts of fracking’s externalities

on car crashes and insurance premiums found in Muehlenbachs et al. (2021) and

election outcome effects found in Boomhower (2021) have not been challenged.

However, there is less agreement about fracking’s effect on home values. In

some US shale plays, Bartik et al. (2019) find that house prices increase and

homeowners have a high willingness to pay for fracking, while in others the

willingness to pay is zero or negative. Muehlenbachs et al. (2015) find that

groundwater dependent homes are quite negatively affected by a nearby fracked
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well, whereas piped water homes benefit from royalty payments. Gibbons et al.

(2021) find that homes in the UK experienced significant declines in value following

fracking-induced earthquakes, without the allure of royalty payments to mitigate the

effects of environmental consequences.

Given the heterogeneous effects of fracking found thus far, there remains a lot

of work to be done by economists to fully evaluate the effects of the fracking boom.

As more fracking-related data become available, especially data related to fracking’s

environmental externalities, economists will continue to take advantage of the

natural experiments these data create. An ability to quantify or monetize the

environmental disamenities of fracking—locally and more broadly—would fill a large

gap in the current literature.
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2.6 Figures

Figure 2.1: Vertical vs. Horizontal Drilling
Notes: As can be seen in the above figure, vertical wells make limited contact with
the layer of rock containing oil or gas. Horizontal wells, on the other hand, can
make more contact with the oil or gas reservoir. More contact, means more small
fractures, which are represented by the thin, squiggly lines. Each small fracture is a
path for oil and gas to flow into the pipe and eventually to the surface. Therefore,
horizontal wells are able to extract more oil and or gas from the reservoir, which is
usually shale rock. Not shown in this picture is directional drilling, which is quite
similar to horizontal drilling. The difference is that directional wells can be placed
at many different angles underground, not just horizontally.
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Figure 2.2: Cumulative Composition of Oil Production in Texas
Notes: As can be seen in the above figure, oil was mostly produced by vertical wells
in Texas until 2010. Oil production from vertical wells peaked at in the early 1970s,
and oil production declined until the mid-2000s. Starting in 2010, oil production
from non-vertical wells increased exponentially, surpassing the previous peak in
the early 2010s. Vertical production of oil dropped off steeply starting in the mid-
2010s. Non-vertical wells include horizontal, directional, and unconventional wells.
Horizontal and directional wells are wells that use laterals. Unconventional wells
are wells that are drilled in unconventional rock formations, like shale rock (often
fracked wells). This figure was generated using data from and programs created by
Enverus, formerly Drillinginfo.
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Figure 2.3: Cumulative Composition of Gas Production in Texas
Notes: As can be seen in the above figure, gas was mostly produced by vertical
wells in Texas until 2010. Gas production from vertical wells peaked at in the
early 1970s, and gas production declined until the mid-2000s. Starting in 2010, gas
production from non-vertical wells increased exponentially, surpassing the previous
peak in the early 2010s. Vertical production of gas dropped off steeply in the mid-
2010s. Non-vertical wells include horizontal, directional, and unconventional wells.
Horizontal and directional wells are wells that use laterals. Unconventional wells
are wells that are drilled in unconventional rock formations, like shale rock (often
fracked wells). This figure was generated using data from and programs created by
Enverus, formerly Drillinginfo.
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Chapter 3

Renewable Portfolio Standards

3.1 Introduction

More than half of US states require that a minimum share of the electricity

sold to their residents come from renewable sources. The required shares currently

range from 10 percent in Wisconsin to 55 percent in Vermont (NCSL, 2021). And

they are scheduled to increase. The share in Washington, D.C., will be 100 percent

by 2032, and California and seven other states will follow by 2045 or 2050. These

renewable portfolio standards (RPSs) vary in how they define renewables, but they

share the common goal of substituting electricity generated by renewable sources for

that generated by fossil fuels, thereby reducing local air pollution and greenhouse

gases (GHGs). The rules are, so far, one of the main US policies designed to reduce

power-sector GHGs.

Have the state-level RPSs worked so far? The answer is not straightforward,

for a few reasons. First and most obviously, in all but two states, RPS rules take the

form of a preset fraction, with electricity from renewable sources on top, in the

numerator, and total electricity sales in the denominator. Utilities must ensure that

a sufficient amount of their electricity sales each year comes from renewable sources

to meet or exceed that fraction. They can achieve that goal in two ways: increasing

renewables in the numerator or decreasing fossil fuel–sourced electricity in the

denominator. Increasing renewables doesn’t reduce pollution; reducing fossil fuels
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does. So whether RPSs reduce pollution depends on how utilities comply. That is

why in this paper we assess the separate effects of RPSs on renewables, fossil fuels,

greenhouse gas emissions, and electricity prices.

Second, utilities don’t necessarily generate for themselves the electricity they

sell to customers. They buy some from wholesale generators. And generators are not

necessarily in the same state as the end users. As a result, compliance with RPSs

depends on paperwork. When a renewable source generates electricity, it creates one

renewable energy credit (REC) for each megawatt-hour (MWh) produced. To meet

an RPS of 20 percent, a utility must submit two RECs for each 10 MWh of its sales.

The utility can acquire those RECs by purchasing renewable power from suppliers,

in which case each MWh comes bundled with one associated REC. Or it can

purchase the RECs “unbundled,” separate from the purchase of wholesale electricity.

Unbundled RECs can be bought and sold among a prescribed list of neighboring

states. That interstate trading means that if stricter RPSs do incentivize more

renewable energy, they may do so outside the borders of the states enacting them.

Consider Washington, D.C., an extreme example not only because its RPS

ramps up to 100 percent by 2032, but also because the District itself has no

electricity generators of any kind, renewable or otherwise. To comply with its RPS,

retailers who sell electricity in the District have two options. They can buy power

from renewable sources outside the District. That would increase demand for

renewables in neighboring states. It would also presumably increase electricity prices

in both places, constraining electricity supply in the District and increasing demand

outside it. Alternatively, retailers can purchase unbundled RECs from renewable

sources outside the District. That would increase prices in the District and decrease

prices outside it, by increasing supply. Either way, if the District’s strict RPS

standard increases renewables, that will take place elsewhere. Any research on this
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issue that omits out-of-state renewables may underestimate the effects of RPS

policies.

From a climate perspective, we don’t care where GHG reductions take place,

only that they do so, and preferably cost-effectively. But if we’re asking whether

state-level RPSs have reduced GHG emissions, that tradability makes policy

evaluation difficult. There’s no one-to-one match between state standards and state

renewables or GHG reductions.

A third complicating issue is that in some places, renewable sources would

likely have been built without the RPS rules. In climate jargon this issue is called

“nonadditionality”: the requirements don’t add to renewables that would have been

developed anyway. In four of six US regions, renewable energy growth exceeded that

required by RPSs between 2000 and 2020 (Barbose, 2021). That overcompliance

makes it appear as though the rules have had no effect. But it’s possible, in theory,

that the excess represented temporary overcompliance in anticipation of future RPS

stringency increases. Or it could be that the excess renewables were produced in

order to sell RECs to other states where required RPS fractions exceeded local

generation. In either case, individual states’ RPSs would be—collectively—causing

renewables growth, though not at the concurrent time or in the enacting states.

If the renewables growth in excess of the standards was not additional,

however, that would be worrisome. The renewables might simply have been

cost-effective at market prices. Or they might have been required by other state

regulations or regional cap-and-trade policies, or incentivized by national policies

like production or investment tax credits. If the renewables weren’t built for RPS

compliance, those generators could sell the associated RECs unbundled from the

electricity and reap a windfall. And places with strict RPSs would be merely
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transferring money from local ratepayers to neighboring states, with no effect on

renewables, fossil fuels, or pollution.

For those wanting to assess the efficacy of RPSs, this worrisome scenario is

confounded by the fact that the direction of causality may be reversed. RPS

designers intend for strict RPSs to reduce fossil fuel use, but perhaps it’s

jurisdictions with abundant and growing renewables that enact strict RPSs. Why

not take policy credit for what would be happening anyway? Failure to account for

this simultaneity might incorrectly attribute nonadditional renewables growth to the

correlated RPSs.

Finally, a fourth problem arises from the way we measure RPS stringency.

Most states define their RPS goals in percentages: renewables as a percentage of

total retail electricity sales. It might seem natural, therefore, to equate higher

percentages with tighter stringency. But doing so would not account for states’

varying sizes. A 30 percent RPS in Vermont requires generation or purchase of far

fewer renewable MWh than a 30 percent requirement in New York or California. To

account for these differences, we assess RPS stringency in terms of the MWh of

renewable energy or RECs that would be required, given each state’s total

electricity sales. Those requirements are calculated and reported by the Lawrence

Berkeley National Laboratory (LBNL; Barbose, 2021). That RPS stringency

measure in turn yields a built-in simultaneity between electricity prices and

stringency. If electricity prices fall, causing demand for electricity to increase, the

LBNL measure of stringency—required renewables—increases as well. We want to

assess the effect of RPSs on electricity prices, but low prices automatically raise the

measure of stringency.

Those last three problems—cross-state RECs trading, endogenous

nonadditionality, and the automatic relationship between electricity prices and RPS
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stringency—make RPSs a difficult subject for policy analysis. To account for

cross-state REC trading, we start by calculating the total demand for each state’s

RECs. This includes not just demand from each particular state’s RPS, but also

demand for RECs by out-of-state utilities needing to comply with their states’

RPSs. To begin accounting for nonadditionality, we adjust this measure of total

REC demand by subtracting from the own-state RPSs the eligible renewables the

states were already generating in the year before their RPSs were passed, and by

subtracting from out-of-state RPSs the renewables those other states were

generating within their borders.

To attempt to account for the endogenous nonadditionality and the

simultaneity between electricity prices and RPS stringency, we turn to instrumental

variables. In the first stage, we predict each state’s total net REC demand using a

host of political, economic, geographic, and weather-related instruments, as well as

the number of RECs each state could potentially purchase from nearby states. In

one of the specifications of the second stage, we show that a 1 terawatt-hour (TWh)

increase in a state’s predicted REC demand leads to 0.4 fewer million metric tons

(MMT) of carbon emissions, 1.3 TWh less generation from natural gas, 0.2 TWh

more from wind, and higher electricity prices.

On balance, our results and those of prior studies present a mixed record.

The small or insignificant effect of renewable portfolio standards on the amount of

electricity generated from solar and wind sources matches prior economics research

and stands in contrast to some public claims and to one of the policies’ goals.

Renewable portfolio standards don’t account for much, if any, of the growth in

renewable electricity sources. On the other hand, the ultimate goal of these policies

is to reduce pollution from fossil fuels, and here, our results are consistent with prior
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work that shows RPSs to have significantly reduced coal-powered electricity

generation and GHG emissions.

Before detailing those results, we describe what previous investigations of

this issue have found, and we replicate some of the main findings using our data.

3.2 What We Know So Far about Whether RPSs Have Increased

Renewables

Some policy analysts and RPS advocates assert that RPSs work. The

Natural Resources Defense Council (2013) writes that US renewables growth is

“driven in large part by” state RPS standards. That echoes the LBNL, which stated

that 2.4 percent of all the electricity generated in the United States in 2013 was

from renewables built to comply with RPSs (LBNL, 2016). Each year, LBNL

updates that, writing recently that “roughly half of all growth in US renewable

electricity generation and capacity since 2000 is associated with state RPS

requirements” (Barbose, 2019). But those same annual updates also show that

renewables exceed RPS requirements in four of six US regions. If renewables far

exceed what RPSs require, it seems unlikely that RPSs caused their development.

Showing that RPSs cause renewables growth or GHG reductions is difficult,

for reasons we have outlined, particularly cross-state RECs trading and endogenous

nonadditionality. Four recent papers have tried. Each takes a slightly different

approach, each with its own strengths. Our goal is to combine the best strategies

from the four.

Upton and Snyder (2017) contrast outcomes in states that have enacted

RPSs with outcomes in artificially constructed similar states without those

renewables targets. This synthetic control strategy creates comparison states that
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are similar in terms of their politics, economies, and potential for renewable energy

sources. An earlier paper of theirs describes those control variables (Upton and

Snyder, 2015). They find that states with RPSs have 11 percent higher electricity

prices and 5.6 percent lower electricity demanded per capita. States enacting RPSs

did not experience faster renewables growth or steeper carbon emissions reductions

than the comparison states. But that is not surprising, given that REC tradability

means one state’s RPS can incentivize renewables investment in neighboring states.

A second recent estimate of the consequences of RPSs takes a different

empirical approach. Greenstone and Nath (2020) exploit the fact that states enacted

RPS policies at different times. Rather than just comparing states with and without

RPSs, they examine each state’s carbon emissions and electricity prices seven years

after it enacted its RPS, and contrast those with emissions and prices in states that

do not enact RPSs. Greenstone and Nath (2020) conclude that RPSs lower carbon

emissions by 10 to 25 percent and raise electricity prices 11 percent.

Those two papers make a lot of progress, but neither paper’s main

specification considers that each state’s RPS affects neighboring states.1 Given the

interstate tradability of RECs, it’s not unthinkable that most of the effect of an

RPS on renewables happens in neighboring states. The two papers also test only the

mere presence or absence of an RPS: both papers do discuss the importance of RPS

stringency, but neither assesses whether more stringent RPS targets yield more

renewables or less pollution.2

1In one specification, Greenstone and Nath (2020) examine effects in groups of states
called REC tracking markets. That is meant to capture cross-state effects on electricity
prices. But they do not disentangle the in-state and out-of-state effects of RPS policies.

2Upton and Snyder (2017) discuss the stringency of RPSs in one specification but are
careful to say those results should not be interpreted causally.
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RPS stringency is not simple to measure. As Greenstone and Nath (2020)

recognize, much of the renewable energy required by states’ RPS policies might have

already been part of those states’ electricity supply. If a state receives 15 percent of

its electricity from renewables and enacts a 20 percent RPS, that new policy can at

best be credited with a 5 percentage point increment in renewables, net of existing

supply. And that state’s 20 percent RPS target might itself be less stringent than a

nominally lower 15 percent target enacted by a state that receives only 5 percent of

its electricity from existing renewables supply. Greenstone and Nath (2020)

understand this and demonstrate how net-of-existing-renewables RPS requirements

are less strict than the gross on-the-books percentages. But their main analysis of

the effect of those RPSs does not include any measure of their stringency, either net

or gross, and merely shows that carbon emissions are lower and electricity prices

higher seven years after enactment.

