Relinquishing Riches:
Auctions vs “Wild West” Negotiations
in Texas Oil and Gas Leasing ∗
Thomas R. Covert †
Richard L. Sweeney ‡
January 2019

Abstract
This paper compares the outcomes from informally negotiated oil and gas leases to
those awarded via auction. We use detailed data on all contractual characteristics and
production outcomes for the universe of state-owned mineral rights in Texas between
2005 and 2016. For 70% of the parcels overlying recently developed shale formations,
the Relinquishment Act of 1919 authorizes the private surface owners to negotiate
leases on behalf of the public, in exchange for half of the proceeds, while the remainder
are allocated in centralized auctions. Using variation from this natural experiment, we
find that almost a century later, during the recent fracking boom, parcels allocated
via auction garner 70 percent larger up-front payments than negotiated transactions
do. The two mechanisms also allocate mineral rights to diﬀerent firms, and we find
that leases allocated by auction are almost 50 percent more productive. These results
are consistent with a strand of the mechanism design literature predicting superior
seller revenues and allocative eﬃciency for auctions compared with other mechanisms.
Our findings also have important implications for the more than $2 trillion of minerals
owned by private individuals in the US.
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Introduction

Asset owners often need to identify and choose between potential contracting partners to
monetize their asset’s value. For example, companies that are the target of acquisition
may have multiple potential acquirers and research institutions looking to commercialize
intellectual property often decide among several possible partners. Many land transactions
also look like this. How should an owner go about this process? The fact that buyer
valuations and even the identities of interested buyers may not be known to sellers provides
the starting point for rich literatures investigating the theoretically optimal mechanism or
search process. However there is little evidence on the consequences of less structured, likely
suboptimal, allocation mechanisms used in the real world.
In this paper, we directly measure the eﬀect of these less structured mechanisms on
seller revenues and allocative eﬃciency in the market for mineral rights leases in the state
of Texas. Due to a unique set of circumstances stemming from a brief period of Texan
independence, administrative decisions made in the early 20th century determined whether
leases for mineral rights signed during the recent fracking boom were allocated by auction
or an informal “negotiation.”1 Though the minerals for these negotiated leases technically
belong to the state, the private individuals who own the surface rights above them negotiate
terms with oil and gas companies as if they owned them outright. Conversations with many
parties involved in Texas leasing confirm that these negotiated leases for public minerals
represent a useful analogue to the broader universe of negotiated leases for private mineral
rights in the United States.
Our empirical strategy compares auctioned and negotiated leases that lie in narrowly
defined geographic areas which transact at approximately the same time. Within these
location and time bins, the resource quality is similar, the information about its production
potential is constant, and the allocation mechanism is as good as random. Using detailed data
from thousands of auctioned and negotiated leases for publicly owned mineral rights in Texas
between 2005 and 2016, we find that auctions generate 70 percent larger up-front payments
than negotiated transactions do. These results are robust to a wide range of controls and
sample restrictions. For the average negotiated lease in our data, this diﬀerence is worth
$375,000, and over the 13 years of leasing activity we study, we estimate that auctions could
have generated $380 million more in up front payments than negotiations did. We also find
evidence of allocative eﬃciency diﬀerences across auctioned and negotiated transactions.
Auctioned leases are more likely to be drilled and produce more output. Combined with the
1

Throughout the paper we use the term negotiation to refer to the informal search, bargaining and
solicitation process that lessors use to award drilling rights on private land. This process is described at
length in Section 2
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fact that they also have slightly higher royalty rates, this translates into an average total
increase in seller revenue of over $460,000. Finally, we document that while auctions allocate
land to diﬀerent firms, both the payment and output results hold within firm. In Section 6,
we present a simple modification to auction mechanism use which rationalizes these facts.
The mechanism design literature has long argued that details in allocation mechanisms
can have large implications for revenues and eﬃciency (Milgrom, 2004; Klemperer, 2004).
Most of this literature focuses on diﬀerences that occur between diﬀerent kinds of auctions,
as opposed to diﬀerences between auctions and other transaction mechanisms. One key exception to this is a pair of papers by Jeremey Bulow and Paul Klemperer, which characterize
conditions under which auctions dominate particular forms of negotiation. While sellers usually earn higher revenues under an auction than they do under a sequential sales mechanism,
total welfare, including fixed costs paid by bidders, can be lower in auctions (Bulow and
Klemperer, 2009). Further, sellers can always earn higher revenues by attracting additional
bidders in an auction than they can by using bargaining power or information about buyer
values in a form of negotiation (Bulow and Klemperer, 1996). In a related paper, Roberts
and Sweeting (2013) point out that the (Bulow and Klemperer, 2009) result is driven, in
part, by the assumption that entry into a mechanism is random. In contrast, they show
that sequential mechanisms have the potential to outperform auctions in both revenue and
allocative eﬃciency if the potential buyers who enter are positively selected. These three
papers arrive at diﬀerent answers about whether auctions outperform negotiations, primarily because the details of the negotiation mechanisms and the assumptions embedded in
the revenue and eﬃciency comparisons diﬀer across the papers. Thus, the theory literature
suggests that the best mechanism for sellers and/or allocative eﬃciency may depend on both
the details of the negotiation mechanism as well as the economic environment determining
things like entry patterns.
In this paper, we compare revenues raised from a fairly standard auction design to outcomes realized from the actual distribution of negotiation mechanisms in a real world setting.
Though there is no micro-data on the details of the negotiations that occur in our data, conversations with industry participants suggest that features of the proposed sequential mechanisms from the theory literature coexist with costly seller search eﬀort, bilateral bargaining
and even some take-it-or-leave-it behavior on the part of some buyers. As a result, these
comparisons do not directly map to an existing theoretical comparison between auctions and
a given non-auction mechanism. Nevertheless, our results on seller revenues confirm that, at
least in this setting, the returns to auctions are positive compared to the “Wild West” real
world alternative.
The theory literature also delivers an ambiguous prediction about the relative allocative
3

eﬃciency of auctions relative to other mechanisms. In the private values setting with a
fixed set of bidders, auctions always allocate objects to the bidders with the highest values. In contrast, the sequential mechanisms studied by Bulow and Klemperer (2009) and
Roberts and Sweeting (2013) can sometimes deliver ex post ineﬃcient allocation, depending
on parameters and assumptions. In our setting, where the distribution of mechanisms may
include similar sequential mechanisms as well as elements of search or matching, it seems
plausible that the firm with the highest valuation may not always win the lease. We look
for evidence of this by comparing investment and production outcomes in auctioned and
negotiated leases. Although our results are less precise due to the large variation in these
outcomes, we do find evidence of increased investment and production, consistent with the
notion that auctions also deliver more allocative eﬃciency than negotiations do.
This paper joins a small, but growing, empirical literature that compares the performance
of real-world non-auction mechanisms to auctions.2 Larsen (2014) shows that bilaterally
negotiated used car transactions that follow failed auctions generate a large fraction the
theoretical maximum available ex ante surplus, suggesting that some commonly used realworld mechanisms have performance comparable to auctions. Salz (2017) documents large
ineﬃciencies in the highly decentralized market for waste collection in New York City, and
finds that intermediaries who perform procurement auctions on behalf of their clients have
spillover eﬀects which reduce the costs of all buyers. Both authors estimate the distribution
of preferences and costs using structural models of the markets they study. Armed with these
estimates, they compute counterfactual market outcomes under alternative mechanisms. In
contrast, we observe the results of auction and non-auction mechanisms simultaneously on
otherwise identical objects, and directly compare outcomes of interest.
We also contribute to the large literature on the economics of oil and gas leasing and
extraction in the United States (Hendricks and Kovenock, 1989; Hendricks and Porter, 1996).
Hendricks and Porter (1988) study the implications of information externalities in auctions
for oil and gas leases in Federal oﬀshore waters. As part of this exercise, they show that
the government receipts of bonus payments and royalties represent 66-77% of the surplus
generated by oil and gas exploration on these tracts. We compute similar figures in our
setting, finding that mineral owners capture 62% of surplus in negotiated leases and 66% in
auctioned leases. As we discuss below, our estimates likely provide a lower bound on the
returns to auctions relative to negotiation mechanisms in the broader population of private
2

