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INTRODUCTION. THE CHALLENGE
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I encourage you to read the IPCC reports

1 Synthesis report
3 Summaries for Policymakers

3 Technical Summaries
3 Full reports

with
60 Chapters

830 Authors and reviewers
2500+ Reviewers

More than 6000 pages
More than 30,000 references
More than 142,000 comments

all available at…

www.ipcc.ch
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Observed change in surface temperature 
1901-2012

All Figures © IPCC 2013

Source: IPCC (2013) WG1 AR5 Summary for Policy Makers, Fig.SPM1b 



Comparison of observed and simulated 
climate change

All Figures © IPCC 2013

Source: IPCC (2013) WG1 AR5 Summary for Policy Makers, Fig.SPM6 



Source: IPCC (2014) WG2AR5 Summary for Policy Makers, Fig.SPM2(A) 

Global patterns of impacts in recent 
decades attributed to climate change



Global average surface temperature 
change

All Figures © IPCC 2013

Source: IPCC (2013) WG1 AR5 Summary for Policy Makers, Fig.SPM7a 



Maps of CMIP5 multi-model mean results
All Figures © IPCC 2013

Source: IPCC (2013) WG1 AR5 Summary for Policy Makers, Fig.SPM8a,b 



Source: IPCC (2014) WG2 AR5 Summary for Policy Makers, Fig1, BoxSPM1 

A global perspective on climate-related 
risks



GHG emissions accelerate despite reduction 
efforts. Most emission growth is CO2 from fossil 

fuel combustion and industrial processes.

12Source: IPCC (2014) WG3 AR5 Summary for Policy Makers, Fig.SPM8a,b 



Without more mitigation, global mean surface 
temperature might increase by 3.7° to 4.8°C over the 

21st century

13Source: IPCC (2014) WG3 AR5 Summary for Policy Makers, Fig.SPM1 



Delaying mitigation is estimated to increase the 
difficulty and narrow the options for limiting 

warming to 2°C

14Source: IPCC (2014) WG3 AR5 Summary for Policy Makers, Fig.SPM5 



Mitigation requires changes throughout the 
economy, and in particular in bioenergy and/or 

carbon sequestration in biomass

15Source: IPCC (2014) WG3 AR5 Summary for Policy Makers, Fig.SPM7 



PART 1. WHAT DOES IT MEAN TO 
MITIGATE EMISSIONS?
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Why aren’t emissions lower?

 Lack of information explains past emissions
 We know reducing emissions is costly, but 

we do not fully know by how much
 Also, climate change impacts remain 

uncertain
 Markets do not signal costs of emissions 

because climate change is an externality
 International cooperation is difficult 

because the « quality of the climate » is a 
public good
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GHG emissions are « accidental »

 Household / firms do not emit GHG emissions 
for GHG emissions’ sake
• GHG are involuntary byproduct of production and 

consumption activities

 Energy itself is not of use per se, the services 
it provides matter
• Heating/cooling, cooking, transportation, lighting, 

powering appliances, etc.
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For a large part, emissions are locked

 Energy generation powered by abundant fossil-
fuel resources …
• Endowments
• Capital stock inertia (e.g., power plants)
• Technological and institutional lock-ins

 … Powering energy-intensive technologies …
• Capital stock inertia (e.g., buildings)
• Technological and institutional lock-ins (e.g., fuel cars)

 … To serve increasingly large demand of 
services
• Growing population and affluence
• Inertia (e.g., shape of cities, consumption habits, 

logistical chains, etc.)
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Supply-side technological change alone is 
unlikely to yield necessary mitigation

 There is no “silver bullet” technology
 Limits to efficiency improvements

• e.g., oil-powered cars ; barriers to energy 
efficiency in buildings

 Limits to potential / speed of penetration of 
alternative technologies
• e.g., CCS

 High costs or risks associated with 
alternatives
• e.g., renewables, nuclear
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Changes in demand for emissions-intensive 
goods and services are necessary as well

 Demand results from interactions between 
lifestyles, location and income

 Inducing significant changes in demand thus 
also requires large-scale modifications of the 
lifestyle – location – income triangle

 Thus, mitigation warrants systemic 
changes in production and consumption 
patterns
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To conclude, deep mitigation is 
about…

 Reducing demand and supply of GHG-
intensive goods and services, notably energy;

 Which implies reducing investment in GHG-
intensive projects, and increasing investment in 
low-GHG alternatives;

 Which implies providing alternatives, and thus 
orienting R&D towards low-GHG alternatives;

 And implies addressing the structural causes 
of lock-ins into high-GHG emissions.
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PART 2. HOW DO WE MITIGATE? A 
VAST PANOPLY OF INSTRUMENTS
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A taxonomy of instruments

Source: World Bank (1997), adapted by Sterner (2003) and further adapted by the author
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World Bank. 1997. Five Years after Rio: Innovations in Environmental Policy. Environmentally Sustainable Development Studies and Monograph
Series, no.18. Washington D.C.: World Bank.