One paper that does account for existing renewables in their main

specification is Yin and Powers (2010). The authors construct an impressive measure

of the incremental percent of each state’s electricity that its RPS requires to be

renewable, accounting for both how much of the state’s electricity is governed by its

RPS and how much eligible renewable power the state was generating in the year

before RPS passage.3 They find that RPSs lead to significant increases in in-state

investments in renewable energy capacity. However, Yin and Powers (2010) do not

examine the effects of RPSs on electricity prices, carbon emissions, or out-of-state
3Yin and Powers (2010) use percentage terms to measure the stringency of an RPS, so

it is important to disentangle the energy suppliers that are affected by the state’s RPS. In
some states, all utilities must comply and in others only investor-owned utilities (IOUs) must
comply. We measure RPS stringency by the number of RECs required, a measure calculated
by the LBNL that has already taken into account the affected electricity suppliers.

113



renewables investments. Nor do they consider that states with access to more

abundant sources of renewable energy may be more likely to adopt stringent RPSs.

Similar to Greenstone and Nath (2020), in their main specification, Upton

and Snyder (2017) once again examine the effects only of the existence of RPS

policies, not their relative stringency. In a robustness check they include a measure

of RPS stringency and show that it does not alter their main results. But because

they understand the problem of endogenous nonadditionality—that states expecting

faster renewables growth will find it easier to enact strict RPS targets—Upton and

Snyder (2017) are careful to say that their results should not be interpreted as an

unbiased estimate of the effect of RPS stringency on renewables, carbon emissions,

or electricity prices.

Our approach fills two small gaps in this research. We examine the effect of

RPS policies on electricity generation in the states enacting the policies and in

neighboring states from which utilities in the state are permitted to purchase RECs.

And we assess the effects of policies based on their stringency, measured as the net

increase in renewables required above and beyond what the state was generating at

the time of RPS enactment. A fourth recent paper does come close to filling both

those gaps. Hollingsworth and Rudik (2019) carefully assess whether state RPS

policies have effects in neighboring states. For each state, they measure out-of-state

REC demand as the sum of the RPS requirements of all neighboring states to which

that state can sell RECs. Hollingsworth and Rudik (2019) find that both in-state

requirements and out-of-state REC demand decrease electricity generated from coal

and increase the use of wind. That helps a lot, but even their thorough paper leaves

a few steps untaken. Although they employ a measure of RPS stringency, including

out-of-state demand, they do so using nominal, on-the-books RPS percentages

rather than the net requirements described by Greenstone and Nath (2020).
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Finally, neither Hollingsworth and Rudik (2019) nor Greenstone and Nath

(2020) address the most difficult problem: the potential simultaneity of RPS

stringency and renewables growth, or what we are calling endogenous

nonadditionality.4 Upton and Snyder (2017) tackle that by creating synthetic

comparison states using variables describing the political, economic, and renewable

energy characteristics of actual states. They find that these variables predict

whether a state will adopt an RPS in their 2015 paper and use them to create

synthetic control states in their 2017 paper. However, Upton and Snyder (2017) do

not consider the stringency of an RPS in their approach, either directly or by using

their instruments. It seems plausible to us that states where renewables are growing

and abundant, either locally or through inexpensive RECs from nearby states, are

more likely to pass strict RPS requirements.

Our approach combines the strengths of all four papers. Table 3.1

summarizes all four relative to our contribution. To measure the incentives to

generate renewables in any state, we use a measure of net RPS requirements from

the state itself and nearby permitted RECs trading partners. That net RPS

requirement was described by Greenstone and Nath (2020) but not used in their

estimate. And the out-of-state RECs market approach was used by Hollingsworth

and Rudik (2019), but demand was based on gross on-the-books RPS percentages

rather than Greenstone and Nath’s net RPS requirements. Finally, we acknowledge

the endogenous additionality of even out-of-state net RPS requirements, and we

instrument for net REC demand using a combination of new instruments and

variables similar to the synthetic controls used by Upton and Snyder (2017).

4We are told that a new and as yet uncirculated version of Greenstone and Nath’s paper
will also include a synthetic controls specification.
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3.3 Data

Assessing the efficacy of RPSs requires information about when they were

enacted and their stringency, total and renewable electricity generation in each

state, retail electricity prices and sales, pollution, and a host of demographic,

political, and geographic variables that might be correlated with each state’s

propensity to enact stringent RPSs. Descriptions of each along with their sources

can be found in Appendix Table B.1.

Summary statistics are listed in Table 3.2. States that enacted an RPS at

some point during 1990–2019 differ from those that did not. States with RPSs tend

to have more Democratic state legislatures; higher total and manufacturing GDP

per capita, but lower mining GDP per capita; slightly more wind and solar

potential; higher League of Conservation Voters (LCV) scores; more state programs

related to renewable energy (such as mandatory green power purchasing options,

net metering, and public benefits funds); and a higher likelihood of having a

renewable energy lobby. The RPS states also have higher electricity prices; less

power-sector pollution from carbon dioxide (CO2), sulfur dioxide (SO2), and

nitrogen oxide (NOx); more generation from renewables; less coal; more natural gas;

and more electricity consumption. Critically, RPS and non-RPS states face similar

out-of-state REC demand.

Our calculation of RPS requirements net of existing renewables hinges on

which year we consider to be the first year of the RPS—the year the state

legislature enacted it, or the year utilities were required to comply. We use the year

of enactment on the grounds that if utilities begin complying in anticipation of the

requirement, those early investments should be attributed to the RPS.
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3.4 Methodology and Results

We began by replicating results in the two papers from which we borrow

empirical methods, Greenstone and Nath (2020) and Hollingsworth and Rudik

(2019). Appendix B details those efforts. Our underlying data are slightly different.

We use RPS stringency data from LBNL, generation and emissions data from the

Energy Information Administration (EIA), and information about individual state

RPSs from the Database of State Incentives for Renewables and Efficiency (DSIRE).

Our replications show that despite a few differences in the underlying data, applying

the prior research methods yields nearly identical results: RPSs are associated with

increasing electricity prices and wind power and falling CO2 emissions.

To build on those prior papers, we start by following Greenstone and Nath

(2020), defining each state’s net in-state RPS goal as the gross on-the-books RPS

requirement less any eligible renewables it was producing in the year before its RPS

was passed:

Net-RPSit = max(0,RPSit − Eligible Renewablesi,τ−1) (3.1)

where the subscript i refers to states, t to years, and τi to the year of passage τ in

state i. The first term on the right, RPSit, is the gross on-the-books measure listed

in the statute. The second term reports the TWh of eligible renewables at the time

of enactment. It varies across states but not over time.

The left side of Equation 3.1 is our calculation of Greenstone and Nath’s

annual measure of each state’s net RPS goal, measured in TWh. If a state has an

RPS on the books in 2010 requiring 1 TWh, had enacted that policy in 2000, and

had already been purchasing or generating 0.8 TWh of its sales from renewable

sources in 1999, then the measure of in-state Net-RPSit in 2010 will be 0.2 TWh. In
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some cases that calculation of Net-RPSit would be negative because the state’s

existing renewables at the time of enactment surpass those currently required by the

RPS. We set the measure to zero in those cases.

Figure 3.1 depicts this calculation for 2010 for states that had passed RPSs

by then. The black-outlined columns represent each state’s gross on-the-books RPS

requirement. The shaded columns depict each state’s eligible renewables generated

in the year before RPS passage. The difference between the black outlines and the

solid columns depicts the annual net requirements, which can sometimes be

negative. The unshaded portions of the columns depict the cases where the

Net-RPSit in Equation 3.1 is nonnegative, and those unshaded quantities form the

basis for our measure of RPS stringency.

Figure 3.2 shows the same thing for 2019. RPS requirements had grown, and

by definition, existing renewables at the time of passage had not. In 2010, Figure 3.1

has very few columns with unshaded portions because most states’ RPS goals were

already being met by the renewables they were generating before enactment. By

2019, the reverse was true. Many of the columns in Figure 3.2 have unshaded

portions because most states’ RPSs required some new renewables, at least relative

to their original levels. Many states’ schedules will continue to tighten over the next

two decades, and it is important to assess whether those stricter RPS standards

contribute to growing renewable sources and reducing pollution, or whether states

expecting faster renewables growth enact stricter RPS goals.

The example of Nevada makes clear this concern about endogenous

nonadditionality. Figure 3.1 shows that in 2010 Nevada was requiring that 3.5 TWh

of electricity sales come from renewable sources. But Nevada’s RPS had been

enacted in 1997, and the year before that, it was already producing 3.7 TWh of
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renewables, more than its RPS requirement in 2010. None of the renewables

generated in Nevada before 2010 should be attributed to its RPS.

However—and this is where interstate RECs trading plays a role—some of

Nevada’s renewables growth before 2010 might, in theory, be attributable to RPSs

in nearby states like California and Arizona. Nevada utilities might generate

renewable energy for the purpose of selling unbundled RECs to those other states.

And what makes policy evaluation tricky is that Nevada’s renewables growth after

2010 might be attributable both to its own RPS, which increased to 6.3 TWh by

2019, and to RPSs in nearby states.

To account for interstate RECs trading, we amend the Hollingsworth and

Rudik (2019) measure of gross, on-the-books, out-of-state REC demand. We

calculate net out-of-state REC demand by subtracting from each state’s gross

out-of-state demand the renewables that nearby RECs-trading states already

produce within their borders.

Figure 3.3 illustrates the concept. State A, on the left, has an RPS. Suppose

that A is permitted to purchase RECs from B, D, and E but not from C. State B,

on the right, also has an RPS, and it can purchase RECs from all the others except

D. When we calculate E’s net out-of-state REC demand, we add the net REC

demand by A (A’s RPS less A’s own renewables), the net REC demand by B, and

the net demand by all other states that are allowed to purchase RECs from E.

When we calculate C’s net out-of-state REC demand, we exclude A’s demand

because it is proscribed from purchasing RECs from C. Similarly, when calculating

D’s net out-of-state REC demand, we include A’s requirement but not B’s.
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Our net out-of-state REC demand variable is thus, for a given state i in year

t, the sum of the RPS goals of the states i can sell RECs to, less what those states

produce within their borders.

Net-Out-of-State-REC-Demandit = Σj∈TPi
max(0,RPSjt − Renewablesjt) (3.2)

where TPi is the set of states to which state i is permitted to sell RECs.

Those two variables, the net in-state RPS requirement in Equation 3.1 and

the net out-of-state REC demand in Equation 3.2, are the two main ways we believe

RPS policies can affect the use of renewables and fossil fuels, CO2 emissions, and

electricity prices. Note that the term “net” means different things in each case. Net

in-state RPS in Equation 3.1 refers to the renewables required in excess of what the

state was producing at the time the law was passed. Net out-of-state REC demand

in Equation 3.2 refers to other states’ demand in excess of what they are producing

contemporaneously.

The two variables will in theory have qualitatively similar effects on

quantities but opposite effects on prices. An increase in either Equation 3.1 or

Equation 3.2 for state i increases the demand for RECs and creates incentives for

renewables. If RPSs affect renewables or GHG emissions, the effect could come from

either mechanism. Consequently, for five possible outcome quantities—solar, wind,

coal, natural gas, and carbon emissions—we consider the total net REC demand

rather than the separate in-state and out-of-state demand.

Total-Net-REC-Demandit = Net-RPSit + Net-Out-of-State-REC-Demandit (3.3)
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For these five quantities, then, our basic approach regresses the annual state-level

values on the Total Net REC Demand variable and other state characteristics.

yit = β1Total-Net-REC-Demandit + δ′X + µi + θt + ϵit (3.4)

where yit are five outcome variables of interest—solar, wind, coal, natural gas, and

carbon. The X’s are a list of controls, including the LCV state house and senate

scores, the presence of other state programs, and whether a state’s electricity

market is restructured. And µi and θt are state and year fixed effects.

Table 3.3 describes estimates of Equation 3.4.5 It shows the results for all

state-years in our sample, which includes all 50 states and the District of Columbia,

from 1990 to 2019. The main variable, Total Net REC Demand, is set to zero for all

of the state-years in which the initial-year renewables exceed the RPS requirement.

Column 1 shows that a 1 TWh increase in the total net REC demand for a state is

associated with a 0.4 TWh decrease in coal-powered electricity. Interpreted causally,

that would suggest that RPSs reduce the use of fossil fuels, as intended. But the

coefficient on natural gas in Column 2 undermines that interpretation. An increase

in the Total Net REC demand is associated with an increase in natural gas, though

not a statistically significant one. Hollingsworth and Rudik (2019) find a similar

positive relationship between in-state RPS requirements and natural gas. We

suspect that some omitted variable or endogenous nonadditionality drives this, an

issue we address using instrumental variables in Section 3.5, below.

For renewables in Columns 3 and 4 of Table 3.3, a 1 TWh increase in the

Total Net REC demand for a state corresponds to a small statistically insignificant
5Appendix Table B.8 shows the full estimation of Equation 3.4 with all control variables

listed. Hollingsworth and Rudik (2019) estimate their version of Equation 3.4 with separate
controls for net in-state RPS requirements and out-of-state REC demand. We report an
analogous version for comparison in Appendix Table B.9.
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increase in electricity generated from wind (0.015 TWh) and solar (0.001 TWh).

The solar coefficient in Column 4 is less than a 100th of the coefficient on coal in

Column 1. These small relationships between RPSs and renewables are mostly in

line with previous work. Upton and Snyder (2017) find insignificant effects of RPSs

on any generation. Hollingsworth and Rudik (2019) find an insignificant effect on

wind for out-of-state REC demand, and a small positive effect on wind for in-state

REC demand.

The ultimate goal of RPSs, at least recently, is pollution reductions. A 1

TWh increase in total net REC demand in Table 3.3 is associated with a 0.4 MMT

decrease in CO2. Greenstone and Nath (2020) also conclude that RPS policies lead

to significant decreases in carbon emissions, whereas Upton and Snyder (2017) find

insignificant effects.

For electricity prices, the in-state RPS requirements and out-of-state REC

demand could have opposite effects. In-state REC demand adds a cost to utilities

selling electricity in the state and thus can only increase electricity prices.

Out-of-state REC demand, however, has ambiguous effects on electricity prices. If a

state has no RPS of its own or easily meets its own RPS, then out-of-state REC

demand can be supplied with excess, nonadditional, unbundled RECs. Those sales

are an additional revenue source for the state’s utilities, effectively subsidizing

supply and reducing the electricity prices necessary to cover costs. On the other

hand, if a state has its own strict RPS and needs RECs of its own to meet that,

out-of-state REC demand represents competition, driving up the price of the RECs

needed for compliance. That increases the cost of supplying electricity, and

presumably the retail prices necessary to cover those costs. Because the in-state

RPS stringency and out-of-state REC demand have different effects on electricity
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prices, we include them individually when considering prices as the outcome

variable, yit, rather than summing REC demand as we did in Equation 3.4:

yit = β1Net-RPSit + β2Out-of-State-REC-Demandit + δ′X + µi + θt + ϵit (3.5)

where yit are retail electricity prices, estimated separately for residential,

commercial, and industrial customers.

