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Around the globe, governments have pledged to remove support for
coal, oil and gas, noting that such fossil fuel subsidies “undermine
efforts to deal with climate change” by keeping greenhouse gas emis-
sions higher than they otherwise would be'. Jewell et al.? used results
of integrated assessment models to infer that eliminating subsidies
wouldyield “limited emission reductions...exceptin energy-exporting
regions”, and described the emission reduction benefits as “small”. This
characterization is potentially misleading, and here we use a simple,
sector-specific model to show how the emission reductions from pro-
ducer subsidy reform could be more material than Jewell et al. suggest®.
Fossil fuel producer subsidies delay a low-carbon transition in ways
both material and political, and they deserve greater attention and
transparency in global modelling analyses, as well as in policy-making.

The study by Jewell et al.> provides important findings related to fossil
fuel subsidy removal. Using asynthesis of five Integrated Assessment Mod-
els (IAMs), they find that subsidy removal could reduce global emissions
by 0.5to 2 gigatonnes (Gt) of carbon dioxide (CO,) by 20302 Jewell et al.
characterize these global emission reductions as “unexpectedly small”,
while noting that they would largely occur within afew energy-exporting
countries and regions (Russia, the Middle East and Latin America)*.

We argue that the emissions reductions from subsidy removal are
notsmall. By contrast, 0.5-2 Gt CO,amounts to roughly one quarter of
the energy-related emission reductions pledged by all countries under
the Paris Agreement (4-8 Gt CO,), all fromasingle policy approach that
also comes with strong fiscal and other environmental benefits*. This
scale of emission reductions should not necessarily be surprising or
unexpected: few policy analysts hope that any single instrument can
deliver reductions at the scale needed to meet climate goals.

Moreover, we argue that the impact of subsidy removal on emissions
islikely to be more substantial thanJewell et al. find? particularly when
considering support for fossil fuel producersin high-income countries.
Although their approach uses common IAM techniques, it does not
adequately capture investment dynamics in the supply of new fossil
fuels, and therefore misses amajor pathway for subsidy reform to affect
CO, emissions. Specifically, their approach does not consider how the
timing of producer subsidies (concentrated early inaninvestment life-
time) and the higher effective discount rates of investors (as compared
withsociety) affect investment decisions to bring on new supplies of oil.

Oil provides more of the world’s energy than any other fuel, and
exploration and development of supplies remain robust®. The model
inref.2 of producer subsidies to oil distributes regional subsidy totals
equallytoalloil fields—both new and already-producing fields—in each
region, proportionate to annual output. However, that is often not
how subsidies to oil producers work. Instead, governments frequently
target subsidies more towards new capital investment than ongoing
production. By lowering upfront cash flow requirements, government
subsidies boost project investment metrics (such as rate of return or net
present value), whichleads producers to drill more new wells than they

would otherwise. Thislocksin higher future fossil fuel productionand
thus also higher future consumption and greenhouse gas emissions®.

Using the example of one type of subsidy for investment—acceler-
ated depreciation of new capital investment—we illustrate how oil
subsidies could have a bigger effect on global CO, emissions thanin
Jewell etal.s analysis® This particular form of support, exemplified by
the intangible drilling cost (IDC) subsidy in the United States, allows
companies to quickly write down capital investments that would oth-
erwise depreciate more gradually, providing a boost to cash flow at
the beginning of a project.

TheIDC subsidy is underappreciated in Jewell et al.’s analysis® because
they valueit only at the reported value of about US$0.20 per barrel (all
dollar prices herein refer to 2016)’. This reflects the reduction in cash
flow to the United States Treasury that results from the delay in annual
tax payments. But whereas the USA government may be almost indiffer-
entwhether it receives tax revenues this year or the next, oil company
investors are not, because they can use that cash flow to accelerate
new investment.

If the IDC were valued not on a nominal cash basis butinstead on a
present value basis, using investor discount rates of 10% to 20%, the
subsidy would make it substantially easier to invest in new oil fields,
decreasing the breakeven oil price of new projects by US$4 to $7 per
barrel (Table1).

