Pricing carbon is a necessary but not enough condition for the achievement of effective
climate change mitigation: Discuss this claim, with examples.
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Recently, ‘carbon pricing’ such as ‘carbon taxation’ and ‘cap-and-trade (emission trading)’
program as the part of ‘market-based instrument’ for reducing carbon dioxide emission (Tietenberg,
2013) has resurfaced the alternative mitigation solution for global warming and climate change since
1990 in Finland carbon tax, and 2005 in European Union Emission Trading Scheme (EU ETS) with the
implementation of Kyoto Protocol (2005) and Paris Agreement (2016) to reduce the rapid increase of
global mean surface temperature (GMST) driven by greenhouse effect especially from anthropogenic
reasons since mid-20th century with 95% confidence (IPCC, 2013); In reality, only in Europe, eco-
economic decoupling phenomenon had occurred with increased GDP by 50% and decreased GHG
emission by 24% based on fallen GHG intensity (EEA, 2016) regarding energy intensity and carbon
intensity. However, according to UNEP (2018), although we assume that the current unconditional
National Determined Contributions (NDCs) with continuous climate actions will be implemented
successfully until 2100, GMST will rise between 2.9°C and 3.4°C with 3.2°C in average (in conditional
NDCs, 3.0°C in average) at the end of 21 century compared to pre-industrial level. In this situation,
‘market failure’ which demonstrates neo-classical economics not to react as expected to pricing signals
(Campiglio, 2016) should be improved to achieve mitigated climate change with ‘well below 2°C’
warming from pre-industrial time until 2100 (Agreement, 2015) with the progression of carbon pricing
policy. Therefore, the application of carbon pricing policy for global warming and climate change as an
example of the orthodox economic solution should be supplemented with the revision derived by
heterodox economics by assuming ‘bounded rationality’ with human-beings’ instincts such as heuristic
with preference, bias and aversion in behavior economics & evolutionary economics for eco-innovation
with system transformation, ‘information asymmetry’ creating adverse selection and moral hazard in
information economics, and ‘externality’ regarding public & common goods with positive & negative
externalities in environmental economics & ecological economics to explain and resolve ‘market failure’
in carbon pricing policy. In the assumption of bounded rationality, heterodox economics give some
inspiration of human instincts to people who make the revision of carbon pricing policy because human
instincts such as heuristic based on preference, bias and aversion should fill up the rationality for being
integrated human nature, e.g. not only optimizing, but also satisficing and transforming (Grubb et al.,
2014) with various emotional rewards and biological feedbacks regarding social neuropeptides in the
brain such as DOES (dopamine, oxytocin, endorphin and serotonin) hormones originated in
evolutionary reasons; moreover, the profound consideration of externality & information asymmetry
achieves the purpose of carbon pricing policy perfectly by using environmental economics, ecological
economics and information economics for polluter pays principle and perfect information. Overall,
these trials will give some fulfilled explanations of limitations and solutions for carbon pricing policy
clearly. In this essay, firstly, I will try to explain the definition of carbon pricing based on neo-classical
economics background and the analyzation of its limitation, ‘market failure’. Next, I will try to suggest
reasonable solutions to overcome these limitations and find some practical examples of carbon pricing
policies in Europe e.g. EU-ETS, Switzerland carbon tax, Sweden carbon tax based on orthodox &
heterodox economics such as behavioral economics, evolutionary economics, ecological economics,
environmental economics and information economics background. Finally, I will try to reorganize
overall designs of carbon pricing policy with some critics of underlying problems to achieve climate
change mitigation effectively.



1. The principle of carbon pricing policies and its limitation

1.1. Present: Carbon pricing policy regarding carbon tax and ETS
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Figure. 1. The implementation of carbon pricing initiatives (Source: World Bank, ICAP, 2019)

Nowadays, carbon pricing initiatives have proceeded in 28 subnational & 46 national
jurisdictions which cover 11Gt CO2 eq. (approx. 20%) with having carbon pricing revenues of
approximately 44 billion U.S. dollars in 2018 (World Bank, 2019) that is approximately 0.05% in total
world GDP in 2018. Also, in Fig. 1, due to the complementary effect between ETS and carbon tax, 14
EU countries and Switzerland implement both ETS and carbon tax as complementary options.
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Figure. 2. Carbon pricing revenue evolution with state revenue uses (Source: [4CE, cited in World Bank,
2019)

