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Abstract 

Avoiding dangerous climate change will require a rapid transition away from fossil fuels. By 

some estimates, global consumption and production of fossil fuels – particularly coal and oil – 

will need to end almost entirely within 50 years. Given the scale of such a transition, nations 

may need to consider policies that constrain growth in fossil fuel supplies in addition to those 

that reduce demand. Here we examine the emissions implications of a supply-constraining 

measure under consideration in the U.S.: ceasing the issuance of new leases for fossil fuel 

extraction on federal lands and waters and the renewal of existing leases for resources that are 

not yet producing. Such a measure could help in making U.S. fossil fuel production more 

consistent with the goal of keeping warming well below 2°C. It could reduce global CO2 

emissions by 100 million tons annually by 2030, and by greater amounts thereafter. The 

emissions impact would be comparable to that of other major climate policies under 

consideration by the Obama administration. Our findings suggest that policy-makers should 

give greater attention to measures that slow the expansion of fossil fuel supplies. 
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INTRODUCTION 

Avoiding dangerous climate change will require a rapid transition away from fossil fuels. By 

some estimates, global consumption and production of fossil fuels – particularly coal and oil – 

will need to end almost entirely within 50 years (Rogelj et al., 2015). Given the scale of such a 

transition, nations may need to consider policies that constrain growth in fossil fuel supplies in 

addition to those that reduce demand. Nations have been slow to embrace policy measures 

intended to limit fossil fuel supply, however. Such measures must overcome the “carbon 

entanglement” created by fossil fuel rents, revenues, and entrenched interest (Gurría, 2013).  

Still, encouraged by civil society, however, policymakers have recently expressed growing 

interest in supply-constraining policies (Lazarus et al., 2015a). In the U.S., the Obama 

Administration has put a temporary halt to the leasing of federal lands for coal production, 

while evaluating, among other concerns, “whether the leasing and production of large quantities 

of coal… is consistent the Nation’s goals to reduce greenhouse gas emissions” (BLM, 2016). 

The Administration has also expressed a willingness to also apply a climate test to its offshore 

oil and gas leasing program (Patterson, 2016) and U.S. Senators and representatives have 

introduced legislation to stop all future leasing activity on federal lands and offshore waters 

(Merkley et al., 2015). Together, federal lands and waters account for a quarter of the U.S.’s 

world-leading 73 EJ (and rising) annual production of fossil fuels.  

Despite increased interest in policies to limit fossil fuel production, their CO2 implications 

remain poorly understood. In this article, we first consider the emissions implications of supply-

constraining policies by examining the consistency of future U.S. leasing with global climate 

goals, in particular the commitment re-affirmed in the Paris COP to limit warming to no more 

than 2 degrees C. Second, we assess the net impact of ceasing new leases on global CO2 

emissions, considering market effects and the substitution by other sources of fossil and other 

fuels. This latter lens – the net, or incremental – CO2 effects, allows us to consider it alongside 

other major policy proposals of President Obama’s climate action plan. 
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U.S. FOSSIL FUEL PRODUCTION AND THE 2 DEGREE TARGET 

Numerous studies assess the consistency of national fossil fuel consumption and emission 

trajectories with the goal of keeping warming under 2°C. Far fewer studies consider whether 

national fossil fuel production trajectories are similarly consistent. The latter perspective is 

important, because even as most nations are adopting plans to reduce overall fossil fuel use and 

emissions, few are examining the implications for fossil fuel production, adopting strategies to 

slow investment in supply infrastructure, and preparing communities and economies to 

transition away from dependence on fossil fuel rents.  

Global cost-minimizing scenarios suggest that a 2-degree pathway would require U.S. fossil 

fuel production to decline to roughly half of current levels in the next 25 years. Figure 1 shows, 

in contrast, that even with emissions-reducing policies such as the Clean Air Act and tighter 

vehicle fuel economy standards, U.S. fossil fuel production is expected to increase.  
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Figure 1: Historical and forecast U.S. fossil fuel production in reference scenario (with 

detail for federal lease status) and under 2°C, 1990–2040, in energy terms. 