Changes inbreakeven economics of this scale could have asubstan-
tial effect on global oil market price dynamics and consumption. This
would especially be the case if subsidy removal were to render uneco-
nomic many of the new projects on course to be developed before
2030. This outcome could well arise, since the USA has a substantial
fraction (more than 40%) of the new oil projects that canbe produced
by 2030 (Extended Data Fig.1). Other producers with substantial new
supplies planned, such as Canada® and Norway?, also offer accelerated
depreciation of new oil capital investments.

Table1estimates how the global oil market may respond to removal
oftheaccelerated depreciation subsidies, based on asimple oil market
model (see Methods). As shown, in the low-oil-price world featured
by Jewell et al.?, the effect of removing the depreciation subsidy to
producers could reduce global oil consumption by 440 to 770 million
barrelsin 2030.

Yet the previous analysis by Jewell et al.? includes only a very small
fraction of this effect. They do not report this result, but we estimate
it to be roughly 21 million barrels (Table 1, column A).

We therefore believe that, in their low oil price case, Jewell et al.
missed areduction in global CO, emissions from oil combustion on
the order of 200 to 300 million tons CO, that could result from the
removal of a single type of subsidy common in the USA and other oil-
producing countries.

The actual outcome on net global CO, emissions fromall fuelsis likely
to be somewhat lower because coal or gas might substitute for some
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Table 1| Removing subsidies that accelerate write-down of capital investment reduces global oil consumption

(A) Subsidy valued on cash basis, Subsidy valued on present value basis at given investor discount rates

as in United States government
source used by OECD and ref. 2

(B) Rate commonin
academic literature

(D) Higher-risk rate (if weakened investor
climate or higher-risk fields)"®

(C) Ratecommonin
industry studies

10% 15% 20%
Effect of subsidy on economics of new oil projects
Effect on projects’ breakeven price  0.20 4.20 5.80 7.30
(US$ per barrel)
Market effects of subsidy removal for high-oil-price case in 2030
Increase in global oil price 0.07 1.40 1.90 2.40
(US$ per barrel)
Decrease in global oil consumption 4 76 10 130
(millions of barrels)
Decrease in global CO, emissions 1 30 42 52
from oil (millions of tonnes of CO,)
Market effects of subsidy removal for low-oil-price case in2030
Increase in global oil price 013 2.80 3.90 4.90
(US$ per barrel)
Decrease in global oil consumption 21 440 620 770
(millions of barrels)
Decrease in global CO, emissions 8 180 250 310

from oil (millions of tonnes of CO,)

These estimates of the effect of subsidies on projects' breakeven prices (first row) are calculated on a present value basis, as the production-weighted averages across nearly 800 discovered oil
fields in the United States (see Methods). By contrast, Jewell et al.? value the fast depreciation subsidy only on a cash basis, spread across all fields; while they do not report the value of this sub-
sidy in their analysis, we estimate it from the same primary sources they used to be about US$ 0.20 per barrel (column A), as described further in the Methods. We estimate the market effects of
removing these subsidies using a simple oil market model, at three different investor discount rates (columns B to D), all of which are on a nominal basis (no deduction for inflation). We assume
that not-yet-developed USA oil projects are higher up the oil cost curve in 2030 (as is oil from other countries that also have a corresponding accelerated depreciation subsidy, like Canada

or Norway), such that increases in the breakeven prices of these fields could well have a direct effect on long-term prices and consumption levels. We also assume here that subsidy removal
begins immediately (in 2019), whereas Jewell et al. assume subsidy phase-out starts in 2020 and is completed in 2030. However, producer subsidy removal is not subject to the same concerns
as consumer subsidy removal—namely equity and locked-in consumer behaviour—and thus would not need to be phased in so gradually.

of the lost oil consumption, though concurrent removal of subsidies
for these fuels would minimize this effect. IAM models, like those used
byJewell etal.?, are well suited to evaluating these interactions. Yet the
scale on which CO, emissions from oil have potentially been underes-
timated—equivalent to 10% to 60% of the reported global effect? due
to removal of all subsidies (0.5 to 2 Gt CO, in 2030)—suggests that oil
producer subsidies deserve greater attention and transparency in
global modelling analyses.