Especially, in Fig. 2, ETS dominates 48% of total carbon pricing revenue in 2018 with relatively
rapid percentage increase since 2016, while carbon tax dominates 52% in 2018; also, more than three-
fourth of total carbon pricing revenue in 2018 came from EU countries (I4CE, 2019). In principle,
carbon pricing such as ETS and carbon tax is derived by neoclassical method, and there are some
differences between ETS and carbon tax. In the next section, I will try to introduce the principle of
carbon pricing with the differences between ETS and carbon tax.

1.2.  Neoclassical method: The main principle for carbon pricing policy
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Figure. 3. The main difference between ETS and Carbon tax. (Source: ICAP, 2019)

Basically, according to ICAP (2019), carbon pricing policy is classified into ‘carbon tax’ and
‘emissions trading systems (ETS)’ based on polluter pays principle which contribute to low-carbon
development with economic incentives in production, expenditure and investigation regarding
microeconomic policy based on supply-demand curve with invisible hand in classical economics, i.e.
environmental economics in welfare economics; moreover, carbon pricing policy utilizes ‘economic
instrument’ based on economic incentive methods which is more cost-effective than ‘command and
control’ to reduce carbon dioxide emission with the increase of government’s revenues, e.g. carbon
taxes and emission allowances auctions. According to Fig. 3, ICAP (2019) states that the main
differences between ETS and carbon tax are ‘Price uncertainty versus Emissions uncertainty’ regarding
the demand graph with stable quantity of ‘carbon emissions versus price’, and ‘Flexibility versus
Simplicity’ regarding the advantages with ‘complex infrastructure for ETS versus centralized system
for carbon tax’, respectively. Carbon pricing policy is the representative environmental policy regarding
‘market-based instruments’ based on neo-classical economics. In carbon pricing policy, the government
charges the price of carbon to reduce GHG emission in different ways between carbon tax and ETS. In
Fig. 4, carbon tax imposes on the price of carbon in each product that emits GHG in the production
process, while ETS imposes on the high price of carbon when GHG emission is exceeded in the
emission allowance (emission permit) of ETS with flexible mechanism.
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Figure. 4. Supply-demand curve in carbon tax and cap-and-trade (Source: Gordon, 2012)

In fact, carbon pricing should make consumption & production more expensive, and motivate
economic actors to transform to low-carbon development from fossil fuel-based system to renewable
energy system (Bohlin, 1998). According to Tietenberg (1990), market-based instruments, i.e. carbon
pricing is much more cost-effective than command and control in environmental regulation due to low
administrative costs & optimal choice to reduce environmental pollution by using market principles.
Also, economic instruments have various economic incentives for technical innovation and systemic
transformation to reduce GHG emission, while command and control do not have them (Guerin, 2003).
Moreover, although market-based instruments have carbon leakage, those instruments such as carbon
tax and ETS are much more beneficial than regulatory instruments because there are more other options
in market-based instruments to reduce GHG emission than command and control. In fact, in Sweden,
carbon tax price is US$139/tCOze, and Swedish economy has grown by 60% with the decreased carbon
emission by 25% since the initiation of the Swedish carbon tax in 1991 (World Bank, 2016; 2018). That
means carbon pricing is the best cost-effective solution to mitigate GHG emission. (Bohlin, 1998)
However, despite the advantages and practical examples of carbon pricing, there are some critical
problems based on market failure to proceed and progress carbon pricing policies.



Calegory Examples

Command and control Licenses/permits; Ambient quality standards; Emissions
standards; Process standards; Product standards; Prohibition
hans.

Economic instruments
Charges; Taxes; Tradable emission permits; Tradable quotas;
Environmental subsidies: Deposit-refund systems: Performance
bonds; Non-compliance fees; Resource pricing.

Liability, damage compensation
Strict liability rules; Compensation funds; Compulsory poellution
insurance; Extended producers responsibility.

Education and information
Education campaign for the general public; Diffusion of
technical information; Publicity of sanctions for non-
compliance; Eco-labelling.

Voluntary approaches
Unilateral commitments; Public voluntary programmes;
Negotiated agreements,

Management and planning
Environmental management systems; Zoning; Land use.