Table 3.4 reports estimates of Equation 3.5.6 As in Table 3.3, this also

departs from prior work in that it examines the relationship between prices and the

stringency of RPSs, rather than simply their presence. Each of the four sectors

shows a negative coefficient for the net out-of-state REC demand, consistent with

the idea that sales of unbundled RECs to neighboring states subsidize local

electricity supply. But the negative and significant coefficients on in-state REC

demand are not consistent with any such theory. RPS requirements add costs to

in-state utilities, and so any effect on electricity prices should only be positive. Both

Upton and Snyder (2017) and Greenstone and Nath (2020) find that the presence of

RPSs increases prices by about 11 percent, though they do not consider the

stringency of those RPSs.

One explanation for the negative coefficients on in-state REC demand in

Table 3.4 may involve the endogenous nonadditionality we discussed earlier. States

expecting abundant inexpensive energy and relatively low electricity prices may be

more likely to impose strict RPSs. Another may involve the built-in simultaneity

between prices and the LBNL calculation of RPS stringency. Low prices increase

electricity demand, automatically raising the quantity of renewables required and

the measure of stringency. Because of the various problems with merely regressing
6Appendix Table B.10 shows the full estimation of Equation 3.5 with all control variables

listed.

123



outcomes on RPS stringency—omitted variables, endogenous nonadditionality, and

the built-in simultaneity in stringency—we turn next to an instrumental variable

approach.

3.5 Instrumenting for RPS Stringency

Prior work (Upton and Snyder, 2015; Lyon and Yin, 2010) has shown certain

variables to be good predictors for the presence of an RPS policy. For our purposes,

we need predictors for the stringency of state RPSs, not just their presence. And

because we want to use them as instrumental variables in a panel across states over

time, we need predictors with both cross-sectional and intertemporal variation.

The first two instruments we construct are measures of sun and wind energy

potential. The cross-sectional variation comes from the states’ average sunshine and

windiness. Sunshine is measured by direct normal irradiance (DNI) and windiness

by average wind speeds. DNI and wind speeds describe the potential effectiveness of

solar panels and wind turbines. Those are static measures for each state, however,

and would be absorbed by state fixed effects in any regression context.

To add a temporal variation to DNI and wind speeds, we use the changing

annual average national cost of solar panels and wind turbine installations. We

multiply these together: average state DNI times the average annual national cost of

solar panel installations, and average state wind speed times the average annual

national cost of wind turbine installations. The idea is that when the cost of solar

installations falls, renewable energy and RPS policies become more attractive in

sunny places. And when the cost of wind turbines changes, the same applies to

windy places.
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The next instrument we construct is the number of RECs available for a

state to purchase. Some neighboring states will have their own strict RPSs, which

means that some out-of-state renewables may not be available for purchase by

neighbors. Returning to Figure 3.3, state A has an RPS requirement and can

purchase RECs from states B, D, and E. State B also has an RPS, and can purchase

from A, C, and E. A’s measure of out-of-state REC supply would then be the

number of renewables generated in B less B’s own RPS goal, plus the number of

RECs generated by D and E. We do not subtract anything from D and E, since they

do not have their own RPS goals, and C is not an eligible REC exporter to A, so its

renewables are not included.

The variable we construct is the supply-side analog to net out-of-state REC

demand in Equation 3.2. It is constructed in the following way:

Net-Out-of-State-REC-Supplyit = max(0,Σj∈TPi
Renewablesjt − RPSjt) (3.6)

where, similarly to 3.2, TPi is the set of states from which state i is permitted to

purchase RECs. If the RPS requirement in a state exceeds the number of renewables

it produces—that is, if it is a net importer of RECs instead of a net exporter—we

do not normalize this to zero and instead leave the negative measure. Going back to

Figure 3.3, if state B has an RPS requirement larger than its renewables production,

then B is likely going to be competing for RECs with state A.7 Normalizing B’s

measure to zero, instead of leaving it negative, would overstate A’s net out-of-state

REC supply. However, we do normalize the sum of a state’s trading partners’ excess
7This is a slight oversimplification because the potential REC sellers to state B are not

always exactly the same as the potential REC sellers to state A. However, there is often
significant overlap in the sellers, so it is important to consider that B is a net importer
and will be competing for the same out-of-state RECs as A. We are erring on the side of
underestimating the number of out-of-state RECs available to A.
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RECs to zero. If every state that a state can buy RECs from has a shortage of

RECs, which would result in a negative Net-Out-of-State-REC-Supply, that state

has zero potential REC supply, not a negative REC supply. Therefore, the

out-of-state REC supply instrumental variable sums the number of RECs available

to a state to import, as defined by each state’s individual RPS legislation. The

number of RECs available for purchase directly affects a state’s ability to meet its

RPS goals. If a state has more RECs available for purchase, passing a strict RPS

policy is less costly.

The remaining instruments come from Upton and Snyder (2015) and Lyon

and Yin (2010), who used them to predict whether states adopt RPSs. We use them

to predict the stringency of states’ RPSs. The instruments include political

variables: which party has control of the state legislature and the share of seats in

each house won by each party. They also include measures of state GDP. Upton and

Snyder (2015) showed that states with higher total GDP per capita were more likely

to enact RPSs, and states with higher mining sector GDP were less likely to do so.

We also include as an instrument the presence of a renewable energy lobby in the

state, following Lyon and Yin (2010).

Table 3.5 presents estimates from a first-stage regression of total net REC

demand on the instruments.8 Some of the instruments are not available for all the

state-years in our sample. For example, data on the cost of solar panel installations

are available only after 2007, weather data are missing for Washington, D.C., and

data on winners of state legislature seats in each election cycle are not always
8Appendix Table B.11 and Appendix Table B.12 report the first-stage results separately

for the net in-state RPS requirements and net out-of-state REC demand.
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available for Louisiana and Nebraska.9 Column 1 of Table 3.5 uses only the subset of

576 observations for which all of the instruments are available. Column 2 uses only

the subset of instruments available for all 1,530 observations.

In Column 1 of Table 3.5, the solar instrument, wind instrument, out-of-state

REC supply instrument, political instruments, and state GDP instruments are all

statistically significant. In Column 2, five of the instruments are significant:

democratic and split state legislature control, and state GDP per capita, state

mining GDP per capita, and state manufacturing GDP per capita. The coefficients

on democratic state legislature control, state GDP per capita, and state

manufacturing GDP per capita are positive, which is in the expected direction. The

coefficient on state mining GDP per capita is negative, which is also in the expected

direction. States in which the mining sector GDP is large might be less likely to

implement a stringent RPS.

The results from the second-stage estimates of Equation 3.4 can be seen in

Table 3.6. Panel A shows the results using the first instrument, Column 1 of Table

3.5. Panel B uses the second. The coefficient on CO2 emissions is negative in both

panels. In both panels, it is similar in magnitude to our uninstrumented results in

Table 3.3 and to past work by Greenstone and Nath (2020). The coefficient on coal

is negative and significant in Panel A, again in line with our Table 3.3 results, and it

is not significant in Panel B.

The coefficients on electricity generated from wind, solar, and natural gas are

the least robust. In Panel A, the coefficients for wind, solar, and natural gas are

significant but have unexpected signs. In Panel B, wind is positive and significant
9Nebraska has a unicameral state legislature. Some of the data for Louisiana did not pass

the quality check performed by Klarner (2018), and this state is therefore dropped from the
“Restructured for use” data set he recommends using.
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and natural gas is negative and significant, which are the expected directions. The

coefficient on solar is positive in Panel B as well, though it is not significant.

So in Panel B, using a subset of instruments and the complete data set, more

stringent RPS policies appear to lead to fewer CO2 emissions, less use of natural

gas, and more wind. Each TWh of extra REC demand is associated with a decline

in CO2 emissions of 0.396 MMT. For comparison, in 2020 the US electric power

industry emitted 0.387 MMT of CO2 per TWh of electricity generated.10

RPS policies do not increase solar power in Panel B, and they increase wind

by 0.2 TWh for every 1 TWh increase in total net REC demand. Some descriptive

work has asserted that RPSs are “associated with” half of renewable energy growth

since 2000 (Barbose, 2019). That careful language does not mean the RPSs caused

the growth. Using our data from the same time period (2000–2019) and the results

from Panel B, we estimate that RPSs are responsible for at most 10.5 percent of the

growth in electricity from wind that has occurred since 2000, and none of the solar.11

Table 3.7 reports the results from the second stage for retail electricity prices.

Recall that we expect states with more in-state REC demand to have higher

electricity prices, but the effect of out-of-state REC demand could go in either

direction. In Panel A, which uses all the instruments on a subset of the observations,

the curious negative coefficient remains. In Panel B, which uses a subset of the

instruments and all the observations, prices are higher in states with more in-state

REC demand—statistically significantly so for commercial electricity prices.
10https://www.eia.gov/tools/faqs/faq.php?id=74 (accessed November 2021).
11We sum the RPS requirements across states for 2000–2019 and assume that 0.2 TWh

of wind were generated for each TWh of REC demand. We then divide that by the TWh of
wind generated in the United States from 2000 to 2019 to get the result that at most, 10.5
percent of wind generation was caused by RPSs in 2000–2019.
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Out-of-state REC demand appears negatively associated with electricity

prices in Panel A, and positively associated with electricity prices in Panel B. We

don’t have a prior expectation in this case because the effect of out-of-state REC

demand depends on whether states purchase bundled or unbundled RECs.

Overall, whether we instrument for REC demand or not, and whether we use

the full set of instruments and a subset of the observations, or a subset of

observations and the whole data set, the conclusion is the same. It’s difficult to find

a robust, statistically significant effect of RPS policies on electricity generation from

renewable sources. The most consistent finding is a decline in CO2 emissions. That’s

comforting, because reducing CO2 has become an important goal of RPSs.

3.6 Conclusion

RPS policies are the most comprehensive and longstanding attempt by

governments in the United States, at any level, to promote renewable energy use.

Using both a reduced-form and an instrumental variable approach, we find evidence

that RPS policies do seem to lead to more renewables from wind generation, less

natural gas use, and fewer CO2 emissions, as well as some evidence that in-state

RPS policies may increase electricity prices. However, the magnitudes of these

effects, with the exception of the effect on CO2 emissions and natural gas use, are

quite small. These results are largely in line with previous work by economists

evaluating RPS policies.

In one specification of our instrumental variables approach, we find that

increasing REC demand by 1 TWh decreases CO2 emissions by 0.4 MMT and

electricity generated from natural gas by 1.3 TWh, increases wind by 0.2 TWh, and

slightly increases electricity prices, in and out of state. At most, we find that RPSs
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are responsible for 10.5 percent of the increased wind since 2000 and none of the

increased solar.

Even when using methods that combine the best approaches of prior studies,

our results do not change. Descriptive work overstates the effects of RPSs, giving

them more credit for renewables growth than they deserve. Studies that attempt to

account for interstate REC trading and endogenous nonadditionality find much

smaller effects.

By largely corroborating prior work, the results here present a similarly

mixed message. The small or insignificant effect of RPSs on the amount of

electricity generated from solar and wind sources controverts public claims for their

efficacy. On the other hand, our work and prior studies show that RPSs do seem to

have reduced natural gas-powered electricity and pollution, which is their ultimate

objective.

Remember that RPSs typically require that the share of electricity generated

from renewable sources exceed a designated fraction. Compliance can be achieved

either by increasing renewables (in the numerator) or by reducing fossil fuel use (in

the denominator). Our results indicate that nationwide, the prevailing compliance

mechanism has involved decreasing fossil fuels rather than increasing renewables. If

true, that’s good news: increasing renewables doesn’t by itself do anything to

mitigate pollution, but reducing fossil fuel use does.

Before celebrating RPSs as a policy achievement, however, remember that 20

US states still do not have such requirements. Aside from the straightforward

conclusion that if they work, more states should deploy them, there’s another,

deeper problem with having so many nonparticipants. Interstate REC trading

means that this study and others have difficulty assessing whether renewable energy

generated in states without RPSs was truly additional. Renewables that would have
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been generated anyway undermine the efficacy of RPSs. Those nonadditional

renewables would not be a problem if every state had a binding RPS or if there were

a national clean energy policy. If designed well, interstate trading would make a

national plan more cost-effective, not weaken it by allowing one state to sell

nonadditional renewables to another. And a national standard would not be subject

to concerns about endogenous nonadditionality. States would not be setting their

own standards, making it impossible for states to impose standards in order to take

undue credit for existing renewables.
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3.8 Tables and Figures

Table 3.1: Studies of the Efficacy of Renewable Portfolio Standards

Paper Stringency Measure Outcome Endogeneity Control Result
Yin and Powers Stringency of In-state renewables None Significant increases
(2010) net in-state RPS capacity investments in in-state

renewables capacity
following RPSs

Upton and Adoption of RPS Renewable energy, Synthetic controls: No change in
Snyder (2017) electricity prices, CO2, renewables potential, generation or

electricity demand political and economic emissions;
variables electricity prices

11% higher,
electricity
demanded 5.6%
lower

Hollingsworth In- and out-of- Electricity generated by Instrument using 1 TWh REC
and Rudik (2019) state REC coal, gas, and wind initial RPS levels demand reduces

demand coal generation
0.1 TWh,
increases wind
generation 0.1 Twh

Greenstone and Adoption of RPS CO2, electricity prices 7 None CO2 10–25% lower,
Nath (2020) years after passage prices 11% higher

7 years after RPS

Feldman and Net in-state and Electricity generated by Instrumental 1 TWh REC
Levinson (2021) net out-of-state coal, gas, wind, and variables: political, demand reduces

REC demand solar; CO2 emissions; economic, renewables carbon emissions
electricity prices potential, renewables 0.3–0.4 TWh,

lobby increases wind
generation up
to 0.2 TWh

Notes: Greenstone and Nath are revising their manuscript to include a synthetic control approach.
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Table 3.2: States with and without Renewable Portfolio Standards, Com-

pared, 1900–2019

Non-RPS States RPS States

Obs. Mean Std. Dev. Obs. Mean Std. Dev.

