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Abstract
Integrated assessment models are commonly used to generate optimal carbon prices based on an
objective function that maximizes social welfare. Such models typically project an initially low
carbon price that increases with time. This framework does not reflect the incentives of decision
makers who are responsible for generating tax revenue. If a rising carbon price is to result in
near-zero emissions, it must ultimately result in near-zero carbon tax revenue. That means that
at some point, policy makers will be asked to increase the tax rate on carbon emissions to such
an extent that carbon tax revenue will fall. Therefore, there is a risk that the use of a carbon tax
to generate revenue could eventually create a perverse incentive to continue carbon emissions in
order to provide a continued stream of carbon tax revenue. Using the Dynamic Integrated
Climate Economy (DICE) model, we provide evidence that this risk is not a concern for the
immediate future but that a revenue-generating carbon tax could create this perverse incentive as
time goes on. This incentive becomes perverse at about year 2085 under the default configuration
of DICE, but the timing depends on a range of factors including the cost of climate damages and
the cost of decarbonizing the global energy system. While our study is based on a schematic
model, it highlights the importance of considering a broader spectrum of incentives in studies
using more comprehensive integrated assessment models. Our study demonstrates that the use of
a carbon tax for revenue generation could potentially motivate implementation of such a tax
today, but this source of revenue generation risks motivating continued carbon emissions far into
the future.
1. Introduction

Most of the governments of the world have asserted
that they will take additional measures aimed at
reducing greenhouse gas emissions and limit global
temperature increase to 2 °C and, potentially, 1.5 °C
[1]. Benefits of CO2 emissions typically accrue to the
emitter, while costs of climate change are typically
externalized, shared both geographically and tempo-
rally. Carbon pricing has been proposed as an effective
way of internalizing these external costs. A carbon
price increases the cost of CO2 emissions and thus
provides an incentive to reduce those emissions [2–4],
© 2017 IOP Publishing Ltd
possibly together with other climate policies [5–9].
The so-called ‘cap-and-trade’ approach where allotted
emissions are traded in a carbon market is an
alternative CO2 mitigation approach [7, 10]. It has
been pointed out that carbon pricing could be more
cost-effective than a quantity instrument like ‘cap-
and-trade’ [10]. In addition, domestic carbon pricing
in different countries can form an international
climate regime to overcome the free-riding dilemma
in protecting the atmospheric commons [11].

Edenhofer et al [8] pointed out that there could be
various motivations to levy a carbon tax other than the
aim to reduce CO2 emissions, such as increasing
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public financial income, improving air quality, and
insuring energy security. Recent studies have noticed
that a carbon tax can generate an attractive fiscal
income for governments [3, 8, 12]. Pezzey and Jotzo
predicted that a carbon price of 50 $/ton CO2 charged
on all CO2 emissions can generate a revenue that is
about 2% of gross domestic product (GDP) or 12% of
the central tax revenue in the US, and about 8% of
GDP or 75% of the central tax revenue in China [3].
Thus, this revenue could potentially be used to reduce
the tax burden of other distortionary taxes and
produce a ‘double dividend’ [13]. The goal of any
carbon tax scheme aimed at ultimately achieving an
energy system with near-zero emissions would be to
levy very high carbon taxes causing carbon emissions
to fall and with them a reduction in carbon tax
revenue. This raises a concern whether the desire to
generate a constant stream of carbon tax revenue
would introduce a perverse incentive to keep carbon
tax rates lower and CO2 emissions higher than they
would be in a welfare-optimizing case. In this work, we
use the phrase ‘perverse incentive’ to refer to situations
in which the revenue maximization would result in a
lower carbon price, but higher CO2 emissions and
more carbon tax revenue, than in the welfare
maximizing case.

There has been rich literature on how to optimize
the use of carbon tax revenue for realizing a revenue-
neutral tax [13–16] or how to use the revenue to
improve the efficiency of the tax system [17–21], but
relatively little analysis of the impact of revenue
maximization itself on CO2 emissions in the future.
Gago et al suggested that the interplay between the
increasing revenue-raising motives and the environ-
mental reasons for energy tax deserves more attention
[22]. Cooper noticed that a carbon tax can raise great
revenues for governments and can be appealing to
ministers of finance for many decades before CO2

emissions are greatly reduced [23, 24], but ‘the more
successful the tax is in reducing carbon emissions, the
less revenue will be raised’ [23]. However, it is
unknown whether the revenue maximization will
bring a perverse incentive to maintain CO2 emissions
relative to a well-known welfare-maximizing case
where both CO2 emissions and carbon tax revenue are
eliminated in the next century.