Sterner, T. 2003. Policy Instruments for Environmental and Natural Resources Management. Washington D.C.: RFF Press. 



Public provision of mitigation

 Example: Green public procurement, introducing carbon 
sequestration as an objective of public forest 
management, RATP mandatory greening of its bus fleet

25

Providing
env. goods

Environmental
regulations

Creating
markets

Using markets Others

Standards Property rights
and 
decentralisation

Subsidy
reduction

Public 
participation

Bans Tradable
permits and 
rights

Environmental
taxes and 
charges

Information 
disclosure

Zoning Offset systems User charges Banking 
regulation

Liability Deposit-refund
systems

Permits and 
quotas

Targeted
subsidies



Environmental regulations

 Examples: CAFE and EURO emissions 
standards for vehicles, mandatory limitations of 
coal resources extraction 26
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Illustration: http://www.clm.co.uk/wp-content/uploads/2014/10/emissions-standards-s.jpg



Creating property rights and markets

 Examples: EU ETS, Joint Implementation and 
Clean Development Mechanism
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Using markets

 Examples: Carbon taxes in place in many 
countries, subsidies to renewable energy, 
reducing subsidies to fossil fuels 28
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Others

 Energy standards, energy labeling of buildings in France, 
mandatory climate disclosure requirements for listed companies, 
mandatory requirements for institutional investors (Law for the 
Energy Transition and Green Growth) 29
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PART 4. COMBINING INSTRUMENTS: 
CARBON PRICING, OTHER 
INSTRUMENTS, AND FINANCING

30



“Carbon pricing”

 Any measure that results in an explicit price 
on greenhouse gases emissions

 Two main branches: carbon taxes and 
markets of tradeable quota
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Carbon pricing in steady demand

 “Introduction of robust and effective carbon 
pricing mechanisms [is] a key component to  
gear investment and orient consumer 
behaviour towards low-carbon solutions and  
achieve global net emissions reduction at the 
least economic cost” (World Business Climate 
Summit, May 2015)

32



The principles behind carbon trading

 Pricing carbon internalizes social cost of 
emissions

 Efficiency is achieved across the domain of 
validity of the price

 The price triggers required investments in low-
carbon projects, and spurs R&D

 Equity can be achieved via transfers (or initial 
quota allocation)

 Coordinated taxes and cap & trade can both 
achieve the result
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There are good reasons, theoretical and practical for 
not aiming at a unique World price

 Welfare maximization does not necessarily imply unique price 
of carbon
• Assumes similar marginal utilities of consumption
• Macroeconomic costs differ from micro costs 

• because heterogeneities in, inter alia, energy prices, fiscal policies, or 
fragmented markets (labor, real estate) that affect C price impact on 
economies

 Not a practicable negotiation avenue
• COP15 failed to negotiate worldwide cap & trade

• No agreement on fairness
• Negotiating international carbon tax appear infeasible

• Differences in macro costs, large-scale transfers inacceptable

 Accepting carbon price heterogeneity, and using agreement on 
Social Value of Carbon as attractor?
• Bonn Draft decision on workstream 2 of the Ad Hoc Working Group 

on the Durban Platform for Enhanced Action 
• “recognizes the social and economic value of voluntary 

mitigation actions and their co-benefits to adaptation, health 
and sustainable development”
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Carbon pricing alone is not enough

 Pricing carbon is not sufficient to trigger 
necessary investments
• Complementary policies are required, notably in 

terms of financing

 Pricing carbon is not sufficient to trigger shifts 
in development patterns (i.e., baselines)
• Targeted policies are necessary
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Investments in low-carbon projects require 
credible price signals in the long-run

 Investments in low-carbon projects typically 
span years/decades, thus requiring carbon 
price trajectory

 How does one provide signal credibility over 
time?
• Intrinsic volatility of the C price (depends on 

instrument) (Blyth et al. 2007, Yang et al. 2008)
• Noise associated with other price signals (Oil and 

gas, exchange rates, land, etc.)
• Shareholder value regime

36

Blyth, William, Richard Bradley, Derek Bunn, Charlie Clarke, Tom Wilson, Ming Yang. 2007. Investment risks under uncertain climate
change policy. Energy Policy 35:5766-5773.

