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Abstract
In every oil- and gas-producing state, landowners are subject to some type
of eminent domain policy that can coerce them into leasing their mineral rights
to developers. At least 38 states employ forced pooling, the most common of
these policies, and the most widely criticized for being unfair to landowners.
The only top oil and gas-producing state that does not use forced pooling is
Texas. It uses a policy called Rule 37, which has received much less criticism. Using a dataset containing details for nearly 100,000 leases at the New
Mexico-Texas border, I examine outcomes (royalty rate, bonus payment, and
concessions terms) for landowners under each state’s policy. 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.
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“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
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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
force owners of the remaining acreage to join the pool and contract, “a process which
has been derided as ‘private eminent domain.’” 3, 4
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Robertson (2018)
Baca (2011)
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Lynch (2018), Young (2019)
4
The 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.
2
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These state-specific minimum thresholds vary widely. For example, Tennessee
requires developers to acquire 50% of the land needed to drill a well before applying
for forced pooling, Ohio requires 65%, and New Mexico requires 75%. 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
to contract. But since Texas does not have unitization laws, 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
5

Sylvester and Malmsheimer (2015)
Technically, 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.
7
Hunt (2012), Baca (2011), Jaffe (2016)
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Testimonials from landowners can be found in the Appendix.
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Goodrich (2017), Sartain (2013)
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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—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, 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 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
restriction 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
3

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 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 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 poling is indeed worse for landowners, I expect to see
consistently worse leases in New Mexico. I find that, on average, contracting in New
Mexico under forced pooling laws is associated with about a two percentage point
larger royalty rate, relative to contracting in Texas under Rule 37. 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.
11

The damage protection bundle consists of 6 concessions: Environmental Clause, Damages
Clause, Use of Water Clause, Removal of Equipment Clause, Burial of Equipment Clause, and No
Well Clause. The legal protection bundles costs 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 the Appendix.
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These results are useful for quickly and easily seeing which state is associated
with better leasing outcomes during the sample period. However, the identification
is 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.
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 under forced pooling land? 12 The fracking boom, which arrived
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 how much of the increased profits from fracking were passed onto them, following the boom. 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.
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
12

Fracking 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 imaging technology, it made extracting oil and gas from shale rock economically feasible, leading to a boom for the
oil and gas industry.
13
Natural Gas Intel (2020)
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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 Texas landowners 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 specifically because they are the group with relatively less bargaining power. 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. 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 contracting after forced pooling is ordered in New Mexico is
associated with about a one percentage point higher royalty rate, about $11.50 higher
bonus payment per acre, an increased likelihood of having a concession from the entire bundle by a factor of two. 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 the identification thus far is likely imperfect, I run two robustness checks.
First, some time-invariant differences that affect leasing outcomes will still be present.
One of these differences is the difference in geology. If one state has more productive
geology, on average, that state may have more lucrative leases for that reason alone.
14

Following 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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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 KM
of the New Mexico–Texas border. 15 The differences in royalty rates are even larger,
and the differences in 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.
Second, due to the 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 are some landowners who may have lucrative
leases in all three dimensions, and some who have relatively worse leases in all three
dimensions. This means rich, educated landowners with access to lawyers and consultants may have an easier time protecting their home, property, and water supply.
Unsurprisingly, within the last decade, there have been increasing concerns that en15
The sample of leases that considers early and late landowners contains too few observations
at the border, which is why it is excluded from this robustness check.
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vironmental 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, 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. One potential explanation that has
been offered up by prior research for the correlated residuals and lease outcomes that
I find is environmental injustice. However, I see no correlation between any of the
demographic characteristics mentioned above and leasing outcomes in either state.
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 vs. late contractors—all favor landowners who contract under 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.
16
17

Timmins and Vissing (2017), Carre (2012), Avery (2020), Siegel (2020), Jalbert (2016)
Department of Energy (2021)
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Brief Background on Oil & Gas
Oil and gas extraction in the United States has a long history. Three topics are

relevant to the research question 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 Rule 37 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 but fewer overall wells than Texas. 18 The third is the
fracking boom. Drillers increasingly invoked Rule 37 following the fracking boom,
which was not widely used in Texas (at least on the Delaware Basin) before that time.

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% of that parcel before applying for forced pooling. After forced pooling has been granted, the oil and gas firm can use it to coerce
the landowners of the remaining 25% of the parcel to contract. These remaining
landowners have two choices: sign the contract is offered to them by an oil and gas
firm, or refuse to sign and receive a state-mandated minimum royalty payment and
state-mandated minimum property and legal protections. 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% of their share of the drilling costs. 19 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 a royalty payments can
be received.
18
19

Vissing (2017)
Harder(2014)
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In Texas, 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. 20 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. If granted,
a firm can drill near or under (laterally) the affected landowner’s property without
compensating the landowner whatsoever for mineral extraction. 21
The differences between the two states’ policies can be seen in a very simple
hypothetical example in Figure 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% 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%
(the red dots) to contract after compulsory pooing 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, 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 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
20
21

Vissing (2017)
Ibid.
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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 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 Texas than in New Mexico.
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 state-mandated minimum royalty payments and property
protections. However, they face the additional risk penalty of 200% 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. 22

2.1.1

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.
22
Reasonable 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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In New Mexico, the early contractors are the landowners of the first 75% of the
land, who signed contracts before compulsory pooling was ordered. The late contractors own the remaining 25% of the land. In Figure 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’ decision to drill and 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, 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
12

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. Therefore I expect late contractors in Texas to have less
bargaining power than late contractors in New Mexico.