 

The high end of 2° pathways here is from IEA (IEA, 2015), which defines their 2°C “450” 

scenario as having a 50% chance of limiting warming to this level. The lower end is from 

McGlade and Ekins (McGlade and Ekins, 2015), who use a more stringent (and common) 

definition of a 2°C limit (66% chance). Both scenarios assign fossil fuel production to countries 

in a manner that minimizes costs of achieving the 2-degree pathway 

Figure 1 also indicates the fraction of historical and projected production originating from 

federal lands and waters. As described in the next section, one of the contributions of our 

analysis is to estimate future production from federal lands and waters that are not yet under 

lease or are under lease but are not yet producing. As indicated in the figure, decisions to curtail 

or cease lease issuance and renewal could have an impact on overall U.S. fossil fuel production 

and perhaps bring U.S. production closer to being in in line with – though still a long way from 

–  a 2°C pathway.  
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However, the net impact on production, consumption, and CO2 emissions of changes to leasing 

policy cannot be inferred from Figure 1. A drop in federal production would lead to an increase 

in production of fossil fuels from other sources within and outside the U.S. as well as of other, 

non-fossil fuels. To estimate the extent of “rebound” and, thus the overall impact of leasing 

policies, we must apply economic tools to quantify impacts on prices of different fossil fuels 

and, in turn, production, consumption and corresponding CO2 emissions (Collier and Venables, 

2014; Erickson and Lazarus, 2014; Faehn et al., 2016). We describe our approach to this 

analysis in the next section, before turning to results. 

APPROACH FOR ESTIMATING INCREMENTAL CO2 IMPACTS 

Our method for assessing the incremental CO2 impact of the lease restriction policy is to (1) 

estimate future reference case U.S. coal, oil, and gas production; (2) split these forecasts into 

federal and non-federal portions; (3) estimate what quantities of federal production is in yet-to-

be-issued (new) and already-issued but not-yet-producing leases; (4) model the market response 

to cutting this production as a supply shock for the year 2030 using economic tools; and (5) 

convert from energy terms to carbon terms using standard carbon contents.  

For step 1, we use the EIA’s Clean Power Plan scenario as the primary reference case for coal, 

oil, and gas production (U.S. EIA, 2015a). EIA is the federal agency responsible for creating 

scenarios of U.S. energy production and consumption, and so their scenarios are a natural 

starting point. We use their Clean Power Plan scenario as our primary reference scenario 

because the Clean Power Plan, passed as law in the U.S. is expected to reshape power markets 

in the U.S. by requiring states to meet certain emissions performance standards. Given 

uncertainties, however (the law is under court challenge in 2016), we also consider another 

reference case without the Clean Power Plan, in brief in Table 1 and in more detail in the 

Supplemental Information.  

For step 2, we split the EIA’s scenarios into fractions extracted on federal vs. non-federal land 

by assuming that the share of federal (vs. non-federal) production remains constant at recent 

(2014) levels for each fuel in each region (e.g., for coal from Wyoming or oil from the Gulf 
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Coast), based on data from the US Department of Interior (ONRR, 2015), which oversees 

federal production from these lands, and EIA data on total (federal and non-federal) production 

(U.S. EIA, 2015b). 

For step 3, we estimate the amount of fossil fuel production in lands that are already under 

lease, under lease but not yet producing, and not yet leased. For oil and gas, we use an extensive 

database of U.S. oil and gas fields (Rystad Energy, 2016) that (among other attributes) describes 

where each field is in its life cycle, from being leased to each phase of production. For coal, for 

which commercial databases are not as available, we start with an estimate of existing reserves 

from a coal industry report that estimated year-end 2010 reserves of 5.8 billion short tons in the 

Powder River Basin (Miller and Bate, 2011) and a government report that estimated year-end 

2012 reserves of 0.9 billion short tons elsewhere (U.S. GAO, 2013). We then update these 

sources to 2015 based on subsequent actual annual production (ONRR, 2015) or new lease 

inflow (Headwaters Economics, 2015), and assume that producers will continue to seek new 

leases in the future at rates that maintain reserves equivalent to 15 years of expected production, 

an industry common practice observed in recent years and consistent with ranges reported by 

the U.S. Geological Survey (Pierce and Dennen, 2009) and coal industry consultants (Miller 

and Bate, 2011). We assume that producers extract the same fraction of these new stocks each 

year as they do of existing stocks. Lastly, we exclude metallurgical coal (since it has few low-

carbon substitutes) and assume that the hundreds of relatively small plots of state land in 

Wyoming that are entirely contained within federal parcels would phase down along with 

federal coal (Luppens and Scott, 2015). 