Traditionally, carbon prices in integrated assess-
ment models (IAM) are optimized to maximize net
present value (NPV) of utility, namely welfare [25–29].
Income available for consumption is reduced both by
the cost of emission abatement and by climate
damages. In most cases considered in such models,
the optimal carbon price starts out low but increases
afterward. In the long term, as CO2 emissions fall,
carbon tax revenue decreases. An alternative objective
function is to maximize carbon tax revenue. Early after
the adoption of a carbon tax, incentives to maximize
carbon tax revenue could result in a carbon price that
is higher than needed to maximize welfare, resulting in
2

utility loss. Later, the need for carbon tax revenue
generation incentivizes policy makers to tax carbon
emissions at a low rate to allow CO2 emissions and the
associated carbon tax revenue stream to persist.

In the Dynamic Integrated Climate-Economy
(DICE) model [25], welfare (W) is defined as NPV
of utility (U) of consumption over time t:

W ¼
X

t

U ½CðtÞ; LðtÞ�ð1þ rÞ�t ; ð1Þ

where C(t) is per capita consumption, L(t) is the
population, and r is the discount rate (5% in DICE).
Utility (U) is a function of population size and per
capita consumption [25]:

U ½CðtÞ; LðtÞ� ¼ LðtÞ⋅CðtÞ
1�a

1� a
; ð2Þ

where a is the elasticity of marginal utility of
consumption. Per capita consumption is:

CðtÞ ¼ Y ðtÞ �MðtÞ � DðtÞ
LðtÞ ; ð3Þ

where Y(t) is the gross output, M(t) is the cost of
emission abatement and D(t) is the damage due to
climate change. Alternatively, the NPV of carbon tax
revenue (R) is defined:

R ¼
X

t

pðtÞ⋅EðtÞ ⋅ ð1þ rÞ�t ; ð4Þ

where p(t) is the carbon price and E(t) are unabated
CO2-equivalent (equal to CO2 hereafter unless
specified) emissions.

A prime shortcoming of the conventional welfare
maximizing approach is that it does not reflect
incentives faced by real decision makers. Politicians
engaged in writing tax law often have incentives to
increase tax revenues [30, 31]. Further, they have
competing incentives to satisfy constituents who seek
to pay as little tax as possible to sustain consumption
[32]. To bracket this range of incentives, we examine a
case in which decision makers are assumed to
maximize carbon tax revenue versus maximizing
welfare and contrast these two cases with one where
the carbon price is kept at zero. We show that, with the
economic assumptions of the DICE model, the
motivatio generate carbon tax revenue does not
incentivize policy makers to have too low a carbon
price until n toafter approximately year 2085. This
provides evidence that the motivation to generate
revenue with a carbon tax does not risk perversely high
carbon emissions for most of this century. It is to be
noted that this time can be brought forward to as early
as 2035 if climate damages are larger than those
assumed in the model.

We aim to explore the potential consequence of
maximizing carbon tax revenues and compare it to the
traditional welfare-maximizing scenario. Here we use



Environ. Res. Lett. 12 (2017) 064001
the DICE model [25, 29, 33]; it combines a simple
model of social welfare and production with an
externality from climate damage caused by CO2

emissions. While it is a gross simplification of reality,
this transparent model can be easily understood by
economists and non-economists. The high degree of
transparency afforded by using this model allows us to
communicate more clearly, and allows others to
challenge our findings by performing equally trans-
parent calculations. Further, we hope and anticipate
that our work will influence others to include revenue
generation as a motivation in IAM model comparison
exercises that compare revenues under different
climate targets and consider a broad range of factors
influencing policy decisions.
2. Methodology

Here, we use the DICE model [29] (the latest version
DICE-2013R) to generate three paths over the period
of years 2015 to 2300 based on three different
maximization targets: (1) the welfare maximizing case
maximizes the NPVof utility of consumption equation
(1); (2) the revenue maximizing case maximizes the
NPV of carbon tax revenue (equation 4); and (3) the
zero-carbon tax case is the business-as-usual scenario
with carbon prices set to zero. Carbon tax revenue is
equal to the carbon price times unabated CO2

emissions equation (4). This revenue is zero when
the carbon price is zero or it is high enough to eliminate
all CO2 emissions. Due to a negative relationship
between emissions and carbon prices, carbon tax
revenue increases as carbon price increases initially and
decreases afterward, which is determined by the
elasticity of CO2 emissions to carbon price. We use
the DICE model to predict the carbon price path that
maximizes the NPV of carbon tax revenue. However,
due to lack of interaction with other distortionary taxes
in the DICE model, our revenue maximizing case
should be distinguished from a revenue optimizing case
in the literature, which addresses the impact of carbon
taxation on the efficiency of the tax system [19, 20].