(1) (2) (3) (4) (5) (6)

RPS Stringency

RPS Gross Requirement (TWh) 600 0 0 930 2.522 6.754

RPS Net Requirement (TWh) 600 0 0 930 1.247 3.047

Net Out-of-State REC Demand (TWh) 600 2.391 7.022 930 3.5 7.667

Total Net REC Demand (TWh) 600 2.391 7.022 930 4.747 9.584

Outcome Variables

Coal (TWh) 600 38.17 29.35 930 30.19 36.28

Natural Gas (TWh) 600 13.91 25.58 930 17.55 36.97

Wind (TWh) 600 0.745 2.623 930 1.922 6.271

Solar (TWh) 600 0.056 0.3 930 0.281 1.837

Renewables (TWh) 600 3.992 3.963 930 10.33 19.2

CO2 (MMT) 600 46.67 32.3 930 41.35 48.36

SO2 (MMT) 600 0.202 0.249 930 0.158 0.274

NOx (MMT) 600 0.096 0.092 930 0.08 0.105

Industrial Price (Cents per kWh) 600 7.059 2.114 930 9.353 3.824

Total Price (Cents per kWh) 600 9.508 2.274 930 12.55 4.053

Residential Price (Cents per kWh) 600 11.49 2.299 930 14.93 4.332

Commercial Price (Cents per kWh) 600 10.06 2.1 930 12.76 4.025

Other Covariates

Democratic State Legislature Control 600 0.297 0.457 930 0.492 0.5

Republican State Legislature Control 600 0.503 0.5 930 0.277 0.448

Split State Legislature Control 600 0.15 0.357 930 0.23 0.421

House Seats Won by Democrats 540 0.403 0.19 900 0.5 0.173

Senate Seats Won by Democrats 540 0.43 0.209 900 0.531 0.194

House Seats Won by Republicans 540 0.514 0.188 900 0.415 0.158

Senate Seats Won by Republicans 540 0.568 0.208 900 0.446 0.198

House Seats Won by Third Party 540 0.003 0.008 900 0.002 0.006

Senate Seats Won by Third Party 540 0.002 0.009 900 0.002 0.011

GDP per Capita, Mining ($) 600 2218 4579 930 472.6 996.3

GDP per Capita, Manufacturing ($) 600 4916 2336 930 5187 2344

State GDP per Capita, Total ($) 600 37424 13824 930 45302 23219

Cost of Wind ($ per MWh) 480 41.36 14.92 744 41.36 14.92

Continued on next page

137



Table 3.2 – Continued from Previous Page

Non-RPS States RPS States

Obs. Mean Std. Dev. Obs. Mean Std. Dev.

(1) (2) (3) (4) (5) (6)

Cost of Solar ($ per MWh) 240 75.73 44.03 372 75.73 44

Wind Speeds (m/s) 600 5.942 1.428 900 6.847 1.483

Solar Irradiation (kWh/m2/day) 600 4.882 0.779 930 4.936 0.933

Wind Instrument 480 245.8 108.7 720 283.2 121.2

Solar Instrument 240 369.7 225.5 372 373.8 232

Net Metering 600 0.358 0.48 930 0.585 0.493

Mandatory Green Power Option 600 0.02 0.14 930 0.11 0.313

Public Benefits Fund 600 0.015 0.122 930 0.4 0.49

LCV House Score 600 26.29 18.69 930 55.68 26.65

LCV Senate Score 600 27.33 25.93 930 60.3 33.25

Renewable Energy Lobby 600 0.24 0.427 930 0.786 0.41

Total Net RECs Available to Buy (TWh) 600 1.924 7.593 930 22.29 42.23

Electricity Sales (TWh) 600 60.61 48.82 930 71.89 72.89

Notes: RPS states are those that enacted an RPS during 1990–2019; the non-RPS states did not. Some variables are
not available for all state-year observations. Kansas is included as an RPS state even though it repealed its RPS in
2015.
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Table 3.3: RPS Requirements, Energy Generation, and Carbon Emissions

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions (MMT)
(1) (2) (3) (4) (5)

Total Net REC -0.400* 0.02 0.015 0.001 -0.364*
Demand (TWh) (0.033) (0.049) (0.018) (0.001) (0.027)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes Yes
Observations 1530 1530 1530 1530 1530
R2 0.96 0.91 0.47 0.3 0.98
Notes: Standard errors in parentheses. * p<0.05. Estimated versions of Equation 3.4, in which the dependent variable is TWh of electricity or MMT of CO2 emissions
in each state. The 1,530 observations represent 51 states from 1990 to 2019. Other included variables are the LCV state house and senate scores, the presence of
mandatory green power purchasing option, public benefits fund, state net metering programs, and whether the electricity market has been restructured. See Appendix
Table B.8 for a full estimate of Equation 3.4. See Appendix Table B.9 for a full estimate of Equation 3.5 using the above dependent variables.
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Table 3.4: RPS Requirements and Retail Electricity Prices

Industrial Price Total Price Commercial Price Residential Price
(Cents per kWh) (Cents per kWh) (Cents per kWh) (Cents per kWh)

(1) (2) (3) (4)
Net In-State REC -0.094* -0.090* -0.131* -0.064*
Demand (TWh) (0.02) (0.019) (0.019) (0.021)
Net Out-of-State REC -0.019* -0.016* -0.026* -0.019*
Demand (TWh) (0.007) (0.007) (0.007) (0.008)
State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes
Observations 1530 1530 1530 1530
R2 0.86 0.89 0.88 0.89
Notes: Standard errors in parentheses. * p<0.05. Estimated versions of Equation 3.5. See the notes to Table 3.3 for the other covariates. See Appendix Table B.10 for
a full estimate of Equation 3.5.
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Table 3.5: First-Stage Results for IV Estimation: Total Net REC Demand

Total Net REC Demand (TWh)
(1) (2)

Solar Instrument 0.018*
(0.007)

Wind Instrument -0.055*
(0.008)

Net Out-of-State REC -0.068* -0.011
Supply (TWh) (0.019) (0.007)
Democratic State -2.349* 1.296*
Legislature Control (0.967) (0.554)
Split State Legislature -4.733* -1.022*
Control (0.914) (0.518)
Percentage of State House -0.346
Seats Won by Democrats (5.194)
Percentage of State Senate 4.155*
Seats Won by Democrats (1.984)
Percentage of State House -216.3*
Seats Won by Third Party (56.13)
Percentage of State Senate 80.49*
Seats Won by Third Party (37.04)
State GDP per Capita, 149.000 -251.000*
Mining Sector (Millions of $) (221.000) (105.000)
State GDP per Capita, 962.000* 348.000*
Manufacturing Sector (Millions of $) (485.000) (174.000)
State GDP per Capita, 318.000* 201.000*
Total (Millions of $) (117.000) (26.900)
Renewable Energy Lobby -0.933 -0.867

(1.637) (0.613)
State Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
Observations 576 1,530
F Statistic 48.42 27.81
Notes: Standard errors in parentheses. * p<0.05. This table shows the first stage of instrumental variable approach for
the total net REC demand instrument. Column 1 includes all instrumental variables, some of which are not available
for all states and years. Column 2 includes only those instruments that have observations for all states and years.
See Appendix Table B.11 and Appendix Table B.12 for first-stage results splitting REC demand into in-state and
out-of-state measures.
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Table 3.6: IV Analysis: Effects of REC Demand on Types of Electricity and Carbon

Panel A

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions (MMT)
(1) (2) (3) (4) (5)

Total Net REC -0.517* 0.417* -0.126* -0.044* -0.336*
Demand (TWh) (0.083) (0.086) (0.045) (0.020) (0.062)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes Yes
Observations 576 576 576 576 576
R2 0.96 0.97 0.81 0.53 0.99

Panel B

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions (MMT)
(1) (2) (3) (4) (5)

Total Net REC 0.197 -1.280* 0.171* 0.033 -0.396*
Demand (TWh) (0.149) (0.244) (0.077) (0.024) (0.112)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes Yes
Observations 1,530 1,530 1,530 1,530 1,530
R2 0.95 0.86 0.45 0.29 0.98
Notes: Standard errors in parentheses. * p<0.05. This table shows results from instrumenting for total (in-state and out-of-state) RPS stringency on electricity
generation and carbon emissions. Panel A shows the results from the first specification of instruments, which includes all instrumental variables, some of which are
not available for all state-years in our sample. Panel B shows the results from the second specification, which includes only those instruments that have observations
for all state-years. See full estimates in Appendix Table B.13. See Appendix Table B.14 for full results that split RPS stringency into in-state and out-of-state REC
demand.
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Table 3.7: IV Analysis: Effects of REC Demand on Retail Electricity Prices

Panel A

Industrial Price Total Price Commercial Price Residential Price
(Cents per kWh) (Cents per kWh) (Cents per kWh) (Cents per kWh)

(1) (2) (3) (4)
Net In-State REC Demand (TWh) -0.047 -0.085 -0.129* -0.050

(0.052) (0.053) (0.055) (0.058)
Net Out-of-State REC Demand (TWh) -0.027* -0.026 -0.038* -0.020

(0.014) (0.014) (0.014) (0.015)
State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes
Observations 576 576 576 576
R2 0.95 0.95 0.95 0.95

Panel B

Industrial Price Total Price Commercial Price Residential Price
(Cents per kWh) (Cents per kWh) (Cents per kWh) (Cents per kWh)

(1) (2) (3) (4)
Net In-State REC Demand (TWh) 0.035 0.101 0.169* 0.140

(0.073) (0.072) (0.078) (0.081)
Net Out-of-State REC Demand (TWh) 0.061* 0.075* 0.065* 0.089*

(0.030) (0.030) (0.032) (0.033)
State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes
Observations 1530 1530 1530 1530
R2 0.84 0.87 0.84 0.86
Notes: Standard errors in parentheses. * p<0.05. This table shows results from instrumenting for total (in-state and out-of-state) RPS stringency on electricity
generation and carbon emissions. Panel A shows the results from the first specification of instruments, which includes all instrumental variables, some of which are
not available for all state-years in our sample. Panel B shows the results from the second specification, which includes only those instruments that have observations
for all state-years. See Appendix Table B.15 for full results.
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Figure 3.1: RPS Requirements in 2010 vs. Eligible Renewables in Year
before RPS Passage
Notes: This figure shows each state’s 2010 on-the-books RPS goal, outlined in black, and
the amount of eligible renewables that state was generating the year before its RPS passed,
shaded in blue. The difference between the black outlines and the solid columns depicts
the annual net requirements. Includes all states that enacted an RPS at some point during
1990–2019, even though some of those states did not have RPS requirements in 2010. Many
states were meeting or exceeding their 2010 RPS requirements with renewables generated
before the RPS was passed.
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Figure 3.2: RPS Requirements in 2019 vs. Eligible Renewables in Year
before RPS Passage
Notes: This figure shows each state’s 2019 on-the-books RPS goal, outlined in black, and
the amount of eligible renewables that state was generating the year before its RPS passed,
shaded in blue. The difference between the black outlines and the solid columns depicts the
annual net requirements. Kansas is included because it passed an RPS in 2009, but there is no
black outline because its RPS was repealed in 2015. Most states’ RPS stringencies increased
between 2010 and 2019, while their previous eligible renewables did not, by definition. As of
2019, only four states had zero net in-state RPS requirements: Iowa, Arizona, Washington,
and Oregon.
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Figure 3.3: A Schematic of REC Markets
Notes: Both sides of the figure depict the same five states. On the left, state A has
an RPS and can purchase RECs from B, D, and E but not from C. On the right,
state B has an RPS and can purchase RECs from A, C, and E but not D. State
E’s net out-of-state RECs demand is thus state A’s RPS less A’s own renewable
generation plus B’s RPS less B’s own renewables. State A’s net-out-of-state-supply
is the RECs generated in B, D, and E less B’s own RPS goal.
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Appendix A

Lessors of Two Evils Appendix

A.1 Concessions Definitions

Below are the definitions of the concessions terms I searched for and ran

regressions on in the leases. As in the analysis in the paper, I have broken the terms

down into two main bundles, one for damage protections and one for legal

protections. The definitions for these terms follow Boykin (2014) and Timmins and

Vissing (2017).

Damage Protection Clauses:

• Environmental Clause: The environmental clause typically limits the lessee

(driller) in the types of substances they can use on the lessor’s (landowner’s)

property and water supply. It encourages the lessee (driller) to use safe

practices when dealing with water, soil, and property of the lessor

(landowner). Oftentimes, in Texas, it requires the lessee (driller) to be in

compliance with the Comprehensive Environmental Response Compensation

and Liability Act (CERCLA).

• Damages Clause: The damages clause can lay out any specific agreements the

lessee (driller) and lessor (landowner) have come to regarding damages to the

lessor’s (landowner’s) home, water, or property. It should be noted though

that often reasonable damages are permitted by state law.
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• Use of Water Clause: The use of water clause stipulates in what manner, if at

all, the lessee (driller) can use the lessor’s (landowner’s) water supply. A

common use of water by the lessee (driller) is in the process of fracking. It also

stipulates any protections for the lessor’s (landowner’s) water from run-off or

discharge from the lessee’s (driller’s) activities.

• Removal of Equipment Clause: The removal of equipment clause specifies how

the lessee (driller) plans to remove its equipment when the lease has

terminated. It can also stipulate whether the lessor (landowner) is able to

dispose of any equipment the lessee (driller) leaves after a certain number of

days.

• Burial of Equipment Clause: The burial of equipment clause stipulates

whether the lessee (driller) is able to bury any equipment on the lessor’s

(landowner’s) property. This typically applies to pipelines.

• No Well Clause: The no well clause specifies surface access restrictions for the

lessee (driller) to observe. It often places restrictions on how close a lessee

(driller) can place a well to the lessor’s (landowner’s) home, improvements,

and water supply.

Legal Protection Clauses:

• Forfeiture Clause: The forfeiture clause prevents the lease from expiring if the

lessee (driller) has failed to extract oil and gas within the primary term length

of the lease, granted the lessee (driller) has conducted operations in search of

oil and gas. It typically extends the lease by 180 days.
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• Lien Clause: The lien clause allows the lessor (landowner) to maintain

possession of the lessee’s (driller’s) property until the lessee (driller) pays any

debts it owes to the mineral estate.

• Force Majeure Clause: The force-majeure clause sets out to prevent the

termination of the lease in case of events uncontrollable by the lessee (driller),

such as floods and wars.

• Ancillary Clause: The ancillary clause typically grants the lessor additional

rights, such as the right to remove any equipment left by the lessee at the

terminus of the lease. It can sometimes give the lessee (driller) certain rights,

such as ingress and egress or the right to build pipelines. It often includes

minimum distances drillers must stay from homes and improvements.

• Indemnity Clause: The indemnity clause holds the lessee (driller) liable and

responsible in the event that a third party claims negligence on the part of the

lessor (landowner) for the lessee’s (driller’s) actions.