There is also a small corporate finance literature on mergers and acquisitions comparing auctioned and
negotiated outcomes. Subramanian (2007) finds that “Go-shop” deals, in which private equity target firms
are explicitly allowed to solicit outside bids following an acquisition oﬀer, sell at higher prices than “No-shop”
deals do. In contrast, ? find that auctioned takeover deals transact at roughly the same prices as negotiated
deals do.
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mineral rights owners. The implications for aggregate seller welfare and production outcomes
are quite large.
In addition to quantifying diﬀerences in investment and output between negotiated and
auctioned leases, we also document for the first time the exact level of revenues that private
landowners earn from oil and gas development. Approximately three quarters of all mineral
rights in the United States are held by private individuals. The vast majority of the private
lease contracts on these lands are incompletely recorded in county registries, so little is
know about total landowner revenues. In our setting, we observe the full set of payments,
including bonus payments, which have not been previously observed in the existing literature
on the landowner benefits of the fracking boom (Brown et al., 2016; Feyrer et al., 2017;
Bartik et al., 2017). We find that these payments represent 80% percent of total landowner
revenue earned to-date, and they are the entirety of landowner revenues for the two thirds
of negotiated leases that are never drilled. Quantifying these landowner benefits provides
important context to the growing number of papers documenting large local externalities
from fracking (Muehlenbachs et al., 2015; Currie et al., 2017).
The rest of the paper proceeds as follows. In Section 2, we describe the mineral leasing
process and provide background information on our natural experiment in Texas. Section
3 discusses the data the data and empirical strategy, and Section 5 presents the results. In
Section 6 we discuss possible mechanisms for our results, before concluding in Section 7.

2

Background

2.1

Mineral Exploration and Production in the United States

At the end of 2016, the US Energy Information Administration reported that oil and gas
companies in the United States held 33 billion barrels of proved oil reserves and 341 trillion
cubic feet of proved natural gas reserves. At current spot prices, these reserves are worth
more than $3 trillion.3 Although more than three quarters of these deposits are owned by
private individuals (Fitzgerald and Rucker, 2016), they must partner with an oil and gas
exploration and production company (E&P) to transform these resources into revenue.
These arrangements typically take the form of a mineral lease agreement with three key
elements: a term before which drilling must commence, a royalty rate providing the lessor
with a share of any realized drilling revenues, and an upfront bonus payment to secure the
right to explore.4 For most leases, significant mineral extraction never materializes, either
3

At the time of writing, oil prices were $64.53 per barrel (Brent) and natural gas prices were $2.78 per
million BTU (Henry Hub).
4
This structure also has important incentive implications. See Herrnstadt, Kellogg and Lewis (2017)
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because no wells were drilled before the term ended or because the realized drilling was not
very fruitful. Given this, up-front bonus payments are particularly important to landowners. However, despite their conceptual and anecdotal importance in this market, little is
known about the magnitude and distribution of bonus payments because they are usually
not recorded in the mineral leases filed in county registries. Beyond these key elements,
leases often include clauses regarding operations and cleanup (Vissing, 2017).
Oil and gas lease transactions are typically initiated by E&P companies, rather than the
mineral rights owner. An E&P company will conduct background research and decide to
acquire drilling rights in a particular geographic location. During this acquisition phase,
E&P’s often work through intermediaries known as “landmen.”5 These brokers often have
extensive expertise and experience with complicated title issues that would be expensive
for an E&P company to consistenly maintain in house. Moreover, by working through an
intermediary, a large oil company is able to keep it’s identity secret from potential lessors
and from competing firms.

2.2

Texas Relinquishment Act

The phenomenon of private mineral owner rights is essentially non-existent outside of the
United States. In most countries, when individuals purchase surface rights to a piece of land,
the state retains ownership and authority over what’s underground. Early land transactions
in Texas followed a similar pattern, as Texas was initially under Spanish rule. When a
private individual bought land, the King of Spain retained mineral rights.
Shortly after Texas became an independent Republic in 1835, it appropriated a large
amount of unsettled land for public use (mainly schools). The largest of these appropriations is the Public School Fund, or PSF, whose acquisition rules were formalized in 1895.
When PSF land was subsequently privatized, Texas, following in Spanish tradition, retained
the mineral rights. The surface owner’s remedy for damages resulting from any mineral
exploration and development was a mere ten cent per acre annual fee.
After oil was discovered in Texas at the turn of the century, many surface owners of
PSF land began to feel this compensation was inadequate.6 To stave oﬀ “armed resistance”
by the landowners against state lessees, the legislature enacted the Relinquishment Act of
1919 (Shields, 1981). This law, rewritten and reinterpreted through a decade and a half of
subsequent court cases, eﬀectively appointed the landowner as a minerals leasing agent of
5

Landmen are also used in surface rights transactions, such as siting pipelines or wind farms.
Although small quantities of oil were observed in Texas prior to that point, recovery in large quantities
had proved elusive prior to the massive gusher well at Spindletop in 1901. This well is largely cited as the
advent of the oil age in the United States (Yergin, 2008)
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the state, provided that the landowner purchased by 1931. In exchange for negotiating a
lease on the state’s behalf, landowners were awarded half of bonus and royalty payments
generated from their land. This unique arrangement persists to this day.
Today, when a landowner on a Relinquishment Act Land (RAL) is approached by an E&P
company, she initially negotiates a lease just as she would on a parcel with privately owned
mineral rights. However, once the landowner and the E&P company reach an agreement,
they must submit their lease to the state land oﬃce for final approval. If approved, the lessee
remits half of the agreed upon bonus and royalty payments to the state. This means that for
Relinquishment Act lands, all of the negotiated lease terms are publicly observable, unlike
private leases at large.
For other public lands in Texas, including land with private surface ownership and private
mineral ownership that was first conveyed after passage of the Relinquishment Act, the state
directly leases mineral rights to E&P companies. However, unlike RAL leases, or the broader
population of private leases, the state awards these leases using an auction. In these auctions,
bidders compete for leases with a fixed primary term and royalty rate, so the cash bids are
analogous to the bonus payment on a negotiated lease. The state awards the lease to the
highest bidder at the bonus payment that bidder submitted.7