Other than changing the objective function, the set-
up of the model, including economic and demographic
assumptions, is identical to DICE-2013R [29]. Popula-
tion growth and technological change are exogenous.
From2015 to 2250, the global population is projected to
increase from 7.2 to 10.5 billion, while the cost of
backstop technologies for 100% abatement decreases
from 335 to 102 $/ton CO2 temporally (supplementary
figure 1 available at stacks.iop.org/ERL/12/064001/
mmedia). We fix the savings rate at 26% from an
earlier version of DICE [33] and exclude the possibility
ofnegativeCO2emissions.This set-upallowsus to focus
on the difference stemming from the alternative
objective functions. It should be noted that there
are important efforts of improving the DICE model
(e.g. [34–36]) or applying other well-developed IAMs
3

(e.g. [26, 27]) to represent the interaction between the
energy system and economy. Further, inertia associated
withenergy infrastructure isnot considered[37].Weuse
this simple version of theDICEmodel to show the effect
of a change in the objective function. Of course, our
precise numerical results depend on details of model
formulation and parameter choices; nevertheless, our
results point to robust qualitative conclusions. Despite
its simplicity, the DICE model is useful to illustrate the
difference between welfare maximizing and revenue
maximizing cases and investigate factors that influence
the difference (see our discussion in section 3.2).
3. Results
3.1. Comparison of scenarios maximizing welfare
and carbon tax revenue
Figure 1 shows the fundamental model results of the
three cases. In the case without incentives to reduce
emissions (zero carbon tax), industrial CO2 emissions
increase monotonically until late in the 22nd century.
After that, the emissions start to fall because CO2

emission intensity, defined as emissions per unit of
gross output, declines at a rate of 1% per year under
decarbonization [29]. It results in atmospheric CO2

concentrations of approximately 925 ppm (supple-
mentary figure 2) and a global warming of 3.9 °C by
2100. In the model, atmospheric temperature con-
tinues to grow through 2250 reaching 7.9 °C. Under
the damage function used in the model, this 7.9 °C
temperature increase results in a decrease in utility of
∼2.5% (figure 2). Use of other damage functions [36,
38] and discount rates [38, 39] would change the
quantitative results derived from the standard DICE
model, but all predict a high climate risk under no
action to abate CO2 emissions.

Under welfare maximization, the optimal tax rate,
or carbon price, is set at a level where the NPVof the
marginal utility loss due to the cost of one extra unit of
abatement is equal to the NPVof the marginal utility
gain due to climate change damage avoided by that last
unit of abatement. The DICE model under the
standard set of assumptions starts with a relatively low
carbon price that continues to increase over approxi-
mately the next 100 years (figure 1). At that time, in
this idealized model, the carbon price is so high that all
CO2 emissions are eliminated. From that point on, the
carbon price is nominally equal to the cost of the
carbon-emissions-free backstop technologies that can
replace all carbon-emitting facilities. In this welfare
maximizing case, global mean temperature increase
relative to 1900 is 3.0 °C in 2100 but returns to below
3.0 °C after year 2180.

Note that the welfare-maximizing carbon price, if
applied as a tax rate, would require politicians,
approximately a half-century from now, to increase the
carbon price so much that it would diminish carbon
tax revenue. This could prove politically challenging,

http://stacks.iop.org/ERL/12/064001/mmedia
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as it would require that politicians place climate
objectives above both the objective of raising carbon
tax revenue and the objective of appeasing politically
forcing seeking lower tax rates.

Alternatively, for some countries, politicians may
have incentives to use carbon taxes to generate revenue
[8], and thus be motivated to set the carbon price at a
level that would maximize this revenue. In the DICE
model, if the carbon price is set higher than the
optimal value, this could greatly and rapidly reduce
emissions. Further, under the revenue-maximizing
case, the abatement cost is higher than the damage
4

caused by climate change before 2060 (supplementary
figure 3). A carbon price higher than the optimal value
would reduce the net economic output and capital
investment and decrease the net output and finally
reduce the carbon tax revenue. On the contrary, if the
carbon price is set initially lower than the optimal
value, the opportunity to generate additional revenue
through carbon tax is not realized, and the revenue-
maximizing solution is not achieved.

The carbon price in the revenue-maximizing case
is initially high, resulting in lower CO2 emissions,
larger carbon tax revenue and a lower rate of
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atmospheric temperature increase than in the other
two cases considered (figure 1). This, in turn, reduces
both per capita consumption and utility, for instance,
by ∼1.8% in 2020 relative to the zero-carbon-tax case
(figure 2). However, the revenue-maximizing case
maintains an amount of CO2 emissions all the way
through the end of the simulation period, rather than
abating all of them, a markedly different result from
the welfare-maximizing case. The revenue-maximiz-
ing carbon price is surpassed by the welfare-
maximizing case in 2085. Meantime, CO2 emissions
in the revenue-maximizing case are projected by the
model to exceed the welfare-maximizing case in 2085
and peak in 2185, the same as that in the zero-carbon-
tax case. Cumulative CO2 emissions in the two
maximization cases intersect in around 2125, both far
lower than in the zero-carbon-tax case (supplementary
figure 4).