Figure. 5. Various environmental policy instruments (Source: OECD, 2001)

In this sense, even though economic instruments are the most suitable solution to deal with
excessive GHG emission, other instruments of environmental policy should be used in appropriate
circumstance as the supplement of economic instruments, i.e. carbon pricing due to its market failure
with inefficient signals of the reduction of GHG emission driven by the rise of carbon price. In other
words, other options such as liability, education and information should revise or reinforce original
carbon pricing policy to operate it perfectly in Fig. 5. In the next section, I will try to deal with market
failure to understand the meaning of other options of environmental policy instruments clearly.

1.3. Market failure: The main problem of carbon pricing policy

Mainly, the problem of carbon pricing policy as a part of economic policy is caused by market
failure despite the original purpose of carbon pricing to overcome tragedy of common caused by
indiscriminate consumption of fossil fuel resources with excessive GHG emissions. That means
government cannot predict and regulate the result of economic instruments, i.e. carbon pricing by using
pricing signal due to ‘information asymmetry’ in climate policy and politics, ‘bounded rationality’ of
human nature, difficult consideration of ‘externality’ in time scale (i.e. future generation) and space
scale (i.e. ecosystem). In the next sections, I will try to introduce three reasons of market failure
specifically.

1.3.1. Information failure: Information economics

In information economics, information asymmetry generates information failure such as
‘adverse selection’ with ‘the market for lemons’ before contract and ‘moral hazard’ with ‘agency
dilemma’ after contract. In adverse selection of carbon pricing, the market for lemons takes place with



emission uncertainty in carbon tax & price uncertainty in ETS because there is no perfect information
between the government and companies regarding unstable climate politics & policy and specific
corporate circumstance to each other. In this context, it is hard to predict the ratio of R&D investment
in each company for technological transformation of low-carbon development driven by carbon pricing
as well. To solve these problems, signaling (Spence, 1973) & screening (Stiglitz, 1975) among actors
are necessarily needed in carbon pricing policy. Moreover, in moral hazard, principal-agent problem
makes carbon leakage out of central management in carbon pricing. Although there is no consensus
between empirical & theoretical estimates of carbon leakage, high costs of carbon pricing create severe
carbon leakage in carbon-intensive industry, e.g. cement & steel sectors (Vivid Economics and Ecofys,
2014). In fact, according to Boston Consulting Group (2008), by 2020, EU cement production should
be reduced by 80% with higher than 25 €/tCO2 of carbon pricing and by 100% with higher than 35
€/tCO2 of carbon pricing without free allocation in Phase III of EU ETS. Also, speculation and hoarding
with lobbying regarding carbon market in line with the critics of neo-liberalism, i.e. subprime mortgage
crisis can be occurred especially in ETS based on moral hazard (Bohm, 2009). Therefore, the
monitoring for penalty & incentive in each actor’s behavior with the reflection & revision of original
contract will be the best solution of moral hazard (Holmstrom, 1979). Information failure is mainly
considered in ETS, not carbon tax due to its simple structure with top-down decision making except
carbon leakage in carbon pricing.