3

Data

This section briefly summarizes the key data sources and how they were combined.
Our primary dataset consists of the universe of oil and gas leases signed in the State of
Texas between 2005-2016 in which the Texas General Land Oﬃce had an economic interest.8
The General Land Oﬃce (GLO) manages the mineral leasing process for both Reliquishment
Act Lands (RAL) as well as land owned by several “Land Boards”, including those for Public
Schools, Veterans, Parks & Wildlife and the Department of Criminal Justice. We refer to
non-RAL leases managed by GLO as “State” leases. Our initial dataset includes the shape,
location, size, eﬀective date, bonus payment, primary term and royalty rate for 3,909 RAL
leases and 847 State leases. For all leases that eventually result in drilling, we observe
monthly royalty payments remitted to the state. We combine this with royalty rate and
output price information to infer monthly quantities of oil and gas produced.
7

Similar processes are used in state land oﬃces outside of Texas and at the Federal level
We also collected data from the universe of parcels from another non-private entity in the state of Texas,
the Texas Board for Lease of University Lands. However, after further inspection, it appears that these lands
are not very comparable with private leases: the parcels are much larger, more contiguous, and in diﬀerent
locations than RAL leases are. Moreover, they have been acquired by University Lands over time, so it is
not obvious that they provide clean experimental comparisons with RAL leases.
8
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We spatially combine this lease-level dataset with a parcel map of all lands from the
Texas Permanent School Fund. This map was Purchased from P2E, which actually did the
title research on Relinquishment Act Lands for the State of Texas. P2E classified each parcel
as being part of the Relinquishment Act or owned by the state outright. Observing the set of
land that was leasable but not leased allows us to evaluate any extensive margin diﬀerences
across the two mechanisms.
GLO uses first price, sealed bid auctions to allocate its (non-RAL) leases.9 In every
auction, we observe the name of each bidder, the bid (in the form of dollars per acre), the
identity of the winning bid and the auction’s reserve price (also in dollars per acre).

3.1

Data cleaning and sample selection

The “raw” lease dataset contains a variety of data quality issues. Here, we briefly summarize
them. First, as our primary empirical strategy leverages the unexpected shock to the value
of land decades after the Relinquishment due to the fracking boom, we restrict the sample
to leases lying on top of a shale formation.10 We exclude leases that have missing values
for one or more contractual characteristics (bonus, royalty, primary term, size or location),
leases that are smaller than 10 acres or bigger than 10,000 acres, leases with primary terms
shorter than 1 year and longer than 10 years, leases with undivided11 ownership issues, leases
whose GIS shapes do not match up with their stated size, and a small State leases that were
actually allocated by negotiation.12 The resulting dataset of 991 RAL leases and 423 State
leases is summarized in Table 1. Figure 1 demonstrates the distribution of lease types over
time. A map showing the spatial overlap of these lease types is presented in Appendix Table
A.1.
9

Note that in Texas, these procedures are formally called “sealed bid sales” and are never referred to as
auctions, in an eﬀort to distinguish them from a prior era of open outcry English auctions.
10
We use the EIA’s definition of shale formations in Texas, shown shaded in yellow in Figure A.1
11
“Undivided” ownership refers to shared ownership of real property by two or more parties. For example,
if parents John and Mary bequeath their 640 acre parcel to their two Children, Bob and Jane, then Bob and
Jane each have an undivided interest in the parcel. In principal, it is possible for Bob and Jane to separately
lease their respective undivided interests to diﬀerent oil and gas companies.
12
Some State land is allocated via bilateral negotiation when it is situated in a position where only one
party can economically use it.
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Table 1: Lease Summary Statistics by Type
RAL

Auction

Variable

mean

sd

min

max

mean

sd

min

max

Diﬀerence

p-value

Acres
Bonus
Drilled
Output
Revenue
RoyaltyRate
Term

0.56
1.07
0.40
0.19
2.66
0.24
46.50

0.88
1.44
0.49
0.44
4.23
0.02
14.01

0.01
0.02
0.00
0.00
0.02
0.18
12.00

9.32
26.84
1.00
4.01
42.17
0.25
60.00

0.38
2.09
0.29
0.17
3.63
0.25
56.99

0.24
2.55
0.45
0.40
4.64
0.01
7.95

0.01
0.02
0.00
0.00
0.02
0.20
36.00

0.77
15.12
1.00
2.37
33.59
0.25
60.00

0.18
-1.02
0.12
0.02
-0.97
-0.01
-10.49

0.00
0.00
0.00
0.36
0.00
0.00
0.00

Bonus and Revenue are all reported in 1000 nominal dollars per acre. Output is reported in thousands
of barrels of oil equivalent per acre. Acres are reported in 1000s. Term is reported in months.

Figure 1: Sample Leases by Year and Type

4

Empirical Strategy

We use this data to measure how auctions aﬀect lease outcomes, relative to negotiated
outcomes. In the experimental ideal, we would select a large number of private mineral
rights owners in an area with active exploration and oﬀer to hold an auction on their behalf.
In practice, we observe the outcomes of lease transactions on parcels in the Texas Permanent
School Fund that either were (RAL) or were not (Auction) privatized between 1895 and 1931.
To interpret diﬀerences in outcomes between RAL and Auction leases as representing
the causal eﬀect of auctions, relative to informal negotiations, we need to assume that a
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lease’s Relinquishment Act status is independent of other unmeasured factors which determine those outcomes. Though we do observe where leases are, when they transact, and which
firms own them, we don’t directly observe key determinants of lease revenues and output,
like the quality of the mineral resource, market conditions for those mineral resources, or
diﬀerences in drilling and production technology across firms, locations and times. Thus,
our identification assumption is that RAL status is independent of these unmeasured determinants out lease outcomes, conditional on location, time and other lease observables. We
view this assumption as reasonable, because a lease’s RAL status was determined long before the discovery of shale formations and the technology necessary to implement horizontal
drilling and hydraulic fracturing. Since RAL status is determined by the market forces (land
buyer willingness to pay and State of Texas willingness to sell) prevailing in 1895 to 1931,
we argue that it is unlikely that, within a narrowly defined location, those market forces
selected parcels for private surface ownership that today are especially good or bad for shale
development.
We thus estimate several versions of the following regression,
Yi = τ Auctioni + Xi β + δL(i),T (i) + i

(1)

where Yi is a lease outcome of interest and Auctioni is an indicator that is equal to one
if the lease was allocated by auction. Xi is the lease’s size in acres, its primary term in
months, its royalty rate and, in some specifications, the “quality” of the lease’s shape13 , its
distance to infrastructure, and satellite measures of its landcover characteristics. δ is a set of
location-by-time or location plus time fixed eﬀects. τ thus reflects the diﬀerence in outcomes
for auctioned leases relative to negotiated leases, within leases that have similar size, are
located nearby, transact at similar times and have comparable characteristics.
Though we can’t directly test our key identification assumption, we can check whether
the parcels that RAL leases lie in have similar observable characteristics as the parcels
that auction leases lie on. In Table 2, we regress these characteristics onto Auctioni and
location fixed eﬀects. Aside from lease size, auction and RAL leases seem to have similar
characteristics. Because the auction leases are smaller than RAL leases by an economically
and statistically significant amount, we control for lease size using a cubic spline with five
knots in all of our regression specifications.
Finally, since there is no a priori sense in which our choices for location and time fixed
eﬀects provide the “correct” controls, we also estimate specifications of the above model
using a semi-parametric random forest model in the style of Robinson (1988).14
13
14

We define quality as the ratio of the lease’s area to the area of the convex hull containing the lease.
Specifically, we estimate these models by separately projecting Y , Auction and X onto the lease’s GPS
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Table 2: Parcel comparison
Acres

Shape

Road Dist.