The investment-oriented approach to modelling subsidies used
here and the broader, average cost-curve approach of ref. >are not
incompatible. Fossil fuel supply in IAMs could be modelled using an
investmentapproach and vintage capital structure, asis often applied
to power plants that have upfront costs and default lifetimes'°. In such
anapproach, new oil deposits would also be modelled as prospective
investments, as demonstrated here, using realistic discount rates of
10% to 20% that are common in the oil industry™.

Infact, subsidies may have an even more importantrole than we can
quantify here. Extracompany revenue resulting from subsidies canbe
used not only for more drilling, but also for product promotion, politi-
cal activities and other efforts that fortify the industry’s incumbent
status. Subsidies also have asymbolic effect, in that they communicate
the normative position that thisindustry andits activities are beneficial
forsociety asawholeand, therefore, should be encouraged. Jewell et al.2
disregard these socio-political effects when downplaying the value of
removing fossil fuel subsidies.

The economic, political and symbolic effects of subsidies reinforce
each other™. For example, subsidies can beget more subsidies, with
new, long-lived fossil fuel infrastructure in turn (1) requiring further
subsidization down the line to continue operating'*, and (2) yielding
beneficiaries who will vigorously defend continued subsidization®. Since
there can be arevolving door between government staff and subsidy
recipients, public officials may find it even harder to pass strong climate
and energy policies®. Indeed, the most troubling impact and legacy of
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fossil fuel subsidies may be the political barriers that fossil fuel produc-
ers have erected in recent decades against decarbonization efforts™,

Rapid low-carbon transitions consistent with the guardrails of the Paris
Agreement require dramatically reduced fossil fuel production®. Subsi-
diesto fossil fuel companies pose formidable financial, institutional and
political obstacles to this transition, impeding the efficacy of greenhouse
gas emission reduction strategies. The apparent small dollar values of
producer subsidies in official, government-approved ledgers, and the
limited emissions impact suggested by global models such as those used
byJewell etal.?, can be misleading. The actualimpacts, particularly when
one considers their social and political effects, are far greater.

Methodsareinthe Supplementary Informationto this Matters Arising
Comment.

Reporting summary

Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Data availability

The authors declare that data supporting the calculations in columns B
throughto D of Table1lareincluded as Supplementary Information. The
raw data analysed by the authors for Extended Data Fig. 1 are available
fromRystad Energy in their UCube database, but restrictions apply to the
availability of these data, which were used under license for the referenced
study, and so are not publicly available. Raw data are available from the
authorsuponreasonablerequest and with permission of Rystad Energy.

Code availability

No custom code or mathematical algorithms were used to generate
results reported in this paper. The entirety of the oil market model is
provided as equation (1) in the Methods.
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Replying to: P. Erickson et al. Nature https://doi.org/10.1038/s41586-019-1920-x (2020)

In 2009, the G20 countries pledged to phase out fossil fuel subsidies’.
Our original Letter highlighted that about 95% of subsidies go to con-
sumers and two-thirds are in the Middle East, Russiaand Latin America®.
We also found the largest emission reductions from subsidy removal
would occur in those three regions, where low oil prices provided a
unique political opportunity and the reforms would harm fewer poor
people. In the accompanying Comment?, Erickson et al. argue that
we downplay the impact of subsidy removal and the effect of subsi-
dies for oil producers, such as the USA’s intangible drilling cost (IDC)
scheme. Here we show large variations in such schemes and estimate
theirimpact to be within the range of the sensitivity analysis from our
original article. The USA IDC may represent a unique political oppor-
tunity for producer subsidy reform, but reforming such schemes may
be counterproductive in countries where they are applied in tandem
with high taxes for oil production.

We estimated that emission reductions from subsidy removal would
be between 2-8% and 3-15% of those required by 2030 to achieve the
1.5°C and 2 °C targets. We called this “unexpectedly small” because
these estimates contrast with sweeping statements that subsidy
removal would have “significant™ effects and is “the missing link in
the fight against climate change™. Yet we agree with Erickson et al.?
that given the immensity of the climate challenge, these numbers are
notable and are certainly not an argument against subsidy reform.

