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Abstract
Countries have pledged to stabilize global warming at a 1.5 to 2°C increase. Either target requires
reaching net zero emissions before the end of the century, which implies a major transformation of the
economic system. This paper reviews the literature on how policymakers can design climate policies and
their Nationally Determined Contributions (NDCs) to reach zero-net emissions before the end of the
century in a socially and politically-acceptable manner. To get the ambition right, policymakers can use
sectoral roadmaps with targets and indicators that track progress towards zero emissions (e.g. regarding
renewable power or reforestation). Indeed, monitoring economy-wide emissions reductions alone
would not ensure that short-term action contributes meaningfully to the long-term decarbonization
goal. To get the political economy right, climate policies can be designed so that they contribute to nonclimate objectives and create coalitions of supporters. For instance, revenues from carbon taxes can
fund social assistance and infrastructure investment, while reducing tax evasion and informality. To
minimize social and economic disruptions and avoid stranded assets, policymakers can start with a low
carbon price level and use complementary policies. Designed at the sector level, complementary policies
such as performance standards or feebates for cars, building norms, or moratoriums on new coal power
plants can be negotiated in partnership with local stakeholders and trigger a transition to zero carbon
without creating disruptive stranded assets.
Keywords NDC implementation, social acceptability, dynamic efficiency, climate mitigation, carbon price, green
innovation, zero carbon, climate policy, political economy, stranded assets, green growth, infrastructure,
performance standard, carbon emissions, distributional impacts
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When it abolished slavery in colonial plantations in the 19th century, the United Kingdom paid 20 million
pounds in compensation to plantation owners. The sum is substantial: it corresponds to about $21
illio i toda s alue, a d % of the go e
e t s udget at that ti e . Trebilcock (2014a) uses this
example to illustrate how ambitious policy reforms (such as slavery abolition), even when they improve
global welfare, create groups of losers (here, the slave-owners), who could have the power to veto the
reform. In implementing reforms, governments have to balance the required ambition of the change
with its social and political acceptability.
The international climate change agenda will require ambitious policy reforms. During the 21st
conference of parties of the UNFCCC and through the resulting Paris Agreement, global leaders have
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pledged to make efforts to stabilize the increase in global temperature well below 2°C, and preferably
below 1.5°C (United Nations, 2015). These are ambitious targets: they require reaching zero net
emissions of carbon dioxide (CO 2) and drastically reduce emissions of other greenhouse gases (GHGs)
before the end of the century(IPCC, 2014). To implement this long-term goal, countries around the
world agreed to submit Nationally Determined Contributions (NDCs), which are more or le ss detailed
plans to reduce GHG emissions domestically. Many of the first NDCs set emission-reductions plans for
2025, and all NDCs are supposed to be updated – and strengthened – every five years.
Policymakers in all countries need to design those NDCs and the policy packages that will deliver them
taking into account both the need for rapid and profound changes in the economic structure, and the
importance of political economy considerations in making reforms successful (Fay et al., 2015). This
paper investigates how they can develop policy packages over the short-term – for the next 15 years –
that combine the ambition needed to achieve the objectives of the Paris Agreement and the navigation
of political economy issues that constrain what can be done in practice.
First, we focus on the ambition of climate action and lay out explicitly what NDCs and climate policies
should try to achieve in the long term. Stabilizing climate change requires a net decarbonization of the
world economy (Rogelj et al., 2015). CO2 stays in the atmosphere for hundreds, if not thousands of
years; as long as we emit more than what we capture or offset through carbon sinks (for instance using
reforestation), concentrations of CO 2 in the atmosphere will keep rising, and the climate will keep
warming. Climate stabilization thus requires reaching zero net emissions, a scientific consensus that has
ee ele ated to a i te atio al o je ti e i the Pa is Ag ee e t, i hi h pa ties pledge to achieve a
balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the
second half of this century (United Nations, 2015).
To track progress over time toward decarbonization, it is not enough to track the quantity of emission
reduction in the short term. It is essential to also monitor how emission reductions are delivered, and in
particular in which sectors and with which technology (del Rio Gonzalez, 2008; Vogt-Schilb et al., 2014).
Even if short-term action leads to significant emission reductions, it is likely to be off -track if it misses
key sectors of the economy: those, like public transportation, which are more difficult to decarbonize
because low-carbon alternatives are expensive and/or take long to deploy. In that case, even if
emissions are reduced, the economy risks getting locked into carbon-intensive development pathways,
from which it is then unnecessarily costly to diverge. To monitor NDC ambition and implementation in a
meaningful way, and to design climate policies, this paper proposes to use sectoral targets, such as the
27% renewable in 2030 target of the European Union.
In the second part of this paper, we turn toward the political economy of the transition to zero net
carbon emissions, and approaches to support those who lose from it. Governments today are not less
subject to political economy constraints than the United Kingdom in the 19th century when slavery was
abolished. Emission reduction policies have substantial potential to create losers: poor and middle -class
households facing higher energy and food prices due to energy subsidy removal or carbon pricing;
energy-intensive and trade-exposed companies losing competitiveness due to environmental
regulations; powerful lobbyist and thousands of coal workers opposing the phase down of coal -based
energy.
The first option is to price carbon emissions at a level that is acceptable in a given country context
(Jenkins, 2014; Parry et al., 2015), and to use carbon revenues to protect those negatively affected or
generate other growth and development benefits (Franks et al., 2015; OECD, 2017). For instance, cash
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transfers can be used to correct distributional impacts of carbon taxes, and other taxes can be reduced
to enhance the efficiency and fairness of the fiscal system (Combet et al., 2010; Metcalf, 2014; Parry and
Williams, 2010).
Another approach is to select policy instruments that minimize abrupt disruption, such as performance
or energy efficient standards and feebates scheme that redirect investment toward zero-carbon capital
ithout affe ti g di e tl those espo si le fo toda s e issio s (Rozenberg et al., 2017).
Increasing further their social and political acceptability, emission-reduction policies can frequently be
designed to be aligned with domestic development agendas, for instance when a public transport
system reduces global greenhouse gas emissions while also improving congestion and the health of local
population (World Bank, 2014), or a shift to carbon taxes is used to reduce evasion and informality
(Bento et al., 2013).
Finally, we also argue that a sectoral approach can answer to many of the obstacles to decarbonization –
from knowledge spillovers to imperfections of capital markets and behavioral bias – and enhance
political feasibility. Sectoral targets facilitate the design of climate policies since the policy instruments
to enforce them, such as performance standards on new vehicles or renewable portfolio standards, can
be more easily negotiated with civil society, academia and industry stakeholders than economy -wide
targets and instruments.

Getting the Ambition Right: The Long-Term Target Needs to Drive ShortTerm Climate Action
While some aspects of the economic evaluation of emission reduction strategies are controversial,
policymakers, scientists and many economists have emphasized a need for climate stabilization at a safe
level (Cai et al., 2016; Lemoine and Traeger, 2016). What exactly is a safe level is still an open question,
which will remain a political one (Jasanoff, 1987; Kalra et al., 2014). Global leaders, in the Paris
Agreement, have pledged to limit global warming well below 2°C, and preferably below a 1.5°C i ncrease
compared to the pre-industrial era. This in turn will require reducing carbon emissions to zero, and even
to net negative values, well before the end of the century (IPCC, 2014). The Paris Agreement sets such a
goal: parties pledged to achieve a balance between anthropogenic emissions by sources and removals
by sinks of greenhouse gases in the second half of this century (United Nations, 2015).
Several studies by academics, think tanks, governments and international agencies concur that a world
with zero net GHG emissions is technically possible. What all models and modelers agree on is that
action will be needed on five fronts (Bataille et al., 2016; Fay et al., 2015; IPCC, 2014; Sachs et al., 2014):
1. Decarbonizing the production of electricity (e.g. using renewable power).
2. Undertaking massive electrification (e.g. using electric vehicles and electric boilers), and where
not possible, switching to cleaner fuels (e.g., biofuels).
3. Switching to less carbon-intensive materials (e.g. wood instead of cement) and diets (e.g. away
from beef)
4. Improving efficiency and reducing waste in all sectors.
5. Preserving and increasing natural carbon sinks, through improved management of forests and
other vegetation and soils.
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The fact that both decarbonization of electricity supply and electrification of the energy system play a
decisive role in reaching climate stabilization is a very well established result from both integrated
assessment models (IAM) and simpler energy models (IEA, 2014a; Krey et al., 2014; Luderer et al., 2012;
McCollum et al., 2014; Sugiyama, 2012). The IPCC reviews possible pathways to achieve full
decarbonization by 2100, derived from various energy and economic models that examine what it would
take to achieve decarbonization under a number of different scenarios of economic growth and
te h ologi al i o atio , a d otes that virtually all integrated modelling studies indicate that
decarbonization of electricity is critical for mitigation (Clarke et al., 2014), even if the specific
technologies needed for reaching this goal, in particular the relative shares of CCS, nuclear and
renewable power, are subjected to debate (Audoly et al., 2014). Since carbon-free electricity is required,
switching other energy usages to electricity is an effective way of reducing GHG emissions in other
sectors (Williams et al., 2012).
Energy efficiency has been described as a natural trend in development (Duro and Padilla, 2006; Stern,
2004; van Benthem, 2015), a cost-effective way to reduce emissions (Allcott and Greenstone, 2012;
Gillingham and Palmer, 2014), and a factor helping with the technical feasibility of renewable power and
electrification (Clarke et al., 2014). But efficiency and electrification have their limits. Some activities,
such as beef and cement production, are difficult to decarbonize, and may need to be downsized.
Others energy usages, for instance in the case of civil aviation, may be difficult to switch to electricity,
and will need to use other low-carbon fuels, from natural gas to biofuels. Finally, carbon sinks, mainly
through afforestation, is essential to offset residual GHG emissions in some sectors particularly difficult
to decarbonize (see also the discussion on negative emissions above).

A Roadmap Toward Full Decarbonization, and a Set of Sectoral Targets
A key question for NDC implementation is how much effort countries should do in the short term, say by
2025. The literature suggests two aspects are important: (1) the total amount of emission reductions
(the quantity of reductions); and (2) how they are implemented, and especially in which sectors and
with what activities (sometimes called the quality of reductions).
Several studies using complex Integrated Assessment Model (IAMs) stress the importance of aligning the
quantity of short-term emission reduction action with long-term emission reduction targets: given the
limited ability of economies to switch overnight to low-carbon technologies, if short-term emission
reductions are too modest, subsequent efforts will need to be much stronger (Bertram et al., 2015a;
Clarke et al., 2014; G. Iyer et al., 2015; Riahi et al., 2015) – an argument that has also been made using
simple toy models (Ha Duong et al., 1997).
While collectively, NDCs ambitions represents a net progress compared to the earlier Copenhagen
pledges, they still fall short of what is considered necessary to reach in a cost-efficient manner the 2°C
target, let alone the 1.5°C target. One study estimates that collectively, NDCs are consistent with a 2.6–
3.1°C warming (Rogelj et al., 2016). Current NDCs therefore create a large risk of much higher costs in
the medium and long terms (after 2030), especially in the form of stranded assets (Johnson et al., 2015).
With more ambitious NDCs, the 2031–2035 transformation could be facilitated and require 84% fewer
premature retirements of power generation capacity and 56% fewer new -capacity additions than a
pathway that would start from current NDCs and catch-up on reductions towards 2°C after 2030. (G. C.
Iyer et al., 2015)
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What matters is not only the amount of short-term effort, but also in which sectors it happens (Bataille
et al., 2016). If the objective was simply to achieve a moderate reduction in emissions by 2030, say by 30
percent, it would be optimal to focus on the cheapest opportunities to achieve these reductions . For
instance, the European Union could simply replace its coal power plants with gas power plants. But 2030
target is actually just a milestone on a path toward zero emissions. Focusing short term action of the
cheapest options could lead to a carbon-intensive lock-in, where emission reductions needed between
2030 and 2050 become extremely expensive (del Rio Gonzalez, 2008; Vogt-Schilb and Hallegatte, 2014).
Keeping the same example, the EU would need to strand the new gas power plants and replace them
with renewable or other carbon-free power plants (Lecuyer and Vogt-Schilb, 2014).
A particularly important factor of possible carbon-intensive lock-ins for developing countries is
urbanization, if fast-growing cities continue to grow like today, with low density and high reliance of
individual vehicle. In the 2030s, when decarbonizing transport becomes necessary to achieve more
ambitious target, decision-makers will find themselves facing an impossible task and will regret not to
have considered the long-term climate objectives earlier (Avner et al., 2014).
Short-term emission reduction should not only occur in the sectors that are easier to decarbonize. Quite
the opposite: taking into account the dynamics of emission reductions and the time it takes to change
sectors with long-lived infrastructure, emission-reduction efforts should be concentrated on sectors that
will be more difficult and longer to decarbonize, such as transportation and urban planning (Vogt-Schilb
et al., 2015, 2012).
Take the illustrative case of a low-carbon strategy analysis for Brazil, looking at two different time
horizons. Erreur ! Source du renvoi introuvable.Figure 1 shows on the left-hand side the optimal 20102020 strategy with a 2020 objective only. In that case, the optimal strategy includes large efforts in
improved energy efficiency in refineries, a marginal improvement that is cheap and easy to implement
but has limited potential to deliver a transformation into a zero-carbon economy. In contrast, the pre2020 strategy with a 2030 objective leads to the same quantity of emission reductions, but to different
actions: the strategy that takes into account the longer term includes actions that are more ex pensive
and take longer to implement, but have the potential to contribute to a deeper decarbonization : metro
and train. If the goal is simply a 10 percent reduction in 2020, limited use should be made of
investments in metro, train, and waterways; but investing in those before 2020 is critical to ensure the
feasibility of a 20 percent reduction by 2030.
Figure 1: Using a Longer Time Frame Changes the Optimal Short-Term Policy Mix for Brazil
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Emission reductions by 2020 (MtCO 2 )

6
15

Improvement in
refineries
Metro, train and
bullet train
Other measures

17
7

In the 2020
strategy

In the 2030
strategy

Note: The 2020 a nd 2030 ba rs amount to an equivalent amount of emission reduction, although they i nclude a different mix of
mea sures. See details i n the original paper (Vogt-Schilb et al., 2015).
Source: The a uthors.