Dev. High

Dev. Low

Cultivated

Forest

Auction

-73.888
(18.573)

-0.788
(0.677)

-69.476
(200.471)

0.114
(0.166)

0.935
(0.650)

0.225
(0.423)

0.531
(0.858)

Fixed Eﬀects

Grid10

Grid10

Grid10

Grid10

Grid10

Grid10

Grid10

1,794
0.460

1,794
0.415

1,794
0.380

1,794
0.316

1,794
0.427

1,794
0.729

1,794
0.793

N
R2

Shape quality is the ratio of parcel size to the size of the convex hull containing the parcel. Developed high and low, Cultivated and Forests are land cover measures listed in percentage points, and
the excluded category is shrub land. All models include fixed eﬀects for 10 mile by 10 mile grids,
and standard errors are clustered at the grid level.

5
5.1

Results
Auctions and Bonus Payments

We begin by investigating the impact of auctions on seller revenues, estimating several versions of equation 1.
Table 3 presents the results. The primary coeﬃcient of interest is the Auction coeﬃcient
in the first row. In column 1, we include fixed eﬀects for the year-quarter of the lease’s
eﬀective date and for which 10 mile by 10 mile grids contains the lease. The interpretation
of this estimate is that auctioned leases receive $630 more per acre in bonus payments than
similar negotiated leases, a diﬀerence which is precisely estimated. This diﬀerence is 59% of
the average per-acre bonus payment for RAL leases in Table 1. In column 2, we interact the
grid indicators with year of sample indicators, to account for the fact that diﬀerent locations
in Texas were developed at diﬀerent times in our sample.15 With these interactive fixed
eﬀects, the estimated auction coeﬃcient is larger and still precisely estimated. This model,
which compares leases for minerals that are located at roughly the same space and which
transact at roughly the same point in time, is our preferred specification.
In the remaining columns we investigate the sensitivity of these results to the inclusion
of additional controls. In column 3, we include location-quarter-of-sample fixed eﬀects to
impose more stringent limits of which leases can be compared over time, which results in an
coordinates and eﬀective date using random forests, and then regress the residuals Yi − E [Y | L(i), T (i)] onto
the residuals Auctioni − E [Auction | L(i), T (i)] and Xi − E [X | L(i), T (i)].
15
For example, the Barnett Share, the earliest shale play in the United States, is in North Texas, produces
mostly natural gas, and was first developed in the early 2000s. In 2008, E&P companies began developing
the Eagle Ford Shale, in South Texas, which produces a mix of natural gas and oil. Finally, in the early
2010s, E&P companies began developing reservoirs in the Permian Basin, in West Texas, many of which
primarily produce oil.
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Table 3: Bonus Results

Auction
Grid
Time
Extra
N
R2

(1)

(2)

(3)

(4)

(5)

(6)

629.63
(176.97)

679.98
(236.28)

927.62
(257.67)

709.13
(177.82)

712.55
(105.17)

686.04
(235.18)

10
Q
No

10
GY,Q
No

10
GYQ
No

20
GY,Q
No

RF
RF
No

10
GY,Q
Yes

1,414
0.614

1,414
0.738

1,414
0.810

1,414
0.663

1,414
0.046

1,414
0.740

The dependent variable in each regression is bonus ($) per acre . Dummy control
variables for time and space are indicated in the second panel. Standard errors
clustered by location and quarter of sample (Q). All models include a spline in
acres, term length and royalty rate. ”Extra” controls include shape regularity,
surface cover, and distance to roads, pipelines and water sources.

even larger, and still-precise estimate: at $928 per acre, the diﬀerence is 87% of the average
RAL bonus payment. To ensure that our choice of spatial controls is not the main cause
of our results, in column 4 we use 20 mile by 20 mile grids instead of 10 mile by 10 mile
grids, and find that the diﬀerence in bonus payments is still large and precisely estimated.
In column 5, we replace the grid and time fixed eﬀects with a non-parametric control for
the lease’s location and time using random forests, and find similar estimates. Finally, in
column 6, we include controls for other measures of surface quality, like the quality of the
lease’s shape, its distance to roads and water infrastructure, and satellite measures of the
lease’s landcover. Across all of these specifications, we find consistent evidence that bonus
payments are substantially larger in auctions than they are in RAL transactions.
Even at the lower end of these estimates, the implications for seller revenue are large. For
an RAL lease of average size (560 acres), a $670 per acre increase in the bonus payment is
worth $375,200. In aggregate, this increase in RAL bonus payments would be worth about
$370 million in our sample.

5.2

Extensive Margin Considerations

The results in Table 3 show that auction transactions occur at higher prices than negotiated
transactions. However, this is a comparison between successful transactions, and not all
attempted transactions are successful: auctions fail if they attract no bids at or above the
posted reserve price, and negotiations analogously fail when surface owners demand bonus
payments, royalties, primary terms or lease addenda that exceed the “willingness-to-pay”
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of their contracting partners. When attempted transactions fail, the short-run welfare of
landowners and their potential contracting partners is eﬀectively 0, so if failures are diﬀerentially likely across the two mechanisms, the welfare diﬀerences between the mechanisms
could be quite diﬀerent from the revenue diﬀerences among successful transactions. An ideal
measure of the seller revenue diﬀerences between the two mechanisms must therefore account
for the mechanism-specific probability of a successful transaction.
For auctioned leases we are actually able to observe this failure rate. When a parcel gets
”nominated” by an E&P company, the GLO puts out a notice soliciting bids, and sets a
reserve price for the auction. If the parcel does not show up in the subsequent bid tabulation
for the auction, no bids above the reserve price were received. For the set of auctions where
we observe notices, 45 percent failed to receive a qualifying bid. However, of this set of
nominated, 72 percent clear at some point in our sample.
For RAL parcels, we do not know the set of parcels that were ever approached by an
E&P. Instead, we compute this extensive margin eﬀect by comparing the number of parcels
that could ever have a successful transaction under a given mechanism with the number of
those parcels on which we ever observe a lease.
To measure the extent to which parcels that could be allocated by auction are diﬀerentially likely to have a successful transaction, we report estimates of parcel-level regressions
in Table 4 in which the left-hand-side variable is a dummy indicating that a lease occurs
during our time period. Across diﬀerent spatial controls, and accounting for diﬀerences in
observables on the surface, these models reveal no important diﬀerences in the probability
of a parcel being leased in our sample. Figure 2 shows that there is no obvious diﬀerence in
the timing of leasing across the mechanisms either. Given this, it does not appear that any
extensive margin corrections are necessary to interpret the bonus results reported above.
Table 4: Extensive Margin Results
(1)

(2)

(3)

(4)

Auction

0.020
(0.024)

0.025
(0.021)

0.024
(0.020)

0.032
(0.016)

Space Controls
Surface Controls

Grid20
No

Grid10
No

Grid10
Yes

RF
No

1,794
0.702

1,794
0.761

1,794
0.765

1,794
0.002

N
R2

The dependent variable is an indicator for leasing.
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Figure 2: Time to First Lease for Auction and RAL Parcels

Average across 10 mile by 10 mile grids of the fraction of parcels that have leased at least once since January
2005, by parcel type.