Yang, Ming et al. 2008. Evaluating the power investment options with uncertainty in climate policy. Energy Economics 30(4):1933-1950.



Even with C price, NPV-maximizing, low-carbon 
projects may not materialize for lack of financing

 Even if the low-carbon project has higher benefits in the 
future, it requires upfront financing

 Capital markets and financial intermediations do not provide 
enough financing for low-carbon projects or programs

37



Policy implication

 Key issue: financing (or lack thereof)
 Insufficient public resources in a context of 

debt crisis
 Large private savings
 Issue: reorient part of these savings towards 

low-carbon projects
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Enjeu crucial du financement

39More information at  http://lcs-rnet.org/lcsrnet_meetings/2015/10/1489/



Proposal: A Climate Remediation Asset
(CRA) mechanism

1. Its anchor : an agreement, under UNFCCC on a Social 
Value of Carbon (per ton of avoided carbon emissions)

2. Voluntary commitments, by ‘clubs’ of governements,
to back a quantity of CRAs over every five years

3. Central banks open credit lines and  accept as 
repayment carbon certificates (CC) to fund LCIs

4. An Independent Supervisory Body  to certify the 
eligibility of the projects in function of the NAMA’s list and 
secure the statistical additionality of the system through
the allocation rules of the CC

5. Asset swap after certification of project completion: CC 
<-> CRA CRAs appear on the balance sheet of central 
banks (like gold)

40

Hourcade, J.C., Rozenberg, J., Perrissin-Fabert, J. 2012. Venturing into uncharted financial waters: an essay on climate-friendly finance. 
International Environmental Agreement: Politics, Law and Economics. 12(2):165-186.

Hourcade et al. 2013. Transition to a low-carbon society and sustainable economic recovery, A monetary-based financial device. CIRED.



Articulating carbon pricing and carbon 
finance

 The CRA mechanism complements C pricing
 It aims at relaxing the financial constraint on LCIs
 It is structured around an internationally agreed

social value of carbon
 It passes an upfront signal
 The agreed VSC can also be anchor for C prices

convergence over time
 It secures the economic consistency of ‘non-price

policies’

41



Pricing carbon is not sufficient to trigger 
shifts in development patterns

 Mitigation policies have to tackle drivers of future 
emissions and of future ability to mitigate
• Example: shape of cities
• All the more so when bifurcations are possible
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Haines, Andy et al. 2007. Policies for accelerating access to clean energy, improving 
health, advancing development, and mitigating climate change. The Lancet 
370(9594):1264-1281.
Shukla, P. R., S. Dhar, et D. Mahapatra. 2008. Low-carbon society scenarios for 
India. Climate Policy 8(sup1):S156-S176.



Pricing carbon is not sufficient to trigger 
shifts in development patterns (2)

 It covers only part of induced emission reductions 
from projects (Gilotte, 2004, Edenhofer et al. 
2006)

 It covers only part of the indirect and induced 
emissions from long-lived capital stock projects 
(Lecocq and Shalizi, 2014)

 C price has limited influence on adoption of 
reforms (e.g., fiscal, labor market, etc.) conducive
to mitigation (Victor and Heller, 2007)
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Aglietta, Michel, et Jean-Charles Hourcade. 2012. « Can Indebted Europe Afford Climate Policy? Can It Bail Out Its Debt Without Climate 
Policy? » Intereconomics 3:159-164 (DOI: 10.1007/s10272-012-0415-x)

Edenhofer, O., Lessmann, K., Kemfert, C., Grubb M., Koehler J., 2006, Technological Change: Exploring its Implications for the Economics of 
Atmospheric Stabilization, The Energy Journal Special Issue, “Endogenous Technological Change and the Economics of Atmospheric
Stabilization”.