The end result of steps 1 through 3 is displayed in Figure 1 (in aggregate for all fuels) and in 

Figure 2 (below) for each fuel individually.  (2-degree pathways are taken, as described above, 

from IEA and McGlade and Ekins.) 
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Figure 2: Future U.S. fossil fuel production in reference case (by status of federal lease) and under 

2°C scenario, 1990–2040   
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For step 4, in principle, a single, comprehensive model of global fuel markets could be used to 

assess how, in combination, cuts in U.S. coal, oil, and gas production that result from lease 

restrictions would affect both domestic (U.S.) and international markets. Such models have at 

times been used to assess the global CO2 implications of domestic fuel supply changes in other 

contexts (Anderson and McKibbin, 2000; Haftendorn et al., 2012). However, there are several 

features of the U.S. fuel market that are not easily captured in a single model. Most notably, the 

U.S. power supply is especially complicated and will soon be subject to a unique rule, the Clean 

Power Plan, that imposes unique emissions performance standards on each of the 50 states in 

the U.S. Few models are capable of modeling this complexity, let alone how changes in regional 

fuel supplies could may affect the power market dynamics or on how changes in the domestic 

market may play out internationally. As a result, out of necessity we consider each fuel market 

separately, based on the best approach we could identify for each fuel, and with discussions of 

the limitations and uncertainties of each approach.  

First, for oil, which is a global market with relatively little interaction with coal and gas markets, 

we model it on its own, much like other analysts have done (Bordoff and Houser, 2015). Here 

we first apply a simple microeconomic model that estimates changes in oil consumption as a 

function of the change in production in integrated global oil market, just as in our prior work 

(Erickson and Lazarus, 2014). We use a long-run elasticity of world crude oil demand of -0.2 

based on a literature review (Hamilton, 2009), and within the range, from -0.072 to -0.3, found 

by a more recent review (Bordoff and Houser, 2015). For the elasticity of supply, we use a 

value of 0.25 from Rystad Energy’s oil supply curve for the year 2030 (Rystad Energy, 2016), 

and consider a range of 0.1 to 1 in the Supplementary Information.  

In addition to this simple, elasticity-based approach to assess change in own-fuel oil 

consumption, we also now incorporate explicit consideration of oil substitutes, since the effects 

of changing U.S. federal leasing policy would play out over a multi-decade timeframe in which 

alternatives such as electric and natural gas vehicles or next-generation biofuels could become 

more widely available and cost-competitive. These developments regarding substitutes do not 
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lend themselves well to an elasticity-based approach, however, given how existing research on 

the long-term elasticities of substitution between oil and other transport fuels is too limited 

(Faehn et al., 2016), and because future availability of substitutes may be more determined by 

policy choices (yet to be made) than by micro-economics. Instead, to characterize substitutes 

we therefore look to the findings of global scenario analyses by the International Energy 

Agency, which lays out long-term scenarios of fuel availability. IEA scenarios suggest that 

(price-induced) drops in oil consumption would be result in reduced overall energy use and 

switching to substitute fuels in roughly equal proportions (IEA, 2015). Therefore, for each unit 

drop in oil use, we assume that use of substitute fuels will increase by half as much (in energy 

terms). Also drawing from IEA scenario results, we assume that the alternative fuel mix is 85% 

as GHG-intensive as oil-based fuels, based on a mix of biofuels (substantial GHG benefit), 

compressed natural gas (little if any GHG benefit, due to methane leakage during refueling), 

and electricity (little if any GHG benefit, due to high average CO2-intensity of new power 

plants).  

For coal, the situation is more complex, as the unique characteristics of the aging U.S. coal 

power fleet may constrain fuel substitution more than simple microeconomics might suggest 

(Haggerty et al., 2015; Joskow, 1987). For example, many U.S. power plants were designed to 

use coal with the relatively unique low-sulfur, sub-bituminous characteristics of Powder River 

Basin coal, which accounts for 80% of the coal produced on federal lands. Switching to other 

coals can require major, costly retrofits (e.g. to coal processing or pollution controls, or a 

complete rebuild of the boiler). Accordingly, to assess the impacts of reduced federal coal 

availability, we rely on runs of the Integrated Planning Model (IPM) (Vulcan/ICF, 2016). IPM 

represents each U.S. power plant and coal resource, and also takes into account the unique 

requirements and dynamics of the Clean Power Plan that sets goals for the carbon intensity of 
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each U.S. state’s electricity supply. We use the same runs of the IPM model as did a recent 

analysis by White House Council of Economic advisors (CEA, 2016).1  

For the coal export market, which is not described in detail in the IPM model or the Vulcan 

study, we develop and apply a simple model of supply and demand using a price elasticity of 

demand of -1.16 drawn from China (Jiao et al., 2009) a price elasticity of supply of 2.6 for the 

Pacific Basin (Aldina, 2013), and an elasticity of substitution of 1.4 (Stern, 2012). 

For gas, we elect not to model the market and net emissions effects of reductions in U.S. supply 

that would result from restricted federal leasing. This is because numerous other analyses of 

gas markets have concluded that, at least in the next couple decades, the incremental, net CO2 

effect of expanding or contracting gas supply is neither strongly positive nor strongly negative. 