In comparison to the welfare-maximizing case,
revenue maximization leads to a higher initial carbon
price (150 vs. 18 $ (ton CO2)

�1) but lower later on
(a maximum of 150 vs. 200 $ (ton CO2)

�1), resulting
in less near-term climate damage. Under the revenue-
maximizing case, the atmospheric temperature in-
crease will reach 2.0 °C in 2075, approximately 20 or
25 years later than in the zero-carbon-tax (year 2050)
or welfare-maximizing (2055) cases. In the long term,
generation of carbon tax revenue requires CO2

emissions persist, resulting in a faster rate of
atmospheric temperature increase starting at the
end of this century than in the welfare-maximizing
case (figure 1). Consequently, per capita consumption
and utility both fall below the welfare-maximizing case
after 2150 (figure 2), but are still higher than in the
zero-carbon-tax case.

Note that even in the revenue-maximizing case,
carbon tax revenue is never greater than 3% of gross
output. However, the total tax rates in most countries
are collectively often an order of magnitude greater
than this level (supplementary figure 5). It is unlikely
that a modern economy could ever use carbon tax as a
primary revenue source. Further, even if the carbon
price is set at a high level to maximize carbon tax
revenue, if there are offsetting reductions in other
sources of distortionary taxes, the total revenues could
still be neutral when viewed from the perspective of
overall receipt of governmental revenues [40].

3.2. Impact of the cost of climate damage and the
cost of decarbonization
A different scenario of technology developments can
lead to a different abatement cost function and thus
affect the optimal carbon price. The DICE model
explicitly accounts for a backstop technology that can
eliminate CO2 emissions from fossil fuels. This
technology can be CO2 removal from the atmosphere,
or solar energy, or wind power, or some undiscovered
sources [29]. The DICE model assumes that the cost
for 100% removal of annual CO2 emissions is 344
5

$ (ton CO2)
�1 in 2010, which declines at a rate of

0.5% per year. Because this rate is the most important
determinant of the trajectory of carbon price, here we
run simulations that assume the cost for backstop
technology declines at a rate of 0.25% or 1% per year,
corresponding to two cases with a slower or faster
pace of technology improvements (supplementary
figure 6). Under a faster rate of technology
improvement, CO2 removal is less costly, leading
to a lower carbon price to keep CO2 emissions under
the revenue-maximizing case. In contrast, under the
welfare-maximizing case, a faster rate of technology
improvements brings forward the peaking year of
carbon price from year 2120 to year 2100 and leads to
lower carbon price thereafter, reflecting the fact that
welfare maximization prefers to a deferred mitiga-
tion. Consequently, the carbon price meets earlier in
the two maximization cases under a faster rate of
technology improvements, and the motivation to
generate revenue can incentivize policy makers to
adopt a lower carbon price earlier.

In addition to the abatement cost function, the
optimal carbon price also depends on the shape of
the damage function. The degree of convexity of the
damage function relates directly with the incentives to
address climate change. The DICE model assumes a
quadratic function to estimate the damage caused by
CO2 emissions-induced global warming [25]. Here we
run simulations where the damage function coefficient
is doubled or halved, corresponding to a stronger or
weaker sensitivity of the economy to climate change
(supplementary figure 7). The results show that, if the
economy is more sensitive to climate change than what
is assumed in the standard DICE model, the optimal
carbon price maximizing welfare would be higher due
to increase in the social cost of carbon emissions.
However, in the revenue-maximizing case, the carbon
prices are largely unaffected by the coefficient of
climate damages, changing between 0.3%–0.5% in the
DICE model. Carbon tax revenue is almost unaffected
by changes in economic damages because the marginal
effect of carbon price on CO2 emissions is much larger
than the marginal effect of temperature on the
economy. For instance, the global climate damage is
only 0.17, 1.8 and 5.2% relative to global total output
in 2015, 2100 and 2200 under the revenue-maximizing
case.

Our sensitivity analysis illustrates how assumptions
regarding abatement cost and climate damage affect
our results. While a faster decline of backstop cost and
larger climate damage can reduce CO2 emissions and
hence lower the peak warming in the welfare-
maximizing case, CO2 emissions and global mean
temperature increase associated with them are slightly
influenced in the revenue-maximizing case (figure 3
and supplementary figure 8). It has been suggested that
the coefficient of climate damage should be increased
by a factorof 4.4 times to be consistentwith a 2 °C target
in the Paris Agreement [29]. We find that CO2
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emissions in the revenue-maximizing case will be
exceeded by thewelfare-maximizing case in 2035, while
global mean atmospheric temperature will be exceeded
in 2065, manifesting the adverse effect of revenue
generation on CO2 emissions earlier than that under
the standard configuration of the DICE model (figure
3). That is, the perverse effects of a revenue-maximizing
policy would appear sooner if the welfare maximizing
temperature is lower.
3.3. A shift from revenue maximization to welfare
maximization in 2085
We notice that carbon-tax revenue maximization will
result in higher CO2 emissions after around year 2085
(figure 1), but only start to increase damage due to
climate change and reduce utility of consumption
after around 2150 due to reduction in CO2 emissions
in early periods (figure 2). However, carbon tax
revenue is declining and no greater than 1% of gross
output at the end of this century. If there is a desire to
avoid persistent CO2 emissions, revenue maximiza-
tion would no longer be the basis for a carbon tax
policy. At that time, ceasing reliance on carbon tax for
revenue would be a formidable but perhaps not
insurmountable challenge. This is further illustrated
by a simulation shown in supplementary figure 9,
which shows a case where the revenue-maximizing
case shifts to the welfare-maximizing case after 2085,
the year at which of carbon price in the two cases
intersects. Consequently, the atmospheric tempera-
ture and utility both move toward the welfare-
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maximizing case in the long term and reduce the
welfare loses.
4. Discussion