The key to designing an emission-reduction plan that accounts for the long-term is to consider three
characteristics of each option: cost, mitigation potential, and time needed to implement (and the risk of
lock in that it creates). Optio s ith egati e osts su h as e e g effi ie
o la ge de elop e t
co-benefits should be implemented as soon as possible. 1 But options that are expensive but slow to
reach their full potential (like clean transport) may also have to get started early if the long-term goal is
to be reached. This approach has been used by the French agency for sustainable development in a
recent study (Perrissin Fabert and Foussard, 2016).
To enforce this approach, governments can design oad aps , or operational short-term targets to
ensure that they make progress in all sectors, and especially along the five dimensions needed for full
decarbonization. For instance, a set of targets may include (Fay et al., 2015):
-

producing 30 percent of the electricity from renewable sources by 2030;
new cars emit less than 80 gCO2/km by 2025;
phase out inefficient lighting by 2025;
50 percent of buildings using wood materials – from sustainably managed forest – instead of
steel and cement by 2035;
Share of population living less than 2 kilometer from a public transit station increases by 10
percent by 2030;
a 20 percent reduction in consumption of meat;
restoring one million hectares of forest, or halting deforestation by 2025.

Such sectoral roadmaps have recently been produced by academic teams for Argentina (Di Sbroiavacca
et al., 2016), Brazil (Lucena et al., 2016) and Colombia (Calderón et al., 2016) and Mexico (Veysey et al.,
2016) . In the last few years, the Deep Decarbonization Pathways Project has gathered technical teams
1

When thinking about the cost of options, government should include in particular benefits in terms of learning by
doing (Bramoullé and Olson, 2005; Rosendahl, 2004).
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in Australia, Brazil, Canada, China, France, Germany, India, Indonesia, Italy, Japan, Mexico, Russia, South
Africa, South Korea, the UK and the US to perform similar studies (Bataille et al., 2016). The International
Energy Agency has also released technology (and policy) roadmaps (IEA, 2015a), for instance on solar
energy and plug-in and hybrid vehicles (Frankl et al., 2010; Tanaka, 2011). Many governments around
the world are starting to think about their NDCs in terms of a fi rst step in a decarbonization roadmap
(Comité Consultivo de Energía 2050, 2015), sometimes called a mid-century strategy, and submitting
them to the UNFCCC secretariat (Canada and Environment and Climate Change Canada, 2016;
SEMARNAT and INECC, 2016; White House, 2016).
Another advantage of short-term sectoral targets is that they could be directly submitted as ou t ies
NDC (Schmidt et al., 2008). This is especially appealing for developing countries that can then focus on
the sectors that are easier to monitor and administer to them (e.g. electricity generation for which
emissions are concentrated in a few points and investment decisions are often under the control of the
government), and/or for which it is easier to benefit from international assistance .
Once sectoral targets are agreed upon, the main question for policy makers is what policy instruments,
or policy packages, can be used to enforce them. In principle, a carbon price should be the preferred
instrument, because they create incentives for markets to use all available levers to reduce emissions
(Nordhaus, 1991; Pearce, 1991; Pigou, 1932). But relying on prices alone to implement NDCs will not be
enough: price hikes may not be politically or socially acceptable, and may not even be effective at
enforcing the transition to net zero emissions.
In the following, we discuss how pricing instruments can create losers that can oppose the reform, and
how additional compensation measures can help tackle this challenge. We then show that all losers
from carbon pricing cannot be monitored and compensated. To tackle this issue, policymakers can
complement low carbon prices, or even temporarily substitute for them, with alternative instruments at
the sector level, such as performance standards for cars or renewable portfolio targets. We argue these
can effectively enforce sectoral targets in a socially acceptable fashion, while also tackling other market
failures (e.g. path dependency in knowledge accumulation or split incentives) as well as government
failures (e.g. inability to commit to long term carbon prices).

Getting the Political Economy Right: Domestic Objectives and
Constraints Determine Which Climate Policies Are Possible and
Desirable
In this section, we show that climate policies cannot and do not need to be designed based on the
climate objective alone. In contrast, starting from other policy goals – such as those linked to poverty
reduction and infrastructure development – can offer a better starting point to discuss and assess
possible climate policies. We start with fossil fuel subsidy removal and carbon pricing policies, showing
how they can be fully justified by development, growth, and distributional objectives, leaving the impact
o e issio s as o- e efits. The , e tu to the pote tial egati e side -effects of climate policies,
looking at how these impacts can be avoided to ensure that policies are sustainable over the long term.
Finally, we discuss the sectoral approaches that can complement pricing policies and tackle the many
market failures and imperfections that impair the transition toward full decarbonization.
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Carbon Pricing as a Development Policy
Experience from Fossil Fuel Subsidy Reform: the Political Economy Is at the Core
Assessments of global spending on fossil fuel subsidies vary in terms of scope and methods (Jones and
Steenblik, 2010; Kojima and Koplow, 2015), but there is wide agreement that fossil fuel subsidy are
weight on public budgets and encourage wasteful overconsumption of energy . According to the
International Energy Agency, they reached $548 billion in 2013 in, or 5% of the GDP and 25-30 percent
of government revenues in forty mostly developing countries (IEA, 2014b). The OECD estimates that its
member countries spent $55-90 billion a year subsidizing fuels in the period 2005-2011 (OECD, 2013). In
a more recent assessment covering most countries in the world, IMF estimates suggest that fiscal fossil
fuel subsidies reached $650 billion in 2015 (Coady et al., 2016).2 And subsidies on fossil fuel are only part
of the problem. Government also routinely subsidize electricity (IEA, 2015b; Tongia, 2003).
The welfare cost of subsidies (their cost to human society as a whole) can be lower than their fiscal costs
(their costs as paid by government budgets) because subsidies are mostly transfers from tax payers to
fossil fuel consumers. However, subsidies do set a large cost on societies, because they significantly
distort price signals, which is inefficient. Published estimates suggest that each dollar spent on
subsidizing oil products reduces welfare at least 40 cents, just for its effect on oil depletion (Davis,
2014). In addition, subsidizing fuels has detrimental effects because it encourages the emissions of
greenhouse gases, and local pollutants that hurt the health of local populations. It also encourages
driving, which produces traffic congestion, and accidents. Accounting for these other externalit ies, Davis
estimates that on average, each $1 spent of subsidizing oil products globally reduces global welfare by
69 cents.
The IMF estimates that accounting for externalities, the global cost of subsidies rises to $5.6 trillion. It
also estimates that internalizing all these externalities with Pigovian taxes on fossil fuels, including the
carbon price component, global CO2 emissions would drop 21%. Interestingly, most of the reductions
would come from reduction in coal use incentivized by Pigovian taxes on local pollutants, not carbon.
This highlights how a local development agenda focused on reducing local air pollution for the benefit of
local population, a policy that makes sense in all countries including developing one s, could result in
reducing significantly global warming. Indeed, it has been argued that a large chunk of what countries
need to do to implement their NDC can be seen as good development (World Bank, 2012).
Recognizing the inefficiency of energy subsidies, their formidable fiscal cost, and the perverse incentive
they create to emit pollutants in general and GHG in particular, governments around the world have
committed to phase out energy subsidies. In September 2009, the leaders of the G20 pledged to phase
out and rationalize over the medium term inefficient fossil fuel subsidies while providing targeted
support for the poorest , a goal hi h is also efle ted i the U ited Natio s “ustai a le De elop e t
Goals (Rentschler and Bazilian, 2016).
Indeed, subsidies cannot be reformed without understanding and tackling the political economy reasons
explaining why they were put in place in the first place. Subsidies exist because they are a visible
mechanism for governments to provide benefits to poor and middle-class voters, and sometimes to
industrial interests, in exchange for political support (Victor, 2009). Worsening the political economy of
2
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u e.
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subsidy reform, subsidies contribute to the phenomenon of carbon-lock in: once put in place, the
benefits of the policy are capitalized—for example, through the construction of energy-intensive
equipment—, making the removal of subsidies costlier for their beneficiaries, and thus raising the
political costs of the transition. In particular, increasing the price of energy could hurt the poorest
households, and, in developing countries, jeopardize access to modern energy (Rao, 2012). This
situation is typical of efficiency-improving reforms that have large distributional impacts (Fernandez and
Rodrik, 1991).
Many governments have tried to pass reforms focusing on technical soundness and administrative
feasibility, without taking into account the political economy of energy subsidies, and those reforms
have often failed (Bazilian and Onyeji, 2012; Rentschler and Bazilian, 2016; Sdralevich et al., 2014) .
Reforming subsidies requires a policy package that either accommodates vested interests, or finds a way
to impose reforms against their will.
The good news is that ex-ante analysis and ex-post experience both show that reconciling subsidy
reform with the interests of poor and middle-class households is feasible in theory, and has worked in
practice (we treat the case of industrial interests in the next section). Indeed, fossil fuel subsidies and
artificially low energy prices are a very inefficient way to help poor and middle class voters, making it
easy to replace by better instruments such as efficient spending on social assistance. An IMF review of
fossil fuel subsidies in 32 developing countries found that for $100 spent on subsidizing fuels, only $18
go to the bottom 40%. In other words, for each $1 of benefit provided to the poorest 40 percent of
households in each country using energy subsidies, governments spend on average $5.6 (Coady et al.,
2015). Gasoline subsidies are the most regressive ones: since rich households are more likely to own
vehicles and tend to spend much more on gasoline than poor households, it costs $13.5 on average for
governments to provide $1 in benefits to the bottom 40% using gasoline subsidies. Even subsidies on
kerosene, the less regressive subsidy as this heavy fuel is mainly used by poor households for cooking
and heating, set a cost of $2.6 for each $1 disbursed to bottom 40% households on average (Coady et
al., 2015).
These figures compare unfavorably to the cost of direct cash transfer programs, recognized as one the
most efficient ways for delivering social assistance to poor households in developing countries (Bastagli
et al., 2016; Blattman and Niehaus, 2014; Cecchini and Madariaga, 2011) – and increasingly advocated
as such in developed countries(Van Parijs, 2004). In Ecuador, half the money spent for the Bono de
Desarollo cash transfer program, sometimes described as suffering from targeting problems, goes to one
of the 40% poorest household in the country. It thus costs only 2$ to the government for each $1
received by the bottom 40% (Expresso, 2015). In fact, among 56 social assistance programs in Latin
America, cash transfer are the best performers in terms of targeting poor people (Lindert et al., 2006);
an study from the Inter-American Development Bank found that, on average over 18 countries, it costs
US$1.9 to transfer US$1 to poor households in LAC using existing cash transfer programs (InterAmerican Development Bank, 2016). Cash transfers in Africa are as effective (Handa et al., 2012): In
Malawi, 97% of the Social Cash Transfer spending goes to households below the national ultra-poverty
line; In Kenya, 85% of the Cash Transfer for Orphans and Vulnerable Children goes to kid s in the bottom
40% of the population.
Moreover, instead of the perverse incentives that energy subsidies create, a wealth of ex -post empirical
studies have found conditional and unconditional cash transfers to reduce poverty, especially on girls
and women, improve school attendance (with some evidence of improved cognitive development),
9

increase the uptake of health services, improve dietary diversity and mass and weight indicators, reduce
stunting and malnourishment, encourage savings, investment in productive assets and livestock, foster
business creation, increase labor force participation for adults and reduce child work, and increase
employment rates (Bastagli et al., 2016; Cecchini and Madariaga, 2011).
Comparing the incidence and secondary effects of fossil fuel subsidies and cash transfers, it thus appears
that government could remove energy subsidies while putting in place cash transfer programs or
expanding existing ones, at a lower total budgetary cost and for better outcomes. Doing so would
reduce the incentive to waste fossil energy (the IMF estimates that 21% of GHG emissions could be
avoided by removing subsidies), and promote several aspects of human development instead.
Comparing the costs of social assistance and subsidy programs, it appears that roughly half the current
financial cost of subsidies could be saved in in the process, and used for any other purpose (see below
the discussion on carbon revenue).
Of course, cash transfers are not exempt of problems. Most importantly, the coverage of existing cash
transfer programs among poor people is sometimes low. While most of the money spent on conditional
ash t a sfe a tuall e d up i the poo s po ket, it does ot follo that ost poo people do e ei e
money from existing cash transfers. According to World Bank estimates, the median cash transfer
coverage among households in the poorest quintile is 27% (World Bank, 2015). An Inter-American
Development Bank study suggests that in the average Latin-American country, only 40 percent of poor
people benefit from these schemes (Robles et al., 2015). Subsidizing energy upstream (for instance
through state owned energy enterprise that set below-market prices) can be more effective at reaching
more poor people, provided however that poor people do have access to energy services. Recycling the
fossil fuel subsidy budget in cash transfers might be able to compensate for higher consumer prices at
the quintile level, but be inefficient for some poor and lower-middle class households excluded from
social protection. Another issue is the geographic incidence of fossil fuel subsidy reform, which may not
coincide with the geographic coverage of existing social protection schemes (Rentschler, 2015).
Making sure that all or most of the losers from subsidy reform are compensated with cash transfers may
require expanding existing programs, or creating new ones. Many countries have actually taken this
route, and some have moved toward universal transfers to ensure that everybody is covered. For
instance, Iran implemented a quasi-universal cash transfer (about $45 per month per capita) as part of
its energy reforms. The Indian government is considering taking this path (Safi, 2017). Universal or quasiuniversal transfers may help with the political economy of the reform, since nobody is excluded from
the benefits of the reform (even though some will remain net losers). Because opposition to subsidy
reforms is often stronger in the middle-class than among the poorest, having the middle-class covered
by the compensation – even partly – may make the reform more acceptable. When countries do take
this path, their chances of successfully phasing out subsidies improve significantly. After reviewing
subsidy reform projects in the middle east a d o th Af i a, the IMF o ludes that of the cases where
cash and in-kind transfers were introduced [as compensatory measures for energy price hikes], 100
percent were associated with a successful outcome, while only 17 percent of the cases where these
transfers were not introduced resulted in a successful reform” (Sdralevich et al., 2014).
When cash transfers cannot be used, another way to ensure poor people benefit from fossil fuel subsidy
removal is with in-ki d easu es. Gha a s
fossil fuel su sid efo i eased the p i e of
transport fuels by 50 percent but also included an expansion of primary health care and electrification in
poor and rural areas, the large-scale distribution of efficient light-bulbs, public transport improvements,
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and the elimination of school fees at government-run primary and secondary schools (IMF, 2013;
Vagliasindi, 2012).
Whatever the compensation measures, appropriately communicating about them is essential. In Egypt,
70 percent of the population did not know the scale energy subsides in 2014; in Morocco, a 2010 survey
found 70 percent unaware that energy was subsidized at all. (Vagliasindi, 2012). The go e
e ts
strategies included explaining that the subsidy absorbed a huge part of government revenues (39
percent in Egypt and 17 percent in Morocco) and that the compensation package would spoke to
itize s o e s a out hat s i it fo e? (Vagliasindi, 2012).