Ericksonetal.’estimate the size and effect of the USA’'s IDC scheme,
which allows accelerated depreciation of drilling costs, essentially tax
deferralsfor oil producers. Their approachis different fromoursin how
subsidies are defined and measured. In our original Letter?, we used
government inventories®®for our central estimate, because these are
the very subsidies that governments have pledged to remove. Erickson
etal.? consider any regulation that makes oil production more profit-
able to be a subsidy even if it does not involve net transfers from the
government. This leads them to use data not from governmentinven-
tories of subsidies but from analysing oil production economics. Thus,
Erickson et al.> analyse the hypothetical cash flow for 800 oil fields in
the USA and calculate the effect of the IDC scheme on the breakeven
price of individual projects—we call this the ‘effective subsidy rate’.
They then assess the global impact of similar schemes by assuming

all oil producers worldwide benefit from the same effective subsidy
rate as in the USA.

Global IAMs can greatly benefit from such data if they are param-
eterized for long-term global scenarios. The first set of parameters
defines how accelerated depreciation affects the effective subsidy
rate. This depends on a project’s breakeven price, discount rate,
share of capital costs, the national tax regime, and the design of the
accelerated depreciation scheme, all of which vary widely across
countries and over time (Methods). To determine whether Erickson
et al’s results® would affect our original findings?, we developed a
discounted cash flow model to analyse the effective subsidy rate for
the USAIDC and from accelerated depreciation schemes for three
additional countries with diverse institutional arrangements and
geographies (Methods).

In the case of the USA, our model provides results similar to those
of Erickson et al.? for the 2016 case, but the 2017 tax cut reduced the
effective subsidy rate by about half and the recent fall in the cost of
North Americantight oil reduced it by another30% (Table 1, Methods).
The effective subsidy rates from accelerated depreciation schemes
in Canada, Norway and Russia under a range of plausible breakeven
prices are between two and ten times smaller than the USA 2016 case.
Using this range, we estimate the global effective subsidy rate from
accelerated depreciation schemes to be US$0.3-1.9 per barrel [using
central assumptions, as described in the Methods, the value is US$1.0;
central values are shown herein in square brackets] (US dollar prices
herein refer to 2016; Table 1).

The uncertainty inestimating production subsidiesis wellknown
That is why, in our original Letter?, we included a sensitivity analysis
using an alternative estimate of production subsidies (including an
alternative calculation of the USA’s IDC scheme)™°. Oil production sub-
sidiesin that analysis for the low-oil-price scenario were about fifteen
times higher than those reported in government inventories®. The
oil production subsidy rates in that original sensitivity analysis are
also generally higher than the effective subsidy rates we estimate for
accelerated depreciation schemes (column C of Table 1).

The second step in the analysis by Erickson et al.? is to estimate the
effect of accelerated depreciation schemes on global oil consumption

6,9,10
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Table 1| The effect of oil production subsidies on producer costs and global oil consumption

IAM analysis of all producer subsidies in Jewell et al.2

(low-oil-price scenario)

Discounted cash flow model of accelerated depreciation schemes
(10% discount rate except for final row; see Methods)

(A) Main estimate of production
subsidies from ref. ®

(B) Higher production
subsidies from refs.

(C) Variations in tax rates, capital cost, (D) Erickson et al.®
accelerated depreciation schemes,

breakeven prices and elasticities (our analysis)

910

Effective production subsidy rate (US$ per barrel)

USA 0.6 2.4 1.9 (2019 case) 4.2 (2016 case)
4.9 (2016 case)
Other regions Canada 1. Canada1.5 Canada 0.5-1.4[0.9]
Europe 0.4 Europe 2.2 Norway 0.9-2.0 [1.5]
Russia O Russia 5.2 Russia 0.9-2.1[1.6]
MENA O MENA 2.3 Saudi Arabia and Nigeria O
Global 0.2 2.6 0.3-1.9[1.0]
Change in global oil extraction or consumption (millions of barrels per year) for the low-oil-price scenario
Change in extraction due to higher production subsidy estimate 590 440

Variation due to effective subsidy rate using elasticities in Erickson et al®* and 10% discount

rate

30-200 [110]

Variation due to elasticity assumptions™ "

discount rate

using central effective subsidy rate and 10%

20-140[90]

Variation due to discount rates using central effective subsidy rate and elasticities in

90-150[130] 440-770[620]

Erickson et al.® In column (C), discount rates vary from 7.5% to 20% and in column (D) from
10% to 20% (Methods). In both cases, the discount rate for the central estimate is 15%.