It has been proposed that global actions to abate and
eliminate CO2 emissions as early as possible are critical
to ensure that the climate change stays within a safe
planetary boundary [41]. The goal of generating
carbon tax revenue could motivate higher carbon tax
rates in the near term, and provide an incentive that
would result in the realization of a more ambitious
near-term climate target than would otherwise be
achieved. However, it is possible that a revenue neutral
carbon tax may prove politically more palatable than a
revenue generating carbon tax [42, 43]. If, for example,
the revenue generated from a carbon tax were
distributed equally on a per capita basis, due to the
skewed distribution of consumption a majority of
people would be net recipients of carbon tax revenue.
Further, carbon tax revenue could be used to offset
distortionary taxes. Thus, there could be motivation to
maintain high carbon tax revenue even in the case of a
revenue-neutral carbon tax.

We find that, in the DICE model, a traditional
welfare-maximizing framework leads to an initially
low but increasing carbon price, defers abatement
actions, and decreases carbon tax revenue. In contrast,
a revenue-maximizing objective leads to an initially
high price, generates more revenue from carbon tax,
but with increased climate damage in the long term.



Table 1. Cross-over points for instantaneous emissions and cumulative emissions in all cases considered.

Cases Year when instantaneous emissions exceed

welfare-maximizing emissions

Year when cumulative emissions exceed

welfare-maximizing emissions

Central case (default configuration

of the DICE model)

2085 2125

Doubling rate of decline of the

backstop technology cost

2070 2105

Doubling climate damages 2060 2085

Increasing climate damages by 340%

(2 °C stabilization)

2035 2050

A maximum rate of increase in

carbon prices limited to no more

than one doubling per decade

2085 2115
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However, the rapid onset of a very high carbon price
would have negative economic consequences that are
not captured by the simple DICE model, since it does
not represent the time it would take to replace
infrastructure and allow for a more elastic response. In
the real world, the sudden imposition of a very high
carbon price would be expected to create substantial
economic dislocations. To illustrate that ramping in
higher taxes does not affect our basic conclusions, we
perform a sensitivity simulation with the DICE model
that maximizes carbon tax revenues with a maximum
rate of increase in carbon price (no more than one
doubling per decade) starting from the same year 2010
carbon price as in the welfare maximizing case. The
results are shown in supplementary figure 10. It shows
that the resulting carbon price and carbon tax revenue
both fall between the welfare-maximizing and reve-
nue-maximizing cases predicted by the standard DICE
model. Thus, in this case too, the perverse incentives to
maintain CO2 emissions for the purposes of tax-
revenue generation appear only until late in this
century. More detailed studies with more comprehen-
sive IAMs that represent dynamic infrastructure
turnover can better address economic consequences
of rapid increase in carbon price.

Our goal is to examine whether and when the
incentive to generate revenue would oppose the
incentive to mitigate climate change, not to provide
an analysis of fiscal policy. Nevertheless, the interaction
of carbon taxes with the fiscal system has been receiving
increasing attention [44]. According to Goulder [45],
there are at least two macro-economic effects of carbon
taxes. First, carbon tax revenues can be used to reduce
other distortionary taxes and produce a ‘double
dividend’ as a revenue-recycling effect [13, 46].
However, carbon taxes cannot become a major
component of government tax in a modern economy.
Figure 1c shows that the carbon tax revenue can
contribute to up to 2.8% of GDP in the revenue-
maximizing case, and this contribution is declining over
time. supplementary figure 5 shows that marginal tax
rates are often an order of magnitude greater than this
level. Second, the carbon tax may interact with pre-
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existing market distortions. Edenhofer et al [8]
suggested that double dividend can be used to offset
thenegative impactof a carbon taxon labordemandand
hence unemployment. Markandya et al [20] showed
that a carbon taxcan reduce thepre-existing inefficiency
of the tax system in a shadow economy and enhance the
possibility of benefiting from a double dividend.