Gilotte, Laurent, 2004, Incertitude, inertie et choix optimal. Modèles de contrôle optimal appliqués au choix de politiques de réduction des 
émissions de gaz à effet de serre, Thèse de Doctorat ENPC 

Lecocq, F., Shalizi, Z. 2014. The economics of targeted mitigation in infrastructure,Climate Policy 14(2):187–208. 
Victor, David G., et Thomas C. Heller. 2007. The Political Economy of Power Sector Reform. Cambridge University Press. Cambridge Books.



Support for structural policies

 Need to complement C pricing with financing 
device and with support for structural policies 
on a case by case basis

 Compatible with INDC framework: 
• Evaluate implementation of INDCs in terms of 

structural policy content ?
• And NOT in terms of +2°C

 Articulation between decarbonization and other 
development goals easier to identify this way 
• Including, but beyond the “cobenefits and adverse side 

effects” agenda
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Conclusion

 Mitigation policies try to influence large number of 
decisions
• Consumption by household, investment and R&D by firms, 

“structural” policies that drive future emissions and mitigative
capacity

 Carbon pricing alone cannot do it all
 Complement it with financing device and support for 

structural policies, on a case by case basis
 On basis of World heterogeneity, accept some degree of 

differentiation of carbon prices, possibly using 
internationally negotiated social value of carbon as anchor

 Implications for research: macro & finance, non-climate 
policies, international consistency 
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PART 4. LINK TO OTHER 
DEVELOPMENT OBJECTIVES
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At risk of climate fatigue?

 Natural aftershock of heightened attention on 
climate up to COP21

 Questions on the importance of climate 
mitigation relative to other priorities

47

Unemployment
, economic 

crisis, 
poverty, 

equity, health,
education, etc.



Q : How does one articulate mitigation 
and other development objectives?

 Where are the synergies
 Where are the unavoidable points of 

tensions?
 How can one articulate short-term constraints 

and long-term mitigation?
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Articulating mitigation and development: An old and 
underresearched question

 Despite large literature on cobenefits and 
adverse side effects

 Articulation between mitigation and
development at national level remains under -
researched

 An emerging research front, thanks notably to 
the INDC process
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Contexts differ markedly

 France: Articulation between 
decarbonization, public deficit, labour taxes 
and pension finance

 Brazil: Articulation between bioenergy, use of 
potential oil resources, and decarbonization

 South Africa: Articulation between 
decarbonization, economic growth, and 
reducing unemployment

50



The same price of carbon has very 
different impacts

 South Africa:
100 R/tCO2 is 
massive 
increase of 
coal prices

 Very different 
from France, 
in which taxes 
on energy are 
already very 
high

51

En rands (2005) En euros (2013)

Low level 100 R/tCO2 13 €/tCO2

High level 300 R/tCO2 42 €/tCO2

Schers, J., Ghersi, F., Lecocq, F.. 2015. Climate mitigation, unemployment reduction and economic growth in South Africa. Working Paper. 
CIRED, Paris.



Instruments design is critical

52
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Combet, E., Ghersi, F., Thubin, C., Hourcade J.-C. 2010. La fiscalité carbone au risque des enjeux d’équité. Revue d’économie politique 
25(2):59-91.
Lefèvre, J. et al. 2015. Impacts of climate policies in Brazil. Working Paper, COPPE-UFRJ et CIRED.



CONCLUSION. COMBINING 
INSTRUMENTS: SOME INSIGHTS 
FROM THE FRENCH CASE
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Bibas, Ruben, Jean-Charles Hourcade. 2013. Transitions énergétiques en France : enseignements d’exercices de prospective. Contribution 
au débat national sur la transition énergétique. CIRED working paper n°51. http://www.centre-cired.fr/spip.php?article1564 

Encilowcarb Project: http://www.centre-cired.fr/spip.php?article996&lang=en
Mathy, Sandrine, Meike Fink, and Ruben Bibas. 2014 “Rethinking the Role of Scenarios : Participatory Scripting of Low-Carbon 

Scenarios for France.” Energy Policy 77:176–90. http://dx.doi.org/10.1016/j.enpol.2014.11.002
http://www.imaclim.centre-cired.fr/IMG/pdf/20120117-CIRED-BibasMathyHourcade-commissionEnergie2050.pdf



Not doing anything is not an option

Policies are needed!