As a result, though federal leases would also affect domestic natural gas production, the CO2 

effects are likely to be more modest than for either oil or coal. This is because gas can both 

displace coal (a CO2 decrease) and displace renewables or increase consumption (a CO2 

increase), leading to countervailing effects. Modeling reviews have emphasized that these 

effects roughly balance each other (Energy Modeling Forum, 2013; Lazarus et al., 2015b), and 

so we do not consider it further here relative to the effects of the more carbon-intensive fuels 

coal and oil.  

Lastly, for step 5, from the resulting change in fuel consumption, we apply simple carbon 

contents from the US EPA’s national greenhouse gas inventory (U.S. EPA, 2014). 

                                                      

 

1 Of dozens of scenarios considered by Vulcan, we adapted the case that looked at the impact of a phasing out coal 

production by increasing coal prices (by imposing the full social cost of carbon on royalty rates of new leases), 

assuming: a) the Clean Power Plan is implemented using a “mass-based” approach in which each state pursues a 

fixed CO2 emissions target but can trade emissions allowances with other states; b) fuel and renewable cost 

projections consistent with the EPA’s analysis of the final Clean Power Plan. 
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RESULTS AND DISCUSSION 

For each fuel, we first report results from the modeling in terms of net change in fuel 

consumption per change in fuel production, and then apply these results to the estimated change 

in federal production (due to changes in leasing) to estimate overall changes in energy 

consumption and CO2 emissions. 

For oil, we find that for each EJ of federal U.S. oil production cut in 2030, other oil supplies 

would substitute for 0.56 EJ, as the increased prices (about 1%) would cause other suppliers in 

the U.S. and (especially) globally to increase production. Net oil consumption would drop by 

0.44 EJ. (We report impacts for the year 2030 as it represents the focus year of current 

international climate negotiations.) 

In total, as illustrated in Figure 3, by ceasing new leasing (and not renewing existing, non-

producing leases), the U.S. Department of Interior would avoid the production of about 1.7 EJ 

(870,000 barrels per day) of oil in 2030, the equivalent of 120 Mt CO2.  This reduction in 

production and associated emissions would be offset by increased supply of other, substitute 

oil resources (68 Mt CO2) and other non-petroleum fuels (23 Mt CO2) for a net decrease of 31 

Mt CO2. (See Supplemental Information for sensitivity analysis using alternate elasticity values 

and emission intensities of substitute fuels.) 
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Figure 3: Impacts of decreased oil production on oil and substitute fuel markets, 2030.  

 

 

For coal, results from IPM indicate that, under the Clean Power Plan, each EJ of coal no longer 

supplied (due to lease restrictions) to domestic power markets in 2030 would lead to 

substitution of 0.64 EJ from other coal supplies, especially from the Illinois Basin and Northern 

Appalachia. The net drop in national coal consumption would be 0.36 EJ for each EJ of federal 

coal not produced because of the lease restrictions. Gas consumption would also increase 0.23 

EJ, to make up for the lost coal-based electricity. (If the Clean Power Plan were not in place, 

IPM results indicate that coal would decline 0.69 EJ and gas would increase 0.35 EJ for every 

EJ cut in coal supply.)  

For coal exports markets, we find that each EJ of U.S. coal no longer exported to Asian power 

markets (e.g. Korea and Philippines) would yield a drop in net coal consumption of 0.30 EJ, 

accounting for partial substitution by other, higher cost sources of coal (e.g., from Indonesia 

and Australia). The higher costs of coal would also lead to some switching to natural gas 

(though less so than in the U.S., given that gas is more costly and less available in Asia), 
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amounting to an increase in natural gas consumption of 0.07 EJ for every EJ of U.S. coal no 

longer exported due to the lease restrictions. 

In total for coal, we find that leasing restrictions would reduce federal production by 2.9 EJ in 

2030. The drop in CO2 emissions from this coal (largely in the Powder River Basin, and 

including some small cuts in non-federal coal that could not be mined without the federal coal) 

in that year would be about 300 Mt CO2, as shown in Figure 3.  Increased coal and gas supplies 

from other sources would add back 195 Mt CO2 and 36 Mt CO2, respectively, resulting in a net 

overall reduction in emissions of 71 Mt CO2.  

Figure 3: Impacts of decreased coal production on coal and gas markets, 2030. 