5.3

Auctions and Lease Output

We next ask if auction leases also produce more output than RAL leases. In addition
to their competitive eﬀects, auctions may also increase total surplus, by better allocating
mineral leases to the firms who can get the most out of them. This is a key component of the
prevailing wisdom about the gross benefits of auctions compared to other mechanisms. For
example, Klemperer (2004) states that “a well-designed auction is the method most likely
to allocate resources to those who can use them most valuably.”
We investigate whether this diﬀerence in allocation translates into land being used more
productively. Compared to other settings, it is relatively easier to measure investment and
output in oil and gas leasing. All firms are producing the same two undiﬀerentiated products,
using the same basic technology. Moreover, production and investment data is administratively recorded at high frequency, and the value of output is determined competitively in
a market with thousands (or more) of buyers and sellers. The primary challenge is that
leases generate output of over many years, and all producing leases in our sample are right
censored. To deal with this, we consider three measures of lease productivity: whether a firm
ever invests in developing the land, how much output it gets, and how much total revenue
it generates.
Table 5 shows estimates of the eﬀect of mechanism type on the likelihood that a lease
14

is ever drilled. The regression specifications are identical to those in Table 3, showing how
the eﬀects vary with the choice of spatial and temporal controls, as well as the inclusion
of “extra” covariates. Across all specifications, there is consistent and precisely estimated
evidence that auctioned leases are more likely to be drilled, by 8 to 18 percentage points. As
just 36% of RAL leases are ever drilled, these diﬀerences are fairly large in relative terms.
Table 5: Likelihood a Lease is Drilled

Auction
Grid
Time
Extra
N
R2

(1)

(2)

(3)

(4)

(5)

(6)

0.088
(0.035)

0.107
(0.044)

0.163
(0.072)

0.084
(0.044)

0.119
(0.041)

0.106
(0.046)

10
Q
No

10
GY,Q
No

10
GYQ
No

20
GY,Q
No

RF
RF
No

10
GY,Q
Yes

1,194
0.403

1,194
0.636

1,194
0.722

1,194
0.515

1,194
0.036

1,194
0.644

The dependent variable is an indicator for whether the lease is associated with royalty revenue in sample. The sample includes all leases
whose primary term ends before June, 2018.

Table 6 shows estimates of the eﬀect of mechanism type on the quantity of oil and gas
produced from a lease, using the same regression specifications as Table 3. In all specifications, auctioned leases produce more than RAL leases, though the diﬀerences are imprecise
in our standard “preferred” specification with fixed eﬀects for 10 mile by 10 mile grids interacted fixed eﬀects for the year the lease was signed, in column 2. Even at the low end of
these estimates (column 2), the diﬀerence of roughly 56 barrels of oil equivalent per acre is
43% of the average output on RAL leases. This increased output implies that not only are
auctions more eﬃcient, they likely have an even larger impact on seller revenues than the
bonus regressions imply.
To measure this formally, in Table 7 we measure the eﬀects of mechanism type on total
lease revenue to date (bonus payments plus total royalty revenue), using the same regression
specifications. Across these specifications, we find large diﬀerences in total revenue, though
the diﬀerences are less precisely estimated due to the highly skewed nature of reported royalty
revenues.

6

Discussion

Why do auctioned parcels generate more seller revenue and produce more output? One
possible explanation is that state lands are simply better or easier to develop than RAL
15

Table 6: Lease Output

Auction

(1)

(2)

(3)

(4)

(5)

(6)

78.42
(36.29)

53.44
(54.37)

89.38
(86.21)

99.70
(43.15)

137.13
(40.18)

58.86
(52.68)

10
Q
No

10
GY,Q
No

10
GYQ
No

20
GY,Q
No

RF
RF
No

10
GY,Q
Yes

1,194
0.535

1,194
0.730

1,194
0.827

1,194
0.623

1,194
0.021

1,194
0.735

Grid
Time
Extra
N
R2

The dependent variable is discounted barrels of oil equivalent per
acre. The sample includes all leases whose primary term ends before
June, 2018.

Table 7: Total Revenue Regressions

Auction
Grid
Time
Extra
N
R2

(1)

(2)

(3)

(4)

(5)

(6)

1037.24
(354.60)

787.27
(567.27)

1459.67
(817.46)

1313.30
(549.13)

1885.03
(391.73)

824.03
(553.51)

10
Q
No

10
GY,Q
No

10
GYQ
No

20
GY,Q
No

RF
RF
No

10
GY,Q
Yes

1,194
0.592

1,194
0.754

1,194
0.844

1,194
0.631

1,194
0.028

1,194
0.758

The dependent variable is total revenue per acre, which is the sum of the
bonus and discounted royalty payments. The sample includes all leases whose
primary term ends before June, 2018.
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parcels. As we discussed in section 4, our key identifying assumption is that land that was
initially owned by the state but sold between 1895 and 1931 is similarly valuable for today’s
hydrocarbon exploration as land from the same allocation that was not initially sold. While
we believe it is unlikely that the timing of early land transactions would be correlated with
the productivity of shale formations that were unknown until the early 2000’s, our empirical
specifications include flexible spatial controls to account for any diﬀerences in geology across
leases governed by the two mechanisms. Moreover, within narrowly defined locations, Table
2 shows that the land for auctioned and negotiated leases are similar on a host of observable
characteristics. Finally, while Figure 2 shows parcel transact at similar times within these
grids, our main specifications include additional space-by-time controls, which ensure that
we are making comparisons between leases that transact in both similar places and similar
times.
A potential remaining concern is that state-owned parcels are somehow more valuable,
even after conditioning on surface features and location. One potential diﬀerences is the
fact that RAL parcels have private surface ownership, while some state parcels will have
strictly state surface ownership. Though we can’t directly verify that this diﬀerence in
surface ownership is valuable to mineral lessees, it seems plausible that private surface owners
might have houses or livestock on the surface, which may increase the cost of drilling and
production, relative to investment on a totally undeveloped surface with standardized use
rules. If the diﬀerence in surface ownership makes RAL leases them more diﬃcult to develop,
E&P companies would rationally pay less for them, and this diﬀerence in payment would
not be “caused” by the diﬀerence in mechanisms.
To test this, we look for diﬀerences in bonus payments conditional on leasing outcomes.
To the extent that surface owners reduce the value of a lease, we expect that leases with
private surface owners would be less likely to be drilled, which we do observe in Table 6. We
measure the contribution of the reduced drilling probability channel to our diﬀerence in bonus
payments by including a dummy variable for whether or not the lease is ultimately drilled.
Columns 1 and 2 of Table 8 show that while E&P companies are indeed willing to pay more
for parcels that are eventually drilled, as drilled parcels are indeed more valuable, this does
not explain diﬀerences in up front payment across mechanisms. The estimated coeﬃcient
on the Auction variable is still large, precisely estimated, and in the same ballpark as our
preferred specification in Table 3. Columns 3 and 4 show that this remains true even if we
condition on lease outcomes, in the form of realized production. As in the first two columns,
we do see evidence that leases which ultimate produce more output do earn higher bonus
payments, but this does not diminish the diﬀerence in up front payments between auction
and RAL leases.
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As a final check, we take advantage of the fact that a subset of auction leases, on land
sold from the Public School Fund much later than 1931, have private surface ownership, just
like RAL leases. In these leases, the state has complete ownership of mineral rights, but if
there are additional costs to developing leases with private surface owners, we would expect
the diﬀerence in bonus payments between these leases and RAL leases to be smaller than the
overall diﬀerence we observe. To test this theory, we re-run the preferred bonus regression
specification on a sub-sample of leases where we drop the auctioned leases with state surface
ownership, shown in columns 5 and 6. The coeﬃcients on Auction in these models are, if
anything, larger than in our standard preferred specification, providing further evidence that
private surface ownership is not the reason why RAL leases earn lower bonus payments.
Table 8: Bonus Results