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. 23 Coordinated drilling
has historically led to the most productive and profitable oil extraction. 24 Recently,
Vissing (2017) confirms this result for both oil and gas extraction, in light of fracking and horizontal drilling technology: about twice as much oil is recovered and 71%
more gas is recovered per well in New Mexico, under coordinated drilling, than in
Texas, without it. 25
23

Libecap and Wiggins (1984)
Libecap and Wiggins (1985)
25
Vissing (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.
24
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Landowners are compensated via the royalty rate—a percentage of the profits oil
and gas firms 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.

2.3

Fracking

The fracking boom in the Delaware Basin had two important consequences for
leasing. First, more landowners than ever began contracting under these eminent
domain policies. The fracking boom was accompanied by a leasing boom, as drillers
raced to accumulate newly profitable land. 26 Increased oil and gas leasing was ubiquitous in the United States, including in New Mexico and Texas. Before the fracking
boom, Rule 37 was 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, its 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
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.
Second, fracking increased the profitability of drilling, 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, includes asking whether forced
26

Zuckerman (2014)
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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 depends on whether landowners contracting under forced pooling saw
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?

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. The
average lease in New Mexico has a higher royalty rate (17%) than the average lease
in Texas (14%) while 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% of the leases in the sample had
a non-zero 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 bonus payments vary widely. Other 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 firm. 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 2. The average lease in New Mexico

15

has more of most concessions terms than the average lease in Texas, but again, most
of the means reported in Table 2 have large standard deviations. Definitions for each
clause can be found in the Appendix.
Enverus, an oil and gas data aggregator, generously provided access to leases in
the Delaware Basin, which overlays the New Mexico-Texas border. 27 The Delaware
Basin is part of the larger Permian Basin, a mature oil and gas field, with drilling dating back to the 1920s. 28 Fracking and horizontal drilling technology were introduced
to the Permian towards the end of the U.S. fracking boom, around 2010–2012. 29 In
line with the subsequent 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 they were signed. The
remaining sample includes on leases signed in the Delaware Basin—in New Mexico
and in Texas—from 2001 to 2019. 30
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
27

The 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.
28
Natural Gas Intel (2020)
29
Ibid.
30
The 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.
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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 in Texas and
whether the contract was signed before or after the eminent domain policy took force.
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 2. If forced pooling is better for landowners
than Rule 37, 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.

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. 31 Damage protection clauses place limits on a driller’s
activities in order to prevent damage to a landowner’s property, improvements, and
water supply. They may also spell out what, if any, repairs or compensation a driller
31

Following Timmins and Vissing (2017), the full list of clauses are as follows: environmental, damages, water protection, use of water, surface access, pollution, removal of equipment,
burial of equipment, no well, pooling, indemnity, forfeiture, lien, ancillary, force majeure, and
post-production costs. Definitions of these clauses can be found in the Appendix.
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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.

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. 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 under forced pooling
from the effects that income, education, and home value have on contracting.
Timmins and Vissing (2017) investigate if environmental injustice is present in
the leasing process in Tarrant 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 explanation they offer is that the ability to
speak English well may improve a landowner’s ability to bargain on a lease. I do not
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observe whether individual landowners speak English, but as a proxy I include the
proportion of the local population that speaks English well. Descriptive statistics
for these demographic data can be found in Table 3. I also include the demographic
data for the sub-sample of lessors who signed leases at the border. The average
landowner leasing land in New Mexico seems quite similar to the average landowner
leasing land in Texas, both for the entire sample and at the border, for the majority
of the demographic characteristics reported in Table 3.

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 fracking boom,
and was that change greater or smaller for leases signed under forced pooling land?,
and (3) do late-contracting landowners negotiate better leases under forced pooling
or Rule 37? I then perform two robustness checks. First, because the identification of
the first two questions 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. 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 on average, before and after the fracking boom, for
late-contracting landowners, and for landowners at the border.

4.1

Basic Regression

To answer the first question and estimate whether forced pooling and unitization
in New Mexico offers landowners better contracts than Rule 37 in Texas over the
entire sample I run the following regression for royalty rates and bonus payments:
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ylsy = β0 + β1 Forced-Poolingls + δ 0 X + θy + lsy

(1)

where ylsy is either 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.
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 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 than landowners
in Texas. The difference in bonus payments is not statistically different between the
two states.
I 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. Many 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. The underlying model equation is:
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log(ŷlsy ) = β0 + β1 Forced-Poolingls + δ 0 X + θy

(2)

where ylsy are the concessions bundles and the right-hand side variables are defined
as in Equation 1. The model is estimated via maximum likelihood. Equation 2 can
be re-written as:

0

0

ŷlsy = eβ0 +β1 Forced-Poolingls +δ X+θy = eβ0 eβ1 Forced-Poolingls eδ X eθy

(3)

Equation 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 2. Table 5 shows that the 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.
This basic regression controls for demographic and lease characteristics, but even so,
the identification is likely imperfect. To control for any confounding time-varying
mechanisms that affect leasing outcomes, I turn to the second question.