 

 

Under some circumstances, lease restrictions on coal might have considerably less impact on 

CO2 emissions. The first is if large new coal mines were to be developed on state, tribal, or 

private lands in the Powder River Basin that could fully or partially substitute for the lost federal 

coal. For example, there have been proposal (currently on hold) to develop the Otter Creek 

mine on state land in Montana or the Big Metal Mine on Crow Reservation lands. Were these 

projects to proceed, they could potentially make up for much of the avoided federal coal more 
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easily than could other alternative supplies, i.e. the higher-sulfur coals from the Illinois Basin 

or Appalachia. In such a case, since substitution of non-federal coal would be higher, net CO2 

impacts would be lower.  The CO2 emissions impact could also be substantially lower if 

measures enacted to comply with the Clean Power Plan were “binding” for all states, nearly 

fully determining power sector CO2 emissions. In such a case, increases in the cost of coal 

would increase the cost of complying with the Clean Power Plan (increasing the credit or 

allowance prices in the Plan’s trading systems), but would offer little opportunity for further 

price-driven emission reductions (Gerarden et al., 2016). We describe this outcome in more 

details in the Supplemental Information, where we consider it as a sensitivity case. 

Combining our oil and coal results, Table 1 shows ceasing to issue new and renewed leases for 

fossil fuel extraction from federal lands and waters could reduce net global CO2 emissions by 

about 100 Mt per year by 2030, assuming Clean Power Plan implementation. 

Table 1: Change in net consumption of fuels, 2030, in Mt CO2  

 

Clean Power Plan Case No Clean Power Plan Case 

Impact on 

same fuel 

Impact on 

substitute 

fuel(s) 

Net 
Impact on 

same fuel 

Impact on 

substitute 

fuel(s) 

Net 

Coal       

Domestic market (99) 35  (64) (318) 88 (230) 

Export market (8) 1 (7) (10) 1 (8) 

Subtotal (107) 36 (71) (328) 90 (238) 

Oil       

Global market (54) 23 (31) (54) 23 (31) 

Total (160) 58 -100 (380) 110 -270 

Note: Figures may not add to totals due to rounding. 

 

This level of emission reduction is of a similar scale to other key policies of the Obama 

administration, such as US EPA’s most recent proposed standards for light- and medium-

/heavy-duty vehicles, expected to yield 200 Mt and 70 Mt in CO2 savings, respectively, in 2030. 

By contrast, the Clean Power Plan is expected to yield emission benefits that are many times 

greater: 610 Mt CO2 in 2030. As shown in Table 1, were the Clean Power Plan not enacted, e.g. 
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due to current pending legal challenges, the effect of the lease restriction policy could be nearly 

three times greater, 270 Mt CO2, than suggested above. 

The broader, long-term implications of the leasing restrictions could be more profound than the 

results for 2030 alone might suggest. New leases begin to account for a majority of federal 

fossil fuel production only after 2030, as production from existing leased areas begins to play 

out.  

Furthermore, were other countries to take similar measures, global fossil fuel supply could be 

more constrained and low-carbon renewables more available. In such a case, which we explore 

as a sensitivity case (see Supplementary Information), the markets for coal and oil could be 

more sensitive to changes in supply (e.g., steeper supply curves and higher elasticities of 

demand), and the impact of the U.S. policy could be at least twice as high: 210 Mt CO2 in 2030 

alone.  

By contrast, were fossil fuel production from other U.S. and international resources to expand 

rapidly, and low-carbon technologies less available, coal and oil markets could be less sensitive 

to changes in supply (flatter supply curves and lower elasticities of demand). In that case (also 

explored further in the Supplementary Information), incremental impacts could be as little as 4 

Mt CO2.  

CONCLUSIONS 

This analysis suggests that the U.S. in on pace to dramatically over-produce fossil fuels 

compared to levels more consistent with a 2-degree pathway. As indicated in Figure 1, the U.S. 

is on a path to produce about twice as many fossil fuels (in energy terms) in 2040 as the country 

would under a cost-effective global mobilization to limit warming to 2 degrees.  

The U.S. government, through its Department of Interior, exercises substantial control over the 

federal lands and water that account for a quarter of this production. And, decisions the agency 

will be making on both coal and offshore oil –  or proposed legislation on future leasing policies 

– could substantially affect levels of future fossil fuel production on federal lands. Indeed, the 
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Department of Interior has indicated that it may consider, as a criterion for leasing, “whether 

the leasing and production of large quantities of coal… is consistent the Nation’s goals to reduce 

greenhouse gas emissions” (BLM, 2016).  

Our findings suggest that restricting future lease issuance and renewal could lead to reductions 

in federal fossil fuel production of about 37% in 2030 (especially from coal), helping to bring 

U.S. fossil production closer (though still a long way from) levels consistent with the cost-

effective attainment of a 2-degree goal. In CO2 terms, the incremental effect of this change 

would be partially muted by increasing production from other sources. (Emissions leakage is 

also a consideration for demand-side policies, though often smaller in magnitude.)  Still, even 

considering these effects, we estimate the impact of the lease restriction policy to be 100 Mt 

CO2 in 2030, a level on par with other major policies of President Obama’s climate action plan 

and, therefore, significant. 