Auction
Drilled

(1)

(2)

(3)

(4)

(5)

(6)

678.39
(239.92)
180.33
(170.09)

713.65
(105.14)
160.76
(86.03)

679.81
(238.14)

682.63
(104.97)

819.11
(384.66)

890.26
(125.71)

0.34
(0.32)

0.37
(0.09)

Output
Sample
Estimate

All
G10Y

All
RF

All
G10Y

All
RF

Drop 4
G10Y

Drop 4
RF

N
R2

1,414
0.739

1,414
0.049

1,414
0.739

1,414
0.057

1,216
0.735

1,216
0.058

The dependent variable in each regression is bonus ($) per acre . Dummy control
variables for time and space are indicated in the second panel. Standard errors
clustered by location and quarter of sample (Q). All models include a spline in
acres, term length and royalty rate. ”Extra” controls include shape regularity,
surface cover, and distance to roads, pipelines and water sources.

6.1

Are auctions more valuable because they allocate to better
firms?

Having concluded that auctions generate more output and higher seller revenue, and that
these results cannot be explained by any diﬀerence in land quality or surface ownership, we
now consider whether these results are due to the fact that auctions allocate drilling rights
to better firms.
Before proceeding, it is important to emphasize that firm identities are observed with
error in this data. Our data contains the name of the firm on the lease. However, sometimes
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E&P companies use intermediaries to acquire land, and, in these cases, we might not observe
the relevant lessee. One reason why a firm would do this would be to prevent its competitors
from discovering its interest in a particular play before it had had acquired enough land
to develop it. This “secrecy” motivation is particularly important, because the presence of
non-E&P company lessees is much more common in the auction data than the negotiated
leases. This is perhaps not surprising, since the auction records are publicly released shortly
after the auction, and easily observable.
To partially overcome this challenge, we use data on lease assignments, the legal transactions that formally change ownership of a lease from one firm to another, to better infer who
the ultimate E&P company is on leases initially awarded to non-E&P company lessees.16
For each non-E&P company in our data who ever assigns a lease to an E&P company, we
identify a variety of “most common” assignees, using auction status, location and time. For
non-E&P company leases in which we do not observe an assignment, we characterize the
“real” lessee as this (conditional) most common assignee. Though this process is not perfect
(e.g., there are still non-E&P company lessees after this procedure), it does greatly reduce
the number of leases that we believe are allocated to non-E&P company lessees.
With these caveats in place, we first check if auctions allocate leases to diﬀerent firms
than RAL negotiations do. Table 9 lists the top 10 firms winning auctions and the top 10
firms winning negotiated leases in our sample. Among the two groups of firms, there are
just two common members, Chesapeake and Sandridge. In fact, only 3 of the top 10 auction
winners are among the top 20 negotiators, and only 2 of the top 10 negotiators are top 20
auction winners. Generally, firms that have many leases in this data tend to acquire one type
or the other: among the 50 most active firms, the correlation of a firm’s “auction market
share” with its “negotiation market share” is −0.08.
Table 9 also shows the “market shares” of these common lessees within each mechanism
type. In addition to the fact that the same firms tend to have diﬀerent market shares
across the two mechanism types (e.g. Chesapeake with 18% in auctions but 3% in RAL
negotiations), this table shows that the auction market is more concentrated than the RAL
negotiation market. The top 5 auction winners won 44% of all auctions, while the top 5
RAL negotiators won just 28% of all negotiations. Thus, in addition to allocating leases
to diﬀerent firms, auctions also seem to allocate leases in a more concentrated fashion than
RAL negotiations do.
Knowing that auctions and RAL negotiations allocate leases to diﬀerent firms, we next
ask whether firm identities could be driving the observed diﬀerences in bonus payments and
output. Table 10 reports estimates of our preferred bonus and output regressions, with and
16

We observe assignments on 18% of RAL leases and 33% of auction leases.
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Table 9: Top 10 Auction Winners and Negotiators
Top Auction Winners

Auctions

Percent

83
39
28
27
22
20
18
13
9
9

18.4
8.6
6.2
6.0
4.9
4.4
4.0
2.9
2.0
2.0

CHESAPEAKE
PETROHAWK
ENERGEN
DEVON
ANADARKO
RANGE PRODUCTION
CIMAREX
PERMIAN SOVEREIGN
LEWIS OPERATING
MARINER

Top Negotiators

Negotiations

Percent

76
57
54
47
37
35
34
33
27
23

7.9
5.9
5.6
4.9
3.8
3.6
3.5
3.4
2.8
2.4

PETRO HUNT
LEWIS OPERATING
ENERGEN
CIMAREX
PETROHAWK
BP PRODUCTIONS
ANADARKO
CHESAPEAKE
APACHE
ELEVATION

without fixed eﬀects for the identity of the lease winner. Even after conditioning on firm
identity, bonus payments, the likelihood of drilling, and lease output are all still larger, by a
similar magnitude, in auction leases relative to RAL leases. If variation in firm assignment
was an important driver of the diﬀerence in lease outcomes across the two mechanisms,
we would expect to see that the diﬀerences in outcomes conditional on firm identity would
be closer to 0 than the unconditional diﬀerences. If anything, the opposite seems to be
true. Though all of the unconditional confidence intervals contain the respective conditional
point estimates, for the drilling and output outcomes, the conditional estimates are noticibly
higher than the unconditional estimates. Thus, though we do find evidence that auctions
allocate leases to diﬀerent firms than RAL negotiations do, this diﬀerence in the “identity”
of allocation does not seem to be the cause of the diﬀerences in revenue and output.
Table 10: Firms Regressions
Bonus