Columns A and B contain estimates of all oil production subsidies from our original article?. In our sensitivity case, the subsidy rate and its effect on oil production is higher than under acceler-
ated depreciation schemes (column C). For the USA, the results for the 2016 case are in italics including from Erickson et al. (column D). ‘Canada’ refers to the CAJAZ (Canada, Japan, Australia
and New Zealand) region whose oil production is dominated by Canada (over 98%). ‘'MENA' refers to the Middle East and North Africa region.

withasimple oil market model. Their calculation s sensitive to supply
and demand elasticities that are highly uncertain (Methods). They
use a single value for demand elasticity and a single value for supply
elasticity for each oil price. A range of supply and demand elasticities
from previous studies that used the same simple oil market mode["*?
changes the results by almost by an order of magnitude even under
the same effective subsidy rate (Table 1, Methods).

In the sensitivity analysis from our original article, we estimated
that a more than tenfold increase in oil production subsidies would
increase oil extraction by 590 million barrels per year (Table 1). The
higher production subsidies (including all production subsidies, not
justoil) would increase emission reductions from subsidy removal by
0.3 gigatonnes of carbon dioxide per yearin 2030, which is about 13%
higher than the main estimate of the model used for that sensitivity
analysis, or about 1% of the emission reduction required by 2030 to
achievethe1.5°Cor2 °Ctarget (Methods).

Thefinal parameter affecting the effective subsidy rate is the discount
rate, which Erickson et al.? assume varies between 10-20%. The upper
end of thisrange is speculative because discount rates for the oil sector
have generally varied between 9% and 11%" (Methods). Table 1 shows
our results using a discount rate of10%, but our conclusions are robust
overthefullrangeinErickson etal.’:a20% discount rate increases the
global effective subsidy rate to US$0.4-2.7 [1.4] per barrel (Methods).

This exchange highlights theimportance of improving IAM param-
eters by incorporating new data. Such data are more meaningful to
globallong-termIAMs ifitis clear whether and how they are applicable
beyond a single country at a single point in time. The generalizability
of such datacanbeimprovedifthey extend toawider and morerepre-
sentative sample®'®, whichIAMs can use, asillustrated by the sensitivity
analysisinouroriginal article. Finally, these data should be up-to-date
and transparent about uncertainties, including those arising from dif*-
ferencesin policy environments.

Although the effect of accelerated depreciation schemes can be
incorporatedinto IAMs by adjusting the effective subsidy rate, we also
agreewith Erickson et al.? that IAMs should better represent oil and gas
infrastructure in the same way as they model the vintage structure of
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the power sector™. Another promising avenue would be to depict oil
and gasinvestments using areal options ‘wait and see’ approach® and
to model price formation in the oil market'® more realistically. These
improvements may either dampen or amplify the effects of subsidies
inIAMs, depending on whether infrastructural inertia, ‘wait and see’
behaviour, and strategic markets are more or less responsive to pro-
ducer cost signals thanin today’s IAMs.

Wealsostrongly agree with Erickson et al.? that the social and politi-
calimpacts of subsidy removal should always be examined in tandem
with their emissionimpacts. However, itis time for social scientists to
go beyond listing various negative effects of subsidies which are well
documented in theliterature and clearly extend beyond economics”2°
and instead identify opportunities and pathways for reform. That is
why, in our original article, we complemented energy and emissions
analysis with a discussion of the socio-political impacts of subsidies
toidentify a political opportunity for reformin oil-and gas-exporting
countries under low oil prices where reducing consumption subsidies
would affect fewer poor people, relieve squeezed government budgets
and lead to the largest emission reductions.

Alesson from our original article is that the environmental and socio-
political impacts of and obstacles to consumer subsidy reform vary
between countries. Thisis almost certainly the case for producer subsidies
aswell.Inthe USA, the original rationale (energy security and uncertainty
inoil drilling) for theIDCis outdated, and the scheme now does little more
than conferanunfairadvantage ona polluting, privately owned and prof-
itable industry. Reforming this scheme is complicated by the political
cloutoftheindustry,butatleastits public benefitsand endpointareclear.