1.3.2. Bounded rationality: Behavioral economics & Evolutionary economics

In behavioral economics & evolutionary economics, bounded rationality caused by human
instincts regarding preference, aversion and bias with heuristics (e.g. Time-preference, Loss aversion,
Risk aversion, Inequity aversion, Status Quo bias with Prospect theory) creates economic uncertainty
(Kahneman, 2003) of carbon market with market failure as well. In behavioral economics aspect,
polluter pays policies should confront tax noncompliance such as tax avoidance, i.e. carbon leakage as
moral hazard in carbon pricing or tax resistance such as ongoing yellow jackets movement against
excessive carbon tax in France since 2018 without the emphasis on the importance of carbon pricing
policies based on the consideration of cultural, political and economic differences in the society (Klenert
et al., 2018). In this situation, nudge theory (Thaler and Sunstein, 2008), e.g. prospect theory
(Kahneman and Tversky, 1979), framing effect and mental accounting (Thaler, 1985) will be the best
strategy to emphasize the necessity of carbon pricing policy to citizen naturally (Grubb et al., 2014).
Moreover, in evolutionary economics, carbon pricing is not enough to change carbon-intensive
infrastructure (Acemoglu et al., 2009); therefore, carbon pricing will not make sustainable low-carbon
development successful due to ‘system failure’ with ‘path dependency’ with ‘lock-in’ of the techno-
institutional complex (Edquist, 2001). In this perspective, co-evolutionary analysis should be
substantially needed to understand multi-level dynamic interaction between institutions, technologies
and organizational strategies for transformation and innovation of complex infrastructure with strategic
investment (de Laurentis and Cooke, 2008; Foxon, 2008). Although there is no exact solution to predict
what the most successful way is for prohibiting path-dependency with carbon lock-in (Nelson and
Winter, 2002), to overcome the limitation of system failure, the government should largely invest the
innovation and infrastructure of various low-carbon technologies in niche accumulation & hybridization
to reduce ‘energy intensity of GDP’ and ‘carbon intensity of energy’ by giving incentives to consumers
and companies for eco-innovation (Grubb et al., 2014).



1.3.3. Externality: Environmental economics & Ecological economics

In environmental economics based on welfare economics, the environment has the tragedy of
the commons (Hardin, 1968) due to environmental destruction, and the externality of environmental
pollution, i.e. greenhouse gas can be internalized by market-based instruments such as Pigouvian tax
(Pigou, 1920), i.e. carbon tax with negative externality, also known as external diseconomy or external
cost in common good and Coase theorem (Coase, 1937), i.e. ETS with positive externality, also known
as external economy or external benefit in public good to approach pareto efficiency also called pareto
optimality regarding cost-benefit analysis (CBA). Furthermore, in ecological economics, strong
sustainability based on the co-evolution between human society and ecosystem can be designed by the
sustainability of socio-economic system (e.g. intergenerational equity and economic equality) and the
sustainability of ecosystem (e.g. biodiversity and resilience of ecosystem) regarding social quality
indicators and eco-physical indicators with thermodynamics. Therefore, in this context, natural capital
depletion (NCD) taxes, ecological tariffs (ETs) should be considered in carbon tax price and ETS
emissions cap with the precautionary polluter pays principle (4P) (Costanza et al., 1997) to internalize
additional externalities in space scale (i.e. ecosystem) and time scale (i.e. future generation) regarding
discount rate (Tinbergen, 1952) with economic growth by using environmental economics and
ecological economics. Although carbon pricing policies use environmental economics to internalize
externalities, the price of carbon should consider expended externalities of strong sustainability based
on ecological economics to set the specific plan on exact carbon price in carbon tax and emission
allowance in ETS for sustainability.

2. The practical solutions for carbon pricing policy in EU

In the Section 1, market failure is the main reason of unsuccessful carbon pricing policy.
Therefore, the improvement of perfect information, nudge theory and eco-innovation regarding
information economics, behavioral economics and evolutionary economics should be seriously
considered respectively. In fact, perfect information can be achieved by signaling & screening in
adverse selection; also, monitoring for penalty and incentive to each economic actor with empirical
revisions of the contract in the ETS transaction should be the best solution for moral hazard. Moreover,
satisfaction and transformation of carbon pricing policy is also necessarily required with nudge theory
and eco-innovation to overcome three carbon lock-ins. In the next section, I will try to explain the
solution for three types of carbon lock-in.

2.1. Signaling & screening: Adverse selection

In adverse selection, the actors who have information should express their own information to
others (signaling), and the actors who want to get information should filter meaningful information
from others (screening) to achieve perfect information without the market for lemons which leads
carbon pricing to less efficiency. In practice, the EU has reformed EU ETS for phase 4 (2021-2030) to
reduce GHG emission at least 40% below in 2030 compared to GHG level in 1990 (ICAP, 2019;



European commission, 2016) by sharing various reports and news as open sources related to the
future for EU ETS in advance. Also, EU ETS has strong MRV (measuring, reporting and verification)
framework for stable long-term investment with prepared policies such as ‘commission regulation on
monitoring and reporting of GHG emissions’ (2012) and ‘commission implementing regulation on
verification and accreditation’ (2018) written by EU parliament and council; moreover, EU ETS has
used ‘reviewed markets in financial instruments directive and regulation’ (ESMA, 2019) since 2018
and ‘reviewed market abuse regulation’ (European Parliament and Council, 2014). In this context,
adverse selection with the market for lemons could be minimized by EU ETS policies based on
signaling and screening among the government and companies in detailed legislations regarding EU
ETS transactions.