Bonus

Drilled

Drilled

Output

Output

Auction

679.98
(236.28)

657.55
(286.66)

0.107
(0.044)

0.170
(0.083)

53.44
(54.37)

115.66
(76.18)

Firm FE

No

Yes

No

Yes

No

Yes

1,414
0.738

1,414
0.820

1,194
0.636

1,194
0.726

1,194
0.730

1,194
0.844

N
R2

The dependent variable is total revenue per acre, which is the sum of the
bonus and discounted royalty payments.
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6.2

A potential mechanism

Auction leases earn more revenue and produce more output than informally negotiated
RAL leases. The diﬀerences are both economically large and precisely measured, so it is
important to ask why RAL leases perform worse. To answer this, we must face an important
data limitation: unlike auctions, in which there is an administrative record of all submitted
bids on all potential transactions, there is no record of the circumstances that lead up to
a successful RAL transaction, nor is there any record of failed RAL transactions. Thus,
to understand why RAL leases generate less private and social welfare, we are left with
asking whether specific alternatives to auctions would generate patterns similar to the ones
we observe.
The fact that auction leases generate higher up-front seller revenues than RAL leases do,
even when comparing leases that ultimately generate the same amount of output, implies
that auctions produce a more competitive outcome than the informal mechanisms at play
in RAL transactions. As noted by Bulow and Klemperer (2009), auctions produce competitive outcomes by giving a seller many bids to simultaneously choose from, and the more
firms there are, the closer are those bids to firms’ underlying values. The fact that RAL
transactions occur at lower prices could be caused by some departure from this simultaneity
of choice, by a reduction in the number of firms bidding, or both. Since we do not observe
“potential” RAL bids, we remain agnostic on the specific source of lower competitiveness.
However, to explain the large diﬀerence in revenues between the two mechanisms, there must
be some gap in competitiveness.
The fact that auction leases produce more output, and that these diﬀerences hold even
within narrowly constructed geographic comparisons with similar surface characteristics and
ownership implies that auction winners are somehow able to produce more from the same
piece of rock than RAL winners are. If willingness to pay for a lease is primarily driven
by a bidder’s ability to produce from the lease’s minerals, then an auction will guarantee
that the best user of that lease’s minerals wins. The diﬀerence in output that we observe
between auction leases and RAL leases thus implies that the winners of RAL lease must not
be the counterfactual “best” users of those minerals, and that the mechanisms at play in the
marketplace for RAL leases are not sorting bidders on ability to generate output as well as
auctions do.
Finally, the fact that auctions result in more concentrated ownership of mineral leases
than negotiations do suggests that the informal negotiation marketplace has more randomness associated with it than centralized auctions do.
These three facts are consistent with, but by no means are uniquely generated by, a model
of RAL transactions that is only a minor departure from the standard first price auction
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that GLO uses. Suppose that the “RAL mechanism” involves the same set of bidders for a
potential lease on a parcel as would show up to bid for that lease in an auction, and that
these bidders have the same private values for the lease as they would if they were bidding
in the auction. However, the “RAL mechanism” begins by randomly choosing one of the
bidders to make a first oﬀer to the seller, who has a private reservation price, drawn from a
distribution known to all bidders.17 If the randomly chosen first bidder’s oﬀer to the seller
exceeds this reservation price, the mechanism concludes, and the lease is awarded to that
bidder at its initial oﬀer. If the oﬀer is below the seller’s private reservation price, the seller
then reveals its reservation price and conducts a first price auction among all bidders, and
the randomly chosen first bidder has the opportunity to bid again.
Prices for successful transactions in this model will be lower than prices in the standard
auction because some of the time, the randomly chosen first bidder wins in the first stage,
and its first stage oﬀer will be low. To see why, first consider the randomly selected initial
bidder’s oﬀer in a diﬀerent mechanism: a simple take-it-or-leave-it oﬀer to the seller (i.e.,
there is no auction in the event of a rejection). The bidder’s optimal oﬀer in this mechanism
can’t be larger than its optimal bid in a first price auction with a hidden reserve price. In the
hidden reserve auction, the randomly selected bidder is eﬀectively bidding against the other
N − 1 bidders, as well as the seller’s reserve, while in the TIOLI transaction, the bidder only
faces competition from the seller’s reserve. Thus, if the randomly selected bidder had a single
chance to win the lease, it would bid less in the TIOLI mechanism than it would in a hidden
reserve auction. Now, in our hypothesized “RAL mechanism,” this bidder actually has two
chances to win the lease, so the presence of a “second chance” decreases the bidder’s optimal
initial oﬀer below its optimal TIOLI oﬀer, which is itself lower than the bidder’s optimal bid
in a hidden reserve auction. Provided that RAL seller’s reserve prices aren’t higher than
equivalent GLO auction reserve prices, which are public, this implies that randomly selected
bidder’s initial oﬀer will be lower than that bidder’s counterfactual bid in the standard first
price auction.
Output in this model will also be lower than output in the standard auction, as long as
bidder willingness to pay is correlated with ability to produce. In this “RAL mechanism”,
the randomly chosen first bidder wins in the first round with positive probability, and when
this happens, it is possible that the winner of the lease is not the highest value user. In
contrast, for the same set of bidders, an auction will always award the lease to the bidder
with the highest ability to produce.
Market shares across bidders will also be less concentrated in this model than in a stan17

While we don’t have a formal structural explanation for this in mind, we think of it as driven by
heterogenous seller costs of searching for other buyers, or more generally of conducting an auction.
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dard auction, again because the randomly chosen bidder sometimes wins in the first round,
despite being a less than eﬃcient contracting partner in the counterfactual sense.
The model is also compatible with the “conditional” results presented above, that prices
are higher in auctions conditional on output, and both prices and output are higher conditional on the identity of the firm. When a bidder with a specific value wins in the “RAL
mechanism,” it still pays less for the lease if it wins in the first step. Similarly, when a
specific bidder wins in the first step of the “RAL mechanism,” it pays less than it would bid
in an auction. To rationalize the output results, conditional on the identity of the winner,
we must further assume that ability to produce is a combination of firm-specific factors (superior or inferior technology, tighter or looser budget constraints, etc) and lease-firm match,
like proximity to a firm’s other leases. In that case, when a specific bidder wins in the first
stage of the “RAL mechanism,” the lease-firm match component of their ability to produce
will be less positively selected than when the same firm wins a lease in an auction.
Though we do not argue that this simplified model of RAL transactions is necessarily
true, there is some additional evidence consistent with our last point, that a notion of leasefirm-match must be important. If a firm’s value for a parcel was mostly vertical, in the sense
that some firms were inherently more productive than others, we’d expect to see a consistent
ranking of auction bids across firms. If two firms with diﬀerent productivities both bid in
the same auction, we’d expect the higher productivity firm to always bid more than the
lower productivity firm. We check this in the bid data, by looking at all “pairs” of firms
who bid in the same auction 10 or more times. Appendix Table A.2 lists these pairs and
tabulates the probability that the alphabetically earlier firm (Firm A) bids higher than the
later firm (Firm B). If lease-firm-match were unimportant, we’d expect to see that one firm
consistently bids higher than the other. What we observe is the exact opposite: for 8 of
the 9 pairs, the fraction of the time that one firm wins more than the other is statistically
identical to a coin toss.