However, such subsidies are much more difficult to identify, much
less reform, in countries like Norway and Russia where oil producers
pay very high taxes—reaching over 70% on profits. These taxes are a
major source of government revenue used to fund public services.
Would reformingaccelerated depreciation schemesin these contexts
also mean tax reductions for the industry? Would the endpoint be to
bring the oil industry in line with the rest of the economy, something
clearly not desirable either socially or environmentally? And if not,
what would be the goal and the strategy for reform?



Generalizing insights from the USA to the whole world is mislead-
ingbothin terms of science and policy. Finding effective strategies to
meet the Paris Agreement requires a detailed understanding of how
oil production and other carbon-intensive sectors are embedded in
national socio-political and economic contexts.

Reporting summary

Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Data availability

Theauthors declare that the data supporting the calculations are avail-
able in the Methods or from publicly available sources cited in the
Methods.

Code availability

No custom code or algorithms were developed for the discounted cash
flow results reported in this paper.

1. Joint Report By IEA, OPEC, OECD And World Bank On Fossil-fuel And Other Energy
Subsidies: An Update Of The G20 Pittsburgh And Toronto Commitments https://www.
oecd.org/env/49090716.pdf (IEA, OPEC, OECD and World Bank, 2011).

2. Jewell, J. et al. Limited emission reductions from fuel subsidy removal except in energy-
exporting regions. Nature 554, 229-233 (2018).

3. Erickson, P. et al. Why fossil fuel producer subsidies matter. Nature https://doi.
0rg/10.1038/s41586-019-1920-x (2020).

4.  Intergovernmental Panel on Climate Change (IPCC). Technical Summary. In Climate
Change 2014: Mitigation of climate change. Contribution of Working Group Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change (eds Edenhofer, O.
et al.) 33-107 (Cambridge Univ. Press, 2014).

5. Friends of Fossil Fuel Subsidy Reform. Briefing Note July 2015: Fossil Fuel Subsidy Reform
and the Communiqué. http://fffsr.org/wp-content/uploads/2015/07/ffrs-communique-
briefing-note.pdf (Friends of Fossil Fuel Subsidy Reform, 2015).

6. OECD OECD Companion to the Inventory of Support Measures for Fossil Fuels 2015.
https://www.oecd.org/publications/oecd-companion-to-the-inventory-of-support-
measures-for-fossil-fuels-2015-9789264239616-en.htm (OECD, 2015).

7. IEA World Energy Outlook 2016 https://webstore.iea.org/world-energy-outlook-2016
(International Energy Agency, 2016).

8.  IEA World Energy Outlook 2014 https://webstore.iea.org/world-energy-outlook-2014
(International Energy Agency, 2014).

9. Bast, E., Doukas, A., Pickard, S., Burg, L. Van Der & Whitley, S. Empty Promises: G20
Subsidies to Oil, Gas And Coal Production. https://www.odi.org/sites/odi.org.uk/files/odi-
assets/publications-opinion-files/9957.pdf (Overseas Development Institute and Oil
Change International, 2015).

10. Gerasimchuk, I. et al. Zombie energy: climate benefits of ending subsidies to fossil fuel
production. Working paper. https://www.iisd.org/sites/default/files/publications/zombie-
energy-climate-benefits-ending-subsidies-fossil-fuel-production.pdf (International
Institute for Sustainable Development, Global Subsidies Initiative, and Overseas
Development Institute, 2017).

1.  Erickson, P, Down, A., Lazarus, M. & Koplow, D. Effect of subsidies to fossil fuel companies
on United States crude oil production. Nat. Energy 2, 891-898 (2017).

12.  Erickson, P. & Lazarus, M. Impact of the Keystone XL pipeline on global oil markets and
greenhouse gas emissions. Nat. Clim. Chang. 4, 778-781(2014).

13. Damodaran, A. Cost Of Equity And Capital (Updateable) http://people.stern.nyu.edu/
adamodar/New_Home_Page/datafile/wacc.htm (2019).

14. Johnson, N. et al. Stranded on a low-carbon planet: implications of climate policy for the
phase-out of coal-based power plants. Technol. Forecast. Soc. Change 90, 89-102 (2015).

15.  Compernolle, T., Welkenhuysen, K., Huisman, K., Piessens, K. & Kort, P. Off-shore
enhanced oil recovery in the North Sea: the impact of price uncertainty on the investment
decisions. Energy Policy 101, 123-137 (2017).