2.2. Monitoring for penalty & incentive with revised contract: Moral hazard

In moral hazard with principal-agent problem, monitoring for penalty & incentive with revised
contract are important to overcome agency dilemma. In fact, centralized regulator (i.e. the government)
or distributed regulator (e.g. companies) might be the principal to solve this problem with stated
regulations. For example, the EU as a centralized regulator can proceed MRV framework (monitoring)
and manage emission allowances called emission permits regarding sanctions and fines for polluters
approximately USD 118/tCO2 (= €100/tCO2) in excessive emission and non-compliance in EU ETS
for phase 2 & phase 3 (2008-2020) (ICAP, 2019) (penalty) (Ott, 1998) with flexible mechanism (ET,
JI, CDM) and free emission allocation (incentive). Also, companies can participate in inspection and
accusation of other companies’ illegal behaviors as distributed regulator. Moreover, EU ETS has
planned from phase 1 (2005-2007) to phase 4 (2021-2030) with cumulated trials and errors (revision).
In fact, EU ETS operates policies regarding MRV regulations and revised market rules such as Market
Abuse Directive (MAD) and Markets in Financial Instruments Directive (MiFID) (Delbeke and Vis,
2015) with other related legislations for market abuse e.g. market manipulation, anti-money laundering
and market speculation to achieve market transparency and market fairness. Moreover, carbon leakage
which is the representative example of moral hazard in carbon pricing can be occurred in certain energy-
intensive industries & export-oriented industries, and it can be solved by exemptions (i.e. free
allowance), output based rebating (OBR) (i.e. financial compensation) for incentive and border carbon
adjustment (BCA) and non-compliance fines for penalty to firms (Fischer, 2016; Vivid Economics and
Ecofys, 2014). Therefore, theoretically, there is no moral hazard with monitoring for penalty &
incentive in each actor by using some legislations, e.g. MRV. MAD, MiFID, OBR and BCA made by
EU parliament and council.

2.3. Nudge theory: Bounded rationality

In bounded rationality, polluter pays policies should confront tax noncompliance such as tax
avoidance, i.e. carbon leakage as moral hazard in EU ETS and carbon tax or tax resistance such as
ongoing yellow jackets movement against excessive carbon tax in France since 2018 without the
emphasis of carbon pricing policy. In this state, the government should recognize that Nudge theory,
e.g. Prospect theory, Frame effect and Mental accounting is considerably useful for changing their



stereotyped cultural, political and economic beliefs with the satisfaction based on heuristic with
preference, aversion and bias to overcome these phenomena. Firstly, in prospect theory, increasing oil
price tax regarding carbon tax in Paris in 2018 stimulates ‘status quo bias’, ‘diminishing sensitivity’ and
‘loss aversion’ which are exacting for economically poor people. Therefore, tax reform is necessary to
raise carbon tax by reducing other indirect tax burdens with policy support plans, i.e. rising minimum
wage for the poor or refund of carbon pricing. For example, in Switzerland, some incentives of carbon
tax have charged since 2008 for citizens with having the redistribution, exemption and refund of carbon
levy. Especially, two third of carbon tax revenue in Switzerland has been redistributed to citizen equally
for tax equity and tax neutrality. Also, the redistribution, exemption and refund of carbon tax in
Switzerland have the purpose to prevent carbon leakage especially in carbon-intensive & export-
oriented industry. Additionally, EU ETS can provide free allowance of GHG based on flexible
mechanism to prevent carbon leakage. Second, in framing effect, choice architecture which is mainly
utilized in flexible mechanism (e.g. ET, JI, CDM), not like carbon tax, is substantial with having
incentives as positive framing for companies who develop low-carbon technology, i.e. energy efficient
& effective system or low-carbon electricity such as CCS, nuclear and renewable energy to make profits
for themselves. Therefore, actors who pay a lot of carbon price cannot be aware of their status by
understanding incentives in flexible mechanism as positive framing. In this sense, they don’t need to
act tax resistance. Moreover, in ETS, the government can use free emission allowance, e.g.
grandparenting (GP) and benchmark (BM) flexibly to avoid tax noncompliance of companies regarding
the choice architecture. Therefore, flexible mechanism & free emission allowance in ETS and tax
redistribution in carbon tax will be the best incentives for carbon pricing. Finally, in mental accounting
regarding transaction utility (Thaler, 1999), the meaning of carbon pricing will have different
accounting values in different situations mentally. For example, if the government use the revenue of
carbon pricing as revenue recycling for positive rationales, e.g. financial assistance to disadvantaged
groups, fund climate action and contribution to public budget (ICAP, 2016), citizens will feel less
burdened to polluter pays principle of carbon pricing without tax noncompliance and tax resistance
based on loss aversion with raising acceptability and satisfaction (Grubb et al., 2014). In fact, the
auctioning revenue between 2013 and 2017 had mainly used in renewable energy (37%) and energy
efficiency (36%) (ICAP, 2019). Moreover, Switzerland has had carbon labelling system with carbon
emission label called ‘approved by climatop’ which represents carbon levy, carbon fee or carbon
dividend to promote and settle carbon pricing policy with the protection of solution aversion since 2008.
There examples demonstrate the necessity of nudge theory in real situation.