6.3

External Validity

We have shown that auctions produce better outcomes than informal RAL negotiations, at
least for leases in shale formations in Texas during the last decade. One possible concern
about generalizing the applicability of this results is that the auctions we study are more
competitive than mineral auctions as a whole, or that these negotiations are less competitive
than negotiations for private mineral parcels in other contexts. If that were the case, the true
causal eﬀects of auctions, relative to negotiations, in other mineral leasing settings would be
smaller than the eﬀects we estimate here.
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It is not the case that these auctions are especially “good.” In Appendix Table A.2, we
tabulate the number of auctions with 1, 2, 3 or 4+ bidders, and within those groups, compute
the average bonus payment per acre and the median reserve margin. More than two-thirds
of all GLO auctions receive only 1 successful bidder, and this fact seems to be known to
potential bidders, as auctions that do receive more bids have substantially higher winning
bids. That said, the fact that reserve margins are 40% or more, even in auctions with a
single realized bidder, suggests that bidders do expect some probability of competition, a
phenomenon studied in Kong (2017).
It is also unlikely that RAL negotiations are especially “bad.” Although data on the
“quality” of negotiations in other settings is hard to come by, what little information is
available suggests most private landowners are not particularly savvy. One large survey of
lessors in Pennsylvania found that 79% of lessors only spoke to one E&P company before
signing a lease.18 They also appear relatively uninformed, with only 32 percent reporting
to have consulted any educational materials, and unsophisticated, with only 28 percent
consulting a lawyer prior to signing.
In contrast, Relinquishment Act lessors are likely better informed than the general private
mineral rights owner population. Although the process for leasing RAL land mirrors that
of private leasing, with a landman approaching the surface owner with an oﬀer and the
two parties coming to a private agreement, these agreements must be approved by the
General Land Oﬃce before they are finalized. During this approval process, the terms of the
agreement may be improved, with the GLO requesting, for example, a higher bonus payment
or shorter term. In our sample, 19 percent of RAL leases show some type of improvement
during this approval period. The median improvements for bonuses and royalties are 50%
and 12%, respectively, within this set. As we are comparing realized lease terms from
RAL negotiations rather than what the landowners would have negotiated absent state
intervention, the treatment eﬀect we are estimating is likely to be smaller than the diﬀerence
in revenues between negotiated leases for private minerals and nearby auctions.
Given the large amount of revenue landowners appear to be leaving on the table by
not holding auctions, it is perhaps puzzling that this mechanism choice persists.19 One
explanation for this is simply that there are large fixed costs associated with organizing
an auction in the first place.20 Large mineral rights owners, like state agencies in Texas,
18

Survey conducted by the Penn State Extension Marcellus Education Team and summarized in ”Natural
Gas Lessors’ Experiences in Bradford and Tioga Counties, 2010” [Online version available here, accessed
3/15/2018].
19
In our setting, there are no legal barriers that prevent RAL surface owners from conducting auctions on
their own.
20
There is also a strand of the mechanism choice literature which hypothesizes that sellers may prefer to
use non-auction mechanisms when the possibility of post-agreement transactions costs, in the Coasean sense,
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can aﬀord to incur these costs because they intend to hold many auctions. However, in
this particular setting, it would have been easy for an RAL owner to ask that his or her
land be listed in a GLO auction (or for the GLO to oﬀer this option explicitly).21 And
while fixed costs may have historically been a large barrier to setting up auctions for private
mineral rights, technology has reduced these costs over time. Today there are online auction
platforms which allow private owners to auction their minerals in a similar fashion to what
state agencies in Texas do. While these platforms charge a fee for this service, the charges
are small relative to the diﬀerence in bonus payments that we actually observe in the data.22

7

Conclusion

At current prices, US oil and gas reserves are worth approximately $3 trillion. Unlike the
rest of the world, in the United States, the vast majority of these resources are owned, and
managed, by private individuals. While this unique arrangement has brought large amounts
of wealth to many of these claimants, there is reason to suspect that large revenue and
eﬃciency gains are possible. In this paper, we leverage a unique natural experiment and rich
data on a large number of leases to compare outcomes under this unstructured allocation
mechanism to a formal auction. We find that auctions generate upwards of 70 percent larger
up front payments than negotiations do, conditional on other terms. We also find that
auctions match land to firms that end up using it more productively.
Beyond the large stakes involved in this particular context, these results underscore an
increase in the use of formal, centralized auction mechanisms to link buyers and sellers in
a number of diﬀerent contexts.23 Despite the fact that the auctions studied in this paper
are not particularly competitive, we find large impacts on revenue and eﬃciency relative to
the informal processes lessors are using, consistent with some of the theory on this topic.
While the gains from switching to formal auctions obviously depend on the context-specific
suboptimality of the unstructured auction alternative being otherwise employed, the size
of the gains from such a switch estimated here suggest that there may be large returns to
investigating the performance of unstructured assignment that is the norm in countless other
are large (Bajari et al., 2009). When this is true, there is more surplus available to a pair of negotiating
partners who can “iron out possible pitfalls before work begins.” While it is true that, in our setting,
negotiated leases sometimes have slightly diﬀerent contractual provisions, it is not the case that negotiated
leases generate more ex post surplus, as we saw in Section 5.
21
Indeed, when E&P firms wish to lease minerals in RAL parcels in which ownership cannot be established,
due to inheritance or property title issues, GLO will conduct an auction on behalf of the eventual RAL surface
owner estate, and hold the RAL proceeds in escrow.
22
For example, EnergyNet.com charges commissions of 10% or less, and only on successful transactions.
23
For example: eBay, federal procurement regulations, some oil and gas leasing, some private procurement.
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Appendix A
A.1

Additional Tables and Figures

RAL vs Auction Comparisons
Figure A.1: Map of Sample Leases by Type
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Figure A.2: Example of Sample Lease Type Overlap

Appendix B

Auction Statistics
Table A.1: Auction Results by Number of Bidders

# Bids
1
2
3
4
5+

# Auctions
642
143
52
36
41

Fraction
0.702
0.156
0.057
0.039
0.045

Bonus ($/acre)
1183
1384
4035
3448
6133

Bid/Reserve (med.)
1.40
2.01
3.37
3.26
4.18

This table summarizes the winning bids from GLO auctions. The last column
contains the median ratio of winning bid to the reserve price for each group.
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Table A.2: Bid ranking for top auction pairs
Firm A

Firm B

CIMAREX
CIMAREX
CONOCO PHILLIPS
CIMAREX
ENERGEN
COG
CONOCO PHILLIPS
CIMAREX
ENERGEN

ENERGEN
CONOCO PHILLIPS
ENERGEN
RESOLUTE
RESOLUTE
RANGE PRODUCTION
RESOLUTE
MARSHFIELD OIL AND GAS
MARSHFIELD OIL AND GAS

30

Auctions

Share A > B

31
19
19
19
19
17
17
12
12

0.52
0.79
0.37
0.53
0.42
0.41
0.53
0.67
0.67