In all our cases, the use of a carbon tax for revenue
generation could produce a perverse incentive to
continue instantaneous emissions as time goes on,
leading to higher cumulative emissions in the long term.
However, there are many factors that can influence the
timing of this cross-over point. Table 1 lists the cross-
over points in terms of instantaneous emissions and
cumulative emissions for each of our cases. It shows that
CO2 emissions in the welfare maximizing case are
sensitive to the rate of decline of the cost of net-zero-
emission backstop technologies and the specification of
the climate damage function. However, the revenue
maximizing case is relatively insensitive to these factors,
therefore the timewhen revenuemaximizationprovides
perverse incentives is earlier if the welfare-maximizing
emission rate is lower. In addition, if the carbon price is
ramped up more slowly to avoid the economic
dislocations due to a sudden imposition of a very high
carbon price, CO2 emissions in early periods will be
higher than predicted by the DICEmodel, leading to an
earlier manifestation of the adverse effect of the revenue
maximization strategy. Therefore, the time when the
revenue maximizing motive imposes welfare loses
depends on the optimal temperature in the welfare
maximizing case and the rate atwhicha carbonprice can
be ramped in without producing excessive economic
dislocations due to a sudden imposition of high carbon
price. These two factors deserve further investigation.

It has been widely noticed that current emission
pledges stated by the Paris Agreement are unlikely to
hold the global peak warming below 2 °C [47, 48].
Under the default configuration of the DICE model,
the revenue maximizing case predicts lower temper-
atures over the 21st century than in the welfare
maximizing case, while the global temperature
increase exceeds 2 °C in 2075. This suggests that
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policy to meet the 2 °C target in the Paris Agreement
will need to have either effective carbon price higher
than in the revenue maximizing case or a more rapid
decline in the cost of net-zero-emission backstop
technologies.
5. Conclusion

Integrated assessment models are used to investigate
optimal carbon price paths and thus emissions
trajectories. However, the conventional objective
function that maximizes the social welfare does not
reflect all incentives faced by real decision makers. To
explore the implications of non-climate incentives to
increase carbon tax revenue, we consider an extreme
idealized case in whichmaximizing carbon tax revenue
is the only goal. We present this case to understand
consequences of the goal of increasing revenue; we do
not expect that real decision-makers will ever see
revenue maximization as their sole objective. Revenue
maximization, relative to welfare maximization, gives
a higher carbon price at the beginning and a lower one
late in the 20th century and beyond with a lower
maximum carbon price. Over the next half century or
more, the revenue-maximizing carbon price leads to
lower CO2 emissions than the welfare-maximizing
carbon price. The climate and welfare benefits under
the revenue-maximizing case are closer to those under
the welfare-maximizing case than those under no
carbon tax.

A carbon tax can never become the primary
revenue source for a modern economy. Because there
are social forces opposing higher taxes, a conflict
between those who want to maximize revenue and
those who want to minimize taxes might result in a tax
level that lies between these two extremes. The
qualitative conclusion is that, for at least the next
half-century, incentives to generate tax revenue
motivates a higher carbon price than would be
justified by a welfare maximizing objective, and thus
would result in less climate damage. However,
incentives to generate revenue are projected to oppose
the incentives to reduce CO2 emissions as time goes
on, leading to higher cumulative emissions and greater
climate damage in the next century. At that time,
improving welfare and mitigating climate damage will
depend on having political leadership that is willing to
increase carbon tax rates so high that both carbon
emissions and carbon tax revenue approach zero.

Politicians are driven by opposing incentives,
including incentives to generate tax revenue and to
minimize taxes for constituents. Over the next half
century, these twin incentives to both raise revenue
and avoid politically unpopular taxation could
motivate carbon prices that are close to the welfare-
maximizing optimum. A central conclusion of our
work is that the incentive to raise revenue is not a
threat to mitigating CO2 emissions for the immediate
8

future, but this incentive could pose a threat to
CO2-mitigation in the long term.
Acknowledgments

This study was supported by the Fund for Innovative
Climate and Energy Research. R.W. was also funded by
a Marie Curie IIF project from European Commission
(FABIO, grant # 628735).
References

[1] UNFCCC 2015 Adoption of the Paris Agreement (UN
Framework Convention on Climate Change, FCCC/CP/
2015/L.9/Rev.1

[2] Nordhaus W 2015 Climate clubs: overcoming free-riding in
international climate policy Am. Econ. Rev. 105 1339–70

[3] Pezzey J C V and Jotzo F 2013 Carbon tax needs thresholds
to reach its full potential Nat. Clim. Change 3 1008–11

[4] Stiglitz J E 2015 Overcoming the Copenhagen failure with
flexible commitments Econ. Energ. Environ. Policy 4 29–36

[5] Nordhaus W D 2007 To tax or not to tax: alternative
approaches to slowing global warming Rev. Environ. Econ.
Policy 1 26–44