A.2 Testimonials on Compulsory Pooling and Rule 37

Concerns about compulsory or forced pooling arise in every state that such a

law has been implemented:

In Ohio, “Steve Neeley estimates that he has spent more than $500,000 over the

past 12 years to build a country estate.” When he declined an offer to lease his land,

“Neeley says, the land man told him ‘We’ll just take it.’ ... Neeley described the

practice as a type of theft ... He said, ‘You were just going to lose, no matter

what.’ ”1

1Hunt (2012)
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In New York, “Joseph Todd says he’s angry, not just about his contaminated

well water but about the compulsory integration law that made it easier for drilling

companies to move into his neighborhood. He said he has spent thousands of dollars

on bottled water and laundromat fees—and that the royalty payments he’s

supposed to receive, even as an unwilling participant in the nation’s natural gas

boom, haven’t begun arriving yet ... ‘We never wanted to be a part of the drilling,’

he said. ‘To have something like this happen is beyond frustrating.’ ”2

In Colorado, Mark Faut, felt similarly taken advantage of by an oil and gas

firm: “The landman ... presented Mark Faut with a choice: sign a lease for his oil

rights or have his 7 acres forced into the drilling plan by the state ... Faut said so far

he still hasn’t gotten any protections in the proposed lease ... ‘It is overwhelming,’

Faut said. ‘Who protects the small-property owner? I looked at the oil and gas

commission website, and it’s pretty clear that they aren’t here for me.’ ”3

In perhaps the most blatant case of forced pooling stripping a landowner of

bargaining power, Jaffe (2016) writes, “In dealing with landmen, property owners

say their biggest concern is protecting their homes and property values. When Jill

Duvall received a letter ... it offered a $50-an-acre signing bonus and a 16 percnt

royalty ... and a standard lease. ‘In the very first phone call, they raised forced

pooling,’ Duvall said. Duvall said she sought some added protections for her land—a

surface-use agreement limiting drilling activity, some safeguards on property

value—but was rebuffed. Duvall said a landman told her: ‘You are just looking for a

fight.’ ”

Conversely, Texans rejoice in their lack of pooling laws. When compulsory

pooling and unitization legislation was briefly debated in the Texas Senate before
2Baca (2011)
3Jaffe (2016)
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being voted down, Goodrich (2017) wrote “[compulsory pooling and unitization]

opposes the wildcatter, individual liberty focused spirit which the state prides itself

on,” continuing, “if history is any indication, individual liberty will continue to

thrive deep in the heart of Texas.” Sartain (2013) continues the argument: “It’s my

property ... I should be able to do business with those I choose and to avoid those I

don’t. [Compulsory unitization would] deprive me of that freedom ... It allows ‘big

oil’ to run over the ‘little guy.’ ”

According to Texas’s laws and eminent domain policy, Rule 37, a firm cannot

drill within 330 feet of an un-contracted landowner’s property unless they have an

exemption. Oil and gas firms must attempt to fairly contract with every landowner

that would be affected by the proposed drilling. If no agreement is reached, a firm

can apply for a Rule 37 exemption on a case-by-case basis. If granted, firms can drill

on or near the non-participating landowners’ property, and they are not required to

pay any profits from production to affected landowners.4 Rule 37 has notably not

been criticized for taking advantage of landowners the way forced pooling laws have.

And, since Texas does not have unitization laws, firms need not coordinate to

use the cost-effective (fewest) number of wells to drill a plot of land, as they do in

New Mexico. Critics of forced unitization argue that the lack of such a law in Texas

helps small oil and gas firms and individuals who want to drill—or

wildcatters—compete with “big oil.”5 Drillers do not have to amass huge amounts of

land and deal with big firms, which have more resources and likely more bargaining

power over any agreement. However, absent unitization, oil and gas extraction is not

as productive on a per-well basis.6

4Vissing (2017)
5Sartain (2013)
6Libecap and Wiggins (1984, 1985), Vissing (2017)
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A.3 Detailed Forced Pooling Zone Data

As mentioned in Section 1.3, an area of future research might focus solely on

forced pooling in New Mexico and studying the relative bargaining power of the

driller, the pivotal landowner(s), and the non-pivotal landowners in each zone.

While this analysis is beyond the scope of this paper, I do find some descriptive

evidence that some zones in New Mexico experience bunching, while others do not.

By bunching, I mean that there is a very clear, sharp increase in the number of

leases signed just before a forced pooling order is approved. One example of this can

be seen in the below figure:

Figure A.1: An Example of Bunched Leases

The vertical, black line represents the date the forced pooling order was approved.

There is a clear, sharp uptick on the number of leases signed just before forced

pooling was ordered. Fewer leases were signed after, either because the driller

decided to force pool a few, large landowners while contracting with many, smaller

landowners before the forced pooling threshold had been met, or because those

landowners that were forced to join the pool decided not to sign a lease.

Another example of a zone with some evidence of bunching is below:
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Figure A.2: A Second Example of Bunched Leases and Royalties Offered

Again, in the months before the forced pooling order was approved, there was a

sharp uptick in the number of leases signed. I’ve also shown a graph with the

corresponding royalty rates of those leases. In this zone, it appears that there is

some evidence that the leases signed just before forced pooling had higher royalty

rates than the ones signed just after. Perhaps the reason for the higher royalty rates

just before the order was approved is because those landowners were pivotal to the

forced pooling order. But that is only one potential explanation, and there are likely

many others, just as plausible.
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However, I should point out that not all zones in my sample show evidence of

bunching. For example:

Figure A.3: An Example of a Zone Without Bunched Leases

In this zone, there seems to be no bunching around the time the forced pooling

order was approved. In fact many leases were signed years after this zone was force

pooled. Again, to draw any conclusions about these differing data with any

certainty, we would require a rigorous theoretical model and estimation, which is a

great area for future research but beyond the scope of this paper.

A.4 Additional Tables and Figures

On the following few pages are tables with point estimates for each

specification: the main specification with the entire sample and the border

sub-sample. The point estimates correspond to Figures 1.3–1.14 and Appendix

Figures A.4–A.9.
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Table A.1: Diff-in-Diff OLS Regressions on Royalty Rates

All 10 km 40 km
Forced Pooling State -0.015 0.0003 -0.025∗

(0.015) (0.005) -0.007
Forced Pooling State×2002 0.010∗ 0.017 0.01

(0.003) (0.008) -0.007
Forced Pooling State×2003 0.028 0.049∗ 0.036

(0.022) (0.007) -0.022
Forced Pooling State×2004 -0.003 -0.014 0.006

(0.017) (0.019) -0.017
Forced Pooling State×2005 0.011 -0.008 0.028∗

(0.012) (0.013) -0.008
Forced Pooling State×2006 0.040∗ -0.025 0.034∗

(0.016) (0.021) -0.01
Forced Pooling State×2007 0.022 0.021 0.022

(0.019) (0.017) -0.022
Forced Pooling State×2008 0.026 0.028 0.020∗

(0.014) (0.023) -0.008
Forced Pooling State×2009 0.001 -0.028∗ -0.006

(0.012) (0.008) -0.008
Forced Pooling State×2010 0.028 0.103∗ 0.054

(0.026) (0.037) -0.034
Forced Pooling State×2011 0.049 0.051 0.035

(0.028) (0.042) -0.034
Forced Pooling State×2012 0.047∗ 0.057 0.058∗

(0.020) (0.024) -0.024
Forced Pooling State×2013 0.005 0.066∗ 0.005

(0.037) (0.010) -0.034
Forced Pooling State×2014 0.050∗ 0.088∗ 0.028

(0.021) (0.018) -0.021
Forced Pooling State×2015 0.022 0.108∗ 0.028

(0.017) (0.021) -0.019
Forced Pooling State×2016 -0.008 0.099∗ -0.009

(0.022) (0.013) -0.027
Forced Pooling State×2017 0.042 0.025 0.034

(0.022) (0.021) -0.024
Forced Pooling State×2018 0.070∗ 0.106∗ 0.049∗

(0.022) (0.020) -0.016
Forced Pooling State×2019 0.052 0.095∗ 0.067∗

(0.030) (0.033) -0.022
Observations 62823 2984 17408

Notes: Standard errors in parentheses, * p < 0.05. Controls not listed: Acres, Population, Median Age, Percent who
Speak English Only, Of Multi-Language Speakers, Percent who Speak English Very Well, Percent with up to HS
Education, Percent with Some College, Percent with Bachelor’s Degree (in reference to holding a graduate degree),
Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000, Percent of Homes with 2+ Beds, Percent
White, Percent Male. Demographic controls are zip-code level averages. Year FE included. SE clustered at county
level. Concessions for the 10 km sample are omitted in the year 2019 due to lack of observations.
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Table A.2: Diff-in-Diff OLS Regressions on Bonus Payment per Acre

All 10 km 40 km
Forced Pooling State -5.298 -39.233 -5.299

(3.562) (43.435) (4.465)
Forced Pooling State×2002 0.853 53.164 2.714

(1.560) (60.031) (2.709)
Forced Pooling State×2003 3.559 42.138 4.857

(2.559) (46.044) (4.408)
Forced Pooling State×2004 2.325 54.229 3.303

(1.739) (58.266) (3.268)
Forced Pooling State×2005 1.777 18.988 2.984

(1.843) (24.211) (3.630)
Forced Pooling State×2006 2.771 45.204 3.843

(2.396) (54.684) (3.717)
Forced Pooling State×2007 2.319 34.868 3.600

(1.766) (38.623) (3.436)
Forced Pooling State×2008 2.138 42.104 2.810

(2.314) (47.719) (3.104)
Forced Pooling State×2009 3.577 45.267 3.301

(2.780) (49.375) (3.480)
Forced Pooling State×2010 0.655 34.381 2.745

(1.155) (38.914) (3.115)
Forced Pooling State×2011 1.577 31.665 0.217

(2.181) (37.036) (2.030)
Forced Pooling State×2012 -0.883 41.148 -8.440

(0.973) (44.453) (9.474)
Forced Pooling State×2013 -0.764 33.734 -4.143

(1.229) (40.310) (2.568)
Forced Pooling State×2014 0.124 39.061 -0.900

(1.721) (44.087) (1.620)
Forced Pooling State×2015 -12.369∗ 279.943 -50.183

(4.846) (339.463) (41.031)
Forced Pooling State×2016 1.572 29.932 -0.176

(2.283) (36.773) (1.672)
Forced Pooling State×2017 -2.903∗ 48.932 1.698

(1.240) (54.481) (2.580)
Forced Pooling State×2018 -7.080 49.701 -0.948

(3.431) (56.244) (4.512)
Forced Pooling State×2019 -166.679 44.093 -103.310

(97.632) (51.805) (84.970)
Observations 62823 2984 17408

Notes: Standard errors in parentheses, * p < 0.05. Controls not listed: Acres, Population, Median Age, Percent who
Speak English Only, Of Multi-Language Speakers, Percent who Speak English Very Well, Percent with up to HS
Education, Percent with Some College, Percent with Bachelor’s Degree (in reference to holding a graduate degree),
Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000, Percent of Homes with 2+ Beds, Percent
White, Percent Male. Demographic controls are zip-code level averages. Year FE included. SE clustered at county
level. Concessions for the 10 km sample are omitted in the year 2019 due to lack of observations.
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Table A.3: Diff-in-Diff Negative Binomial Regressions on Entire Conces-
sion Bundle

All 10 km 40 km
Forced Pooling State 3.3933* 1.0929 1.9492

(1.3431) (1.2212) (1.0426)
Forced Pooling State×2002 0.4799 0.1430 0.3886

(0.2045) -1.4404 (0.2385)
Forced Pooling State×2003 2.5525* 2.4207 5.6838*

(1.1584) -2.671 (3.4100)
Forced Pooling State×2004 0.4709 2.3612 1.0042

(0.1900) -2.8112 (0.5499)
Forced Pooling State×2005 0.7206 3.7667 1.5324

(0.2923) (4.2705) (0.8496)
Forced Pooling State×2006 0.7951 0.7737 0.8618

(0.3264) (0.8824) (0.4801)
Forced Pooling State×2007 1.7805 3.0141 0.9818

(0.7470) (3.7166) (0.5646)
Forced Pooling State×2008 2.0790 1.3484 0.7133

(0.8642) (1.5378) (0.4111)
Forced Pooling State×2009 3.4264* 1.1178 8.4386*

(1.4593) -1.4084 (5.1994)
Forced Pooling State×2010 1.4604 1.7621* 2.9923

(0.5990) (0.2081) (1.7034)
Forced Pooling State×2011 0.8267 1.6619 1.3389

(0.3361) -1.8904 -0.7493
Forced Pooling State×2012 1.2217 1.9307 2.8276

(0.5039) -1.051 (1.6760)
Forced Pooling State×2013 1.5663 0.0172 2.6218

(0.6527) -0.0011 (1.4737)
Forced Pooling State×2014 1.924 8.2324 2.2853

(0.7930) (10.2670) (1.3110)
Forced Pooling State×2015 0.9454 2.0776 1.2126

(0.3887) -2.6344 -0.6963
Forced Pooling State×2016 1.5977 8.1271 1.7127

(0.6793) -13.4817 (1.0214)
Forced Pooling State×2017 2.5836* 2.3898 2.7524

(1.0626) -2.8969 (1.5361)
Forced Pooling State×2018 2.4425* 1.4907 2.5619

(1.0352) -9.2209 -1.5616
Forced Pooling State×2019 4.7117* — 2.085

(2.3061) — (1.4229)
Observations 17301 1903 6580

Notes: Incidence rate ratios (IRR) reported. An IRR below 1 indicates the incidence rate is decreasing, while an IRR
above 1 indicates the incidence rate is increasing. Standard errors in parentheses, * p < 0.05. Controls not listed:
Acres, Population, Median Age, Percent who Speak English Only, Of Multi-Language Speakers, Percent who Speak
English Very Well, Percent with up to HS Education, Percent with Some College, Percent with Bachelor’s Degree (in
reference to holding a graduate degree), Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000,
Percent of Homes with 2+ Beds, Percent White, Percent Male. Demographic controls are zip-code level averages.
Estimates for the concession bundles for the 10 km specification are omitted due to lack of observations.
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Table A.4: Diff-in-Diff Negative Binomial Regressions on Damage Protec-
tion Bundle

All 10 km 40 km
Forced Pooling State 4.8090* 1.1038 2.8564*

(1.8536) (1.1973) (1.4743)
Forced Pooling State×2002 0.3481* 0.3287 0.2987*

(0.1436) -1.9615 (0.1796)
Forced Pooling State×2003 1.7792 0.0008 3.8250*

(0.7943) (0.0018) -2.2475
Forced Pooling State×2004 0.4402* 2.3817 0.9095

-0.1724 (2.7657) (0.4787)
Forced Pooling State×2005 0.7951 4.5612 1.6944

(0.3161) (5.0495) (0.9147)
Forced Pooling State×2006 0.5977 1.1480 0.5866

(0.2382) (1.2722) (0.3158)
Forced Pooling State×2007 1.3610 2.9886 0.7837

(0.5626) (3.6264) -0.4421
Forced Pooling State×2008 1.3733 1.6209 0.5587

-0.5564 (1.7990) (0.3118)
Forced Pooling State×2009 2.7010* 0.0015 11.5662*

-1.1247 (0.0279) (7.8855)
Forced Pooling State×2010 0.9523 7.9692 1.8739

(0.3815) (9.2735) (1.0552)
Forced Pooling State×2011 0.7839 2.4568 1.3731

-0.3108 (2.7446) -0.7494
Forced Pooling State×2012 1.2476 0.0062 2.8637

-0.5044 (0.0661) (1.7382)
Forced Pooling State×2013 1.4322 0.0023 2.7630

-0.5875 (0.0084) -1.5334
Forced Pooling State×2014 1.5232 8.0208 1.5620

(0.6151) -9.7259 (0.8730)
Forced Pooling State×2015 0.7347 3.5974 1.2174

(0.2942) (4.7889) (0.6921)
Forced Pooling State×2016 1.9402 0.0359 1.5700

-0.8261 (0.0046) -0.9422
Forced Pooling State×2017 2.1924 5.6965 2.0832

-0.8852 (7.1900) (1.1273)
Forced Pooling State×2018 2.8627* 0.8899 2.8386

(1.2308) -0.0149 (1.8065)
Forced Pooling State×2019 3.3916* — 1.0760

-1.6974 — -0.739
Observations 17301 1903 6580

Notes: Incidence rate ratios (IRR) reported. An IRR below 1 indicates the incidence rate is decreasing, while an IRR
above 1 indicates the incidence rate is increasing. Standard errors in parentheses, * p < 0.05. Controls not listed:
Acres, Population, Median Age, Percent who Speak English Only, Of Multi-Language Speakers, Percent who Speak
English Very Well, Percent with up to HS Education, Percent with Some College, Percent with Bachelor’s Degree (in
reference to holding a graduate degree), Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000,
Percent of Homes with 2+ Beds, Percent White, Percent Male. Demographic controls are zip-code level averages.
Estimates for the concession bundles for the 10 km specification are omitted due to lack of observations.

