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a b s t r a c t

This paper considers the distributional impact of optimal carbon taxation on fossil-fuel
owners. A carbon-emitting exhaustible resource competes with a dirtier abundant re-
source and a clean backstop. A time-dependent carbon tax is set to optimally use these
resources under a cap constraint over CO2 atmospheric concentration. As the cap is
tightened, the dirtier resource becomes less competitive compared to the exhaustible
resource (the “competition effect”), but the timing and duration of extraction of the ex-
haustible resource is modified (the “timing effect”). We provide analytical expressions of
these effects, and determine conditions over size of reserves, pollution contents, extrac-
tion costs and demand elasticity such that the exhaustible-resource owners’ profits in-
crease as the ceiling is tightened. Calibrations for the transport and power sectors suggest
that the profits of conventional-oil and natural-gas owners increase compared to a
baseline without regulation for plausible carbon-ceiling values.

& 2017 Published by Elsevier Inc.

Introduction

Motivation and objective
Ongoing climate change is driven by the accumulation of greenhouse gases in the atmosphere, mostly CO2 from fossil-

fuel combustion (IEA, 2014). This paper considers the impact of carbon taxation on countries endowed with fossil fuels,
depending on the characteristics of the resources they own. Fossil fuels are spread unequally across the world and, in
general, countries with large endowments of conventional oil and gas have small endowments of more polluting resources
such as coal and unconventional oil, and vice versa. For example, OPEC-Gulf countries owned 49.6% and 39.8% of the world
reserves of oil and natural gas respectively in 2011, but only 0.1% of world coal reserves, and their reserves of unconventional
oil are negligible (Table 1).

Analysing the impact of carbon taxation on fossil-fuel owners’ profits is important for at least three reasons. It first
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matters due to the size of the fossil-fuel production sector: fossil fuels accounted for 81% of the total energy supply in 2013
(IEA, 2014). Second, some countries are very exposed to changes in the value of their fossil-fuels reserves. Oil rents re-
presented 23.5% of Middle Eastern and North African oil countries’ GDP in 2014; natural gas rents account for 8.7% of Qatar's
GDP according to the World Bank. Finally, compensation and liability have been major issues in climate negotiations. It is
thus crucial to identify the countries that could win or lose from international carbon regulation due to their resource
endowment, and to understand countries’ incentives when negotiating international agreements.

Sketch of the model and results
We build on Chakravorty et al. (2006, 2008) and construct a dynamic model of resource extractionwith pollution control.

Three energy resources are available: an exhaustible polluting resource (conventional oil or gas), a dirtier abundant resource
(coal or unconventional oil) and a clean backstop. Environmental policy takes the form of a carbon cap over the atmospheric
stock of CO2, and optimal extraction is decentralised by a worldwide carbon tax. We use a dynamic framework to reflect that
the profitability of extracting the exhaustible resource depends on the price of other resources over periods of time where
the exhaustible resource is not even used. Endogenous changes in the timing of use of the different resources due to carbon
regulations are a key aspect of the problem.

Our main objective is to analyse the impact of optimal carbon taxation on the profits of the owners of a carbon-emitting
exhaustible resource, and to determine under which conditions their profits may rise. We show that the profits of owners of
some polluting exhaustible resources (like conventional oil or gas) will likely rise under optimal carbon taxation, even if the
tax revenues are not redistributed to them. We label this phenomenon the “Grey Paradox” as it contradicts the claims from
fossil-fuel owners—especially OPEC member countries1—that carbon taxation will reduce their profits. On the contrary,
owners of the dirtiest resources, such as coal or tar sands, will suffer under more stringent carbon regulation as it puts
downward pressure on the value of their deposits. The value of the companies holding those assets may even fall to zero if
their resource is not exhausted and is supplied on a competitive market.2

Tightening the carbon cap, or equivalently increasing the corresponding carbon tax in the decentralised economy, has
two potential effects on the profits of the owners of an exhaustible polluting resource. When this resource competes with a
more polluting resource at some future date, a higher tax tends to favour the owners of the less polluting resource at this
date: the increase in the tax per unit of resource is higher for the more polluting resource, thus the after-tax price of the
exhaustible resource must increase, i.e. current profits must increase. We call this the “competition effect”. However, there is
another effect which may work in the other direction and which reflects the dynamic nature of resource extraction. Carbon
regulation modifies the timing of the extraction of the exhaustible resource. The extraction of the exhaustible resource may
thus be slowed (reducing profits) or sped up (increasing profits) due to the regulation. We label this the “timing effect”.
Analytical expressions of these effects are derived.

We pay particular attention to the role played by resource endowments, pollution content, extraction costs and demand
elasticity, and determine parameter conditions under which fossil-fuel profits rise as the ceiling falls. If the exhaustible

Table 1
Shares of fossil-fuel reserves by world region and economic policy organisation in 2011, and fossil-fuel pollution content (direct combustion).

Oil Natural gas Coal

Total Conv. Unconv.*

Europe 1.0 1.3 0.0 2.2 8.6
CIS 8.1 10.4 0.0 31.9 20.7
Africa 8.3 10.7 0.0 7.5 3.5
Middle East 50.2 64.7 0.0 40.8 0.1
Australasia 2.6 3.4 0.0 8.6 40.3
North America 15.5 3.8 56.1 5.0 25.4
Latin America 14.3 5.8 43.9 3.9 1.4
World 100 100 100 100 100
OPEC-Gulf 49.6 63.8 0.0 39.8 0.1
OECD 2000 16.7 5.3 56.1 9.1 43.2
World Reserves in EJ 9032 7014 2018þ 7415 21,952
Pollution content in
gCO2e/MJ

92 106 76 110

The data for reserves come from BGR (2012). “Reserves” are proven volumes economically exploitable at today's prices and using today's technology.
“Conv.” and “Unconv.” stand for “Conventional” and “Unconventional”. *Unconventional oil includes extra heavy oil, bitumen, oil shale, shale oil and light
tight oil. “þ” Reserves of unconventional oil are potentially very large as coal-based liquid supplies can be considered as a type of unconventional oil.
Pollution contents are life-cycle greenhouse gas contents from Burnham et al. (2012). EJ ¼ exajoules; MJ ¼ megajoules; gCO2e ¼ grams of CO2 equivalent.

1 See for instance positions defended by the OPEC Secretary Generals, Rilwanu Lukman and Abdalla Salem El-Badri, at the 6th and 19th Conference of
the Parties to the UN Framework Convention on Climate Change in 2000 and 2013.

2 In April 2016, the largest private coal company, Peabody Energy, filed for U.S. bankruptcy protection. Its current situation is partly due to increased
competition with renewable and natural gas in a world that has become more and more concerned with low-carbon energy transition.
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