4.2

Before and After Fracking

To answer the second question and see whether one policy is relatively better
for landowners following the fracking boom, 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:
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ylsy = β0 + β1 Forced-Poolingls + β2 Lease-Yearly
+ β3 Forced-Poolingls ∗ Lease-Yearly + δ 0 X + lsy

(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. Estimating Equation 4 allows me to
see how royalty rates and bonus payments changed after the onset of fracking under
forced pooling and Rule 37. 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 4 using royalty as the outcome variable, can be seen in Figure 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.
It seems that in both states, after the onset of fracking between 2010-2012, royalty
rates fall for landowners initially, suggesting that neither policy offers landowners
any of the gains from fracking that drillers saw. However, it does seem that royalty
rates for Texas landowners fall more drastically. In two of the years following the
fracking boom, 2012 and 2014, royalty rates are about three percentage points higher
in New Mexico than Texas, and this difference is significant at the 5% level.
Starting around 2015, in line with the increase in use of Rule 37, the royalty
rates for New Mexican landowners begin to increase relative to royalty rates for
Texan landowners, though the royalty rate in New Mexico is only statistically higher
than the royalty rate in Texas in 2018. The differences 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
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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 3 can be
found in the first column of Table A1 in the Appendix.
Looking at the bonus payments is straightforward: in Figure 4, the bonus payment in both states is very close to $0 per acre for most of the sample period. 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 jumps 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 does not seem to have an effect on
the bonuses offered in either state. And, while the average bonus payment per acre
in Texas rises relative to the average bonus payment per acre in New Mexico after
2015—around the time the use of eminent domain in Texas rises relative to the use of
eminent domain in New Mexico—the payments in both states are not meaningfully
different in any year of the sample. The corresponding point estimates for the bonus
payments in Figure 4 are in the fourth column of Table A1 in the Appendix.
The underlying model equation for the negative binomial regression comparing
concession bundles before and after fracking is:

0

ŷlsy = eβ0 eβ1 Forced-Poolingls eβ2 Lease-Yearly eβ3 Forced-Poolingls ∗Lease-Yearly eδ X

(5)

where the variables are as defined in Equation 4. Figure 5 shows the differences
in the predicted number of concessions landowners in each state are able to secure.
Unlike the bonus payment, forced pooling and Rule 37 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

23

contains relatively few concessions, New Mexican landowners are predicted to secure
significantly more of the concession bundle than Texan landowners throughout the
whole of the sample.
Following the fracking boom around 2010–2012, concessions seem to fall for
landowners in both states, suggesting once more that landowners did not benefit
as 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 begin to recover
relative to concessions for Texan landowners around 2015, around when the use of
Rule 37 began increasing.
Figure 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 secure less than half the entire bundle, which has six possible concessions,
but landowners in New Mexico are predicted to secure nearly double the number of
protection concessions landowners in Texas are able to secure. 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 rebounds relative to the average lease in Texas around 2015, when the use
of Rule 37 increases.
Figure 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 secure relatively
few of the five possible legal concessions, though New Mexican landowners again
secure 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
comes between 2005–2010, just before the onset of fracking. Following the fracking
boom, the number of legal concessions per lease in Texas declines modestly, while the
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number of legal concessions per lease in New Mexico declines sharply, all but closing
the gap between them. Similarly to the other two concession bundles, toward the
end of the sample period, the number of legal concessions per lease in New Mexico
increases 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 predicted gap between how many concessions
a New Mexican landowner can secure and how many concessions a Texan landowner
can secure widens around the same time the use of Rule 37 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 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 orders relative to forced pooling orders, Texans
saw a decrease in concessions per lease relative to New Mexicans, suggestions that
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the increased use of Rule 37 limited the bargaining power of Texans relative to the
bargaining power of New Mexicans. The point estimates that accompany Figures
5–7 can be found in Table A2 in the Appendix.
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.

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 + βl Latel + β2 Latel ∗ Forced-Poolings + δ 0 X + ρs + ls

(6)

where yls are the leasing outcomes (royalty rate or bonus payment) at the leasestate 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 landowners better leasing
outcomes than their late-contracting counterparts in Texas under Rule 37.
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The results for royalty rates, bonus payments per acre, and concessions can be
seen in Table 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
$11.40 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 the entire sample.
To evaluate the differences in secured concessions, I estimate the following model
equation with a negative binomial regression:

0

ŷls = eβ0 eβl Latel eβ2 Latel ∗Forced-Poolings eδ X eρs

(7)

where the variables are as defined in Equation 6.
Table 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 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. 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%
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. Looking at the decision to contract early and late
under each eminent domain regime is an important area of future research, especially for bargaining theory, but beyond the scope of this paper.