16.  Ansari, E. & Kaufmann, R. K. The effect of oil and gas price and price volatility on rig
activity in tight formations and OPEC strategy. Nat. Energy 4, 321-328 (2019).

17. Victor, D. G. The Politics of Fossil-Fuel Subsidies https://papers.ssrn.com/sol3/papers.
cfm?abstract_id=1520984 (Global Subsidies Initiative and International Institute for
Sustainable Development, 2009).

18. Inchauste, G. & Victor, D. G. The Political Economy of Energy Subsidy Reform Public Sector
Governance (World Bank, 2017).

19.  Sovacool, B. K. Reviewing, reforming, and rethinking global energy subsidies: towards a
political economy research agenda. Ecol. Econ. 135, 150-163 (2017).

20. Lockwood, M. Fossil fuel subsidy reform, rent management and political fragmentation in
developing countries. New Polit. Econ. 20, 475-494 (2015).

Acknowledgements This work was supported by the Research Council Norway under the
Contractions project (“Analyzing past and future energy industry contractions: towards a
better understanding of the flip-side of energy transitions”) under grant agreement number
267528/E10. We thank A. Cherp for discussions on the discounted cash flow model.

Author contributions The change in composition (removal of Nawfal Saadi and addition of
Hannah Daly) and order of the author list in this Matters Arising compared to the original Letter
reflects the contributions to the Matters Arising Reply, which relied on a discounted cash flow
model and additional empirical research in order to validate the assumptions and sensitivity
analysis from the original article. J.J., J.E., VV. and C.B. wrote the Reply with contributions from
L.B.,H.D., I.K., V.K., D.E.H.J.G., K.F., D.M, L.P,, K.R., MT. and DV. The numerical model was
conceived and designed by J.J. and VV. and implemented by V.V. The results were analysed by
J.J.and V.V.

Competing interests The authors declare no competing interests.

Additional information

Supplementary information is available for this paper at https://doi.org/10.1038/s41586-019-
1921-9.

Correspondence and requests for materials should be addressed to J.J.

Reprints and permissions information is available at http://www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

© The Author(s), under exclusive licence to Springer Nature Limited 2020

Nature | Vol 578 | 6 February 2020 | E7


https://www.oecd.org/env/49090716.pdf
https://www.oecd.org/env/49090716.pdf
https://doi.org/10.1038/s41586-019-1920-x
https://doi.org/10.1038/s41586-019-1920-x
http://fffsr.org/wp-content/uploads/2015/07/ffrs-communique-briefing-note.pdf
http://fffsr.org/wp-content/uploads/2015/07/ffrs-communique-briefing-note.pdf
https://www.oecd.org/publications/oecd-companion-to-the-inventory-of-support-measures-for-fossil-fuels-2015-9789264239616-en.htm
https://www.oecd.org/publications/oecd-companion-to-the-inventory-of-support-measures-for-fossil-fuels-2015-9789264239616-en.htm
https://webstore.iea.org/world-energy-outlook-2016
https://webstore.iea.org/world-energy-outlook-2014
https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/9957.pdf
https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-files/9957.pdf
https://www.iisd.org/sites/default/files/publications/zombie-energy-climate-benefits-ending-subsidies-fossil-fuel-production.pdf
https://www.iisd.org/sites/default/files/publications/zombie-energy-climate-benefits-ending-subsidies-fossil-fuel-production.pdf
http://people.stern.nyu.edu/adamodar/New_Home_Page/datafile/wacc.htm
http://people.stern.nyu.edu/adamodar/New_Home_Page/datafile/wacc.htm
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1520984
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1520984
https://doi.org/10.1038/s41586-019-1921-9
https://doi.org/10.1038/s41586-019-1921-9
http://www.nature.com/reprints

	Why fossil fuel producer subsidies matter

	Reporting summary

	Acknowledgements
	Extended Data Fig. 1 Cost curve of world oil production in 2030.
	Table 1 Removing subsidies that accelerate write-down of capital investment reduces global oil consumption.

	1921.pdf
	Reply to: Why fossil fuel producer subsidies matter

	Reporting summary

	Acknowledgements
	Table 1 The effect of oil production subsidies on producer costs and global oil consumption.