158



Table A.5: Diff-in-Diff Negative Binomial Regressions on Legal Bundle

All 10 km 40 km
Forced Pooling State 1.3691 0.0286 0.0234

-1.0369 -0.0015 (0.0015)
Forced Pooling State×2002 1.0394 1.4863 1.9133

-0.8199 -1.151 (1.2608)
Forced Pooling State×2003 5.6734 1.5113 4.3485

-5.046 -2.9017 (2.8709)
Forced Pooling State×2004 0.5474 1.8397 2.9491

-0.4194 -1.4421 (1.9408)
Forced Pooling State×2005 0.9093 1.8439 1.6521

-0.6975 -1.441 (4.3008)
Forced Pooling State×2006 1.5622 1.8296 1.6846

-1.2138 -4.3709 (4.5108)
Forced Pooling State×2007 3.4508 1.8307 1.6315

-2.6945 -9.661 (4.1608)
Forced Pooling State×2008 6.2709* 1.4006 1.4844

-4.9246 -7.3809 (3.1908)
Forced Pooling State×2009 6.6982 * 4.4468 1.3130

-5.2547 -2.341 (2.0609)
Forced Pooling State×2010 4.3508 3.3208 1.3045

-3.3622 -10.7512 (2.0109)
Forced Pooling State×2011 0.8092 1.3963 1.3789

-0.6262 -7.3609 (2.5008)
Forced Pooling State×2012 1.3008 2.9513 1.1360

-1.0083 -1.5817 (8.9608)
Forced Pooling State×2013 1.7983 3.0392 1.8764

-1.4146 -19.2417 (5.7808)
Forced Pooling State×2014 3.2049 3.2089 1.1721

-2.4966 -1.891 (1.1309)
Forced Pooling State×2015 1.4337 2.0983 1.3546

-1.1258 -11.111 (2.3408)
Forced Pooling State×2016 1.4171 0.6291 1.6370

-1.133 -6.062 (4.2008)
Forced Pooling State×2017 1.9569 2.8145 1.8063

-1.5515 -1.613 (5.3108)
Forced Pooling State×2018 0.7117 6.5837 1.5036

-0.5671 -37.111 (3.3208)
Forced Pooling State×2019 12.0754* — 1.3775

-11.1008 — (2.4909)
Observations 17301 1903 6580

Notes: Incidence rate ratios (IRR) reported. An IRR below 1 indicates the incidence rate is decreasing, while an IRR
above 1 indicates the incidence rate is increasing. Standard errors in parentheses, * p < 0.05. Controls not listed:
Acres, Population, Median Age, Percent who Speak English Only, Of Multi-Language Speakers, Percent who Speak
English Very Well, Percent with up to HS Education, Percent with Some College, Percent with Bachelor’s Degree (in
reference to holding a graduate degree), Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000,
Percent of Homes with 2+ Beds, Percent White, Percent Male. Demographic controls are zip-code level averages.
Estimates for the concession bundles for the 10 km specification are omitted due to lack of observations.
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Table A.6: Probability of a Non-Zero Bonus Payment

All 10 km 40 km
Forced Pooling State -1.692* — -1.520*

-0.189 — (0.456)
Forced Pooling State×2002 — — —

— — —
Forced Pooling State×2003 — — —

— — —
Forced Pooling State×2004 — — —

— — —
Forced Pooling State×2005 — — —

— — —
Forced Pooling State×2006 — — —

— — —
Forced Pooling State×2007 — — —

— — —
Forced Pooling State×2008 — — —

— — —
Forced Pooling State×2009 — — —

— — —
Forced Pooling State×2010 0.161 — —

-0.159 — —
Forced Pooling State×2011 — — —

— — —
Forced Pooling State×2012 — — —

— — —
Forced Pooling State×2013 -0.118 — -0.381

-0.219 — (0.197)
Forced Pooling State×2014 — — —

— — —
Forced Pooling State×2015 0.338 — 0.130

-0.175 — (0.429)
Forced Pooling State×2016 — — —

— — —
Forced Pooling State×2017 — — —

— — —
Forced Pooling State×2018 — — —

— — —
Forced Pooling State×2019 — — —

— — —
Observations 55411 2310 13343

Notes: Many years of the full and 40 km sample and all years of the 10 km sample could not be estimated due to
very few occurrences of a nonzero bonus payment. Standard errors in parentheses, * p < 0.05. Controls not listed:
Acres, Population, Median Age, Percent who Speak English Only, Of Multi-Language Speakers, Percent who Speak
English Very Well, Percent with up to HS Education, Percent with Some College, Percent with Bachelor’s Degree (in
reference to holding a graduate degree), Median Income, Percent of Homes Owned, Percent of Homes Built Pre-2000,
Percent of Homes with 2+ Beds, Percent White, Percent Male. Demographic controls are zip-code level averages. Year
FE included. SE clustered at county level.
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Table A.7: SUR Residual Correlation Matrix for Royalty Rates and Bonus
Payments

Royalty Rate Bonus Payment
Royalty 1
Bonus 0.0718 1
Notes: The correlation matrix is based on the SUR estimates run on the entire sample using the royalty rates and bonus
payments per acre as the independent variables.The dependent variables remain the same for those point estimates
reported in Tables A.1 and A.2. The table reports the correlations of residuals between the royalty rate and bonus
payment estimation.
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Figure A.4: Predicted Royalty Rates over Time - 40 km
Notes: As can be seen in the above figure, at 40 km from the border, royalty rates for
landowners in both states behave almost identically as the entire sample. The rates
trend together for most of the sample and experience the same decline following
the fracking boom. Landowners in New Mexico also see the rebound toward the
end of the sample period. It is possible 40 km is too large a difference for geological
differences to be minimized. On average, landowners in New Mexico are predicted
to be able to secure more lucrative leases than landowners in Texas.

162



Figure A.5: Predicted Bonus Payments over Time - 40 km
Notes: As can be seen in the above figure, there are still no meaningful differences
in bonus payment secured by landowners in either state at 40 km of the border.
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Figure A.6: Predicted Concessions per Lease over Time - 40 km
Notes: As can be seen in the above figure, the behavior of the concessions terms
largely follows that of the entire sample. Landowners in New Mexico are predicted
to be able to secure significantly more concessions than landowners in Texas over
the entire sample period. It is possible 40 km is too large a difference for geolog-
ical differences to be minimized. All told, landowners in New Mexico contracting
under forced pooling are predicted to have significantly more protective leases than
landowners in Texas contracting under Rule 37.
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Figure A.7: Predicted Protection Concessions per Lease over Time - 40
km
Notes: As can be seen in the above figure, the behavior of the protective concessions terms
largely follows that of the entire sample. Landowners in New Mexico are predicted to be
able to secure significantly more protections for their home, property, and water supply than
landowners in Texas over the entire sample period. It is possible 40 km is too large a difference
for geological differences to be minimized. All told, landowners in New Mexico contracting
under forced pooling are predicted to have significantly more concessions protecting against
damage than landowners in Texas contracting under Rule 37.
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Figure A.8: Predicted Legal Concessions per Lease over Time - 40 km
Notes: As can be seen in the above figure, the behavior of the legal concessions terms largely
follows that of the entire sample. Landowners in New Mexico are predicted to be able
to secure slightly more legal protections than landowners in Texas over the entire sample
period. It is possible 40 km is too large a difference for geological differences to be minimized.
Landowners in New Mexico do experience a significant increase in predicted legal concessions
around 2009 and a significant decrease in predicted legal concessions around 2010–2012, or
during the fracking boom. All told, landowners in New Mexico contracting under forced
pooling are predicted to have slightly more concessions protecting against legal damage
than landowners in Texas contracting under Rule 37.
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Figure A.9: Predicted Probability of a Bonus Payment - 40 km
Notes: As can be seen in the above figure, there are many years when the predicted
probability of a New Mexico lease containing a bonus payment cannot be estimated
due to too few occurrences of a non-zero bonus. For the few years that the prob-
ability of both a Texas and a New Mexico lease containing a bonus payment can
be estimated, Texas leases are significantly more likely to contain bonus payments
than New Mexico leases. The trends for the sub-sample of leases within 40 km of
the border largely mirror the trends for the entire sample of leases for both states.
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Appendix B

Renewable Portfolio Standards Appendix

B.1 Replicating Prior Results

In this section we replicate the results in papers from which we borrow

empirical methods, Greenstone and Nath (2020) and Hollingsworth and Rudik

(2019). Table B.1 is a glossary of each variable used in this project, its definition,

and its source. Table B.2 replicates the summary statistics from Greenstone and

Nath’s Table 1. Differences are minor and result from differences in data sources.

We compile data on individual state RPSs from the Database of State Incentives for

Renewables and Efficiency (DSIRE) and use data from Hollingsworth and Rudik

(2019), whereas Greenstone and Nath (2020) use data from individual state

legislative documents, as well as the DSIRE database.

Those slight data differences help explain the small difference we see when we

replicate Greenstone and Nath’s Figure 3, which describes the main contribution we

borrow their paper, their calculation of the net RPS requirement. We replicate that

figure in Figure B.1. The two figures are quite similar, with one notable exception

being Arizona. Our calculations show Arizona’s net requirement seven years after its

RPS passage to be zero because it had existing renewables generation that exceeded

the requirement. Because we account for more nonadditional renewables, our results

will be likely to show less additional renewables caused by RPSs.
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In Table B.3 we replicate the first set of Greenstone and Nath (2020) results

(Table 2 in their paper). Using Greenstone and Nath’s main specification (Equation

9 in their paper), our results and theirs both show that RPSs raise retail electricity

prices. States’ average electricity prices rise by 1.3 cents per kWh seven years after

an RPS is enacted. Residential rates rise a bit more, commercial and industrial less.

Table B.4 replicates the second set of results from Greenstone and Nath (2020),

the effect of RPSs on CO2 emissions (Table 5 in their paper). We both find that

CO2 decreases after RPS passage, by 3 percent after 7 years and by 10 to 13 percent

after 12 years. Again, our results are largely similar to theirs, with minor differences

due to the data differences discussed above.

Next we turn to Hollingsworth and Rudik (2019). Table B.5 replicates their

summary statistics. Most of the data match, except for those describing RPS

requirements in the first two rows. Hollingsworth and Rudik (2019) compile their

own dataset of RPS requirements from state legislative documents and the DSIRE

database. We follow Greenstone and Nath (2020) and use RPS requirements from

the LBNL.

The approach we follow builds off Hollingsworth and Rudik (2019), but rather

than using their measure of out-of-state REC demand, we amend it by using net

out-of-state REC demand, subtracting from their measure the renewables each state

generates itself. Before making that change, we first replicate their results in Table

B.6 and Table B.7. Our results are similar to theirs. We both find that more

stringent RPS policies are associated with more natural gas generation and more

wind generation. Hollingsworth and Rudik (2019) additionally find that more
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stringent RPSs are associated with less coal generation. That difference comes from

our use of different data for RPS requirements.1

In sum, we measure RPS stringency using LBNL, we calculate generation and

emissions using EIA, and we gather information on individual state RPSs from

DSIRE. Our replications show that despite a few differences in the underlying data,

applying the methods of the other researchers yields similar results. RPSs are

associated with increasing electricity prices and wind generation and falling CO2

emissions.

B.2 Additional Tables and Figures

On the following pages are tables and figures that show the replications of

Greenstone and Nath (2020) and Hollingsworth and Rudik (2019), as well as full

estimations that correspond to Tables 3.3–3.7.