4.4

Robustness Checks

The results thus far should be interpreted with caution, as there are likely 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, it
can offer landowners more valuable leases solely for that reason, independent of their
eminent domain policy.
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Fortunately, I can see the location of each lease from Enverus. I can 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 1–5, considering only leases signed within 10 KM of
the New Mexico-Texas border. 32
The predicted royalty rates for re-estimating Equation 1 for the 10 KM border
sub-sample can be seen in Table 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 is compared to a difference of two percentage points when
considering the entire sample. Figure 8 shows the results from re-estimating Equation 4. Beginning around 2010, leases signed under forced pooling have significantly
higher royalty rates than leases signed under Rule 37. Comparing the disparity in
royalty rates for New Mexican and Texas landowners for the entire sample and for
those within 10 KM of the border, it seems that 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. If we believe that geological
differences are minimized here, then differences in geology should not account for
the differences in royalty rates. In fact, it is possible that more of the difference in
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I 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 discontinuity. 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 payment, and all three concessions bundles for the 40 KM border sub-sample
can be found in Appendix Figures A1–A5 and Appendix Tables A1–A2, respectively.
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the royalty rates should be attributable to the difference between contracting under forced pooling and contracting under Rule 37. 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 for the 10 KM
border sub-sample can be seen in the second column of Table 4 and the results from
re-estimating Equation 4 can be seen in Figure 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.
The differences in secured concessions between the two states do not disappear,
but do diminish slightly, at the border. The results from re-estimating Equation 3
can be seen in Table 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 10–12 show the results from re-estimating Equation 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, as seen in Figure 10 has diminished slightly, relative to the gap seen
in Figure 5. Leases in both states receive fewer concessions following the fracking
boom at the border, as is the case for the entire sample, and similarly, leases in New
Mexico begin receiving more concessions relative to leases in Texas circa 2015.
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Figure 11 shows the predicted number of damage protection concessions per average lease in New Mexico and Texas at the border, and follows very similar trends
to the predicted number of concessions at the border. New Mexican landowners still
consistently secure more protection concessions per lease over the entire sample, but
the disparity between protection concessions in forced pooling leases versus Rule 37
leases is slightly smaller at the border than for the entire sample. Landowners in
both states negotiate fewer protection concessions following the fracking boom, but
once again, landowners in New Mexico receive 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 12 shows the differences in the predicted number of legal concessions per lease. New Mexican leases, on average, secure
more legal protections over the whole sample, but New Mexican and Texan leases
seem 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 decreases drastically but never recovers
relative to Texan landowners, as is the case for the other two concessions bundles.
The disparity in royalty rates between forced pooling leases and Rule 37 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 all of the differences found between forced pooling
and Rule 37 when looking at the entire sample.
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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 + β1 Forced-Poolingls + δ 0 X + θy )

(8)

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. The parameter of interest is
β1 . As can be seen in Table 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 Rule 37. 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 + β1 Forced-Poolingls + β2 Lease-Yearly
+ β3 Forced-Poolingls ∗ Lease-Yearly + δ 0 X)

(9)

where y is a non-zero bonus payment, Φ() represents the normal distribution, and
the rest of the variable are as defined in 4. Here, the parameter of interest is β3 .
As can be seen in Figures 13 and 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
32

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% 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 the Appendix: Figure A6 and Table A3, respectively.
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:

P r[y = 1|X] = Φ(β0 + βl Latel + β2 Latel ∗ Forced-Poolings + δ 0 X + ρs )

(10)

where y is a non-zero bonus payment, Φ() represents the normal distribution, and
the rest of the variable are as defined in 6. The parameter of interest is β2 . As can
be seen in Table 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 do to
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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.

4.5

Correlated Outcomes

Landowners 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, so
the residuals from the regressions are likely positively correlated. Therefore, I run a
seemingly unrelated regression on the royalty rate and bonus payment.
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 A4 in the Appendix. 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 likely 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 able to negotiate for
more of the concessions in each bundle as well, especially if we believe the assertion
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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 reason that 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
explanation is that there is environmental injustice in the leasing process.
Timmins and Vissing (2017) identify environmental injustice via detailed income
and demographic characteristics. The demographic characteristics I use are not as
detailed as theirs, and are at the zip-code level of the lessors, not the individual
level. And, we are considering two different shale plays. But the regressions I estimate do not show that any demographic characteristics—median income, education
level, home value, or English-speaking ability—play a significant role in leasing outcomes for either forced pooling or Rule 37. This might be precisely because my
demographic data are at the zip-code level rather than at the individual level. At
the median there may be no correlation between demographic characteristics and
leasing outcomes, but that does rule out the possibility that lower income or minority households disproportionately receive less lucrative leases. 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 minority
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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5

Conclusion
In this paper, I explore how two different eminent domain policies—forced pool-

ing and Rule 37—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. 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—offers
almost no guarantees to landowners who wish not to sign a contract.
In fact, landowners living under forced pooling in New Mexico receive slightly
higher royalty rates and significantly more protections from oil and gas firms than
landowners living in Texas. Fracking has brought environmental and health and
safety concerns to the forefront of many landowners’ minds who live atop oil and
gas reserves and want to protect themselves and their properties from the dangers
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of drilling. 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 offers to its landowners. At the very least, these results make it difficult to argue
that forced pooling makes landowners worse off, as the criticism widely suggests.
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Tables and Figures
Table 1: Primary Lease Terms Descriptive Statistics
Entire Sample
NM