-33% CO2 emissions in 2050 relative to 1990 
(analysis using IMACLIM-R France)

Reference



Encilowcarb: A set of ‘consensus’ 
policies & measures towards factor 4

Including:
• Energy efficiency 

norms in new 
buildings

• Financial incentives 
for energy efficiency 
renovation

• Eco-taxes on trucks 
and kerosene

=> -61% CO2 emissions in 2050 relative to 1990

EncilowCarb PM

Reference



2010-
2015

2010-
2020

2020‐
2030

2030‐
2040

2040‐
2050

2010-
2050

REF 0.77 0.83 1.09 1.47 0.85 1.06
PM 0.73 0.9 1.32 1.46 0.9 1.15

Despite ‘engineer optimism’, 
a transition cost

 PM have positive macroeconomic 
implications in the long-run 

 Time-lag between expenditures and 
benefits create short-term loss

GDP mean annual growth rate (%)

2015 2020 2030 2040 2050
PM -2 26 183 254 307

Employment variation relative to BAU (1000s full-time jobs)
Computed with IMACLIM R France



P&M + carbon tax improve 
environmental performance

=> -68% CO2 emissions in 2050 relative to 1990

Quinet report carbon tax:
• 32€/tCO2 in 2012
• 100€/tCO2 in 2030
• 300€/tCO2 in 2050

Revenue recycling:
• ½ labor tax cuts
• ½ ‘green checks’ to 

households
EncilowCarb PM

Reference

Carbon tax



But transition cost persist

 PM+T underperforms PM
• Economy-wide propagation of energy costs not compensated by lower 

labor taxes given recycling rule and time profile of carbon tax

 This loss can be turn into a gain conditional upon
• Time profile of carbon tax
• Ratio between cuts in labor taxes and increase in net wage

GDP mean annual growth rate (%)

2015 2020 2030 2040 2050
PM ‐2 26 183 254 307

PM + T 2 5 166 174 202
Employment variation relative to REF (1000s full-time jobs)

2010‐2015 2010‐2020 2040‐2050 2010‐2050
REF 0.77 0.83 0.85 1.06
PM 0.73 0.90 0.90 1.15

PM + T 0.69 0.86 0.87 1.09



P&M + carbon tax + negotiation do not 
improve environmental performance

=> -68% CO2 emissions in 2050 relative to 1990

Share tax revenue between 
labor tax reduction and 
green checks to balance:
• Competitiveness risk of 

low reduction in labor 
tax

• Demand risk of low 
redistribution towards 
households 

EncilowCarb PM

Reference

Carbon tax + negotiation



Now transition costs disappear 

 This result is not tax carbon specific
• The carbon tax provides degree of freedom for social 

negotiation through wider tax base

GDP mean annual growth rate (%)

2015 2020 2030 2040 2050
PM ‐2 26 183 254 307
PM+T 2 5 166 174 202

PM+T+N 36 628
Employment variation relative to REF (1000s full-time jobs)

2010‐2015 2010‐2020 2040‐2050 2010‐2050
REF 0.77 0.83 0.85 1.06
PM 0.73 0.90 0.90 1.15
PM+T 0.69 0.86 0.87 1.09

PM+T+N 0.81 0.96 0.88 1.14



Adding financial device overshoots 
factor 4

‘

=> -85% CO2 emissions in 2050 relative to 1990

Financing device lowers 
investment risk in low-
carbon projects
 modeled as lower 
discount rate

Increased credibility of 
carbon signal
 modeled as ‘less myopic’ 
decisions

EncilowCarb PM

Reference

Carbon tax + negotiation

Financial tool, signal 
credibility



While transition cost do not reappear

 Trade-off between financial device and carbon tax:
• Lower carbon tax (50€/tCO2 instead of 300€ in 2050) yields 

Factor 4 and improves growth

 However, this result assumes political, social and 
technical capacity to enforce a diverse set of 
measures

GDP mean annual growth rate (%)

2010‐2015 2010‐2020 2040‐2050 2010‐2050
REF 0.77 0.83 0.85 1.06
PM 0.73 0.90 0.90 1.15
PM+T 0.69 0.86 0.87 1.09

PM+T+N 0.81 0.96 0.88 1.14
PM+T+N+F 0.77 0.9 0.94 1.2

GDP mean annual growth rate (%)



Question: How can one trigger transition 
towards factor 4 by 2050 in France?

A heuristic tale suggests that …

… deep decarbonisation is possible only if 
embedded in a broader social contract, including
 sectoral policies 
 labor markets and labor regulations
 financial intermediation



Thank you

www.centre-cired.fr
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online at 
http://commonfuture-paris2015.org/
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