2.4. Eco-innovation: Path dependency with carbon lock-in

In path dependency with three kinds of lock-in on fossil fuel-based system with system failure,
various actors in infrastructural & technological lock-in, institutional lock-in and behavioral lock-in
should cooperate with each other to resolve the hardening collective inertia of path-dependence in fossil
fuel-based system as the initial condition (Hannan and Freeman, 1989) with system transformation
based on co-evolutionary analysis in multi-level dynamics (Seto et al., 2016). Firstly, in infrastructure
& technological lock-in, eco-innovation with technological and infrastructural transformation of low-
carbon development in R&D research based on niche accumulation such as solar cells technology and
hybridization such as biofuels and hybrid vehicles should be utilized to transform lock-in to new path
(Grubb et al., 2014; Seto et al., 2016). Fundamentally, eco-economic decoupling should be generated
by the technological and infrastructural investments to raise carbon intensity and energy intensity. In
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this case, the government should develop the infrastructure for R&D research in each firm with
encouragement for decoupling between GDP and GHG emission to induce economic actors to invest
low-carbon technology in economic instruments. Especially, because niche technology has high
implementation cost (Cantono and Silverberg, 2009) with high uncertainty, public support (Stern, 2006)
and regulation is requisite to protect eco-innovation (Cecere et al., 2014). For example, in the EU,
European Regional Development Fund (ERDF) and Cohesion Fund (CF) which are approximately 40
billion euros have been used approximately 50% in low-carbon development, e.g. renewable energy
system, low-carbon urban strategy with high efficiency and smart grids from 2013 to 2020. Also,
Innovation Fund (IF) launched in 2020 as the replacement of NER 300 for phase 4 with Modernization
Fund (MF) as support mechanisms (European commission, 2016) having approximately over 10 billion
euros will be used for low-carbon technology such as renewable energy (e.g. wind, solar, ocean,
geothermal energy), efficient energy system, sustainable transports, carbon capture storage and safe
nuclear energy with supporting the vision for carbon neutral Europe by 2050. Furthermore, while new
governance and decision-making regarding energy-related consumption and production, i.e. carbon
pricing should be substantial to optimize institutional lock-in regarding neo-classical economics on new
path, demand norms and habits for energy-related services and products should be changed to satisfy
behavioral lock-in regarding behavioral economics with new path (Grubb et al., 2014; Seto et al., 2016).
In practice, EU ETS auction revenues had used approximately 80% in climate and energy areas from
2013 to 2017 (European Commission, 2018) to transform and innovate infrastructural and technical
lock-in with helping carbon pricing policy perfectly. Therefore, eco-innovation with mass investment
is necessarily needed to achieve well organized technological infrastructure for carbon pricing policy.