[6] Dion S and Laurent E 2012 From Rio to Rio: A Global
Carbon Price Signal to Escape the Great climate
Inconsistency (Working papers OFCE) (http://spire.
sciencespo.fr/hdl:/2441/53r60a8s3kup1vc9ji2150pi6/
resources/wp2012-16.pdf)

[7] Weitzman M L 2014 Can negotiating a uniform carbon
price help to internalize the global warming externality? J.
Environ. Econ. Manage. 1 29–49

[8] Edenhofer O et al 2015 Closing the emission price gap
Glob. Environ. Change 31 132–43

[9] Cramton P, Ockenfels A and Stoft S 2015 An international
carbon-price commitment promotes cooperation Econ.
Energ. Environ. Policy 4 51–64

[10] Wittneben B B F 2009 Exxon is right: let us re-examine our
choice for a cap-and-trade system over a carbon tax Energ.
Policy 37 2462–4

[11] Edenhofer O, Flachsland C, Jakob M and Lessmann K 2013
The Atmosphere as a Global Commons Challenges for
International Cooperation and Governance. Discussion
paper 13–58 Harvard Project on Climate Agreements
(http://belfercenter.hks.harvard.edu/publication/23364)

[12] Jotzo F 2012 Australia’s carbon price Nat. Clim. Change 2
475–6

[13] Goulder L H 1995 Environmental taxation and the double
dividend: a reader’s guide Int. Tax Public Finan. 2 157–83

[14] Pearce D 1991 The role of carbon taxes in adjusting to
global warming Econ. J. 101 938–48

[15] Zimmer M J 2007 Carbon Tax Ready for prime time
Sustaianble Dev. Law Policy 8 67–72

[16] Ekins P and Speck S 2011 Environmental Tax Reform: A
Policy for Green Growth (Oxford: Oxford University Press)

[17] Muller F and Hoerner J A 1994 Greening state energy taxes:
Carbon taxes for revenue and the environment Pace
Environ. Law Rev. 12 5–60

[18] Pope J and Owen A D 2009 Emission trading schemes:
potential revenue effects, compliance costs and overall tax
policy issues Energ. Policy 37 4595–603

[19] Liu A A 2013 Tax evasion and optimal environmental taxes
J. Environ. Econ. Manage. 66 656–70

[20] Markandya A, González-Eguino M and Escapa M 2013
From shadow to green: linking environmental fiscal reforms
and the informal economy Energ. Econ. 40 S108–18

[21] Zhou S et al 2011 Impacts of carbon tax policy on CO2

mitigation and economic growth in China Adv. Clim.
Change Res. 2 124–33

https://doi.org/10.1257/aer.15000001
https://doi.org/10.1038/nclimate2054
https://doi.org/10.1093/reep/rem008
http://spire.sciencespo.fr/hdl:/2441/53r60a8s3kup1vc9ji2150pi6/resources/wp2012-16.pdf
http://spire.sciencespo.fr/hdl:/2441/53r60a8s3kup1vc9ji2150pi6/resources/wp2012-16.pdf
http://spire.sciencespo.fr/hdl:/2441/53r60a8s3kup1vc9ji2150pi6/resources/wp2012-16.pdf
https://doi.org/10.1086/676039
https://doi.org/10.1016/j.gloenvcha.2015.01.003
https://doi.org/10.1016/j.enpol.2009.01.029
http://belfercenter.hks.harvard.edu/publication/23364
https://doi.org/10.1007/bf00877495
https://doi.org/10.2307/2233865
https://doi.org/10.1016/j.enpol.2009.06.014
https://doi.org/10.1016/j.jeem.2013.06.004
https://doi.org/10.1016/j.eneco.2013.09.014
https://doi.org/10.3724/sp.j.1248.2011.00124


Environ. Res. Lett. 12 (2017) 064001
[22] Gago A, Labandeira X and López-Otero X 2014 A
panorama on energy taxes and green tax reforms Hacienda
P�ublica Española 208 145–90

[23] Cooper R N 2004 A carbon tax in China? Climate Policy
Center White paper (www.environment.harvard.edu/docs/
faculty_pubs/cooper_carbon.pdf) (Accessed: 1 March 2017)

[24] Cooper R N 2006 Alternatives to Kyoto: the case for a
carbon tax. Harvard Working paper (www.environment.
harvard.edu/docs/faculty_pubs/cooper_alternatives.pdf)
(Accessed: 1 March 2017)

[25] Nordhaus W D 1994 Managing the Global Commons: The
Economics of Climate Change (Cambridge, MA: MIT Press)

[26] Anthoff D and Tol R S J 2013 The uncertainty about the
social cost of carbon: a decomposition analysis using FUND
Clim. Change 117 515–30

[27] Hope C 2013 Critical issues for the calculation of the social
cost of CO2: why the estimates from PAGE09 are higher
than those from PAGE2002 Clim. Change 117 531–43