Carbon Pricing Faces the Exact Same Distribution Problem
The economics and politics of carbon pricing are very similar to the economics and politics of energy
subsidy removal. Both measures increase energy prices and provide incentive to save energy and reduce
GHG emissions. Both can hurt some consumers and industries in the country. And both provide revenue
to governments that can be used to contribute to local development needs and/or to tackle the political
economy constraints of the reforms.
Governments can use revenues from carbon pricing in at least two manners: to fund social assistance
and reduce inequalities, and to finance general government operations without relying on more
distortive taxes. These are not necessarily self-exclusive. In the US, a study highlights that policy design
leaves a wide range of possibilities for policymakers, from focusing on reducing inequalities to
maximizing economic output (Parry and Williams, 2010). In Germany, simulations conclude that a
reduction in unemployment, an improvement of inequality, and a reduction of CO 2 emissions could
happen at a trivial GDP cost (Bach et al., 2002). In France, an environmental fiscal reform combining
welfare-improving payroll taxes reductions and cash transfers funded by carbon revenues could leave all
income categories better off while reducing emissions (Combet et al., 2010). This section reviews the
literature on distributional impacts of carbon prices, and the next one the literature on the benefits of
carbon taxes as fiscal instruments.
Many academic studies assess the impact of carbon pricing on consumer prices and househ old welfare.
The simplest approach is to use input-output tables (using a simple Leontief model to propagate the
carbon price to consumer price hikes), and then use consumption surveys to determine the incidence of
putting a price on carbon. Early studies in Canada, the UK, France, Spain, Italy, Germany, Denmark and
the US highlighted that consumer price hikes due to carbon prices are typically regressive (Grainger and
Kolstad, 2010; Hamilton and Cameron, 1994; Symons et al., 2002; Wier et al., 2005). In developing
countries where a large share of the poor population does not have access to commercial energy,
particularly sub-Saharan African and south Asian countries, energy price hikes due to carbon pricing may
have a progressive impact (Bacon et al., 2010; Datta, 2010). It does not follow, however, that carbon
prices would be exempt of political economy challenges in those countries: as noted below, universal
access to modern energy (for instance, the shifting from traditional biomass to natural gas for cooking)
is recognized as a development goal and could be slowed down by higher fossil fuel prices. To tackle this
issue, plans to impose carbon prices in these countries can be complemented with measures that
support the adoption of modern fuels (Pachauri et al., 2013).
More sophisticated approaches to assess the distributional impact of carbon pricing build a computable
general equilibrium model around the input-output tables, or even use more detailed energy-economy
models to project the response of the economy to carbon taxes, and sometimes take into account that
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wages and rents may also be affected by carbon price (Dissou and Siddiqui, 2014; Fullerton and Heutel,
2011). Some studies also look at the impact on regions within countries, as well as ethnic groups, in
addition to look at the distributional impacts in terms of income groups (Hassett et al., 2009; Rausch et
al., 2011).
There is a wide consensus that the main determinant of the distributional impact of carbon pricing is
how the proceedings of the reform are used. This finding was established as soon as the 1990s in the UK
(Symons et al., 1994), then replicated to Australia (Cornwell and Creedy, 1996), and has been
generalized in the 2000s, for instance with studies on the US (Bento et al., 2009; Burtraw et al., 2009;
Rausch et al., 2011), Mexico (Gonzalez, 2012), Ireland (Callan et al., 2009), and China (Brenner et al.,
2007; Liang and Wei, 2012). All these studies agree that recycling a fraction of carbon revenues into
transfers to poor and middle class household can neutralize any regressive impact and make the reform
progressive. Instead of using cash transfers, governments can reform income and payroll taxes to
correct distributional impacts (Metcalf, 1999), but only in cases where affected households do pay taxes.
So like in the case of fossil fuel subsidy reform, using carbon receipts to increase cash transfers seems to
be a promising way of aligning climate policy with the development goal or reducing domestic
inequalities. Transfers can also help the most vulnerable households or regions gain access to modern
energy despite increased prices.
This can also be framed the other way around – starting from the resources government need to fund
development and the provision of public goods. All countries, especially developing ones, face urgent
development needs: some need to finance infrastructure deployment, health services, social assistance
and inequality reduction. A growing literature argues that carbon taxes are an appropriate way of
financing these needs.

Carbon Pricing as a Fiscal Instrument
In deciding what production factors to tax to finance the functioning of the government and
investments in public goods, finance ministers have several options, including taxing wages, capital or
investment, land, energy, or imports.
Carbon prices could provide substantial revenues to government. In 2015, auctions in existing carbon
markets and taxes labeled as carbon taxes provided governments with an estimated $26 billion (Vivid
Economics, 2016). But the potential is much higher than that. Domestic carbon pricing consistent with
the 2°C target (from 20$ to 120$/tCO2 in 2020 depending on the model) could provide about $2 trillion
per year to governments globally, and would be enough to finance infrastructure that would close
existing access gaps in developing countries for water, sanitation, electricity, and telecommunication,
even without international transfers (Jakob et al., 2016). In 60 out of 87 developing countries analyzed
in a world bank study, a $30/tCO2 domestic tax would provide the government with enough resources to
more than double current spending on social assistance (Hallegatte et al., 2016).
Taxes on fossil fuel energy may be much easier to administrate than other fiscal instruments , with
smaller negative impacts on economy activity. In the United States, for example, tax collection covering
80 percent of CO2 emissions from fossil fuel consumption could be accomplished by monitoring fewer
than 3,000 points, mainly refineries, coal mines, and natural gas fields (Metcalf and Weisbach, 2009).
This contrasts with dozen of millions households paying income taxes, businesses paying corporate
taxes, and trillion of sales transactions happening every year.
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The easiness to administrate taxes on fossil energy can explain why they tend to suffer much less from
evasion. In Sweden, which has had a carbon tax since 1992, tax evasion is under 1 percent for the
carbon tax, much less than for the VAT. In the United Kingdom, evasion on energy taxes is about 2
percent, much lower than the 17 percent for income tax (HM Revenue & Customs, 2014). This is a
substantial advantage for the many developing countries that struggle with tax evasion (Bento et al.,
2013). In addition, upstream taxes on fossil energy will be paid by all actors in an economy, while labor
and sales taxes are paid only by formal businesses. Switching to carbon taxes can reduce the gap
between the formal and informal sector, and decrease the incentive for agents to engage in informal
activities (Bento et al., 2013).
And in a globalized world, many businesses can decide to relocate their physical production plants, or
just the legal entity cashing profits, outside of the jurisdiction levying taxes on capital or profits. This
contrasts with taxes on carbon emissions from imported fossil fuels. The price of fossil fuel is mainly
derived from scarcity rents, which are net profits for fossil fuel exporters. If many fuel importers levy a
tax on imported energy, the answer from fuel exporters will be to reduce the scarcity rent they charge
on their exports (Goulder and Schein, 2013). For the governments in importing countries, this boils
down to capturing part of the scarcity rent of exporters in their public coffers (Rozenberg et al., 2010).
Finance ministers in fossil fuel importing countries who disregard the climate agenda and are just
interested in the efficiency of their fiscal system could thus favour carbon taxes over capital taxes
(Franks et al., 2015).
Even in the absence of informality and evasion, taxes on productive factors such as labor and capital
directly reduce the incentive for economic agents to engage in productive activi ties. Carbon pricing
offe s a pote tial dou le di ide d
p o idi g oth e i o e tal e efits a d the possi ilit of
reducing those distortionary by recycling carbon revenues (Bovenberg, 1999; Carraro et al., 1996;
Goulder, 2013). Many studies find that this effect alone can make carbon prices welfare improving, even
if avoided climate change impacts are not accounted for,(Combet et al., 2010; Parry and Williams, 2010).
Some governments have used this thinking when imposing carbon prices. British Columbia recycled
proceedings of its carbon tax both in redistribution and in a reduction of conventional taxes. The result
was an estimated small macroeconomic cost and a progressive incidence (Beck et al., 2015). When
governments engage in this type of reform, it is important for political acceptability that they
communicate it adequately (Harrison, 2012). In Germany, businesses were aware of higher energy taxes,
and would oppose them; but were not aware of the associated cuts in payroll taxes. Once they were
informed, they were much more likely to approve of the energy tax (Dresner et al., 2006).

Setting the Level of A Carbon Price
If climate change was the only rationale to implement a carbon price, then the price level could be
determined based solely on climate challenge arguments, for instance by setting the price level that is
needed for the country to reach the objective set in its NDC. But in a broader context, where the carbon
pricing scheme is designed to also contribute to policies goals like revenue raising or redistribution, the
appropriate price level may be very different.
One approach is to calibrate a carbon tax based on the local benefits and constraints in the country
implementing the carbon price, disregarding altogether the question of greenhouse gas emissions.
Carbon prices reduce many non-climate externalities related to fossil fuel use, chiefly emission of local
pollutants that affect heath and agricultural yields (Shindell, 2015; Thompson et al., 2014; West et al.,
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2013; World Bank, 2014), but also congestion and road damage. The IMF provides country-by-country
estimates of the benefits of reducing fossil-fuel carbon emissions (Parry et al., 2015). The non-climate
benefits from carbon pricing may be up to several orders or magnitude higher than what is needed to
achieve climate objectives, suggesting that non-climate rationales may dominate the decision on the
appropriate price level. Another way is to set the level of the carbon tax based on revenue needs to fund
specific development programs, such as increased social assistance, disregarding as a first step their
impact on any externality.
However, for a carbon price to provide credible incentive to reduce long-term emissions, the rate should
increase steadily over time, at least at the risk-free interest rate, regardless of its initial level (Golosov et
al., 2014; Rezai and Van der Ploeg, 2016). This is to give investors, who discount future costs and
benefits of different projects at the interest rate, a clear long term signal. If the effect on GHG emissions
of a carbon tax is a key issue, and acknowledging that models give limited understanding of how much a
given carbon tax will reduce emissions, governments can make the temporal evolution of the rate
contingent on actual GHG emissions: if GHG emissions are dropping faster than scheduled, stop
increasing the tax for a year, if they are not decreasing enough, increase the tax rate more than the
interest rate (Metcalf, 2009). Such an adapti e a age e t app oa h is t pi al i o te ts of deep
uncertainty on the efficiency of public policies (Lempert and Schlesinger, 2000).

Managing Disruptive Stranded Assets and Stranded Jobs
Stranded assets are another political economy issue surrounding NDC implementation and climate
policies. The words stranded assets are used to describe various things (Caldecott, 2017): (1) assets,
such as land suitable to produce coffee or tourism-attracting reefs that are lost because of the impact of
climate change itself (Caldecott et al., 2016); (2) fossil fuel resources that cannot be burnt into the
atmosphere if a given climate target is to be reached, also called unburnable carbon (Jakob and Hilaire,
2015; Matthews, 2014; McGlade and Ekins, 2015); and (3) man-made capital that has to be retired
prematurely because of climate policies, such as coal power plants that become unprofitable after a
carbon price is implemented or whose operation is made illegal due to new regulations (Guivarch and
Hood, 2011). Here, we focus on man-made stranded assets, because current investment patterns are
increasing the stock of assets that may become stranded in the future – making action on this issue
particularly urgent.

