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A
bout 40% of all coal mined in the 

United States is extracted from lands 

owned by the federal government, 

under leases managed by the U.S. De-

partment of the Interior (DOI). Burn-

ing that coal accounts for 13% of U.S. 

energy-related greenhouse gas (GHG) emis-

sions (1). With the largest and lowest-cost 

reserves in the United States, federal coal 

alone—estimated at nearly 10% of the world’s 

known reserves—has potential to contribute 

substantially to atmospheric CO
2
 concen-

trations (2). In response to calls for reform, 

DOI has issued a moratorium on new leases 

while it develops a Programmatic Environ-

mental Impact Statement to guide the first 

major reform of the program since 1982. 

We review existing knowledge of key issues 

relevant to reform, highlighting the social 

costs of coal extraction, the extent of sub-

stitution away from federal coal induced by 

raising additional leasing revenue, the lack 

of competition in the leasing auctions, and 

the incentives inherent in the current leasing 

program structure. We then turn to critical 

areas of research that can be done in the near 

term and would contribute to more informed 

debate and policy development.

In light of the U.S. pledge under the Paris 

Agreement and the tangible actions the 
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United States is taking to reduce CO
2
 emis-

sions, there have been increasing calls from 

scientists and environmental organizations 

to incorporate climate considerations into 

federal coal leasing policy [e.g., (3)]. In par-

allel, there is a conceptually distinct call for 

reforming the program to bring in greater 

revenue in order to “provide a fair return to 

the taxpayer” (4). The current program raises 

revenue through (i) auctions for the right to 

a 10-year lease (with a confidential minimum 

bid set by DOI), (ii) royalty payments per ton 

produced based on the first transaction price 

(i.e., the price at the first sale of the coal), and 

(iii) negligible annual land rental payments. 

The revenue is roughly evenly shared be-

tween federal and state governments (5).

SOCIAL COSTS, LEAKAGE, INCENTIVES

Nearly all federal coal production occurs in 

a few Western states. Most is in Wyoming 

and Montana, which have vast reserves be-

ing exploited by low-cost surface mines in the 

Powder River Basin (PRB) and produce >80% 

of all federal coal (see the photo). PRB coal 

sells for much less than other U.S. coal. For 

example, the average mine-mouth spot price 

of PRB coal on 28 October 2016 was $0.51 per 

one million British thermal units (MMBtu), 

whereas the average price in other major 

coal-producing basins varied from $1.41 to 

$1.80 per MMBtu (6). PRB coal also has low 

sulfur content, often lessening the need for 

equipment to control SO
2
 emissions and im-

plying that PRB coal is higher value to some 

power plants. Although there are differences 

in transportation costs, low-cost federal coal 

from the PRB puts downward pressure on 

coal prices nationwide (7).

Low prices for energy are beneficial for 

consumers but are problematic when the 

prices do not take into account the full social 

costs of extraction and combustion. These 

costs include private costs from extracting 

and transporting the energy, as well as the 

external costs that all of society bears, such as 

those stemming from emissions of coal-bed 

methane, water pollution, and land degrada-

tion from mining activities; CO
2
 and other 

GHG emissions from transporting and com-

busting coal; and water pollution from coal 

combustion waste materials (8–11). When 

these environmental costs are large, the mar-

ket price for energy will be considerably be-

low the social cost; the consequence is that 

more coal is used than is optimal socially. 

A striking illustration of how large one 

of these external costs—from combustion 

emissions of CO
2
—is for coal relative to the 

market price of coal is seen in the figure be-

low. In contrast to oil and gas, which are also 

extracted from federal lands, the monetized 

climate damages from PRB coal combustion 

are about six times the spot price of coal. 

This underscores that PRB coal is substan-

tially underpriced relative to its social costs. 

It also points to the importance of address-

ing climate externalities of coal use, whether 

through new regulation to price carbon and 

other GHG emissions, downstream regula-

tion like the U.S. Environmental Protection 

Agency’s (EPA’s) Clean Power Plan (CPP) that 

seeks to reduce CO
2
 emissions from power 

plants, reforms of the federal coal program, 

or some combination of these.

Over the past decade, there has been an 

abundance of research examining the po-

tential for emissions “leakage,” a shift of 

emissions due to a substitution of activity 

from regulated to unregulated sources, sec-

tors, or regions. This is especially relevant 

in the context of reforming the coal leasing 

program for two reasons. First, the CPP is 

not likely to fully address the external costs 

of climate change, in part because of design 

features that allow for leakage of emissions 

to unregulated and less-regulated electric-

ity production (12). Although reforming the 

coal leasing program would not likely affect 

leakage under the CPP, leasing reform com-

bined with regulation of stationary sources of 

GHGs may help address coal’s large climate 

costs more efficiently. Second, an increase 

in royalty or lease payments for federal coal 

can lead to leakage via substitution from fed-

eral to nonfederal coal production, such as 

from Appalachia and the Midwest. If the in-

crease of nonfederal coal production is large 

enough, it could offset the decline in federal 

coal production, an offset that implies lower 

government revenues, with little change in 

nationwide coal production, prices, or emis-

sions. If the increase in nonfederal coal pro-

duction is small, government revenues would 

increase and nationwide production and 

emissions would decline.

There is some analysis of the degree of 

leakage from federal to nonfederal coal. One 

well-known energy model (the Integrated 

Planning Model) implies that increases in 

royalties on federal coal would increase gov-

ernment revenue and reduce nationwide coal 

production and emissions (1). In the absence 

of the CPP, an additional charge on coal at 

the mine mouth, set so that the CO
2
 in the 

coal is monetized at the U.S. government’s 

central estimate of the social cost of carbon, 

could achieve roughly three-quarters of the 

emissions reductions expected from the CPP, 

a finding that is particularly relevant as the 

CPP is being litigated (1). Another analysis 

explored the effects of basing royalties on the 

final delivered price of coal—the price paid 

by the party combusting the coal—rather 

than the first transaction price, which often 

is at the mine mouth. This analysis found 

that substitution of nonfederal coal for fed-

eral would be sufficiently small that revenues 

from the royalty program would increase 

substantially (13).