Royalty
(% of Profits)
Bonus Per Acre
($ Per Acre)
Land Size
(Acres)
Length of Lease
(Months)
Observations

TX

0.17
(0.09)
0.81
(15.94)
119.36
(240.61)
41.25
(16.91)

0.14
(0.12)
8.06
(476.15)
646.12
(2,117.25)
37.56
(17.34)

15,224

76,995

Note: :Means shown above. Standard deviation in parentheses.
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10 KM Sub-Sample
NM

0.19
(0.09)
1.92
(20.22)
314.15
(457.08)
38.99
(18.09)
567

TX

0.12
(0.12)
26.71
(802.22)
1,150.29
(1,992.83)
36.46
(15.71)
4,109

Table 2: Lease Concessions Descriptive Statistics
Entire Sample
NM

TX

10 KM Sub-Sample
NM

TX

Protection Clauses
Environmental Clause

0.0002
(0.0154)

0.0001
(0.0102)

0.0000
(0.0000)

0.0000
(0.0000)

Damages Clause

0.0307
(0.1724)

0.0040
(0.0629)

0.0097
(0.0981)

0.0014
(0.0378)

Use of Water Clause

0.5026
(0.5000)

0.0464
(0.2104)

0.4867
(0.5004)

0.0716
(0.2579)

Removal of Equipment Clause

0.3355
(0.4722)

0.1336
(0.3403)

0.6465
(0.4786)

0.1858
(0.3890)

Burial of Equipment Clause

0.0741
(0.2619)

0.0010
(0.0321)

0.0920
(0.2894)

0.0014
(0.0378)

No Well Clause

0.2107
(0.4078)

0.0168
(0.1283)

0.3487
(0.4771)

0.0506
(0.2193)

0.0000
(0.0000)

0.0003
(0.0161)

0.0000
(0.0000)

0.0000
(0.0000)

Forfeiture Clause

0.0284
(0.1661)

0.0360
(0.1864)

0.0000
(0.0000)

0.0874
(0.2825)

Lien Clause

0.1156
(0.3198)

0.0147
(0.1203)

0.1816
(0.3860)

0.0162
(0.1264)

Force Majeure Clause

0.1416
(0.3487)

0.0005
(0.0227)

0.1913
(0.3938)

0.0005
(0.0219)

Ancillary Clause

0.0018
(0.0423)

0.0512
(0.2204)

0.0000
(0.0000)

0.1304
(0.3368)

413

2,094

Legal Clause
Indemnity Clause

Observations

8,382

19,402

Note: :Each column represents the percent of leases with each clause. Standard deviation in parentheses.
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Table 3: Demographic Characteristics Descriptive Statistics
Entire Sample

NM
Total Population
Observations
Median Age
Observations
Percent Male
Observations
Percent White
Observations
Median Income ($)
Observations
Percent HS Grad
Observations
Percent Some College
Observations
Percent Bachelors
Observations
Percent Grad Degree
Observations
Percent Speak English Only
Observations
Of Multi-Language Speakers, Percent Speak English Well
Observations
Percent Homes Owned
Observations
Percent Homes Built Before 2000
Observations

10 KM Sub-Sample

TX

NM

TX

27,569.46
(17,454.82)
10,723

25,759.91
(17,619.12)
52,873

23,427.12
(15,048.04)
309

26,152.75
(17,502.22)
2,700

38.31
(6.74)
10,654

37.99
(6.63)
52,629

38.70
(6.15)
306

38.24
(6.43)
2,680

0.50
(0.04)
10,670

0.51
(0.05)
52,641

0.50
(0.06)
306

0.51
(0.06)
2,680

0.59
(0.21)
10,670

0.57
(0.24)
52,641

0.61
(0.21)
306

0.62
(0.20)
2,680

31,545.36
(10,427.95)
10,566

33,780.21
(13,792.79)
52,501

32,743.65
(12,255.55)
306

35,942.26
(13,828.56)
2,679

0.27
(0.10)
10,669

0.23
(0.10)
52,632

0.24
(0.09)
306

0.21
(0.10)
2,680

0.31
(0.07)
10,669

0.28
(0.07)
52,632

0.29
(0.06)
306

0.27
(0.07)
2,680

0.18
(0.10)
10,669

0.22
(0.12)
52,632

0.21
(0.10)
306

0.24
(0.11)
2,680

0.11
(0.09)
10,669

0.14
(0.11)
52,632

0.13
(0.09)
306

0.16
(0.10)
2,680

0.94
(0.02)
10,670

0.94
(0.02)
52,641

0.94
(0.02)
306

0.94
(0.02)
2,680

0.16
(0.10)
10,670

0.17
(0.12)
52,641

0.15
(0.10)
306

0.14
(0.09)
2,680

0.66
(0.15)
10,651

0.63
(0.17)
52,598

0.65
(0.18)
305

0.60
(0.19)
2,680

0.81
(0.15)
10,651

0.80
(0.16)
52,598

0.80
(0.15)
305

0.79
(0.15)
2,680

Note: : Means shown above. Standard deviation in parentheses.
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Table 4: OLS Regressions on Royalty Rates and Bonus Payments: Entire Sample
and 10 KM Sub-Sample
Royalty Rate
Forced-Pooling