The Potential for Man-Made Stranded Assets Increases with Delay in Climate Action
The potential for stranded man-made assets in the transition to zero emissions stems from the fact that
existing capital in the transportation, building, industry, and energy sectors have lifetimes that range
from about a decade —in the case of a car — to half a century — for power plants — or even centuries
— for city shapes and transportation systems (Davis et al., 2010; Guivarch and Hallegatte, 2011; Sachs et
al., 2014). Davis, Caldeira and Matthews (2010) estimate that the continuing usage of existing emitting
capital and infrastructure in 2009 would translate in CO2 emissions consistent with a warming of about
1.3°C. Adding non-CO2 emissions and infrastructure that drives the demand for energy consumption ,
particularly in the transport sector, makes the committed warming already approach 2°C (Guivarch and
Hallegatte, 2011). For example, the fossil fuel power plants built in 2012 alone will emit some 19 billi on
tons of CO2 over their expected 40-year lifetime, more than the annual emissions of all operating fossil fuel power plants in 2012 (Davis and Socolow, 2014). The fact that the committed warming is so close to
2°C already suggests that if it is still theoretically possible to reach the 2°C target without stranding
existing asset, doing so would require all new investment to be close to zero carbon (Rozenberg et al.,
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2015), particularly in the power sector (Pfeiffer et al., 2016). More realistically, it suggests that some
stranding of existing assets would be needed to reach the 2°C target.
It is thus no surprise that most integrated assessment models find that efficient pathways towards deep
decarbonization require to strand man-made assets (Guivarch and Hood, 2011; Rogelj et al., 2013).
Existing studies have focused on quantifying global stranded assets in the electricity sector in several
emission reduction scenarios. For instance, Johnson et al. (2015) estimate that a carbon price consistent
with the 2°C target will strand at least US$ 165 billion worth of coal power plants worldwide, and (G. C.
Iyer et al., 2015) estimate that pledges made in Paris followed by a rushed reduction in GHG emissions
to catch up with 2°C-consistent pathways would lead to strand about 1 500 GW of coal and gas power
plants worldwide after 2030. (While carbon capture and sequestration may reduce the need to strand
fossil fuel power plants, its potential is uncertain as most plants cannot be easily retrofitted and costs
could be very high.) At our best knowledge, assessment of stranded assets in emission-reduction
scenarios in other sectors than power generation, and reported at the finer country (or even regional)
level are not available yet in the literature.
Other sectors have received attention for a closely related issue, however: the trade-exposed, energyintensive sectors (such as aluminum, cement, steel and glass production). The literature has looked
extensively at how environmental regulation, and in particular carbon pricing, if enforced in a particular
jurisdiction but not worldwide, has or could reduce competitiveness of those industries. In terms of past
experience, a review of the literature found no significant impact of existing environmental policies on
firm competitiveness, even in heavy industries (Branger and Quirion, 2014). Part of the reason is that
existing climate policies are not very ambitious: the price of carbon on the EU-ETS, for instance, has an
impact on aluminum cost that is smaller than annual exchange-rate variations (Demailly and Quirion,
2008). Pollution abatement costs have thus represented a small fraction of production costs for most
industries, and factors such as the availability of capital and skilled labor, proximity to markets and sunk
costs in capital-intensive firms have been more important determinants of firm location and
competitiveness (Copeland, 2012; Ederington et al., 2005).
The financial system as whole, and particularly pensions funds, is also deemed to be vulnerable to
stranded assets (Battiston et al., 2017; Caldecott, 2017; Caldecott et al., 2016). Today, many carbonintensive companies, and in particular fossil fuel reserves, are valued by the market at about the current
price for fossil fuels, while recognizing that much of that fossil fuel cannot be burnt in a 2°C world should
lead the market to significantly reduce the value of those assets (Carbon Tracker Initiative, 2012; Griffin
et al., 2015). The governor of the Bank of England expressed in a recent speech concern that the
magnitude of stranded assets in a too abrupt transition to zero emissions could be a threat for the
stability of the financial system (Carney, 2016).

Solutions to Protect Those Affected by Stranded Assets
Stranded assets are a financial loss for the owners of the discarded capital. Normative views diverge on
how to tackle those losses. At one end of the spectrum, some authors like Kaplow consider any
government relief as free insurance that must always be avoided (Kaplow, 1992). If industries are
assured that they will be compensated in case of policy changes, they will overinvest ex -ante in policydependent assets. Kaplow stresses that firms are used to take investment decision under uncertainty,
including policy changes (in a way, that is exactly the job of an investor). At the other end of the
spectrum, authors like Epstein defe ds the ie that all egulatio s, all ta es and all modification of
liability rules are takings of private property prima facie o pe sa le the go e
e t (Epstein,
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1985). If a government decides to build a highway in a location currently occupied by a privately-owned
building, most would agree that the government must provide adequate compensation to the owner.
Epstein argues that more subtle changes in fiscal rules or policies are no different than expropriations, in
that they suddenly reduce the wealth of those affected. Trebilcock (2014a) offers a more complete
review of normative views on government relief.
To contradictory normative views, Trebilcok answers with a more pragmatic argument: climate policy
gains tend to be diffuse across economic actors, and the benefits of climate change stabilization are
i ta gi le a oided losses, hi h ostl take pla e i the futu e. These ha a te isti s do ot help
create a vocal group of policy supporters. In contrast, policy costs tend to be visible, immediate, and
concentrated over a few industries, for instance the coal industry in the case of climate mitigation,
which may have a de facto ability to veto the reform. Indeed, the theory of the political economy of
reforms establishes that concentrated interest groups find it easier to organize themselves, while large
and diffuse groups face much higher costs of organization and are thus less audible in the policy debate
(Olson, 1977; Peltzman et al., 1989; Stigler, 1971; Trebilcock, 2014a). For reforms proposals to be more
likely to pass, governments may thus try to avoid, or compensate homogenous groups of losers from
those reforms.
Under a carbon tax, a way to compensate the owners for stranded assets is with partial exemptions or
rebates (Goulder and Schein, 2013). Cap-and-trade carbon markets can also be designed to compensate
firms for stranded assets they may create: the owners of polluting firms may be fully compensated if a
fraction of emissions allowances are grandfathered for free (Goulder et al., 2010). Making all permits
free however, as the EU-ETS and many other carbon markets did in their first days, is likely to result in
overcompensation, that is in windfall profits for the owners of polluting capital (Sijm et al., 2006;
Woerdman et al., 2009), and may even reduce efficiency (Goulder et al., 1999). The literature on
competitivity of the energy-intensive, trade exposed industries (EITE) has arrived to a similar conclusion:
output-based rebating of carbon receipts can avoid competitivity losses (Branger and Quirion, 2014).
More generally, governments could use their general revenues and buy stranded assets from their
owners. For instance, governments could decide to buy existing coal reserves from the extractive
industry, and then simply not exploit them (Asheim, 2013; Harstad, 2012). While this could certainly
compensate the owners of coal and tar oil reserves for climate mitigation policies, the political
acceptability of such a bold move is yet to be investigated in the academic literature, at our best
knowledge.
A problem with these approaches is that they would not compensate other potential losers of climate
policies: the many workers (and voters) who depend on potential stranded assets directly (such as coal
miners and the staff of carbon intensive power plants) or indirectly (such as the food industry in a town
where coal power plants are a major employer).
Many academic studies analyze the job impact of emission reduction pathways, and in particular the
impact of switching to more renewable energy. In general, the results suggest that a transition to a lowcarbon energy system (using renewable energy, energy efficiency, but also nuclear and carbon capture
and storage) will result in net job creation. Detailed literature reviews have been published, and they
compile estimates of employment factors of different power generation technologies, that is the
amount of job needed for each MW of installed and used capacity (Cameron and van der Zwaan, 2015;
Wei et al., 2010). Focusing on jobs per MW introduces however a bias towards more expensive
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technologies, and it has been argued that the relevant metric is jobs per dollar of value added (Perrier
and Quirion, 2016). Even with that metric, the switch to low or zero carbon electricity is a net job
creator.
Two main different techniques have been used to assess the job impacts of switching to renewable
power (Perrier and Quirion, 2016). “i ple a al ti al odels , ased o i te ie s a d ase studies of
existing business, simply trace down how many jobs are directly involved in the building, installation,
and maintenance of different power generation technologies. And more complex model s based on
Input-Output tables (sometimes completed with a CGE model) that consider indirect jobs impacts.
Models based on IO tables are often used to assess the net impact of simultaneous phase down of some
technologies (e.g. coal power) and uptake of others (e.g. wind power), a d f e ue tl epo t di e t
a d i di e t jo i pa ts separately.
Despite this agreement in the literature that the net impact of a phase down of fossil fuel will likely
result in net job creation, the potential disruption for job markets has not been emphasized in the
literature and there is a large uncertainty on the total impact. For instance, a study on the
macroeconomic impacts of renewable energy policies in Europe (Ragwitz et al., 2009) does acknowledge
that gross jobs creation and gross job destructions will be important, but seems to conclude that the
positive net impact is the most important information. We argue that job destructions do matter for the
political economy of climate policies, except if the new, green jobs can be taken by roughly the same
population group affected by stranded assets from emission reduction policies, which appears unlikely
to us.
To inform the policy debate on this topic, it may be useful to compare the job and carbon contents of
value added of different sectors, as shown in Figure 2 for the French economy (Perrier and Quirion,
2016). This is a first step towards identifying (1) potential losers from emission reduction policies (here
suggesting a large vulnerable from agriculture); and (2) sectors that could be grown to absorb workers
from the dirty industries.
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Figure 2: GHG content And Employment Content of The Value Added By Sector Of The French
Economy.
Source: Perrier and Quirion (2016). Used with permission.
Many lessons can be learnt from previous industrial policies or trade agreements that resulted in job
disruption (Hallegatte et al., 2013). Standard social protection systems, such as unemployment
insurance and responsive social assistance programs can help minimize the impact of job destructions in
down-sizing carbon-intensive sectors. Countries where such schemes are not present could find it more
difficult to aggressively reduce emissions from carbon-intensive sectors in their NDCs.
Targeted i st u e ts a also e i ple e ted, as Japa s support to traditional textile and shipbuilding
industries in the 1960s and 1970s. Japan relied on fiscal policies, and starting in 1978, planned capacity
reduction, providing assistance to troubled firms and mitigating negative impacts on labor (Krauss, 1992;
Peck et al., 1987). One goal of these policies was to ensure that the downsizing of productive capacity in
declining sectors started with the closure of the least efficient firms, to ensure the efficiency of the
downsizing process (Peck et al., 1987). Similarly, a high carbon price may not lead to the closure of the
least-efficient or highest-emitting plans first, since a closure decisions rely on many criteria, or may lead
to a collapse of the industry that would be difficult to manage politically. This is why several countries or
regions, such as Alberta in Canada, have coal phase-out agreements to ensure an efficient, progressive,
and politically-acceptable reduction in coal power generation (Alberta government, n.d.).
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The U.S. Trade Adjustment Assistance (TAA) also provides re-employment services to displaced workers
and financial assistance to manufacturers and service firms hurt by import competition. Experience from
trade liberalization has shown that support such as wage subsidies to encourage hiring in the expanding
sectors and unemployment insurance for the displaced workers can effectively help mitigate most of the
losses and have generally modest costs (Porto, 2012). In the past, however, people losing from the
reforms have not always been compensated and protected against the negative side-effects of reforms,
and adjustment assistance programs have been criticized for the cost (Fernandez and Rodrik, 1991).

Designing Effective and Politically Acceptable Policies to Enforce
Sectoral Targets
To minimize disruption of financial markets, job markets, and opposition from powerful vested interests,
a more radical option may be to avoid stranded assets altogether in the transition to zero emissions.
Here we explore possible approaches to do so, discussing in turn their ability to minimize negative side effects of climate policies, and their potential to improve the overall efficiency of the transition .

Minimizing Disruptions and Increasing Acceptability
To reduce future stranded assets, the isk of st a di g should e take i to a ou t i toda s
investment decisions (Caldecott et al., 2016). Policy options to achieve this include increasing disclosure
and transparency on climate-related financial risks (Carbon Tracker, 2013). The pricing of assets need to
reflect the risk of stranding (Lecuyer and Vogt-Schilb, 2014), so that the asset price adjustment can be
smoothed over time, instead of generating a financial shock that may trigger a financial crisis. Some
have also suggested spreading awareness a out the isk of st a ded assets a d change the culture of
agents in the financial industry so that they consider it part of their due diligence to beware of pote ntial
stranded assets (Inquiry, 2015; Kruitwagen et al., 2016). A radical policy option is to simply forbid the
construction of assets that are deemed likely to be stranded by emission reduction policies, for instance
enacting moratoriums on new fossil fuel power plants, or new fossil fuel fields (Bertram et al., 2015b;
Pfeiffer et al., 2016; Rozenberg et al., 2017).
In addition, emission reduction policies can be designed in a way to smooth the transition and avoid or
minimize stranded assets. One way is to phase-in carbon prices, that is to start with carbon prices that
are low enough to prevent any stranding (Rozenberg et al., 2017; Trebilcock, 2014a; Williams, 2011). It
has been suggested that carbon prices higher than $8/tCO2 could create politically unpalatable risks for
stranded assets in the US, thus requiring that emission reductions are delivered using other policy
instruments (Jenkins, 2014). One risk we see with that approach, however, is that politically acceptable
carbon prices may be too low to provide a significant incentive to transition towards a zero-carbon
economy. An $8/tCO2 carbon price, for instance, would increase gasoline prices less than $0.02/L.
Another way is to use alternative policy instruments. Complementing a carbon price, or even
temporarily substitute for it, with alternative policy instruments such as performance standards,
feebates, or targeted financial instruments (e.g., subsidized loans) that apply only to new capital is a way
to avoid man-made stranded assets, preserve the revenues of vested interests, and smooth abatement
costs over individuals and time (Bertram et al., 2015b; Rozenberg et al., 2014). In contrast to a high
carbon price, standards, mandates or feebates on new investment do not prompt producers to
underutilize existing polluting capital, and thus do not create man-made stranded assets – they only
redirect new investments toward greener options, so that the stock of potentially stranded assets does
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not grow over time, and even decrease thanks to capital depreciation and retirement of emitting assets
(Rozenberg et al., 2017).
Many exiting climate policies apply to new investments only (Trebilcock, 2014b). In Brazil, Canada,
China, European Union, India, Japan, Mexico, Saudi Arabia, South Korea and the United States, minimum
energy efficiency requirements (or maximum carbon intensity levels) are imposed on new vehicles,
while the owners of old vehicles can continue to use them, and even resell them with little constraint
(ICCT, 2016). Many of those are negotiated with automakers and the civil society, then publicly
announced years in advance, ensuring technical feasibility and allowing auto manufacturers to develop
the required technology in time (figure 3). Similarly, many countries including the United States,
European Union, China set minimum energy efficiency standards on new buildings, without requiring old
buildings to be retrofitted immediately (IEA, 2015c). Bans on investments based on some technologies –
such as a moratorium on new coal power plants without CCS – are also available to avoid building the
stock of future stranded assets without affecting existing capital owners and the workers who depend
on this capital.