This lease restriction proposal and related policies (e.g. higher royalties) deserve more careful 

consideration in U.S. climate policy discourse. For example, imposing a substantially higher 

royalty rate (or carbon-based royalty “adder”), as the White House Council of Economic 

Advisors has considered, might provide a similar signal regarding commitment to emission 

reduction goals while yielding an additional benefit: a potential source of added revenue to 

transition affected communities from fossil fuel extraction to other forms of work (CEA, 2016). 

This analysis has introduced two ways of looking at policies that would reduce the supply of 

fossil fuels. The first is perhaps the simplest, at least in principle: countries could compare 

expected fossil fuel production to what they would instead extract under a 2-degree scenario, 

and assess whether planned fossil fuel supply infrastructure or policies are consistent with 

stated climate goals.  Of course, defining a country’s share of fossil fuel production under a 

global 2-degree pathway requires a sophisticated model, even if the pathway is based only on 

cost-effectiveness of extraction and not the more complicated, but important, equity 

considerations (Caney, 2016). The other way of looking at supply-focused policies is to take a 

hard-nosed look at the incremental impacts, using economic tools to assess how fuel markets 
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may respond. This too requires modeling tools and economic methods, but helps address the 

important issue of leakage, which is often raised by critics of supply-side policy (Roberts, 

2015). Here, we apply both approaches to the case of the U.S. policy of leasing federal lands 

for fossil fuel extraction, and find that under either lens, a leasing restriction policy may 

materially complement existing, largely demand-focused U.S. climate policy. 

These findings suggest that other major fossil fuel producing nations intent on achieving the 

goals of the Paris Agreement may also wish to re-evaluate their fossil fuel supporting policies 

using the two perspectives offered here. 
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SUPPLEMENTARY INFORMATION 

Results for cases without the Clean Power Plan 

In the main body of this paper, we consider the EIA’s Clean Power Plan scenario as the 

reference case for our analysis of U.S. fossil fuel production. Here, we instead present findings 

for a reference case without the Clean Power Plan. 

Figure S-1: Historical and forecast U.S. fossil fuel production in scenario without Clean Power 

Plan (with detail for federal lease status) and under 2°C, 1990–2040, in energy terms. 
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Figure S-2: Impacts of decreased coal production on coal and gas markets under the case without 

the Clean Power Plan, CO2 basis, 2030 
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The analysis of market impacts and net CO2 emissions impacts in the main body focuses on 
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the Clean Power plan in place. That central case foresees coal and oil markets responding in 

ways consistent with current assessments by Rystad Energy, Wood Mackenzie, the 

International Energy Agency, and the U.S. Energy Information Administration. However, 

energy markets could also evolve in other directions, whether due to new policy developments 

(e.g. more or less-stringent climate policy) or other economic or technical developments (e.g. 
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under cases where world leaders pursue either a lower-carbon or a higher-carbon world than 

the current pathway.  

In the lower-carbon world, other countries also take similar measures to limit or otherwise move 

away from fossil fuel extraction, and to increase even further the availability of low-carbon 

power and other fossil-fuel demanding technologies. In this low-carbon world, coal and oil 

supply curves are steeper (lower elasticity of supplies), because fewer projects are brought 

online, not just in the U.S. but also in other major fossil-fuel producing countries poised for 

expansion (e.g. oil in Brazil, Russia, Canada, Nigeria, Norway). Demand curves are flatter 

(elasticities of demand are more strongly negative, and elasticities of substitution are higher) 

because consumers of oil, such as vehicle owners, can more readily purchase electric or other 

low-carbon-fueled vehicles, and power providers can more readily build and integrate 

renewable electricity. 

By contrast, in the higher-carbon world, just the opposite conditions are present. Fossil fuel 

production from other U.S. and international resources can expand readily, and so the decline 

in federal coal (largely Powder River Basin) and federal oil could be made up by other 

producers with little impact on fuel prices. On the demand side, a high-carbon world would see 

consumers who are less sensitive to price, as higher-carbon power systems and lifestyles are 

“locked in”, with low-carbon alternatives that are less available and more costly. 

Below we explore the implications of these other energy market conditions for each of the 

energy markets analyzed in this report: the global oil market; the domestic coal market; and the 

export coal market.  