Bonus Payment
−10.69
(5.57)

0.0195*
(0.0012)

Observations

62,823

Forced-Pooling (10 KM)

0.0500*
(0.0072)

Observations

2,984

62,823
−12.03
(32.06)
2,984

Note: :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 5: Negative Binomial Regressions on Concessions: Entire Sample and 10 KM
Sub-Sample
Entire Bundle Damage Protection Bundle Legal Bundle
Forced-Pooling
Observations

4.3002*
(0.1342)

5.0236*
(0.1563)

17,301

17,301

2.2921*
(0.1062)
17,301

Forced-Pooling (10 KM)

4.0822*
(0.4410)

4.5680*
(0.5335)

1.8120*
(0.2878)

Observations

1,903

1,903

1,903

Note: :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 6: OLS Regressions on Royalty Rate and Bonus Payment for Late-Contractors
Royalty

Bonus Per Acre

−0.012*
(0.001)
0.011*
(0.003)

Late
Late×Forced Pooling State
Observations

−12.099*
(5.088)
11.491*
(4.905)

62,823

62,823

Note: :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 7: Negative Binomial Regressions on Concessions for Late-Contractors
Entire Bundle Damage Protection Bundle Legal Bundle
Late
Late×Forced Pooling State
Observations

0.5131*
(0.1544)
1.9985*
(0.5935)
17,301

0.4350
(0.2062)
2.6874*
(1.2624)
17,301

0.5842*
(0.1333)
1.0106
(0.2532)
17,301

Note: :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 8: Likelihood of a Bonus Payment
Entire Sample
Forced-Pooling
Observations

10 KM Sub-Sample

−2.036*
(0.208)
62,823

—
—
2,310

Note: : 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 9: Likelihood of a Bonus Payment for Late-Contractors
Probability of a Bonus
−0.515*
(0.206)
−0.116
(0.204)

Late
Late×Forced Pooling State
Observations

62,823

Note: :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: New Mexico vs Texas
NM - Compulsory Pooling &
Coordinated Drilling

TX - Rule 37 &
No Coordinated Drilling

contract early
contract late, guaranteed state-mandated minimums
contract late after fair contract, not guaranteed profits
The left hand side of the figure represents New Mexico, which employs both forced
pooling and forced unitization. The grayed area, 75% of the plot of land, represents
the 75% 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 2: Eminent Domain Use Over Time

50
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.

Figure 3: Predicted Royalty Rates Over Time

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 4: Predicted Bonus Payments Over Time

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 indistinguishable
from zero.
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Figure 5: Predicted Concessions Per Lease Over Time

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 6: Predicted Protection Concessions Per Lease Over Time

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 7: Predicted Legal Concessions Per Lease Over Time

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 8: Predicted Royalty Rates Over Time - 10 KM

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 Mexian and Texan landowners.
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Figure 9: Predicted Bonus Payments Over Time - 10 KM

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 10: Predicted Concessions Per Lease Over Time - 10 KM

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 11: Predicted Protection Concessions Per Lease Over Time - 10 KM

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 12: Predicted Legal Concessions Per Lease Over Time - 10 KM

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 13: Predicted Probability of a Bonus Payment

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 14: Predicted Probability of a Bonus Payment - 10 KM

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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Appendix
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.
• 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.
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• 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.
• 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.
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• 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.

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.’” 33
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.’” 34
In Colorado, Mark Faut, felt similarly taken advantage of by an oil and gas firm:
“The landman ... presented Mark Faut with a choice: sign an 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.’” 35
33

Hunt (2012)
Baca (2011)
35
Jaffe (2016)
34
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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 surfaceuse 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 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. 36 Rule 37 has notably not
been criticized for taking advantage of landowners the way forced pooling laws have.
36

Vissing (2017)
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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.” 37 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. 38

Tables and Figures
On the following two pages are tables with the point estimates for each specification:
the main specification with the entire sample and the border discontinuity samples.
The point estimates correspond to Figures 3–14 and Appendix Figures A1–A6.

37
38

Sartain (2013)
Libecap and Wiggins (1984, 1985), Vissing (2017)
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Table A1: Diff-in-Diff OLS Regressions on Royalty Rates and Bonus Payments Per Acre
Royalty

All
Forced Pooling State
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
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Forced Pooling State×2009
Forced Pooling State×2010
Forced Pooling State×2011
Forced Pooling State×2012
Forced Pooling State×2013
Forced Pooling State×2014
Forced Pooling State×2015
Forced Pooling State×2016
Forced Pooling State×2017
Forced Pooling State×2018
Forced Pooling State×2019
Observations

−0.015
(0.015)
0.010∗
(0.003)
0.028
(0.022)
−0.003
(0.017)
0.011
(0.012)
0.040∗
(0.016)
0.022
(0.019)
0.026
(0.014)
0.001
(0.012)
0.028
(0.026)
0.049
(0.028)
0.047∗
(0.020)
0.005
(0.037)
0.050∗
(0.021)
0.022
(0.017)
−0.008
(0.022)
0.042
(0.022)
0.070∗
(0.022)
0.052
(0.030)
62,823