Figure 3: Existing Energy Efficiency Standards for New Road Vehicles
Source: ICCT. Used with permission
This approach may be less efficient from an economic point of view than immediately introducing a
carbon price, and cannot reduce emissions as fast as the radical approach of stranding large chunks of
the carbon intensive equipment. Indeed, it does not create an incentive to reduce emissions from
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existing assets, and it may have undesired side-effects, such as a lengthening of the economic lifetime of
polluting assets (Anderson et al., 2011). But it has the advantage of triggering a transition toward a lowcarbon path without hurting owners of existing man-made capital, hence reducing resistance
(Rozenberg et al., 2017). It may thus be more socially acceptable and make it easier to build coalitions of
economic and political actors supporting climate action.
To investigate such a politically-acceptable reform, Bertram et al. (2015b) use an Integrated Assessment
Model to simulate a policy package with three components: (1) a carbon price starting at US$7 per ton
of CO2 in 2015 to incentivize economy-wide mitigation, flanked by (2) support for low-carbon energy
technologies in the form of mandates for global installation of renewable electricity generation
capacities, CCS deployment and electric vehicles, and (3) a moratorium on new coal-fired power plants
to limit future stranded assets. They find that such package could indeed deliver less than 2°C global
warming, while drastically limiting stranded assets (assuming massive retrofitting of existing power
plants with CCS deployment is possible).
Performance standards, feebates, moratoriums, or targeted financial instruments need to be
implemented at the sector level. They can thus be linked to the sector targets required to align shortterm reductions with long-term decarbonization. Sometimes, the link between the target and the policy
can be straightforward: a target to stop deforestation can be implemented by outlawing deforestation, a
renewable energy target can be enforced with renewable portfolio standards or renewable capacity
auctions, and energy efficiency mandates on new vehicles and buildings can be calibrated to meet the
respective efficiency targets. Price instruments, such as subsidies on new electric vehicles and tax new
gas guzzlers, may be less easy to calibrate and require periodic adjustment (Metcalf, 2009).

Tackling Other Market and Government Failures
Another advantage of this type of sectoral instruments is that they help to tackle other market and
government failures that constitute barriers to zero-carbon investment.
Economic theory suggests that policy instruments should be individually designed to solve one unique
problem (Tinbergen, 1956). In the case of the transition to zero net emissions, however, the objective of
avoiding stranded assets interacts with a government failure and (at least) two major market failures in
a way that is difficult to disentangle.
First, governments have to navigate a tension between commitment, predictability and flexibility. What
matters for the transition is investment in long-lived capacity, but government cannot commit to future
carbon prices (Brunner et al., 2012; Ulph and Ulph, 2013). It has been argued that the apparently high
discount rates attributed to investors making energy conservation investments may result from
uncertainty on future energy prices (Hassett and Metcalf, 1993). Alternative policy approaches
(different from carbon prices) may then be more efficient, such as (1) mandatory efficiency or
performance standards (e.g., performance standards for cars, such as CAFE standards; building energy
efficiency standards) that directly constrai t toda s i est e t, i stead of i flue i g thei futu e
returns; and (2) subsidies or taxes that apply on the investment itself, to reduce the sunk costs of
investments. Examples include the feebates applied on cars, making efficient cars less expensi ve to buy
and inefficient car more expensive, and targeted financial instruments such as loans with reduced
interest rates for projects consistent with zero net emissions.
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Predictability cannot be implemented at the expense of flexibility (Lempert and Schlesinger, 2000).
Flexibility is important because mistakes will happen, or changes will happen that are unexpected .
Climate policies may have to be adjusted if they cause undesirable consequences (e.g., regarding food
security or access to modern energy), if technological change makes emission reductions much easier or
cheaper, or if the global warming target is revised due to new information on climate change and its
impacts. For instance, the rapid decrease in the cost of solar electricity was not anticipated and affected
the viability of European feed-in tariffs. To make this process more transparent, rules regarding when
and how policies will be revised based on what new information can be enacted in advance (Aldy, 2017;
Jakob and Brunner, 2014; Metcalf and Weisbach, 2009).
Because flexibility increases the odds that the policy will survive unexpected shocks and changes, a
flexible policy is also more credible over the long-term (Nemet et al., 2017). For instance, energy
efficiency standards typically include flexibility: in the US, CAFE standards are negotiated, announced far
in advanced, and revised at mid-road to adjust to new information on compliance costs and benef its.
In addition to temporal flexibility, another important aspect of flexibility is avoiding to micromanage the
t a sitio
pi ki g the i e s a d i posi g too spe ifi hoi es to the a kets. The e is a ala e
to maintain between enforcing the transition to technologies that can deliver de ep decarbonization in
the long term, and letting markets choose what is most efficient locally (Azar and Sandén, 2011). For
instance, CAFE standards set objectives in miles per gallon of new sold vehicle s, and let car
manufacturer achieve these with a large set of available options: improvements in the internal
combustion engine and gear boxes, hybrid powertrains, lighter vehicles, etc.
In addition to the limited ability of the government to commit credibly to very specific climate policies,
multiple market failures and externalities complicate the transition to zero carbon. First, markets are
frequently lacking relevant information and incentives to promote the adoption of energy efficiency or
emission reduction measures. For instance, imperfect incentives and lack of risk management
instruments in capital markets may create a bias against investments with long-term returns (Fay et al.,
2015). And often, people and investors are not aware of more efficient alternatives or technologies.
Labels and certification schemes can provide the information consumers need to influence their choice
of technologies (Davis and Metcalf, 2014) and promote sustainable natural resource management (for
instance for forest management). Lack of information is also magnified by behavior failure and cognitive
biases, and split incentives magnify this issue. For example, landlords may buy inefficient equipment
because tenants pay the electricity bills, resulting in suboptimal investment in energy efficiency
(Gillingham et al., 2012; Maruejols and Young, 2011). Again, regulations and mandates can be a solution
where externalities and market failures cannot be easily fixed. And the cost of capital for low-carbon
investment can be reduced through targeted financial instruments (such as preferred conditions for
loans for energy efficiency projects). And many people do not perform full analyses of the costs and
benefits of various technologies and options to make choices: instead they use rules of thumbs and
social norms (Weber et al., 2008; Weber and Johnson, 2011). Promoting changes in social norms can be
part of the solution (Nyborg et al., 2016).
Second, economic actors prefer to innovate where they have innovated before and where there is a
combination of well-known demand and mature markets – a bias that favors marginal innovation in
traditional domains, not radically new green innovation. This market failure is magnified by
imperfections in capital markets – for instance the lack of instruments to manage risks. Policy can kickstart the transition by temporarily supporting R&D in low-carbon technologies (Acemoglu et al., 2012).
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In addition, governments may even need to target specific green technologie s. For instance, solar
energy is still more expensive than wind energy, and not likely to be massively deployed with only
generic support to carbon-free electricity production, despite its greater potential for reducing cost
through economies of scale. Announcing performance standards in advance may be another way to
foster R&D in the right technologies. In addition to generic energy efficiency standards in the auto
sector, some governments apply a specific subsidy to electric or hybrid vehicles that may be a way to
nudge even further R&D efforts to focus on technologies that have the potential to deliver zero
emissions in the long term.
Finally, decarbonization will face issues linked to network effects, infrastructure gaps, and coordination
failures. The deployment of electric cars requires coordination between automakers, power generation,
and infrastructure to charge cars, and lack of coordination may stall the diffusion of this technology
(Budde Christensen et al., 2012; Cowan and Hultén, 1996; Dijk and Yarime, 2010; Liebowitz and
Margolis, 1995). Thus, government will not just need to enact policies, they also have to plan for
infrastructure deployment, in particular for public transportation and to accommodate electricity
generation from intermittent sources. Infrastructure also makes a carbon price more effective by
making demand more elastic to price changes. A modeling exercise done for Paris finds that public
transport reduces by half the carbon tax needed to achieve a given emission reduction (Avner et al.,
2014). Similarly, some countries have struggled to ensure that the needed electricity transmission lines
and network capacity are in place to handle increased shares of renewable energy (Fay et al., 2015).
Coordination failures, infrastructure gaps and network effects can be tackles thanks to (1) planning
exercises that combine the public and the private sector and give some visibility to private actors (e.g.,
that they can invest in electric cars assuming that charging infrastructure will be deployed); (2) direct
investments in infrastructure – which can be public, private, or through public-private partnerships – to
provide the infrastructure needed for the transition to take place and incentivize further private
investments in the transition.
Since government will likely rely on policy packages, it is important to pay attention to how dif ferent
policies will interact. A literature finds that ill-designed sectoral or local policies (for instance subsidies
for renewable power decided at the municipal level) may dampen the efficiency of policies with a wider
scope – geographical or sectoral (Bento et al., 2009; Böhringer and Behrens, 2015; Böhringer and
Rosendahl, 2010; Goulder and Schein, 2013; Hood, 2013; Weigt et al., 2013) . The main danger is when
the wider-scope policy is a quantity-based policy, typically a carbon market: for instance, renewable
targets for the power sector in the UE will reduce the allowance price on the EU-ETS, and emission
reductions achieved thanks to renewable power will be compensated by fewer reductions in another
sector covered by the ETS. This may not necessary be a bad thing: this literature doe s not acknowledge
that emission reductions achieved with renewable power, a certain way to achieve zero net emissions,
may be more valuable than reductions in another sector covered by the ETS, for instance energy
efficiency in refineries. Similarly, reductions achieved thanks to electric vehicles covered by a subsidy
will be offset under stringent CAFE standards by sales of more energy-inefficient vehicles, but could also
make guarantee that the CAFE standards are met in a way consistent with deep decarbonization in the
long term. In any case, interactions should be considered when designing all instruments.
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Conclusion
Policymakers have to design their short-term climate policies and their NDCs in the face of two tough
constraints: their policies need to be ambitious enough to provide a credible pathway toward zero net
emissions by the end of the century; and they need to be socially and politically acceptable. From this
difficult situation, this paper proposes a set of three complementary recommendations.
First, carbon prices, and in particular carbon taxes, seem to be a promising policy instrument that can
help reduce other distortive taxes or finance social assistance, infrastructure deployment and other
government operations. High carbon prices may however face political opposition, even if the
distributional consequences of price hikes are avoided, because they can cre ate stranded assets and
stranded jobs. A potential solution for policymakers is to implement a moderate carbon price based on
the needs for fiscal revenue and the political constraints, and to complement this instrument with
sector-level policies that incentivize a progressive shift to zero-carbon capital without creating stranded
assets (Bertram et al., 2015b; Jakob et al., 2014; Rozenberg et al., 2017).
Second, the short-coming of pricing instruments need to be compensated by supporting actions at the
sector level. These actions need to be designed focusing on the long-term goal of delivering zero
emissions, for instance through the negotiation of sectoral targets (e.g., for 2030) with stakeholders.
They need to be implemented through policy instruments that are predictable, effective, and minimize
economic disruptions.
More generally, any climate action will be more efficient if the economic system is more efficient.
Climate action will benefit from the actions aiming at accelerating development. A financial system able
to attract long-term investment would contribute to development and growth while making climate
policy more efficient. Better enforcement of norms and regulations would also enhance the
environmental benefits from existing and future regulations. Symmetrically, any climate policy will be
more efficient, and more likely to be accepted by the public and the political system, if it contributes to
development. There is therefore a synergy between development policies and climate policies – this
synergy can be better captured if the climate and development agenda are merged into a single
sustainable development agenda.

Acknowledgments
This paper builds on the World Bank book Decarbonizing Development: Three Steps to a Zero-Carbon
Future (Fay et al., 2015). A version of this article is forthcoming in WIREs Energy and Environment.

References
Acemoglu, D., Aghion, P., Bursztyn, L., Hemous, D., 2012. The Environment and Directed Technical
Change. American Economic Review 102, 131–166. doi:10.1257/aer.102.1.131
Alberta government, n.d. Phasing out coal pollution [WWW Document]. URL
http://www.alberta.ca/climate-coal-electricity.aspx (accessed 5.4.17).
Aldy, J.E., 2017. Designing and Updating a US Carbon Tax in an Uncertain World.
Allcott, H., Greenstone, M., 2012. Is There an Energy Efficiency Gap? Journal of Economic Perspectives
26, 3–28. doi:10.1257/jep.26.1.3