Sensitivity analyses for global oil market 

Table S-1, below, displays sensitivity analysis for oil markets. These cases explore variation in 

the elasticity of supply from 0.1 to 1 and elasticity of demand from -0.072 to -0.3, both as in a 

recent literature review and analysis(Bordoff and Houser, 2015). The cases also explore 

variation in the emissions intensity of the fuels that would substitute for oil, based on a higher-
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carbon fuel mix that is no better than petroleum-based fuels (whether that is petroleum, first 

generation biofuels, or fossil-powered EVs) and a lower-carbon fuel mix as seen in the IEA’s 

450 scenario.2  

Table S-1: Sensitivity in oil market analysis, 2030 

 

 

Our base-case estimate of the global emissions impact of restricted federal leasing for oil is 31 

Mt CO2, as described in the main text and shown in Table S-1. The sensitivity analysis indicates 

that, in a higher-carbon world with relatively unconstrained oil supplies and little demand 

response, the impact could be as little as 4 Mt CO2. By contrast, in a low-carbon world where 

other countries take similar steps to limit oil supply and consumers are more price-sensitive 

with regard to fuel price, the emissions impact could be twice as high, 64 Mt CO2.  

Sensitivity analyses for the domestic coal market 

Table S-2 displays sensitivity analysis for domestic coal markets under the case of the Clean 

Power Plan. For transparency and to better enable comparison to other studies, we conduct our 

sensitivity analysis here using a simple, elasticity-based approach, using the same equation 

                                                      

 

2 Specifically, we define the lower-carbon fuel mix here based on the transport fuels that substitute for oil in the 

IEA’s 450 scenario: 60% biofuels, 30% gas, and 10% EVs. At a GHG savings of 50%, 0%, and 100%, respectively, 

this leads to a fuel mix that is 40% better than petroleum fuels.  
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(c+d*e)

a*b* 

(c+d*f)

a*b* 

(c+d*g)

Lower-carbon world 1.7               70.6         0.1 (0.3)        (0.75)          0.38              1.00                 0.85               0.60                     (46)          (52)        (64)         

1.7               70.6         0.1 (0.2)        (0.67)          0.33              1.00                 0.85               0.60                     (41)          (47)        (57)         

1.7               70.6         0.1 (0.072)   (0.42)          0.21              1.00                 0.85               0.60                     (25)          (29)        (36)         

1.7               70.6         0.25 (0.3)        (0.55)          0.27              1.00                 0.85               0.60                     (33)          (38)        (46)         

Base case 1.7               70.6         0.25 (0.2)        (0.44)          0.22              1.00                 0.85               0.60                     (27)          (31)        (38)         

1.7               70.6         0.25 (0.072)   (0.22)          0.11              1.00                 0.85               0.60                     (14)          (16)        (19)         

1.7               70.6         1 (0.3)        (0.23)          0.12              1.00                 0.85               0.60                     (14)          (16)        (20)         

1.7               70.6         1 (0.2)        (0.17)          0.08              1.00                 0.85               0.60                     (10)          (12)        (14)         

Higher-carbon world 1.7               70.6         1 (0.072)   (0.07)          0.03              1.00                 0.85               0.60                     (4)            (5)          (6)           
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(equation 1) used for the global oil market and the coal export market. (By contrast, our base 

case results for the domestic coal market were derived from a run of the IPM model of the U.S. 

power market.) 

To first demonstrate the application of the elasticity-based model to the domestic coal market, 

we construct a “parameterized base case”, using only elasticities, that mimics the results derived 

from the IPM model. For this case, we use the mid-range long-term elasticity of demand from 

a recent analysis of long-term markets for PRB coal (Fulton et al., 2015) of -1.5. We derive an 

elasticity of supply from the same coal supply curve, itself constructed by Wood Mackenzie, 

that the EPA uses in its version of the IPM model (U.S. EPA, 2013), and assuming reference 

levels of domestic coal consumption. This value is 2.5. Lastly, we assume that gas substitutes 

fully for any lost coal-based electricity, as in Vulcan’s IPM-based study (Vulcan/ICF, 2016), 

and that gas power plants operate at an efficiency 1.5 times that of coal-based power (IEA, 

2014). Using this parameterized model, we calculate net CO2 impact of 65 Mt CO2, essentially 

equal to the full model results (64 Mt CO2) presented in the main letter and repeated in Table 

S-2.  

With this parameterized model faithfully matching the base case, we use it to examine a 

sensitivity case for a lower-carbon world. We characterize coal demand in a lower-carbon world 

based on the higher end of the demand-response, elasticity -2, estimated by the same recent 

analysis of long-term markets for PRB coal used for the parameterized base case (Fulton et al., 

2015), and where lower-carbon fuels are much more available and where coal supply is more 

constrained. Further, in a lower carbon world, the substitute fuels would be low-carbon 

renewables, not gas, and so we assume that no gas substitutes.3 In the lower-carbon world, coal 

supplies would be 7even more constrained than under the Clean Power Plan (and not just from 

federal sources), and so we use a lower elasticity of supply of 2. 