These studies focus on the effects of rais-

ing royalty rates rather than bringing in more 

revenue from leasing auctions. This is due to 

the structure of the auctions, which often 

lack any genuine competition: More than 

90% of leases from 1990 to 2012 had a single 

bidder, largely because all but a few leases 

expand existing mines that already have in-

frastructure (5). Consequently, bidding is of-

ten uneconomic for other firms, leaving the 

operator of the existing mine without mean-

ingful competition. Not surprisingly, royalty 

This aerial view of a nonlignite coal strip mine in the 

Powder River Basin of Wyoming is representative of 

many operations on federal lands. A reformed federal 

coal leasing system could provide a more fair return 

to the taxpayer and reduce environmental damages.
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payments ($796 million in 2012) 

have been more than double the 

auction revenue in most years in 

the past decade (5).

Recent work has analyzed 

additional programmatic short-

comings. For example, because 

royalties are based on the first 

transaction price of the coal, 

mine operators have an incen-

tive to sell coal for low rates to 

subsidiaries of the coal company. 

If the first transaction price is 

with the final consumer (usu-

ally a power plant), mine opera-

tors are permitted to reduce the 

royalty payments by taking self-

reported deductions for trans-

portation and washing, rather 

than deductions based on mar-

ket prices, which may be substantially below 

the self-reported estimates (5). Finally, mine 

operators can engage in “take-or-pay” con-

tracts with electric utilities that have lower 

transaction prices (allowing for lower royalty 

payments), which are compensated for by 

penalty payments associated with purchases 

less than a stated (usually large) bench-

mark (14). These shortcomings highlight 

the possibility that reforms could increase 

government revenues and allow the federal 

government to reduce other taxes, pay down 

the federal debt, or invest in projects with 

high social value.

RESEARCH NEEDS

Four major understudied issues could inform 

policy debate. First is the potential extent 

of leakage from federal to nonfederal coal. 

Two different energy sector models proj-

ect a relatively small degree of replacement 

of federal with nonfederal coal (1, 13). But 

these two models capture only some of the 

many relationships in the energy sector and 

have analyzed only a few of the many pos-

sible reforms. Others have posited that sub-

stitution of nonfederal coal for federal may 

be much greater (15). Thus, empirical work 

and further energy modeling can refine our 

understanding of how government revenues, 

nationwide coal production, and emissions 

might change with alternative reforms of the 

coal leasing program.

Second, any reform of the leasing program 

would occur in the context of many other 

downstream policies for mitigating climate 

change, which could affect the outcomes of 

the reform. There is modeling of coal leas-

ing reforms with and without the most im-

portant downstream policy, the CPP (1), but 

there are myriad ways states can choose to 

achieve their emissions targets under the 

CPP. Further complicating matters are the 

many local and state-level climate policies. 

Interactions among all of these policies will 

determine the efficiency of federal coal leas-

ing reform for addressing the costs of cli-

mate change and will also determine how 

coal production and government revenues 

will change with a reform.

Third, how will reform change the effects 

of the leasing program on the global, na-

tional, and regional coal markets? Switch-

ing a generating unit away from PRB coal 

to nonfederal coal often entails nontrivial 

costs, potentially leading to fuel switching 

away from coal altogether. This could en-

hance existing trends: With low natural gas 

prices, an aging fleet of coal power plants, 

and new regulations for air pollutants like 

mercury, more than 80% of electric gen-

eration retired in 2015 was conventional 

thermal coal. Although the U.S. Energy 

Information Administration (EIA) projects 

that coal will remain a major energy source 

for the next two decades (16), a switch away 

from PRB coal may affect particular mining 

regions. Understanding the effects on em-

ployment, mineral-related state revenues, 

and the price of electricity to consumers will 

help make policy trade-offs transparent.

Fourth, despite evidence of program-

matic shortcomings in the coal leasing pro-

gram, there is remarkably little research 

on overcoming these shortcomings. Re-

search to redesign the auctions to be more 

competitive—such as through a regional 

leasing model—or to reform how royalty 

payments are structured could help ad-

dress environmental consider-

ations by bringing the market 

price closer to the social cost, 

while bringing in additional 

government revenue.

Although there is still un-

certainty and work to be done, 

there is more than enough evi-

dence to point us in the gen-

eral direction of reform. Going 

forward, a research agenda 

based on energy modeling and 

data-intensive empirical work 

by economists, engineers, and 

other social scientists should 

be a high priority to help an-

swer questions that are directly 

relevant to reforming the fed-

eral coal leasing system. More 

broadly, there is a strong case 

for exploring and researching similar re-

forms of the federal oil and natural gas 

leasing programs.        j
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Average fossil fuel spot prices are at the mine mouth or production rig. Costs are 

heat-rate adjusted. Average annual coal, oil, and gas spot prices are the final delivered 

prices in 2016 dollars [from www.eia.gov]. Monetized CO2 climate damages of $44 

per ton of CO2 are based on the median U.S. government social cost of carbon at a 3% 

discount rate adjusted for inflation to 2016 dollars (9). Carbon emission factors come 

from (10) and do not include GHG emissions from the extraction process. Heating 

values are from (6) and (10). These calculations are based on the methodology from 

(11). See supplementary materials for data and calculations.
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