24

Anderson, S.T., Parry, I.W.H., Sallee, J.M., Fischer, C., 2011. Automobile Fuel Economy Standards:
Impacts, Efficiency, and Alternatives. Rev Environ Econ Policy 5, 89–108.
doi:10.1093/reep/req021
Asheim, G.B., 2013. A Distributional Argument for Supply-Side Climate Policies. Environ Resource Econ
56, 239–254. doi:10.1007/s10640-012-9590-2
Audoly, R., Vogt-Schilb, A., Guivarch, C., 2014. Pathways toward Zero-Carbon Electricity Required for
Climate Stabilization. World Bank Policy Research Working Paper 7075.
Avner, P., Rentschler, J.E., Hallegatte, S., 2014. Carbon Price Efficiency: Lock-In and Path Dependence in
Urban Forms and Transport Infrastructure (No. 6941), World Bank Policy Research Working
Paper. Washington DC, USA.
Azar, C., Sandén, B.A., 2011. The elusive quest for technology-neutral policies. Environmental Innovation
and Societal Transitions 1, 135–139. doi:10.1016/j.eist.2011.03.003
Bach, S., Kohlhaas, M., Meyer, B., Praetorius, B., Welsch, H., 2002. The effects of environmental fiscal
reform in Germany: a simulation study. Energy Policy 30, 803–811. doi:10.1016/S03014215(02)00005-8
Bacon, R., Bhattacharya, S., Kojima, M., 2010. Expenditure of low-income households on energy:
Evidence from Africa and Asia.
Bastagli, F., Hagen-Zanker, J., Harman, L., Barca, V., Sturge, G., Schmidt, T., Pellerano, L., 2016. Cash
transfers: what does the evidence say? A rigorous review of programme impact and of the role
of design and implementation features. Overseases Development Institute.
Bataille, C., Waisman, H., Colombier, M., Segafredo, L., Williams, J., Jotzo, F., 2016. The need for national
deep decarbonization pathways for effective climate policy. Climate Policy 16, S7–S26.
doi:10.1080/14693062.2016.1173005
Battiston, S., Mandel, A., Monasterolo, I., Schütze, F., Visentin, G., 2017. A climate stress -test of the
financial system. Nature Clim. Change advance online publication. doi:10.1038/nclimate3255
Bazilian, M., Onyeji, I., 2012. Fossil fuel subsidy removal and inadequate public power supply:
Implications for businesses. Energy Policy 45, 1–5. doi:10.1016/j.enpol.2012.02.057
Beck, M., Rivers, N., Wigle, R., Yonezawa, H., 2015. Carbon Tax and Revenue Recycling: Impacts on
Households in British Columbia. Resource and Energy Economics 41.
Bento, A., Jacobsen, M., Liu, A., 2013. Environmental policy in the presence of an informal sector.
Bento, A.M., Goulder, L.H., Jacobsen, M.R., Haefen, R.H. von, 2009. Distributional and Efficiency Impacts
of Increased US Gasoline Taxes. The American Economic Review 99, 667–699.
Bertram, C., Johnson, N., Luderer, G., Riahi, K., Isaac, M., Eom, J., 2015a. Carbon lock-in through capital
stock inertia associated with weak near-term climate policies. Technological Forecasting and
Social Change 90, Part A, 62–72. doi:10.1016/j.techfore.2013.10.001
Bertram, C., Luderer, G., Pietzcker, R.C., Schmid, E., Kriegler, E., Edenhofer, O., 2015b. Complementing
carbon prices with technology policies to keep climate targets within reach. Nature Clim. Change
5, 235–239. doi:10.1038/nclimate2514
Blattman, C., Niehaus, P., 2014. Show Them the Money. Foreign Affairs.
Böhringer, C., Behrens, M., 2015. Interactions of emission caps and renewable electricity support
schemes. J Regul Econ 1–23. doi:10.1007/s11149-015-9279-x
Böhringer, C., Rosendahl, K.E., 2010. Green promotes the dirtiest: on the interaction between black and
green quotas in energy markets. Journal of Regulatory Economics 37, 316–325.
doi:10.1007/s11149-010-9116-1
Bo e e g, A.L., 999. G ee Ta ‘efo s a d the Dou le Di ide d: a Updated ‘eade s Guide.
International Tax and Public Finance 6, 421–443. doi:10.1023/A:1008715920337
Bramoullé, Y., Olson, L.J., 2005. Allocation of pollution abatement under learning by doing. Journal of
Public Economics 89, 1935–1960. doi:10.1016/j.jpubeco.2004.06.007
25

B a ge , F., Qui io , P.,
. Cli ate poli a d the a o ha e effe t. WIREs Clim Change 5, 53–71.
doi:10.1002/wcc.245
Brenner, M., Riddle, M., Boyce, J.K., 2007. A Chinese sky trust?: Distributional impacts of carbon charges
and revenue recycling in China. Energy Policy 35, 1771–1784. doi:10.1016/j.enpol.2006.04.016
Brunner, S., Flachsland, C., Marschinski, R., 2012. Credible commitment in carbon policy. Climate Policy
12, 255–271. doi:10.1080/14693062.2011.582327
Budde Christensen, T., Wells, P., Cipcigan, L., 2012. Can innovative business models overcome resistance
to electric vehicles? Better Place and battery electric cars in Denmark. Energy Policy, Special
Section: Frontiers of Sustainability 48, 498–505. doi:10.1016/j.enpol.2012.05.054
Burtraw, D., Sweeney, R., Walls, M., 2009. The Incidence of U.S. Climate Policy: Alternative Uses o f
Revenues from a Cap-and-Trade Auction. National Tax Journal 62, 497–518.
Cai, Y., Lenton, T.M., Lontzek, T.S., 2016. Risk of multiple interacting tipping points should encourage
rapid CO2 emission reduction. Nature Clim. Change 6, 520–525. doi:10.1038/nclimate2964
Caldecott, B., 2017. Introduction to special issue: stranded assets and the environment. Journal of
Sustainable Finance & Investment 7, 1–13. doi:10.1080/20430795.2016.1266748
Caldecott, B., Harnett, E., Cojoianu, T., Kok, I., Pfeiffer, A., 2016. Stranded Assets: A Climate Risk
Challenge.
Calderón, S., Alvarez, A.C., Loboguerrero, A.M., Arango, S., Calvin, K., Kober, T., Daenzer, K., Fisher Vanden, K., 2016. Achieving CO2 reductions in Colombia: Effects of carbon taxes and abatement
targets. Energy Economics 56, 575–586. doi:10.1016/j.eneco.2015.05.010
Callan, T., Lyons, S., Scott, S., Tol, R.S.J., Verde, S., 2009. The distributional implications of a carbon tax in
Ireland. Energy Policy 37, 407–412. doi:10.1016/j.enpol.2008.08.034
Cameron, L., van der Zwaan, B., 2015. Employment factors for wind and solar energy technologies: A
literature review. Renewable and Sustainable Energy Reviews 45, 160–172.
doi:10.1016/j.rser.2015.01.001
Ca ada, E i o e t a d Cli ate Cha ge Ca ada,
. Ca ada s id-century, long-term lowgreenhouse gas emission development strategy.
Carbon Tracker, 2013. Unburnable Carbon 2013: Wasted capital and stranded assets. The Grantham
Research Institute on Climate Change and the Environment of LSE.
Carbon Tracker Initiative, 2012. Unburnable Carbon – A e the o ld s fi a ial a kets a i g a
carbon bubble?
Carney, M., 2016. Resolving the climate paradox (Arthur Burns Memorial Lecture). Bank of England,
Berlin.
Carraro, C., Galeotti, M., Gallo, M., 1996. Environmental taxation and unemployment: Some evidence on
the dou le di ide d h pothesis i Eu ope. Jou al of Pu li E o o i s ,
–181.
doi:10.1016/0047-2727(96)01577-0
Cecchini, S., Madariaga, A., 2011. Conditional Cash Transfer Programmes: The Recent Experience in Latin
America and the Caribbean (SSRN Scholarly Paper No. ID 1962666). Social Science Research
Network, Rochester, NY.
Clarke, L., Jiang, K., Akimoto, K., Babiker, M., Blanford, G., Fisher-Vanden, K., Hourcade, J.C., Krey, V.,
Kriegler, E., Loeschel, A., 2014. Assessing transformation pathways, in: Climate Change 2014:
Mitigation of Climate Change, Working Group III Contribution to the IPCC 5th Assessment
Report, [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler,
I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T.
Zwickel and J.C. Minx (Eds.)]. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA.
Coady, D., Parry, I., Sears, L., Shang, B., 2016. How Large Are Global Fossil Fuel Subsidies? World
Development. doi:10.1016/j.worlddev.2016.10.004
26

Coady, D.P., Flamini, V., Sears, L., 2015. The Unequal Benefits of Fuel Subsidies Revisited: Evidence for
Developing Countries. IMF Working Paper No. 15/250.
Combet, E., Ghe si, F., Hou ade, J.C., Thé , D.,
. Ca o Ta a d E uit : The I po ta e of Poli
Design pp 277-295.
Comité Consultivo de Energía 2050, 2015. Hoja de ruta 2050: Hacia una energía sustentable e inclusiva
para Chile. Ministerio de Energía, Gobierno de Chile, Santiago, Chile.
Copeland, B., 2012. International Trade and Green Growth.
Cornwell, A., Creedy, J., 1996. Carbon Taxation, Prices and Inequality in Australia. Fiscal Studies 17, 21–
38. doi:10.1111/j.1475-5890.1996.tb00492.x
Cowan, R., Hultén, S., 1996. Escaping lock-in: The case of the electric vehicle. Technological Forecasting
and Social Change, Technology and the Environment 53, 61–79. doi:10.1016/00401625(96)00059-5
Datta, A., 2010. The incidence of fuel taxation in India. Energy Economics, Special Issue on Asian Energy
in the Context of Growing Security and Environmental Concerns 32, Supplement 1, S26–S33.
doi:10.1016/j.eneco.2009.10.007
Davis, L.W., 2014. The Economic Cost of Global Fuel Subsidies. The American Economic Review 104,
581–585. doi:10.1257/aer.104.5.581
Davis, L.W., Metcalf, G.E., 2014. Does Better Information Lead to Better Choices? Evidence from Energy Efficiency Labels (Working Paper No. 20720). National Bureau of Economic Research.
Davis, S.J., Caldeira, K., Matthews, H.D., 2010. Future CO2 Emissions and Climate Change from Existing
Energy Infrastructure. Science 329, 1330–1333. doi:10.1126/science.1188566
Davis, S.J., Socolow, R.H., 2014. Commitment accounting of CO2 emissions. Environ. Res. Lett. 9, 084018.
doi:10.1088/1748-9326/9/8/084018
del Rio Gonzalez, P., 2008. Policy implications of potential conflicts between short-term and long-term
efficiency in CO2 emissions abatement. Ecological Economics 65, 292–303. doi:doi:
10.1016/j.ecolecon.2007.06.013
Demailly, D., Quirion, P., 2008. European Emission Trading Scheme and competitiveness: A case study on
the iron and steel industry. Energy Economics 30, 2009–2027. doi:10.1016/j.eneco.2007.01.020
Di Sbroiavacca, N., Nadal, G., Lallana, F., Falzon, J., Calvin, K., 2016. Emissions reduction scenarios in the
Argentinean Energy Sector. Energy Economics 56, 552–563. doi:10.1016/j.eneco.2015.03.021
Dijk, M., Yarime, M., 2010. The emergence of hybrid-electric cars: Innovation path creation through coevolution of supply and demand. Technological Forecasting and Social Change, Issue includes a
“pe ial
“e tio
o
I f ast u tu es
a d
T a sitio s
,
–1390.
doi:10.1016/j.techfore.2010.05.001
Dissou, Y., Siddiqui, M.S., 2014. Can carbon taxes be progressive? Energy Economics 42, 88–100.
doi:10.1016/j.eneco.2013.11.010
Dresner, S., Dunne, L., Clinch, P., Beuermann, C., 2006. Social and political responses to ecological tax
reform in Europe: an introduction to the special issue. Energy Policy, Social and political
responses to ecological tax reform in Europe 34, 895–904. doi:10.1016/j.enpol.2004.08.043
Duro, J.A., Padilla, E., 2006. International inequalities in per capita CO2 emissions: A decomposition
methodology by Kaya factors. Energy Economics 28, 170–187. doi:10.1016/j.eneco.2005.12.004
Ederington, J., Levinson, A., Minier, J., 2005. Footloose and Pollution-Free. Review of Economics and
Statistics 87, 92–99. doi:10.1162/0034653053327658
Epstein, R.A., 1985. Takings: Private Property and the Power of Eminent Domain, Reprint edi tion. ed.
Harvard University Press, Cambridge, Mass.
Expresso, 2015. Así están los beneficiarios del Bono de Desarrollo Humano. Expresso.
Fay, M., Hallegatte, S., Vogt-Schilb, A., Rozenberg, J., Narloch, U., Kerr, T., 2015. Decarbonizing
Development: Three Steps to a Zero-Carbon Future. World Bank Publications.
27

Fernandez, R., Rodrik, D., 1991. Resistance to Reform: Status Quo Bias in the Presence of Individual Specific Uncertainty. The American Economic Review 81, 1146–1155.
Frankl, P., Nowak, S., Gutschner, M., Gnos, S., Rinke, T., 2010. Technology roadmap: solar photovoltaic
energy. International Energy Association.
Franks, M., Edenhofer, O., Lessmann, K., 2015. Why Finance Ministers Favor Carbon Taxes, Even If They
Do Not Take Climate Change into Account. Environ Resource Econ 1–28. doi:10.1007/s10640015-9982-1
Fullerton, D., Heutel, G., 2011. Analytical General Equilibrium Effects of Energy Policy on Output and
Factor Prices. The B.E. Journal of Economic Analysis & Policy 10.
Gillingham, K., Harding, M., Rapson, D., 2012. Split Incentives in Residential Energy Consumption. The
Energy Journal 33. doi:10.5547/01956574.33.2.3
Gillingham, K., Palmer, K., 2014. Bridging the Energy Efficiency Gap: Policy Insights from Economic
Theory and Empirical Evidence. Rev Environ Econ Policy 8, 18–38. doi:10.1093/reep/ret021
Golosov, M., Hassler, J., Krusell, P., Tsyvinski, A., 2014. Optimal Taxes on Fossil Fuel in General
Equilibrium. Econometrica 82, 41–88. doi:10.3982/ECTA10217
Gonzalez, F., 2012. Distributional effects of carbon taxes: The case of Mexico. Energy Economics 34,
2102–2115. doi:10.1016/j.eneco.2012.03.007
Goulder, L., Hafstead, M., Dworsky, M., 2010. Impacts of alternative emissions allowance allocation
methods under a federal cap-and-trade program. Journal of Environmental Economics and
Management 60, 161–181. doi:10.1016/j.jeem.2010.06.002
Goulde , L.H.,
. Cli ate ha ge poli s i te a tio s ith the ta s ste . E e g E o o i s,
Supplement Issue: Fifth Atlantic Workshop in Energy and Environmental Economics 40,
Supplement 1, S3–S11. doi:10.1016/j.eneco.2013.09.017
Goulder, L.H., Parry, I.W.H., III, R.C.W., Burtraw, D., 1999. The cost-effectiveness of alternative
instruments for environmental protection in a second-best setting. Journal of Public Economics
72, 329–360. doi:10.1016/S0047-2727(98)00109-1
Goulder, L.H., Schein, A.R., 2013. Carbon taxes versus cap and trade: a critical review. Climate Change
Economics 04, 1350010. doi:10.1142/S2010007813500103
Grainger, C.A., Kolstad, C.D., 2010. Who Pays a Price on Carbon? Environ Resource Econ 46, 359–376.
doi:10.1007/s10640-010-9345-x
Griffin, P.A., Jaffe, A.M., Lont, D.H., Dominguez-Faus, ‘.,
. “ ie e a d the sto k a ket: I esto s
recognition of unburnable carbon. Energy Economics 52, Part A, 1–12.
doi:10.1016/j.eneco.2015.08.028
Guivarch, C., Hallegatte, S., 2011. Existing infrastructure and the 2\celsius target. Climatic Change 109,
801–805.
Guivarch, C., Hood, C., 2011. Early retirement of coal-fired generation in the transition to low-carbon
electricity systems, in: Climate & Electricity Annual 2011 Data and Analyses. International Energy
Agency, Paris.
Ha Duong, M., Grubb, M., Hourcade, J.-C., 1997. Influence of socioeconomic inertia and uncertainty on
optimal CO2-emission abatement. Nature 390, 270–273.
Hallegatte, S., Bangalore, M., Bonzanigo, L., Fay, M., Kane, T., Narloch, U., Rozenberg, J., Treguer, D.,
Vogt-Schilb, A., 2016. Shock Waves: Managing the Impacts of Climate Change on Poverty,
Climate Change and Development Series. World Bank, Washington, DC.
Hallegatte, S., Fay, M., Vogt-Schilb, A., 2013. Green Industrial Policies: When and How. World Bank
Policy Research Working Paper.
Hamilton, K., Cameron, G., 1994. Simulating the Distributional Effects of a Canadian Carbon Tax.
Canadian Public Policy / Analyse de Politiques 20, 385–399. doi:10.2307/3551997