Bonus Per Acre

10 km

40 km

0.0003
(0.005)
0.017
(0.008)
0.049∗
(0.007)
−0.014
(0.019)
−0.008
(0.013)
−0.025
(0.021)
0.021
(0.017)
0.028
(0.023)
−0.028∗
(0.008)
0.103∗
(0.037)
0.051
(0.042)
0.057
(0.024)
0.066∗
(0.010)
0.088∗
(0.018)
0.108∗
(0.021)
0.099∗
(0.013)
0.025
(0.021)
0.106∗
(0.020)
0.095∗
(0.033)
2,984

−0.025∗
(0.007)
0.010
(0.007)
0.036
(0.022)
0.006
(0.017)
0.028∗
(0.008)
0.034∗
(0.010)
0.022
(0.022)
0.020∗
(0.008)
−0.006
(0.008)
0.054
(0.034)
0.035
(0.034)
0.058∗
(0.024)
0.005
(0.034)
0.028
(0.021)
0.028
(0.019)
−0.009
(0.027)
0.034
(0.024)
0.049∗
(0.016)
0.067∗
(0.022)
17,408

All

10 km

40 km

−5.298
(3.562)
0.853
(1.560)
3.559
(2.559)
2.325
(1.739)
1.777
(1.843)
2.771
(2.396)
2.319
(1.766)
2.138
(2.314)
3.577
(2.780)
0.655
(1.155)
1.577
(2.181)
−0.883
(0.973)
−0.764
(1.229)
0.124
(1.721)
−12.369∗
(4.846)
1.572
(2.283)
−2.903∗
(1.240)
−7.080
(3.431)
−166.679
(97.632)
62,823

−39.233
(43.435)
53.164
(60.031)
42.138
(46.044)
54.229
(58.266)
18.988
(24.211)
45.204
(54.684)
34.868
(38.623)
42.104
(47.719)
45.267
(49.375)
34.381
(38.914)
31.665
(37.036)
41.148
(44.453)
33.734
(40.310)
39.061
(44.087)
279.943
(339.463)
29.932
(36.773)
48.932
(54.481)
49.701
(56.244)
44.093
(51.805)
2,984

−5.299
(4.465)
2.714
(2.709)
4.857
(4.408)
3.303
(3.268)
2.984
(3.630)
3.843
(3.717)
3.600
(3.436)
2.810
(3.104)
3.301
(3.480)
2.745
(3.115)
0.217
(2.030)
−8.440
(9.474)
−4.143
(2.568)
−0.900
(1.620)
−50.183
(41.031)
−0.176
(1.672)
1.698
(2.580)
−0.948
(4.512)
−103.310
(84.970)
17,408

Note: :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.

Table A2: Diff-in-Diff Negative Binomial Regressions on Concession Bundles
Entire Bundle

All
Forced Pooling State
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

69

Forced Pooling State×2010
Forced Pooling State×2011
Forced Pooling State×2012
Forced Pooling State×2013
Forced Pooling State×2014
Forced Pooling State×2015
Forced Pooling State×2016
Forced Pooling State×2017
Forced Pooling State×2018
Forced Pooling State×2019
Observations

3.3933*
(1.3431)
0.4799
(0.2045)
2.5525*
(1.1584)
0.4709
(0.1900)
0.7206
(0.2923)
0.7951
(0.3264)
1.7805
(0.7470)
2.0790
(0.8642)
3.4264*
(1.4593)
1.4604
(0.5990)
0.8267
(0.3361)
1.2217
(0.5039)
1.5663
(0.6527)
1.9240
(0.7930)
0.9454
(0.3887)
1.5977
(0.6793)
2.5836*
(1.0626)
2.4425*
(1.0352)
4.7117*
(2.3061)
17,301

10 km
1.0929
(1.2212)
0.1430
(1.4404)
2.4207
(2.6710)
2.3612
(2.8112)
3.7667
(4.2705)
0.7737
(0.8824)
3.0141
(3.7166)
1.3484
(1.5378)
1.1178
(1.4084)
1.7621*
(0.2081)
1.6619
(1.8904)
1.9307
(1.0510)
0.0172
(0.0011)
8.2324
(10.2670)
2.0776
(2.6344)
8.1271
(13.4817)
2.3898
(2.8969)
1.4907
(9.2209)
—
—
1,903

Damage Protection Bundle

40 km
1.9492
(1.0426)
0.3886
(0.2385)
5.6838*
(3.4100)
1.0042
(0.5499)
1.5324
(0.8496)
0.8618
(0.4801)
0.9818
(0.5646)
0.7133
(0.4111)
8.4386*
(5.1994)
2.9923
(1.7034)
1.3389
(0.7493)
2.8276
(1.6760)
2.6218
(1.4737)
2.2853
(1.3110)
1.2126
(0.6963)
1.7127
(1.0214)
2.7524
(1.5361)
2.5619
(1.5616)
2.0850
(1.4229)
6,580

