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Introduction

Three questions:

1. What is the relationship between economic growth 

and GHG emissions? Does a “Carbon Kuznets 

Curve” exist? Why?

2. What is the overall impact of climate policy on 

economic growth?

3. What are the welfare costs of a “business as usual” 

climate change?
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Is there a “trade-off”?

Two objectives:

(i) Stabilizing atmospheric GHGs

(ii) Maintaining economic growth

Can we achieve both goals at the same time?

“Climate change policy is not a simple choice 

between a high-growth, high-carbon world and a 

low-growth, low-carbon world”

World Development Report (2010)
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Empirical regularities

Grossman and Krueger (1991)

World Development Report (1992)

Panayotou (1993)

Selden and Song (1994)

Critical Review:

Arrow et al. (1995)
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Empirical regularities

Emissions/ GDP relationship
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Empirical regularities
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Theoretical underpinnings

 Brock and Taylor (2005) reviews most of the 

theoretical literature on EKCs.

 Here we present a simple, comparative statics 

exercise to gain insights into the general nature of 

the emissions/income relationship.

 We use the same paradigm used to understand the 

provision of an ordinary market commodity: 

demand and supply of (reductions of) emissions.
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Theoretical underpinnings
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Theoretical underpinnings

Reduction of emissions
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Theoretical underpinnings

 Factors affecting the position of the DD curve:

 Preferences of “representative consumer”

 Political system (ability to reflect popular 

sentiment in government regulatory policy)

 Institutional development to implement an 

effective environmental policy

 Free-riding incentives
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Theoretical underpinnings

 Factors affecting the position of the SS curve:

 Changes in structure of the economy

 Technological change
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Theoretical underpinnings

 Comparative statics:

To generate „theoretically‟ a emissions/GDP 

relationship for a single country, one must do the 

thought experiment of raising DGP and see what 

happens to SS and DD and thus the equilibrium 

level of pollution.
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Theoretical underpinnings

 If we are to generate an EKC/CKC we have to 

assume/expect income-driven changes in:

1. the composition of production and/or 

consumption

2. preference for environmental quality

3. institutions that are needed to internalize 

externalities

4. increasing returns to scale associated with 

pollution abatement
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„Second generation‟ empirical studies

 Some researches have “enriched” the most basic 

econometric regressions, adding other variables 

such as measures of corruption, democratic 

freedoms, international trade openness, and even 

income inequality.

 Other researches have used „decomposition 

analysis‟ to measure the role of effects such as 

technological change and structural change in 

observed aggregate changes in emission intensity 

of economic activity.
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„Second generation‟ empirical studies

Decomposition of changes in emissions per capita:

2 2CO  emissions CO  emissionsEnergy Use

GDP GDP Energy Use

2 2CO  emissions CO  emissionsGDP

Population Population GDP

i i
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GDP GDP GDP
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„Second generation‟ empirical studies

Five Factor Decomposition:

( )i i i i
i i

i i i i

i i i i i

E FF TE GDP
E POP

FF TE GDP POP

C S I G P

( ) (0) eff eff eff ff effE E T E C S I G P

(1) Carbon intensity of fossil fuels, (2) fossil fuel share in 

energy, (3) energy intensity, (4) GDP per capita, and (5) 

population
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„Second generation‟ empirical studies

“Offsetting coefficient”: the ratio of the sum of the changes in

emissions of the three factors sensitive to energy policies –

fossil fuel mix, fossil fuel share in total energy and energy

intensity- to the change in emissions related to GDP growth.

Relative de-coupling: if 0 < offsetting coefficient < 100%

Absolute de-coupling: if offsetting coefficient > 100%

Offsetting coefficient
eff eff

eff eff eff

G P

C S I
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„Second generation‟ empirical studies

Region

Offsetting coefficient (%)

1994-2006 1994-2001 2001-2006

World 38 61 18

Transition economies 113 199 83

World excluding transition economies 26 47 7

World excluding transition economies and China 36 33 40

Annex I countries 76 78 73

Annex I countries excluding transition economies 61 56 68

Top 10 emitters in 2006 41 71 12

Source: Kojima and Bacon (2009)

2006 

emissions 

(million 

tonnes)

27.899

3.110

24.789

19.182

14.064

11.389

17.665
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The carbon productivity challenge

To meet the twin goals of growth continuing at its 

current trajectory of 3.1% per year and reducing 

emissions to 20Gt per year, carbon productivity 

must increase by TEN TIMES.