1Hollingsworth and Rudik (2019) generously posted online their data and code, facili-
tating this replication of their methodology and results.
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Table B.1: Data Sources and Descriptions

Variable Description Source
(1) (2) (3)

RPS Stringency

RPS Gross Requirement (TWh) On-books RPS requirement, by state and year LBNL
RPS Net Requirement (TWh) RPS requirement less renewable energy gener-

ated in year before RPS was passed, by state
and year

LBNL

Net Out-of-State REC Demand
(TWh)

Sum of given state’s trading partners’ RPS gross
requirement less their contemporaneous in-state
renewables generation, by state and year

LBNL, Hollingsworth and
Rudik (2019)

Total Net REC Demand (TWh) Total net REC demand each state faces, from
its own RPS goal and its out-of-state demand
(RPS Net Requirement + Net Out-of-State REC
Demand), by state and year

Created by Feldman and
Levinson

Outcome Variables

Coal (TWh) Coal generation, by state and year EIA
Natural Gas (TWh) Natural gas generation, by state and year EIA
Wind (TWh) Wind generation, by state and year EIA
Solar (TWh) Solar generation, by state and year EIA
Renewables (TWh) Total renewables generation, by state and year EIA
CO2 (MMT) CO2 emissions, by state and year EIA
SO2 (MMTs) SO2 emissions, by state and year EIA
NOx (MMTs) NOx emissions, by state and year EIA
Industrial Price (Cents per kWh) Price of retail electricity in industrial sector EIA, BLS

Continued on next page
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Table B.1 – Continued from Previous Page
Variable Description Source

(1) (2) (3)
Total Price (Cents per kWh) Price of retail electricity averaged across all sec-

tors
EIA, BLS

Residential Price (Cents per kWh) Price of retail electricity in residential sector EIA, BLS
Commercial Price (Cents per kWh) Price of retail electricity in commercial sector EIA, BLS
Other Covariates

Democratic State Legislature Con-
trol

Indicator for whether Democrats had control of
state house and senate

NCSL

Republican State Legislature Con-
trol

Indicator for whether Republicans had control of
state house and senate

NCSL

Split State Legislature Control Indicator for whether Democrats and Republi-
cans each controlled one chamber of the state
house and senate

NCSL

House Seats Won by Democrats Number of state house seats won by Democrats
in most recent election

Klarner (2018)

Senate Seats Won by Democrats Number of state senate seats won by Democrats
in most recent election

Klarner (2018)

House Seats Won by Republicans Number of state house seats won by Republicans
in most recent election

Klarner (2018)

Senate Seats Won by Republicans Number of state senate seats won by Republi-
cans in most recent election

Klarner (2018)

House Seats Won by Third Party Number of state house seats won by third party
in most recent election

Klarner (2018)

Senate Seats Won by Third Party Number of state senate seats won by third party
in most recent election

Klarner (2018)

GDP per Capita, Mining ($) Mining sector per capita GDP in each state BEA, DHHS, CDC
Continued on next page
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Table B.1 – Continued from Previous Page
Variable Description Source

(1) (2) (3)
GDP per Capita, Manufacturing ($) Manufacturing sector per capita GDP in each

state
BEA, DHHS, CDC

State GDP per Capita, Total ($) Statewide economy per capita GDP BEA, DHHS, CDC
Cost of Wind ($ per MWh) Average (across continental US) cost of installing

wind turbines each year, in dollars per MWh
generated

LBNL

Cost of Solar ($ per MWh) Average (across the continental US) cost of
installing utility-scale solar panels each year, in
dollars per MWh generated

LBNL

Wind Speed (m/s) Average wind speed in each state in 1998 NASA
Solar Irradiation (kWh/m2/day) Average solar irradiation (measured by direct

normal irradiance) in each state in 1998
NREL

Wind Instrument Cost of Wind × Wind Speed Created by Feldman and
Levinson

Solar Instrument Cost of Solar × Solar Irradiation Created by Feldman and
Levinson

Net Metering Indicator for if a state has a net metering pro-
gram

DSIRE, Hollingsworth and
Rudik (2019)

Mandatory Green Power Option Indicator for whether state has mandatory green
power option program

DSIRE, Hollingsworth and
Rudik (2019)

Public Benefits Fund Indicator for whether state has public benefits
fund program

DSIRE, Hollingsworth and
Rudik (2019)

LCV House Score League of Conservation Voters house score, by
state

Hollingsworth and Rudik
(2019), LCVS

LCV Senate Score League of Conservation Voters senate score, by
State

Hollingsworth and Rudik
(2019), LCVS

Continued on next page
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Table B.1 – Continued from Previous Page
Variable Description Source

(1) (2) (3)
Renewable Energy Lobby Indicator for whether state has chapter of Amer-

ican Solar Energy Society (ASES often lobbies
for renewables other than solar)

ASES

Total Net RECs Available to Buy
(TWh)

Number of RECs available for each state to pur-
chase (to use toward RPS goals); sum of given
state’s trading partners’ renewables generation
less their RPS requirements (counterpart to Net
Out-of-State REC Demand)

Created by Feldman and
Levinson

Electricity Sales (TWh) Total retail electricity sales, by state and year EIA
Notes: ASES = American Solar Energy Society; BEA = Bureau of Economic Analysis; BLS = Bureau of Labor Statistics; CDC = Centers for Disease Control and
Prevention; DSIRE = Database for State Incentives for Renewables and Efficiency; DHHS = Department of Health and Human Services; EIA = Energy Information
Administration; LBNL = Lawrence Berkeley National Laboratory; LCVC = League of Conservation Voters Scorecard; NCSL = National Conference of State
Legislatures; NREL = National Renewable Energy Laboratory.
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Table B.2: Replication of Statistics from Greenstone and Nath (2020)

Feldman and Levinson Greenstone and Nath
Variables (1) (2)
Total Price (Cents/kWh) 11.43 11.4

(3.51) —
Residential Price (Cents/kWh) 13.36 13.4

(3.82) —
Commercial Price (Cents/kWh) 11.82 11.8

(3.54) —
Industrial Price (Cents/kWh) 8.52 8.5

(3.06) —
CO2 Emission (MMTs) 47.95 48

(51.77) —
Total Generation (TWh) 80.46 80.5

(79.06) —
RPS Eligible Generation (TWh) 8.32 8.9

(16.25) —
RPS Eligible Generation (Percentage of Total) 12 13.5

— —
Total Capacity (GW) 20.26 20.3

(18.78) —
RPS Eligible Capacity (GW) 2.36 2.5

(4.66) —
RPS Eligible Capacity (Percentage of Total) 13 14.2

— —
Public Benefit Funds 0.36 0.41

(0.48) —
Net Metering 0.52 0.66

(0.5) —
Green Power Purchasing 0.08 0.07

(0.27) —
Observations 754 —

Notes: Column (1) is estimated using our data. Column (2) is copied Greenstone and Nath Table 1. Means and
standard deviation (in parentheses). Averaged over RPS states. Public Benefit Funds, Net Metering, and Green Power
Purchasing refer to the proportion of RPS states that have those programs. Standard deviations were not reported in
Greenstone and Nath Table 1. We report the standard deviations with our means, but not with theirs.
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Table B.3: Replication of Greenstone and Nath (2020): Effect of RPS Policies on Average Retail Electricity
Prices

Total Price Residential Price Commercial Price Industrial Price
(1b), F&L (1b), G&N (2b), F&L (2b), G&N (3b), F&L (3b), G&N (4b), F&L ( 4b), G&N

Mean, 7 years 0.345 0.36 0.231 0.21 0.352 0.39 0.739 0.80
(β3) (0.233) (0.23) (0.226) (0.23) (0.228) (0.22) (0.436) (0.46)
Trend 0.164 0.14 0.253* 0.22 0.102 0.09 0.019 0.01
(δ3) (0.096) (0.09) (0.101) (0.09) (0.101) (0.09) (0.104) (0.09)
Effect of RPS 7 1.329 1.22 1.749 1.51 0.964 0.92 0.856 0.89
Years After Passage (0.677) (0.58) (0.711) (0.62) (0.692) (0.60) (0.544) (0.49)
(6β3 + δ3

Mean, 12 Years 0.418 0.39 0.342 0.27 0.413 0.40 0.658 0.68
(β3) (0.304) (0.28) (0.300) (0.28) (0.305) (0.27) (0.395) (0.40)
Trend, 12 Years 0.140 0.14 0.211 0.19 0.084 0.09 0.057 0.07
(δ3) (0.083) (0.07) (0.088) (0.07) (0.091) (0.08) (0.095) (0.08)
Effect of RPS 12 1.957 1.91 2.668 2.41 1.337 1.39 1.290 1.46
Years after Passage (0.973) (0.77) (1.029) (0.87) (1.028) (0.87) (0.960) (0.80)
(11β3 + δ3
Mean at τ = −1 11.43 11.4 13.36 13.4 11.82 11.8 8.52 8.5
State Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes Yes Yes Yes Yes
Observations 1,300 1,300 1,300 1,300 1,300 1,300 1,300 1,300

Notes: Replicates Column b of Greenstone and Nath Table 2. Standard errors in parentheses. * p < 0.05.
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Table B.4: Replication of Greenstone and Nath (2020)

Panel A

log(CO2 Emissions), F&L log(CO2 Emissions), G&N
(1) (2)

Effect of RPS 7 Years after -0.033 -0.03
Passage (0.115) (0.11)
(6β3 + δ3)
Effect of RPS 12 Year after -0.103 -0.13
Passage (0.156) (0.14)
(11β3 + δ3)
Mean at τ = −1 47.95 MMTs 48.0 MMTs
State Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
Other State Programs Yes Yes
Observations 1,300 1,300

Panel B

log(CO2 Emissions), F&L log(CO2 Emissions), G&N
(1) (2)

7 Years after Passage -0.098 -0.10
(6β3 + δ3) (0.075) (0.06)
12 Year after Passage -0.173 -0.26
(11β3 + δ3) (0.123) (0.11)
State Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
Other State Programs Yes Yes
Observations 312 312
Notes: Replicates Table 5 in Greenstone and Nath. Standard errors in parentheses. Panel A reports analysis at the
state level. Panel B reports analysis at the REC market level. See Greenstone and Nath for a definition of each REC
market.
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Table B.5: Replication of Hollingsworth and Rudik (2019): Summary
Statistics

Feldman and Levinson Hollingsworth and Rudik
Variables (1) (2)
In-State Requirement (TWh) 0.878 1.55

(3.788) (6.48)
Out-of-State Requirement (TWh) 6.172 11.03

(13.68) (21.69)
Wind (TWh) 0.765 0.75

(2.647) (2.61)
Solar (TWh) 0.0248 0.02

(0.168) (0.12)
Coal (TWh) 36.84 36.40

(35.73) (35.44)
Natural Gas (TWh) 14.59 12.90

(31.23) (26.53)
LCV State Senate Score 48.44 48.44

(33.97) (33.97)
LCV State House Score 45.92 45.92

(26.72) (26.72)
REC Multiplier Level 0.027 0.03

(0.184) (0.18)
ACP Binary 0.095 0.10

(0.294) (0.29)
ACP Level: Primary 4.525 4.53

(15.09) (15.09)
ACP Level: Secondary 1.298 1.30

(8.166) (8.17)
Unbundled RECs Binary 0.195 0.20

(0.397) (0.40)
Years of REC Banking 0.406 0.41

(1.079) (1.08)
Mandatory Green Power Option Binary 0.063 0.06

(0.243) (0.24)
Public Benefits Fund Binary 0.240 0.24

(0.427) (0.43)
Lagged Retail Electricity Price 7.976 7.98

(3.071) (3.07)
Median Income $100k 0.550 0.55

(0.086) (0.09)
RGGI Membership Dummy 0.055 0.06

(0.229) (0.23)
RGGI Membership ´ RGGI CO2 Allowance Price 0.136 0.14

(0.577) (0.58)
Observations 1,050 1,050

Notes: Replicates Table A1 in Hollingsworth and Rudik. Means reported, standard deviation in parentheses. Averaged
over all states in the sample. The main discrepancy between our data set and Hollingsworth and Rudik’s is the in-state
and out-of-state REC requirements. Our data come from the LBNL database; Hollingsworth and Rudik’s come from
the DSIRE database and state documents. RGGI = Regional Greenhouse Gas Initiative (northeastern states).
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Table B.6: Replication of Hollingsworth and Rudik (2019): Effect of RPS Stringency on Generation

Coal (TWh) Coal (TWh) Natural Gas (TWh) Natural Gas (TWh) Wind (TWh) Wind (TWh)
(1a), F&L (1b), H&R (2a), F&L (2b), H&R (3a), F&L (3b), H&R

Out-of-State -0.049 -0.067* -0.129* -0.027 0.014 0.000
Requirement (TWh) (0.058) (0.032) (0.056) (0.039) (0.020) (0.001)
In-State -0.050 -0.130* 0.312* 0.240* 0.134* 0.073*
Requirement (TWh) (0.138) (0.076) (0.148) (0.101) (0.041) (0.018)
Observations 1,050 1,050 1,050 1,050 1,050 1,050
Notes: Replication of Hollingsworth and Rudik Table 1. Standard errors in parentheses. * p<0.05.

Table B.7: Replication of Hollingsworth and Rudik (2019): Effect of RPS Stringency on Generation after
Dropping Nonparallel Trends

Coal (TWh) Coal (TWh) Natural Gas (TWh) Natural Gas (TWh) Wind (TWh) Wind (TWh)
(1a), F&L (1b), H&R (2a), F&L (2b), H&R (3a), F&L (3b), H&R

Out-of-State -0.033 -0.057* -0.077 -0.007 0.026 0.013*
Requirement (TWh) (0.047) (0.012) (0.041) (0.014) (0.017) (0.003)
In-State 0.002 -0.113* 0.410* 0.304* 0.137* 0.075*
Requirement (TWh) (0.109) (0.029) (0.164) (0.033) (0.027) (0.007)
Observations 903 903 903 903 1,029 1,029
Notes: Replication of Hollingsworth and Rudik Table 2. Standard errors in parentheses. * p<0.05. States that did not have parallel trends were dropped. See
Hollingsworth and Rudik (2019) for details.
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Table B.8: Full Regression of REC Demand on Generation and Emissions

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions (MMT)
(1) (2) (3) (4) (5)

Total Net REC -0.400* 0.02 0.015 0.001 -0.364*
Demand (TWh) (0.033) (0.049) (0.018) (0.001) (0.027)
LCV House Score 0.009 0.024 -0.002 0.014* 0.003

(0.015) (0.023) (0.008) (0.003) (0.013)
LCV Senate Score -0.019 -0.011 -0.007 -0.001 -0.018*

(0.011) (0.016) (0.006) (0.002) (0.009)
Mandatory Green Power Option 2.904* -5.101* 7 2.429* -0.462* 1.719*

(1.046) (1.563) (0.582) (0.187) (0.869)
Public Benefits Fund 0.618 -3.374* -2.106* 0.286 -1.342

(0.848) (1.267) (0.472) (0.151) (0.705)
Net Metering -1.210 0.248 -1.671* -0.066 -1.335*

(0.727) (1.086) (0.405) (0.130) (0.604)
Restructured Electricity Market 0.043 1.380 2.673* -0.672* -0.114

(0.853) (1.275) (0.475) (0.152) ( 0.709)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes Yes
Observations 1530 1530 1530 1530 1530
R2 0.96 0.91 0.47 0.3 0.98
Notes: Standard errors in parentheses. * p<0.05. This table shows the full estimation of Equation 3.4.
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Table B.9: Full Regression of In-State and Out-of-State REC Demand on Generation and Emissions

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions (MMT)
(1) (2) (3) (4) (5)

Net In-State REC -0.476* 1.081* 0.873* 0.333* -0.484*
Demand (TWh) (0.103) (0.150) (0.052) (0.016) (0.085)
Net Out-of-State REC -0.385* -0.183* -0.149* -0.062* -0.3410*
Demand (TWh) (0.038) (0.055) (0.019) (0.006) (0.031
LCV House Score 0.010 0.010 -0.014 0.009* 0.005

(0.015) (0.022) (0.008) (0.002) (0.013)
LCV Senate Score -0.018 -0.019 -0.013* -0.004* -0.017

(0.011) (0.016) (0.006) (0.002) (0.009)
Mandatory Green 2.800* -3.651* 3.601* -0.009 1.555
Power Option (1.054) (1.546) (0.533) (0.163) (0.875)
Public Benefits Fund 0.628 -3.514* -2.219* 0.242 -1.326

(0.848) (1.244) (0.429) (0.131) (0.704)
Net Metering -1.212 0.277 -1.648* -0.057 -1.338*

(0.727) (1.066) (0.368) (0.112) (0.604)
Restructured Electricity 0.080 0.861 2.253* -0.834* -0.056
Market (0.854) (1.253) (0.432) (0.132) (0.710)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Observations 1,530 1,530 1,530 1,530 1,530
R2 0.96 0.91 0.57 0.48 0.98
Notes: Standard errors in parentheses. * p<0.05. This table shows the full estimation of Equation 3.5.