All
4.8090*
(1.8536)
0.3481*
(0.1436)
1.7792
(0.7943)
0.4402*
(0.1724)
0.7951
(0.3161)
0.5977
(0.2382)
1.3610
(0.5626)
1.3733
(0.5564)
2.7010*
(1.1247)
0.9523
(0.3815)
0.7839
(0.3108)
1.2476
(0.5044)
1.4322
(0.5875)
1.5232
(0.6151)
0.7347
(0.2942)
1.9402
(0.8261)
2.1924
(0.8852)
2.8627*
(1.2308)
3.3916*
(1.6974)
17,301

10 km
1.1038
(1.1973)
0.3287
(1.9615)
0.0008
(0.0018)
2.3817
(2.7657)
4.5612
(5.0495)
1.1480
(1.2722)
2.9886
(3.6264)
1.6209
(1.7990)
0.0015
(0.0279)
7.9692
(9.2735)
2.4568
(2.7446)
0.0062
(0.0661)
0.0023
(0.0084)
8.0208
(9.7259)
3.5974
(4.7889)
0.0359
(0.0046)
5.6965
(7.1900)
0.8899
(0.0149)
—
—
1,903

Legal Bundle

40 km
2.8564*
(1.4743)
0.2987*
(0.1796)
3.8250*
(2.2475)
0.9095
(0.4787)
1.6944
(0.9147)
0.5866
(0.3158)
0.7837
(0.4421)
0.5587
(0.3118)
11.5662*
(7.8855)
1.8739
(1.0552)
1.3731
(0.7494)
2.8637
(1.7382)
2.7630
(1.5334)
1.5620
(0.8730)
1.2174
(0.6921)
1.5700
(0.9422)
2.0832
(1.1273)
2.8386
(1.8065)
1.0760
(0.7390)
6,580

All
1.3691
(1.0369)
1.0394
(0.8199)
5.6734
(5.0460)
0.5474
(0.4194)
0.9093
(0.6975)
1.5622
(1.2138)
3.4508
(2.6945)
6.2709*
(4.9246)
6.6982*
(5.2547)
4.3508
(3.3622)
0.8092
(0.6262)
1.3008
(1.0083)
1.7983
(1.4146)
3.2049
(2.4966)
1.4337
(1.1258)
1.4171
(1.1330)
1.9569
(1.5515)
0.7117
(0.5671)
12.0754*
(11.1008)
17,301

10 km
0.0286
(0.0015)
1.4863
(1.1510)
1.5113
(2.9017)
1.8397
(1.4421)
1.8439
(1.4410)
1.8296
(4.3709)
1.8307
(9.6610)
1.4006
(7.3809)
4.4468
(2.3410)
3.3208
(10.7512)
1.3963
(7.3609)
2.9513
(1.5817)
3.0392
(19.2417)
3.2089
(1.8910)
2.0983
(11.1110)
0.6291
(6.0620)
2.8145
(1.6130)
6.5837
(37.1110)
—
—
1,903

40 km
0.0234
(0.0015)
1.9133
(1.2608)
4.3485
(2.8709)
2.9491
(1.9408)
1.6521
(4.3008)
1.6846
(4.5108)
1.6315
(4.1608)
1.4844
(3.1908)
1.3130
(2.0609)
1.3045
(2.0109)
1.3789
(2.5008)
1.1360
(8.9608)
1.8764
(5.7808)
1.1721
(1.1309)
1.3546
(2.3408)
1.6370
(4.2008)
1.8063
(5.3108)
1.5036
(3.3208)
1.3775
(2.4909)
6,580

Note: :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.

Table A3: Probability of a Non-Zero Bonus Payment
All
Forced Pooling State
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
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Forced Pooling State×2010
Forced Pooling State×2011
Forced Pooling State×2012
Forced Pooling State×2013
Forced Pooling State×2014
Forced Pooling State×2015
Forced Pooling State×2016
Forced Pooling State×2017
Forced Pooling State×2018
Forced Pooling State×2019
Observations

−1.692*
−0.189
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
0.161
−0.159
—
—
—
—
−0.118
−0.219
—
—
0.338
−0.175
—
—
—
—
—
—
—
—
55,411

10 km

40 km

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
2,310

−1.520*
(0.456)
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
−0.381
(0.197)
—
—
0.130
(0.429)
—
—
—
—
—
—
—
—
13,343

Note: :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.

Table A4: SUR Residual Correlation Matrix for Royalty Rates and Bonus Payments
Per Acre
Royalty
Royalty

1

Bonus

0.0718

Bonus

1

Note: :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 Table A1. The table
reports the correlations of residuals between the royalty rate and bonus payment estimation.
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Figure A1: Predicted Royalty Rates Over Time - 40 KM

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.
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Figure A2: Predicted Bonus Payments Over Time - 40 KM

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 A3: Predicted Concessions Per Lease Over Time - 40 KM

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 geological 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 A4: Predicted Protection Concessions Per Lease Over Time - 40 KM

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 A5: Predicted Legal Concessions Per Lease Over Time - 40 KM

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 A6: Predicted Probability of a Bonus Payment - 40 KM

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 probability 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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