22

The carbon productivity challenge
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The carbon productivity challenge

The energy mix to achieve 450 ppm CO2e

Currently In 2050

Energy type % of total

Coal without CCS 26 1-2

Coal with CCS 0 1-13

Oil 34 16-21

Gas without CCS 21 19-21

Gas with CCS 0 8-16

Nuclear 6 8

Biomass without CCS 10 12-21

Biomas with CCS 0 2-8

Non-biomass renewables 3 8-14

Total (exajoules a year) 493 665-775

Source: WDR 2010
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The carbon productivity challenge

Low carbon technologies: stage of development and reduction potential

Source: WDR 2010
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The cost of climate policy

“The truth is that there is no credible research 

suggesting that taking strong action on climate 

change is beyond the economy’s capacity. Even if 

you do not fully trust the models — and you shouldn’t 

— history and logic both suggest that the models are 

overestimating, not underestimating, the costs of 

climate action. We can afford to do something about 

climate change”. 

P.Krugman, NY Times, April 5, 2010
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The cost of climate policy
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The cost of climate policy

 Some estimates of carbon prices ($/tCO2) associated to achieving 

some stabilization targets:
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The cost of climate policy
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The cost of climate policy
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50

0

-50

-100

-150

6 12 18 24 28

Abatement

Gt CO2e/year

Cost

€/tCO2e (2030)

Mg cost, all countries

Mg cost, only high 

income countries

Deadweight loss



34

The cost of climate policy
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The cost of climate policy

 Climate change is costly, whatever the policy 
chosen.

 The cost of action must be compared to the cost of 
inaction.

 Comparison is complex due to uncertainty regarding:
 Future technologies and their cost

 Abilities of societies and ecosystems to adapt (and at 
what price)

 The extent of damages that higher GHG concentrations 
will cause

 etc
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The cost of inaction

“The costs of action to the global economy would 

be roughly 1 percent of GDP, while the costs of 

inaction could be from 5-20 percent of GDP… The 

investment that takes place in the next 10-20 

years will have a profound effect on the climate in 

the second half of this century and the next.”

The Stern Review, 2006
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The cost of inaction

 Five steps estimating the costs of inaction:

1. Current baseline (e.g. population and emissions)

2. Change in socioeconomics (e.g. new population, 

GDP, emissions)

3. Change in climate (e.g. temperature in 2100)

4. Change in impact (e.g. extra heat related 

deaths)

5. Monetary valuations (e.g. health care and WTP). 
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The cost of inaction

Types of costs associated with climate change

Source: OECD (2008) Costs of Inaction on Key Environmental Challenges, OECD.
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The cost of inaction

Source: Ackerman (2009)
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The cost of inaction

Source: Ackerman (2009)

% GDP

0,04 0,11 0,22 0,38

0,15 0,20 0,25 0,31

0,13 0,13 0,13 0,13

0,77 0,75 0,73 0,71

1,09 1,19 1,33 1,53
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Conclusions

Answer to question #1:

 We do not know whether the CKC is just “a cloudy picture 
emitted by bad econometrics” (Wagner, 2008) but…

 We do know that de-coupling GHG emissions and economic 
growth may require:

 Increased environmental awareness

 Institutional development

 Reduction of inefficiencies and market failures

 Effective environmental policies

 Acceleration of technological innovation

 Promotion of effective international cooperation
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Conclusions

Answer to question #2:

 Data seem to suggest that the overall impacts of

environmental policy on economic growth have been modest.

 Climate change policies can be a general spur to greater

efficiency, cost reduction and innovation for the private sector.

 If we want to keep down the costs of mitigation, we have to

promote flexibility in how, where and when emission

reductions are made.
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Conclusions

Answer to question #3:

 Notwithstanding the limitations inherent to IAMs, the cost of a

BAU climate change over the next two centuries is equivalent

to a loss of at least 5% of global per capita consumption.

 Cost estimates would increase if non-market impacts and

recent scientific findings on natural feedbacks are

incorporated.

 The most worrying possible impacts are also among the most

uncertain, given that so little is known about the risks of very

high temperatures and potential dynamic instability.
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