28

Handa, S., Huang, C., Hypher, N., Teixeira, C., Soares, F.V., Davis, B., 2012. Targeting effectiveness of
social cash transfer programmes in three African countries. Journal of Dev elopment
Effectiveness 4, 78–108. doi:10.1080/19439342.2011.641994
Harrison, K., 2012. A Tale of Two Taxes: The Fate of Environmental Tax Reform in Canada. Review of
Policy Research 29, 383–407. doi:10.1111/j.1541-1338.2012.00565.x
Harstad, B., 2012. Buy Coal! A Case for Supply-Side Environmental Policy. Journal of Political Economy
120, 77–115. doi:10.1086/665405
Hassett, K.A., Mathur, A., Metcalf, G.E., 2009. The Incidence of a U.S. Carbon Tax: A Lifetime and
Regional Analysis. The Energy Journal Volume 30, 155–178.
Hassett, K.A., Metcalf, G.E., 1993. Energy conservation investment: Do consumers discount the future
correctly? Energy Policy 21, 710–716. doi:10.1016/0301-4215(93)90294-P
HM Revenue & Customs, 2014. Measuring tax gaps 2014 edition (Official Statistics release). UK
Government, London, UK.
Hood, C., 2013. Managing interactions between carbon pricing and existing energy policies.
ICCT, 2016. Global passenger vehicle standards [WWW Document]. International Council on Clean
Transportation. URL http://www.theicct.org/info-tools/global-passenger-vehicle-standards
IEA, 2015a. Technology roadmaps [WWW Document]. International Energy Agency. URL
http://www.iea.org/roadmaps/ (accessed 3.12.15).
IEA, 2015b. Energy Climate and Change (World Energy Outlook Special Report). International Energy
Agency.
IEA,
2015c.
Policies
and
Measures
Database.
International
Energy
Agency.
http://iea.org/policiesandmeasures.
IEA,
a. E e g te h olog pe spe ti es
: ha essi g ele t i it s pote tial, I te atio al Energy
Agency and Organisation for Economic Co-operation and Development. ed. OECD/IEA, Paris,
France.
IEA, 2014b. World energy outlook: 2014, International Energy Agency and Organization For Economic
Cooperation And Development. ed. Oecd, [S.l.].
IMF, 2013. Energy subsidy reform: lessons and implications. International Monetary Fund, Washington.
Inquiry, 2015. Aligning the financial system with sustainable development: Pathways to Scale (Inquiry
into the Design of a Sustainable Financial System Report). UNEP.
Inter-American Development Bank (Ed.), 2016. Saving for development: how Latin America and the
Ca i ea a sa e o e a d ette , De elop e t i the A e i as. Palg a e Ma illa ; I te A e i a De elop e t Ba k, Ne Yo k : Washi gto , DC, U“A.
IPCC, 2014. Summary for Policymakers, in: Climate Change 2014, Synthesis Report. Contribution of
Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge, United Kingdom and New York, NY, USA.
Iyer, G., Hultman, N., Eom, J., McJeon, H., Patel, P., Clarke, L., 2015. Diffusion of low -carbon technologies
and the feasibility of long-term climate targets. Technological Forecasting and Social Change 90,
Part A, 103–118. doi:10.1016/j.techfore.2013.08.025
Iyer, G.C., Edmonds, J.A., Fawcett, A.A., Hultman, N.E., Alsalam, J., Asrar, G.R., Calvin, K.V., Clarke, L.E.,
Creason, J., Jeong, M., Kyle, P., McFarland, J., Anupriya Mundra, Patel, P., Shi, W., McJeon, H.C.,
2015. The contribution of Paris to limit global warming to 2 °C. Environ. Res. Lett. 10, 125002.
doi:10.1088/1748-9326/10/12/125002
Jakob, M., Brunner, S., 2014. Optimal Commitment Under Uncertainty: Adjustment Rules for Climate
Policy. SBE 4, 291–310. doi:10.1561/102.00000047
Jakob, M., Chen, C., Fuss, S., Marxen, A., Rao, N.D., Edenhofer, O., 2016. Carbon Pricing Revenues Could
Close
Infrastructure
Access
Gaps.
World
Development
84,
254–265.
doi:10.1016/j.worlddev.2016.03.001
29

Jakob, M., Hilaire, J., 2015. Climate science: Unburnable fossil -fuel reserves. Nature 517, 150–152.
doi:10.1038/517150a
Jakob, M., Steckel, J.C., Klasen, S., Lay, J., Grunewald, N., Martínez-Zarzoso, I., Renner, S., Edenhofer, O.,
2014. Feasible mitigation actions in developing countries. Nature Climate Change 4, 961–968.
Jasanoff, S.S., 1987. Contested Boundaries in Policy-Relevant Science. Social Studies of Science 17, 195–
230. doi:10.1177/030631287017002001
Jenkins, J.D., 2014. Political economy constraints on carbon pricing policies: What are the implications
for economic efficiency, environmental efficacy, and climate policy design? Energy Policy 69,
467–477. doi:10.1016/j.enpol.2014.02.003
Johnson, N., Krey, V., McCollum, D.L., Rao, S., Riahi, K., Rogelj, J., 2015. Stranded on a low -carbon planet:
Implications of climate policy for the phase-out of coal-based power plants. Technological
Forecasting and Social Change 90, Part A, 89–102. doi:10.1016/j.techfore.2014.02.028
Jones, D., Steenblik, R., 2010. Subsidy Estimation: A survey of current practice. Global Subsidies Initiative
(GSI) of the International Institute for Sustainable Development (IISD).
Kalra, N., Gill, S., Hallegatte, S., Brown, C., Fozzard, A., Lempert, R., Shah, A., 2014. Agreeing on robust
de isio s : e p o esses fo de isio
aki g u de deep u e tai t No . WPS6906). The
World Bank.
Kaplow, L., 1992. Government Relief for Risk Associated with Government Action. The Scandinavian
Journal of Economics 94, 525–541. doi:10.2307/3440367
Kojima, M., Koplow, D., 2015. Fossil Fuel Subsidies: Approaches and Valuation . World Bank Policy
Research Working Paper No. 7220.
Krauss, E.S., 1992. Political economy: policymaking and industrial policy in Japan. PS: Political Science &
Politics 25, 44–57.
Krey, V., Luderer, G., Clarke, L., Kriegler, E., 2014. Getting from here to there – energy technology
transformation pathways in the EMF27 scenarios. Climatic Change 123, 369–382.
doi:10.1007/s10584-013-0947-5
Kruitwagen, L., MacDonald-Korth, D., Caldecott, B., 2016. Summary of Proceedings: EnvironmentRelated Risks and the Future of Prudential Regulation and Financial Conduct – 4th Stranded
Assets Forum, Waddesdon Manor, 23rd October 2015. Smith School of Enterprise and the
Environment, University of Oxford.
Lecuyer, O., Vogt-Schilb, A., 2014. Optimal transition from coal to gas and renewable power under
capacity constraints and adjustment costs. World Bank Policy Research Working Paper No. 6985.
Lemoine, D., Traeger, C.P., 2016. Economics of tipping the climate dominoes. Nature Clim. Change 6,
514–519. doi:10.1038/nclimate2902
Lempert, R.J., Schlesinger, M.E., 2000. Robust strategies for abating climate change. Climatic Change 45,
387–401.
Liang, Q.-M., Wei, Y.-M., 2012. Distributional impacts of taxing carbon in China: Results from the CEEPA
model. Applied Energy 92, 545–551. doi:10.1016/j.apenergy.2011.10.036
Liebowitz, S.J., Margolis, S.E., 1995. Path Dependence, Lock-In, and History. J. L. Econ. & Org. 11, 205–
226.
Lindert, K., Skoufias, E., Shapiro, J., 2006. Redistributing income to the poor and the rich: Public transfers
in Latin America and the Caribbean. Social Safety Nets Primer Series.
Lucena, A.F.P., Clarke, L., Schaeffer, R., Szklo, A., Rochedo, P.R.R., Nogueira, L.P.P., Daenzer, K., Gurgel,
A., Kitous, A., Kober, T., 2016. Climate policy scenarios in Brazil: A multi -model comparison for
energy. Energy Economics 56, 564–574. doi:10.1016/j.eneco.2015.02.005
Luderer, G., Bosetti, V., Jakob, M., Leimbach, M., Steckel, J.C., Waisman, H., Edenhofer, O., 2012. The
economics of decarbonizing the energy system—results and insights from the RECIPE model
intercomparison. Climatic Change 114, 9–37. doi:10.1007/s10584-011-0105-x
30

Maruejols, L., Young, D., 2011. Split incentives and energy efficiency in Canadian multi-family dwellings.
Energy Policy 39, 3655–3668. doi:10.1016/j.enpol.2011.03.072
Matthews, H.D., 2014. A growing commitment to future CO2 emissions. Environ. Res. Lett. 9, 111001.
doi:10.1088/1748-9326/9/11/111001
McCollum, D., Krey, V., Kolp, P., Nagai, Y., Riahi, K., 2014. Transport electrification: A key element for
energy system transformation and climate stabilization. Climatic Change 123, 651–664.
doi:10.1007/s10584-013-0969-z
McGlade, C., Ekins, P., 2015. The geographical distribution of fossil fuels unused when limiting global
warming to 2 °C. Nature 517, 187–190. doi:10.1038/nature14016
Metcalf, G.E., 2014. Using the tax system to address competition issues with a carbon tax. National Tax
Journal 67, 779.
Metcalf, G.E., 2009. Cost Containment in Climate Change Policy: Alternative Approaches to Mitigating
Price Volatility. University of Virginia Tax Law Review.
Metcalf, G.E., 1999. A Distributional Analysis of Green Tax Reforms. National Tax Journal 52, 655–681.
Metcalf, G.E., Weisbach, D., 2009. The Design of a Carbon Tax. Harv. Envtl. L. Rev. 33, 499.
Nemet, G.F., Jakob, M., Steckel, J.C., Edenhofer, O., 2017. Addressing policy credibility problems for low carbon
investment.
Global
Environmental
Change
42,
47–57.
doi:10.1016/j.gloenvcha.2016.12.004
Nordhaus, W.D., 1991. A Sketch of the Economics of the Greenhouse Effect. The American Economic
Review 81, 146–150. doi:10.2307/2006843
Nyborg, K., Anderies, J.M., Dannenberg, A., Lindahl, T., Schill, C., Schlüter, M., Adger, W.N., Arrow, K.J.,
Barrett, S., Carpenter, S., Chapin, F.S., Crépin, A.-S., Daily, G., Ehrlich, P., Folke, C., Jager, W.,
Kautsky, N., Levin, S.A., Madsen, O.J., Polasky, S., Scheffer, M., Walker, B., Weber, E.U., Wilen, J.,
Xepapadeas, A., Zeeuw, A. de, 2016. Social norms as solutions. Science 354, 42–43.
doi:10.1126/science.aaf8317
OECD, 2017. Investing in Climate, Investing in Growth. OECD Publishing, Paris.
doi:10.1787/9789264273528-en
OECD, 2013. Inventory of Estimated Budgetary Support and Tax Expenditures for Fossil Fuels 2013.
Organisation for Economic Co-operation and Development, Paris.
Olson, M., 1977. The logic of collective action: public goods and the theory of groups. Harvard University
Press, Cambridge, Mass.
Pachauri, S., Ruijven, B.J. van, Nagai, Y., Riahi, K., Vuuren, D.P. van, Brew-Hammond, A., Nakicenovic, N.,
2013. Pathways to achieve universal household access to modern energy by 2030. Environ. Res.
Lett. 8, 024015. doi:10.1088/1748-9326/8/2/024015
Parry, I., Veung, C., Heine, D., 2015. Ho
u h a o p i i g is i ou t ies o i te ests? the iti al
role of co-benefits. Clim. Change Econ. 06, 1550019. doi:10.1142/S2010007815500190
Parry, I.W.H., Williams, R.C., 2010. What are the Costs of Meeting Distributional Objectives for Climate
Policy? The B.E. Journal of Economic Analysis & Policy 10.
Pearce, D., 1991. The Role of Carbon Taxes in Adjusting to Global Warming. The Economic Journal 101,
938–948. doi:10.2307/2233865
Peck, M.J., Levin, R.C., Goto, A., 1987. Picking Losers: Public Policy toward Declining Industries in Japan.
Journal of Japanese Studies 13, 79–123. doi:10.2307/132587
Peltzman, S., Levine, M.E., Noll, R.G., 1989. The economic theory of regulation after a decade of
deregulation. Brookings papers on economic activity. Microeconomics 1989, 1–59.
Perrier, Q., Quirion, P., 2016. La transition énergétique est-elle favorable aux branches à fort contenu en
e ploi ? Une approche input-output pour la France (Working Paper No. 2016.09). FAERE French Association of Environmental and Resource Economists.