3. Overall strategies of carbon pricing with some critics

3.1. The strategy: Perfect information, nudge theory and eco-innovation

In perfect information, legislations of regulations for screening and monitoring before and
after the transaction are necessary with revised regulations reflecting climate change and corporate
situation; also, assigned responsibility and concentrated incentive is the best strategy for carbon pricing.
In nudge theory, the government takes advantage of carbon tax reform with the increase of carbon tax
and its refund, ETS with flexible mechanism (ET, JI, CDM) and free emission allowance, and carbon
pricing with environmental improvement, low-carbon technology development, economic equality, tax
redistribution and carbon emission label for reducing tax noncompliance and tax resistance. In eco-
innovation, the government should give risk protection and mass investment based on protective
regulations for niche & hybrid low-carbon technology infrastructure.

3.2. The criticism: Strong sustainability

In ecological economics, strong sustainability is the most important concept to make the society
sustainable. In this assumption, carbon pricing policy should follow precautionary polluter pays
principle to achieve co-evolutionary sustainability between socioeconomics and ecosystem for a long
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time. However, carbon pricing policy can be essentially criticized by ‘the complexity’ of carbon pricing
calculation in time-space scale and ‘the incommensurability’ among welfare values and ethical values,
i.e. creatures. In other words, in ecological economic aspect, the value of carbon price cannot be exactly
calculated. However, in fact, IPCC (2013) will try to make CMIP6 simulation until 2022 in AR6 which
considers the meaning of sustainability based on Integrated Assessment Models (IAMs) which
substitute energy system, GHG emissions and land use into RCP scenarios in AR5 based on General
Circulation Models (GCMs) and Earth System Models (ESMs) by quantifying population, urbanization,
education and GDP information based on Shared Socioeconomic Pathways (SSPs) as parameters of
IAMs. In this basis, IPCC (2013) will try to find environmental tipping point which is related to the
stable domain for the sustainability of social-ecological system effectively (Martin, 2005) based on
RCPs and SSPs with natural feedbacks (e.g. climate feedback and carbon feedback) in AR6. In fact,
Stern and Stiglitz (2017) estimated that carbon abatement cost in the whole world should be US$40—
80/tCO2e by 2020, and US$50-100/tCO2e by 2030 with Fig. 6. to achieve the goals of the Paris
Agreement based on [AMs. However, in 2020, European emission allowance price is only US$27/tCOze.
Also, there is no carbon pricing in approximately 85% of total GHG emissions globally, and
approximately 75% of priced GHG emissions is priced lower than US$10/tCO2e (World Bank, Ecofys,
and Vivid Economics 2016; Partnership for Market Readiness, 2017). Therefore, the convergence
between ecological economics and neo-classical economics is clearly significant to achieve strong
sustainability in carbon pricing policy based on IAMs efficiently and effectively.

2020 2030 2040 2050
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Figure. 6. Global Carbon Abatement Costs between 2020 and 2050 (Source: IEA, 2012)

3.3. The criticism: Economic inefficiency

In taxation policy with neo-classical economic aspect, economic inefficiency is presented in
deadweight loss and crowding out effect. However, practical inefficiency of economy is defined
whether the government use the tax efficiently and effectively or not. In this context, there are some
examples that use the carbon pricing in a positive direction. In Switzerland which has the lowest carbon
pricing gap and the highest eco-economic decoupling of PPP (OECD, 2018), two third of carbon tax is
refunded in each citizen. Also, the revenue of emission allowance auction in EU ETS from 2013 to 2017
was mainly used in climate & energy field. Therefore, the revenue should be used in good efficiency,
effectiveness and purpose to achieve successful carbon pricing policy without market failure.



4. Conclusion

In conclusion, carbon pricing is substantial, but not enough to achieve the mitigation of climate
change due to market failure of carbon pricing policy which can be supplemented by information
economics, behavioral economics, evolutionary economics, environmental economics and ecological
economics. In this essay, perfect information, nudge theory and eco-innovation was utilized to solve
market failure of carbon pricing policy. Therefore, carbon pricing based on economical & positive aims
with active promotions should be managed and revised by the government with carrot and stick
strategies by supporting protective regulations with mass investments in eco-innovation for future
convergence with ecological economics on IAMs of CMIP6 in AR6. As a result, the problem-solving
of market failure in carbon pricing policy need to approach three different dimensions mainly by using
behavior economics, information economics and evolutional economics with the consideration of
externality in environmental economics and ecological economics based on neo-classical economics.
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