181



Table B.10: RPS Requirements and Retail Electricity Prices

Industrial Price Total Price Commercial Price Residential Price
(Cents per kWh) (Cents per kWh) (Cents per kWh) (Cents per kWh)

(1) (2) (3) (4)
Net In-State REC -0.094* -0.090* -0.131* -0.064*
Demand (TWh) (0.02) (0.019) (0.019) (0.021)
Net Out-of-State REC -0.019* -0.016* -0.026* -0.019*
Demand (TWh) (0.007) (0.007) (0.007) (0.008)
LCV House Score -0.010* -0.008* -0.009* -0.007*

(0.003) (0.003) (0.003) (0.003)
LCV Senate Score 0.004 0.006* 0.004* 0.008*

(0.002) (0.002) (0.002) (0.002)
Mandatory Green Power Option -0.661* -0.702* -0.609* -0.924*

(0.202) (0.192) (0.197) (0.212)
Public Benefits Fund 0.974* 1.075* 1.158* 0.965*

(0.162) (0.154) (0.158) (0.171)
Net Metering 0.327* 0.166 0.189 0.017

(0.139) (0.132) (0.136) (0.146)
Restructured Electricity Market -0.677* -0.814* -0.937* -1.023*

(0.164) (0.155) (0.160) (0.172)
State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Other State Programs Yes Yes Yes Yes
Observations 1530 1530 1530 1530
R2 0.86 0.89 0.88 0.89
Notes: Standard errors in parentheses. * p<0.05. This table shows the full estimation of Equation 3.5 using average retail electricity prices as dependent variables.
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Table B.11: First-Stage IV Results: Net In-State REC Demand

Net In-State REC Demand (TWh)
All Instruments Instruments with

Complete Observations
Variables (1) (2)
Solar Instrument -0.007*

(0.003)
Wind Instrument -0.005

(0.003)
Net Out-of-State -0.003 0.017*
REC Supply (TWh) (0.007) (0.002)
Democratic State -0.686 0.371*
Legislature Control (0.376) (0.179)
Split State -0.997* 0.091
Legislature Control (0.356) (0.168)
Percentage of State House 0.267
Seats Won by Democrats (2.021)
Percentage of State Senate 2.480*
Seats Won by Democrats (0.772)
Percentage of State House -14.29
Seats Won by Third Party (21.85)
Percentage of State Senate 18.66
Seats Won by Third Party (14.42)
State GDP per Capita, Mining -349.000* -7.750
Sector (Millions of $) (85.900) (34.100)
State GDP per Capita, Manufacturing 1.110 236.000*
Sector (Millions of $) (189.000) (56.400)
State GDP per Capita, Total 356.000* 17.200*
(Millions of $) (45.700) (8.720)
Renewable Energy Lobby 0.292 -0.443*

(0.637) (0.199)
State Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
Observations 576 1,530
F statistic 28.85 16.94
Notes: Standard errors in parentheses. * p<0.05. This table shows the first stage of 2SLS instrumental variable
approach for the in-state demand instrument. Column (1) reflects the first specification, which includes all instruments.
Column (2) reflects the second specification, which includes only those instruments that have observations for all state-
years.
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Table B.12: First-Stage IV Results: Net Out-of-State REC Demand

Net Out-of-State REC Demand (TWh)
All Instruments Instruments with

Complete Observations
Variables (1) (2)
Solar Instrument 0.026*

(0.005)
Wind Instrument -0.050*

(0.006)
Net Out-of-State -0.064* -0.028*
REC Supply (TWh) (0.015) (0.006)
Democratic State -1.663* 0.925
Legislature Control (0.801) (0.490)
Split State -3.736* -1.113*
Legislature Control (0.758) (0.458)
Percentage of House -0.612
Seats Won by Democrats (4.306)
Percentage of Senate 1.675
Seats Won by Democrats (1.645)
Percentage of House -202.100*
Seats Won by Third Party (46.540)
Percentage of Senate 61.830*
Seats Won by Third Party (30.710)
State GDP per Capita, Mining 498.000* -243.000*
Sector (Millions of $) (183.000) (93.300)
State GDP per Capita, Manufacturing 961.000* 112.000
Sector (Millions of $) (402.000) (154.000)
State GDP per Capita, Total -38.100 184.000*
(Millions of $) (97.400) (23.800)
Renewable Energy Lobby -1.225 -0.424

(1.357) (0.543)
State Fixed Effects Yes Yes
Year Fixed Effects Yes Yes
Observations 576 1,530
F statistic 53.07 24.48
Notes: Standard errors in parentheses. * p<0.05. This table shows the first stage of instrumental variable approach
for the out-of-state demand instrument. Column (1) reflects the first specification, which includes all instruments.
Column (2) reflects the second specification, which includes only those instruments that have observations for all
state-years.

184



Table B.13: Full IV Results: Total Net REC Demand on Electricity and Carbon

Panel A

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions(MMT)
(1) (2) (3) (4) (5)

Total Net REC -0.517* 0.417* -0.126* -0.044* -0.336*
Demand (TWh) (0.0825) (0.086) (0.045) (0.020) (0.062)
LCV House Score 0.040 0.003 0.014 0.024* 0.033

(0.027) (0.029) (0.015) (0.007) (0.021)
LCV Senate Score -0.035 -0.016 -0.016 -0.006 -0.035*

(0.021) (0.022) (0.011) (0.005) (0.016)
Mandatory Green 9.946* -9.682* -1.479 -0.594 5.735
Power Option (4.034) (4.199) (2.176) (0.994) (3.027)
Public Benefits Fund 2.614 3.599 -1.828 -0.432 2.872

(3.038) (3.163) (1.639) (0.749) (2.280)
Net Metering 3.448 1.945 0.787 -0.699 4.340*

(2.069) (2.153) (1.116) (0.510) (1.553)
Restructured Electricity 92.560* 160.600* 45.160* 1.013 182.200*
Market (2.803) (2.918) (1.513) (0.691) (2.104)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Observations 576 576 576 576 576
R2 0.96 0.97 0.81 0.53 0.99

Panel B

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions(MMT)
(1) (2) (3) (4) (5)

Total Net REC 0.197 -1.280* 0.171* 0.033 -0.396*
Demand (TWh) (0.149) (0.244) (0.077) (0.024) (0.112)
LCV House Score 0.034 -0.030 0.004 0.015* 0.002

(0.017) (0.029) (0.090) (0.003) (0.013)
LCV Senate Score -0.027* 0.008 -0.009 -0.002 -0.018*

(0.012) (0.020) (0.006) (0.002) (0.009)
Mandatory Green 3.636* -6.694* 2.621* -0.423* 1.680*
Power Option (1.139) (1.870) (0.586) (0.186) (0.854)
Public Benefits Fund -0.889 -0.095 -2.500* 0.205 -1.261

(0.982) (1.613) (0.506) (0.160) (0.737)
Net Metering -0.415 -1.482 -1.463* -0.024 -1.378*

(0.805) (1.322) (0.415) (0.131) (0.604)
Restructured Electricity -2.450* 6.804* 2.021* -0.805* 0.019
Market (1.098) (1.803) (0.565) (0.179) (0.824)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes
Observations 1,530 1,530 1,530 1,530 1,530
R2 0.95 0.86 0.45 0.29 0.98

Notes: Standard errors in parentheses. * p<0.05. This table shows the full IV results of instrumenting for total (combined in-state and out-of-state) RPS stringency
on electricity generation and carbon emissions. Panel A shows the results from the first specification, which includes all instrumental variables, some of which are not
available for all state-years in our sample. Panel B shows the results from the second specification, which includes only those instruments that have observations for
all state-years.
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Table B.14: Full IV Results: In- and Out-of-State REC Demand on Electricity and Carbon

Panel A

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions(MMT)
(1) (2) (3) (4) (5)

Net In-State 0.317 -1.166* 0.744* 0.937* -0.298
REC Demand (TWh) (0.381) (0.410) (0.194) (0.086) (0.275)
Net Out-of-State -0.628* 0.627* -0.242* -0.175* -0.341*
REC Demand (TWh) (0.099) (0.107) (0.051) (0.023) (0.072)
LCV House Score 0.010 0.060 -0.017 -0.011 0.032

(0.032) (0.034) (0.016) (0.007) (0.023)
LCV Senate Score -0.034 -0.018 -0.015 -0.004 -0.035*

(0.022) (0.023) (0.011) (0.005) (0.016)
Mandatory Green 11.050* -11.780* -0.327 0.705 5.785
Power Option (4.230) (4.547) (2.156) (0.959) (3.054)
Public Benefits Fund 4.491 0.038 0.131 1.776* 2.957

(3.273) (3.518) (1.668) (0.742) (2.363)
Net Metering 2.851 3.078 0.164 -1.401* 4.313*

(2.171) (2.334) (1.107) (0.492) (1.567)
Restructured Electricity 83.960* 176.900* 36.180* -9.104* 181.800*
Market (4.816) (5.177) (2.455) (1.092) (3.478)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes

Panel B

Coal (TWh) Natural Gas (TWh) Wind (TWh) Solar (TWh) CO2 Emissions(MMT)
(1) (2) (3) (4) (5)

Net In-State 3.000* -4.338* 1.306* 0.574* 1.107*
REC Demand (TWh) (0.487) (0.761) (0.189) (0.060) (0.335)
Net Out-of-State -0.287 -0.751* -0.025 -0.061* -0.655*
REC Demand (TWh) (0.198) (0.310) (0.077) (0.024) (0.137)
LCV House Score -0.002 0.009 -0.011 0.008* -0.017

(0.022) (0.035) (0.009) (0.003) (0.015)
LCV Senate Score -0.049* 0.032 -0.018* -0.006* -0.029*

(0.015) (0.024) (0.006) (0.002) (0.010)
Mandatory Green 7.458* -10.860* 4.168* 0.314 3.729*
Power Option (1.528) (2.388) (0.594) (0.187) (1.052)
Public Benefits Fund -1.357 0.416 -2.690* 0.114 -1.513

(1.209) (1.890) (0.470) (0.148) (0.832)
Net Metering -0.285 -1.623 -1.411* 0.001 -1.308

(0.989) (1.546) (0.385) (0.121) (0.681)
Restructured Electricity -3.973* 8.465* 1.404* -1.099* -0.797
Market (1.371) (2.142) (0.533) (0.168) (0.944)
State Fixed Effects Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes

Notes: Standard errors in parentheses. * p<0.05. This table shows the full results of instrumenting for in-state and out-of-state RPS stringency on electricity
generation and carbon emissions. Panel A shows the results from the first specification of instruments, which includes all instrumental variables, some of which are
not available for all state-years in our sample. Panel B shows the results from the second specification, which includes only those instruments that have observations
for all state-years
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Table B.15: Full IV Results: REC Demand on Electricity Prices

Panel A

Industrial Price Total Price Commercial Price Residential Price
(Cents per kWh) (Cents per kWh) (Cents per kWh) (Cents per kWh)

(1) (2) (3) (4)
Net In-State REC Demand (TWh) -0.047 -0.085 -0.129* -0.050

(0.052) (0.053) (0.055) (0.058)
Net Out-of-State REC Demand (TWh) -0.027* -0.026 -0.038* -0.020

(0.014) (0.014) (0.014) (0.015)
LCV House Score -0.018* -0.015* -0.015* -0.015*

(0.004) (0.004) (0.005) (0.005)
LCV Senate Score -0.006* -0.003 -0.007* 0.001

(0.003) (0.003) (0.003) (0.003)
Mandatory Green Power Option -1.813* -1.865* -1.764* -2.223*

(0.576) (0.588) (0.606) (0.641)
Public Benefits Fund -0.173 -0.487 -0.273 -0.559

(0.445) (0.455) (0.469) (0.496)
Net Metering 0.0358 0.295 0.508 0.364

(0.295) (0.302) (0.311) (0.329)
Restructured Electricity Market 0.687 0.809 -0.765 0.852

(0.656) (0.669) (0.691) (0.730)
State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes

Panel B

Industrial Price Total Price Commercial Price Residential Price
(Cents per kWh) (Cents per kWh) (Cents per kWh) (Cents per kWh)

(1) (2) (3) (4)
Net In-State REC Demand (TWh) 0.035 0.101 0.169* 0.140

(0.073) (0.072) (0.078) (0.081)
Net Out-of-State REC Demand (TWh) 0.061* 0.075* 0.065* 0.089*

(0.030) (0.030) (0.032) (0.033)
LCV House Score -0.006 -0.004 -0.006 -0.003

(0.003) (0.003) (0.004) (0.004)
LCV Senate Score 0.003 0.004 0.001 0.005*

(0.002) (0.002) (0.002) (0.003)
Mandatory Green Power Option -0.498* -0.455* -0.218 -0.662*

(0.229) (0.227) (0.243) (0.253)
Public Benefits Fund 0.748* 0.795* 0.823* 0.643*

(0.181) (0.179) (0.192) (0.200)
Net Metering 0.444* 0.310* 0.359* 0.183

(0.148) (0.147) (0.158) (0.164)
Restructured Electricity Market -1.062* -1.300* -1.539* -1.577*

(0.205) (0.203) (0.218) (0.227)
State Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes

Notes: Standard errors in parentheses. * p<0.05. This table shows the full results of instrumenting for in-state and out-of-state RPS stringency on electricity prices.
Panel A shows the results from the first specification of instruments, which includes all instrumental variables, some of which are not available for all state-years in
our sample. Panel B shows the results from the second specification, which includes only those instruments that have observations for all state-years.
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Figure B.1: Replication of Figure 3 of Greenstone and Nath (2020)
Notes: This figure replicates Figure 3 from Greenstone and Nath (2020). It shows each state’s
RPS requirement 7 years after RPS passage, in the black rectangles. The light blue shading
shows the renewables generated in each state in the year before RPS passage that are eligible
to be used toward the RPS. The figure above and Figure 3 in Greenstone and Nath (2020)
are quite similar, with differences in Arizona, where Greenstone and Nath do not consider
Arizona’s renewables to be eligible, whereas we do. We also leave Kansas’s RPS slot blank
because Kansas passed an RPS in 2009 but repealed it in 2015, less than 7 years later.
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