                                                      

 

3 This is equivalent to assuming an elasticity of substitution equivalent to the opposite of the elasticity of demand, 

or 2, which is, like the elasticity of demand, at the upper end of that found by empirical studies (Stern, 2012).  
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For the higher-carbon world, we take two approaches.  One, as above, is to use an elasticity-

based approach. Here, we use a much lower elasticity of demand, -0.13, derived from EIA’s 

own assessment (U.S. EIA, 2012). This value reflects the dynamics of the domestic power 

market in the previous decade (2005–2010), prior to the growth in domestic low-cost natural 

gas.4 We use an elasticity of supply of 5 to reflect a more abundant domestic coal market 

characterized by a flatter supply curve. 

The other approach assumes that the Clean Power Plan is fully “binding”, meaning that it is the 

rule’s state-specific targets (and corresponding compliance pathways established by the states) 

that reduce power-sector CO2 emissions in each trading region to levels below what they would 

be in the absence of the rule. In such a case, any increase in coal prices resulting from leasing 

restrictions would have no effect on CO2 emissions, since any further decreases in coal 

consumption would be met by equal (in CO2 terms) increases in gas consumption, as spurred 

by increases in allowance prices (under mass-based trading) or credit prices (under rate-based 

trading), and which would also partially displace renewables.  

The Clean Power Plan may be most likely to be fully binding if states adopt a national, rather 

than regional, trading system, since a national system would equalize the costs of compliance 

and eliminate the possibility that any one state or trading region exceeded its target. The 

national system would also need not to exceed the targets. The likelihood of this outcome could 

increase were renewables costs to be higher than currently expected (or gas costs lower). Were 

renewables costs to be lower, including due to extension of the federal renewable tax credits, 

this outcome could be less likely.  

                                                      

 

4 EIA reports an average U.S.-wide elasticity of demand for coal of -0.11. Further, they report an average elasticity 

of substitution between gas and coal of 0.17. They report an “adjustment parameter” of 0.82 that they state can be 

used to construct long-term elasticities. We therefore use an adjusted elasticity of demand of -0.11/0.82= -0.13 and 

an adjusted elasticity of substitution of 0.20. We use the elasticity of substitution to estimate the response of  
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Table S-2: Sensitivity in coal market analysis, Clean Power Plan case, 2030 

 

 

Together, these sensitivity cases display how the impact of restricting federal coal leasing could 

have much greater or much less impact than we estimate. For example, in a lower-carbon world 

where coal supply is more constrained and power systems are more sensitive to changes in coal 

prices (in part because renewable power is more readily available), the impact of restricting 

leasing could be more than twice as great: an estimated 140 Mt CO2. By contrast, were other 

supplies of coal to be much less constrained, such as if non-federal coal in the Montana portion 

of the Powder River Basin (or Illinois Basin or Appalachian coal) were able to readily substitute 

for the lost federal coal, and if power systems are not very sensitive to coal price (as in the past 

decade), than the impact of restricted leasing could be very little – only 4 Mt CO2. The impact 

could even be zero, were the Clean Power Plan to be fully binding.  

Sensitivity analyses for export coal market 

We estimate the emissions impact of restricting federal coal leasing on coal export markets is 

less, approximately 7 Mt CO2, at least given export quantities as foreseen by EIA. As a result, 

we do not conduct a detailed quantitative sensitivity analysis here. Instead, we observe simply 

that in a high-carbon world, plentiful alternative coal supplies from either non-federal suppliers 

in the Powder River Basin (as above) or other coal exporters or own-markets (e.g. Australia, 

Indonesia, and China) would be available, and could relatively easily substitute for the lost 

federal PRB coal. Furthermore, with the constrained gas markets in rapidly expanding power 
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Lower-carbon world 3.03            90.5     50.3   2           (2)            -- -- (0.50)       -           (140)               

Base case 3.03            90.5     50.3   -- -- -- -- (0.36)       0.23         (64)                 

Parameterized "base case" 3.03            90.5     50.3   2.50     (1.5)        (0.38)       0.25         (65)                 

Higher-carbon world 3.03            95.5     50.3   5.0        (0.1)        0.2            1.5 (0.03)       0.02         (4)                   

Higher-carbon world (w/ CPP binding) 3.03            95.5     50.3   -- -- -- -- 0 0 0



28 
 

markets in Southeast Asia, switching to alternate fuels may also be constrained, such that the 

impact of declining exports of federal coal could be less. By contrast, in a low-carbon world, 

other supplies would be constrained, and renewables more available, and the impact could be 

greater than 7 Mt CO2. 


