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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. Department of the Interior (DOI). Burning that coal accounts for 13% of U.S.

energy-related greenhouse gas (GHG) emissions (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 CO2 concentrations (2). In response to calls for reform,
DOI has issued a moratorium on new leases
while it develops a Programmatic Environmental 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 substitution 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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Royalty rates and auction practices do not reflect the social costs of coal

(iii) negligible annual land rental payments.
The revenue is roughly evenly shared between federal and state governments (5).

United States is taking to reduce CO2 emissions, there have been increasing calls from
scientists and environmental organizations
to incorporate climate considerations into
federal coal leasing policy [e.g., (3)]. In parallel, 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
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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.

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 being 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 SO2 emissions and implying 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 degradation from mining activities; CO2 and other
GHG emissions from transporting and combusting coal; and water pollution from coal
combustion waste materials (8–11). When
these environmental costs are large, the market price for energy will be considerably below 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 CO2—is for coal relative to the
market price of coal is seen in the figure below. 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 substantially underpriced relative to its social costs.
It also points to the importance of addressing climate externalities of coal use, whether
through new regulation to price carbon and
other GHG emissions, downstream regulation like the U.S. Environmental Protection
Agency’s (EPA’s) Clean Power Plan (CPP) that
seeks to reduce CO2 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 potential for emissions “leakage,” a shift of

emissions due to a substitution of activity
from regulated to unregulated sources, sectors, 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 electricity production (12). Although reforming the
coal leasing program would not likely affect
leakage under the CPP, leasing reform combined 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 federal to nonfederal coal production, such as
from Appalachia and the Midwest. If the increase 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 emissions. If the increase in nonfederal coal production 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 government 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 CO2 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 federal would be sufficiently small that revenues
from the royalty program would increase
substantially (13).
These studies focus on the effects of raising 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 infrastructure (5). Consequently, bidding is often uneconomic for other firms, leaving the
operator of the existing mine without meaningful competition. Not surprisingly, royalty
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