[28] Allen M R 2016 Drivers of peak warming in a
consumption-maximizing world Nat. Clim. Change 6 684–6

[29] Nordhaus W 2014 Estimates of the social cost of carbon:
concepts and results from the DICE-2013R model and
alternative approaches J. Assoc. Environ. Res. Econ. 1
273–312

[30] Rausch S and Reilly J 2012 Carbon Tax Revenue and the
Budget Deficit: A Win-Win-Win Solution? (Cambridge, MA:
MIT Joint Program on the Science and Policy of Global
Change) (http://globalchange.mit.edu/research/publications/
2328)

[31] Gale W G and Brown S 2013 Tax reform for growth,
equity, and revenue Public Finan. Rev. 41 721–54

[32] Gale W G, Brown S and Saltiel F 2015 Implementing a US
Carbon Tax: Challenges and Debates ed I Parry et al (New
York: Routledge) pp 1–15

[33] Nordhaus W D 2010 Economic aspects of global warming
in a post-Copenhagen environment Proc. Natl Acad. Sci.
USA 107 11721–6
9

[34] Kelly D L and Kolstad C D 1999 Bayesian learning, growth,
and pollution J. Econ. Dyn. Control. 23 491–518

[35] Dietz S and Stern N 2015 Endogenous growth, convexity of
damage and climate risk: how Nordhaus’ framework
supports deep cuts in carbon emissions Econ. J. 125
574–620

[36] Moore F C and Diaz D B 2015 Temperature impacts on
economic growth warrant stringent mitigation policy Nat.
Clim. Change 5 127–31

[37] Davis S J, Caldeira K and Matthews H D 2010 Future CO2

emissions and climate change from existing energy
infrastructure Science 329 1330–3

[38] Pindyck R S 2013 Climate change policy: what do the
models tell us? J. Econ. Lit. 51 3860–72

[39] Stern N and Taylor C 2007 Climate change: Risk, ethics,
and the Stern review Science 317 203–4

[40] Barrage L 2013 Optimal dynamic carbon taxes in a climate-
economy model with distortionary fiscal policy PhD
Dissertation Yale University

[41] Steffen W et al 2015 Planetary boundaries: guiding human
development on a changing planet Science 347 1259855

[42] Bovenberg A L and Goulder L H 1996 Optimal
environmental taxation in the presence of other taxes:
general-equilibrium analyses Am. Econ. Rev. 86 985–1000

[43] Shultz G P and Becker G 2013 Why We Support a Revenue-
Neutral Carbon Tax (New York: The Wall Street Journal)

[44] Goulder L H and Parry I W H 2008 Instrument choice in
environmental policy Rev. Environ. Econ. Policy 2 152–74

[45] Goulder L H 2013 Climate change policy’s interactions with
the tax system Energ. Econ. 40 S3–11

[46] Parry I W H 1995 Pollution taxes and revenue recycling J.
Environ. Econ. Manage. 29 S64–77

[47] Rogelj J et al 2016 Paris agreement climate proposals need a
boost to keep warming well below 2 °C Nature 534 631–9

[48] Peters G P et al 2017 Key indicators to track current
progress and future ambition of the Paris agreement Nat.
Clim. Change 7 118–22

http://www.environment.harvard.edu/docs/faculty_pubs/cooper_alternatives.pdf
http://www.environment.harvard.edu/docs/faculty_pubs/cooper_alternatives.pdf
http://www.environment.harvard.edu/docs/faculty_pubs/cooper_alternatives.pdf
http://www.environment.harvard.edu/docs/faculty_pubs/cooper_alternatives.pdf
https://doi.org/10.1007/s10584-013-0706-7
https://doi.org/10.1007/s10584-012-0633-z
https://doi.org/10.1038/nclimate2977
https://doi.org/10.1086/676035
https://doi.org/10.1086/676035
http://globalchange.mit.edu/research/publications/2328
http://globalchange.mit.edu/research/publications/2328
https://doi.org/10.1177/1091142113493655
https://doi.org/10.1073/pnas.1005985107
https://doi.org/10.1016/s0165-1889(98)00034-7
https://doi.org/10.1038/nclimate2481
https://doi.org/10.1126/science.1188566
https://doi.org/10.1126/science.1142920
https://doi.org/10.1006/jeem.1995.1061
https://doi.org/10.1038/nature18307
https://doi.org/10.1038/nclimate3202

	Will the use of a carbon tax for revenue generation produce an incentive to continue carbon emissions?
	1. Introduction
	2. Methodology
	3. Results
	3.1. Comparison of scenarios maximizing welfare and carbon tax revenue
	3.2. Impact of the cost of climate damage and the cost of decarbonization
	3.3. A shift from revenue maximization to welfare maximization in 2085

	4. Discussion
	5. Conclusion
	Acknowledgements
	References