31

Perrissin Fabert, B., Foussard, A., 2016. Trajectoires de transition bas carbone au moindre coût
Do u e t édité pa le se i e de l é o o ie, de l é aluatio et de l i tég atio du
développement durable). Commissariat général au développement durable, Paris.
Pfeiffer, A., Millar, R., Hepburn, C., Beinhocker, E., 2016. The °C apital sto k fo ele t i it ge e atio :
Committed cumulative carbon emissions from the electricity generation sector and the
transition
to
a
green
economy.
Applied
Energy
179,
1395–1408.
doi:10.1016/j.apenergy.2016.02.093
Pigou, A.C., 1932. The economics of welfare. Macmilan, London.
Porto, G.G., 2012. The Cost of Adjustment to Green Growth Policies: Lessons from Trade Adjustment
Costs (World Bank Policy Research Working Paper No. 6237). Washington DC.
Ragwitz, M., Schade, W., Breitschopf, B., Walz, R., Helfrich, N., Rathmann, M., Resch, G., Panzer, C.,
Faber, T., Haas, R., 2009. EmployRES—the impact of renewable energy policy on economic
growth and employment in the European Union. Final report, contract no. TREN.
Rao, N.D., 2012. Kerosene subsidies in India: When energy policy fails as social policy. Energy for
Sustainable Development 16, 35–43. doi:10.1016/j.esd.2011.12.007
Rausch, S., Metcalf, G.E., Reilly, J.M., 2011. Distributional impacts of carbon pricing: A general
equilibrium approach with micro-data for households. Energy Economics, Supplemental Issue:
Fourth Atlantic Workshop in Energy and Environmental Economics 33, Supplement 1, S20–S33.
doi:10.1016/j.eneco.2011.07.023
Rentschler, J., 2015. Incidence and impact: A disaggregated poverty analysis of fossil fuel subsidy reform.
OIES working Paper: SP 36. Oxford: Oxford Institute for Energy Studies.
Rentschler, J., Bazilian, M., 2016. Reforming fossil fuel subsidies: drivers, barriers and the state of
progress. Climate Policy 0, 1–24. doi:10.1080/14693062.2016.1169393
Rezai, A., Van der Ploeg, F., 2016. Intergenerational Inequality Aversion, Growth, and the Role of
Da ages: O a s ‘ule fo the Glo al Ca o Ta . Jou al of the Asso iatio of E i o e tal
and Resource Economists 3, 493–522. doi:10.1086/686294
Riahi, K., Kriegler, E., Johnson, N., Bertram, C., den Elzen, M., Eom, J., Schaeffer, M., Edmonds, J., Isaac,
M., Krey, V., Longden, T., Luderer, G., Méjean, A., McCollum, D.L., Mima, S., Turton, H., van
Vuuren, D.P., Wada, K., Bosetti, V., Capros, P., Criqui, P., Hamdi-Cherif, M., Kainuma, M.,
Edenhofer, O., 2015. Locked into Copenhagen pledges — Implications of short-term emission
targets for the cost and feasibility of long-term climate goals. Technological Forecasting and
Social Change 90, Part A, 8–23. doi:10.1016/j.techfore.2013.09.016
Robles, M., Rubio, M.G., Stampini, M., 2015. Have Cash Transfers Succeeded in Reaching the Poor in
Latin America and the Caribbean?
Rogelj, J., den Elzen, M., Höhne, N., Fransen, T., Fekete, H., Winkle r, H., Schaeffer, R., Sha, F., Riahi, K.,
Meinshausen, M., 2016. Paris Agreement climate proposals need a boost to keep warming well
below 2 °C. Nature 534, 631–639. doi:10.1038/nature18307
‘ogelj, J., M Collu , D.L., O Neill, B.C., ‘iahi, K.,
.
emissions levels required to limit warming
to below 2C. Nature Climate Change 3, 405–412.
Rogelj, J., Schaeffer, M., Meinshausen, M., Knutti, R., Alcamo, J., Riahi, K., Hare, W., 2015. Zero emission
targets as long-term global goals for climate protection. Environ. Res. Lett. 10, 105007.
doi:10.1088/1748-9326/10/10/105007
Rosendahl, K.E., 2004. Cost-effective environmental policy: implications of induced technological
change. Journal of Environmental Economics and Management 48, 1099–1121.
doi:10.1016/j.jeem.2003.12.007
Rozenberg, J., Davis, S.J., Narloch, U., Hallegatte, S., 2015. Climate constraints on the carbon intensity of
economic growth. Environmental Research Letters 10, 095006. doi:10.1088/17489326/10/9/095006
32

Rozenberg, J., Hallegatte, S., Vogt-Schilb, A., Sassi, O., Guivarch, C., Waisman, H., Hourcade, J.-C., 2010.
Climate policies as a hedge against the uncertainty on future oil supply. Supplementary
Material. Climatic Change. doi:10.1007/s10584-010-9868-8
Rozenberg, J., Vogt-Schilb, A., Hallegatte, S., 2017. Instrument Choice and Stranded Assets in the
Transition to Clean Capital. Inter-American Development Bank.
Rozenberg, J., Vogt-Schilb, A., Hallegatte, S., 2014. Transition to clean capital, irreversible investment
and stranded assets. World Bank Policy Research Working Paper.
Sachs, J., Tubiana, L., Guerin, E., Waisman, H., Mas, C., Colombier, M., Schmidt-Traub, G., 2014.
Pathways to Deep Decarbonization: Interim 2014 Report. Deep Decarbonization Pathways
P oje t U ited Natio s “ustai a le Development Solutions Network and Institute for
Sustainable Development and International Relations), New York and Paris.
Safi, M., 2017. India weighs up the return on cash handouts for the poorest. The Guardian.
Schmidt, J., Helme, N., Lee, J., Houdashelt, M., 2008. Sector-based approach to the post-2012 climate
change policy architecture. Climate Policy 8, 494–515. doi:10.3763/cpol.2007.0321
Sdralevich, C.A., Sab, R., Zouhar, Y., 2014. Subsidy Reform in the Middle East and North Africa: Recent
Progress and Challenges Ahead. International Monetary Fund.
“EMA‘NAT, INECC,
. Me i o s Cli ate Cha ge Mid-Century Strategy. Ministry of Environment and
Natural Resources (SEMARNAT) and National Institute of Ecology and Climate Change (INECC).
Shindell, D.T., 2015. The social cost of atmospheric release. Climatic Change 1–14. doi:10.1007/s10584015-1343-0
Sijm, J., Neuhoff, K., Chen, Y., 2006. CO2 cost pass-through and windfall profits in the power sector.
Climate Policy 6, 49–72. doi:10.1080/14693062.2006.9685588
Stern, D.I., 2004. The Rise and Fall of the Environmental Kuznets Curve. World Development 32, 1419–
1439. doi:10.1016/j.worlddev.2004.03.004
Stigler, G.J., 1971. The theory of economic regulation. The Bell journal of economics and management
science 3–21.
Sugiyama, M., 2012. Climate change mitigation and electrification. Energy Policy 44, 464–468.
doi:10.1016/j.enpol.2012.01.028
Symons, E., Proops, J., Gay, P., 1994. Carbon Taxes, Consumer Demand and Carbon Dioxide Emissions: A
Simulation Analysis for the UK. Fiscal Studies 15, 19–43. doi:10.1111/j.14755890.1994.tb00195.x
Symons, E.J., Speck, S., Proops, J.L.R., 2002. The distributional effects of carbon and energy taxes: the
cases of France, Spain, Italy, Germany and UK. Eur. Env. 12, 203–212. doi:10.1002/eet.293
Tanaka, N., 2011. Technology roadmap: Electric and plug-in hybrid electric vehicles. International Energy
Agency, Tech. Rep.
Thompson, T.M., Rausch, S., Saari, R.K., Selin, N.E., 2014. A systems approach to evaluating the air
quality co-benefits of US carbon policies. Nature Clim. Change 4, 917–923.
doi:10.1038/nclimate2342
Tinbergen, J., 1956. Economic policy: principles and design. North Holland Pub. Co., Amsterdam.
Tongia, R., 2003. The political economy of Indian power sector reforms. Program on Energy and
Sustainable Development Working Paper 4.
Trebilcock, M.J., 2014a. Dealing with Losers: The Political Economy of Policy Transitions. Oxford
University Press.
T e il o k, M.J.,
. Cli ate Cha ge Poli : Ma agi g Mo e Heat i the Wo ld s Kitchens, in: Dealing
with Losers: The Political Economy of Policy Transitions. Oxford University Press.
Ulph, A., Ulph, D., 2013. Optimal Climate Change Policies When Governments Cannot Commit. Environ
Resource Econ 56, 161–176. doi:10.1007/s10640-013-9682-7
United Nations, 2015. Paris Agreement.
33

Vagliasindi, M., 2012. Implementing Energy Subsidy Reforms: An Overview of the Key Issues. World Bank
Policy Research Working Papers 6122.
van Benthem, A.A., 2015. Energy Leapfrogging. Journal of the Association of Environmental and
Resource Economists 2, 93–132. doi:10.1086/680317
Van Parijs, P., 2004. Basic Income: A Simple and Powerful Idea for the Twenty-First Century. Politics &
Society 32, 7–39. doi:10.1177/0032329203261095
Veysey, J., Octaviano, C., Calvin, K., Martinez, S.H., Kitous, A., McFarland, J., van der Zwaan, B., 2016.
Path a s to Me i o s li ate ha ge itigatio ta gets: A ulti -model analysis. Energy
Economics 56, 587–599. doi:10.1016/j.eneco.2015.04.011
Victor, D.G., 2009. The Politics of Fossil-Fuel Subsidies (SSRN Scholarly Paper No. ID 1520984). Social
Science Research Network, Rochester, NY.
Vivid Economics, 2016. State and Trends of Carbon Pricing 2016.
Vogt-Schilb, A., Hallegatte, S., 2014. Marginal abatement cost curves and the optimal timing of
mitigation measures. Energy Policy 66, 645–653. doi:10.1016/j.enpol.2013.11.045
Vogt-Schilb, A., Hallegatte, S., de Gouvello, C., 2015. Marginal abatement cost curves and the quality of
emission reductions: a case study on Brazil. Climate Policy 15, 703–723.
doi:10.1080/14693062.2014.953908
Vogt-Schilb, A., Hallegatte, S., de Gouvello, C., 2014. Marginal Abatement Cost Curves and Quality of
Emission
Reductions:
A
Case
Study
on
Brazil.
Climate
Policy.
doi:10.1080/14693062.2014.953908
Vogt-Schilb, A., Meunier, G., Hallegatte, S., 2012. How inertia and limited potentials affect the timing of
sectoral abatements in optimal climate policy. World Bank Policy Research.
Weber, E.U., Johnson, E.J., 2011. Psychology and Behavioral Economics Lessons for the Desi gn of a
Green Growth Strategy: White Paper for World Bank Green Growth Knowledge Platform.
Weber, E.U., Lindemann, P.G., Plessner, H., Betsch, C., Betsch, T., 2008. From intuition to analysis:
Making decisions with your head, your heart, or by the book.
Wei, M., Patadia, S., Kammen, D.M., 2010. Putting renewables and energy efficiency to work: How many
jobs can the clean energy industry generate in the US? Energy Policy 38, 919–931.
doi:10.1016/j.enpol.2009.10.044
Weigt, H., Ellerman, D., Delarue, E., 2013. CO2 Abatement from Renewables in the German Electricity
Sector: Does a CO2 Price Help? Energy Economics. doi:10.1016/j.eneco.2013.09.013
West, J.J., Smith, S.J., Silva, R.A., Naik, V., Zhang, Y., Adelman, Z., Fry, M.M., Anenberg, S., Horowitz,
L.W., Lamarque, J.-F., 2013. Co-benefits of mitigating global greenhouse gas emissions for future
air quality and human health. Nature Clim. Change 3, 885–889. doi:10.1038/nclimate2009
White House, 2016. United States Mid-Century Strategy for Deep Decarbonization.
Wier, M., Birr-Pedersen, K., Jacobsen, H.K., Klok, J., 2005. Are CO2 taxes regressive? Evidence from the
Danish experience. Ecological Economics 52, 239–251. doi:10.1016/j.ecolecon.2004.08.005
Williams, J.H., DeBenedictis, A., Ghanadan, R., Mahone, A., Moore , J., Morrow, W.R., Price, S., Torn,
M.S., 2012. The Technology Path to Deep Greenhouse Gas Emissions Cuts by 2050: The Pivotal
Role of Electricity. Science 335, 53–59. doi:10.1126/science.1208365
Williams, R.C., 2011. Setting the Initial Time-Profile of Climate Policy: The Economics of Environmental
Policy Phase-Ins. NBER 245–254.
Woerdman, E., Couwenberg, O., Nentjes, A., 2009. Energy prices and emissions trading: windfall profits
from grandfathering? Eur J Law Econ 28, 185–202. doi:10.1007/s10657-009-9098-6
World Bank, 2015. The State of Social Safety Nets 2015. The World Bank.
World Bank, 2014. Climate-s a t de elop e t : addi g up the e efits of a tio s that help uild
prosperity, end poverty and combat climate change (No. 88908). The World Bank.

34

World Ba k,
. I lusi e g ee g o th : the path a to sustai a le de elop e t. Wo ld Ba k,
Washington, D.C.

35

