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The context
• The OECD and IEA have recently produced emission 

scenarios:
– The 2007 World Energy Outlook

– The 2008 Environmental Outlook

• The OECD Secretariat is now undertaking a new set of 
analysis on economics of climate change.

• New additional baseline scenarios are under preparation

It is important to put these scenarios into 
perspective

Presenter
Presentation Notes
There has been recently two new emission scenarios: first, the scenario produced by the International Energy Agency that was published in the 2007 World Economic Outlook; and, second, the scenario produced by the Environment Directorate of the OECD Secretariat published in the Environmental Outlook that was just released on last March 5th. In the meantime, the Economics Department in collaboration with the Environmental Directorate is now undertaking a new set of analysis that will probably culminate in a conference on the Economics of Climate Change to be organised at the end of this year. As part of this project, new emission scenarios are now under preparation. The aim of this presentation is to put these scenarios into perspective and to initiate a discussion about policy scenarios that are worth considering in the context of post-Kyoto strategies.



• To discuss the new baseline scenario of the 
OECD ECO-ENV project and compare it 
with other recent baseline scenarios

• What modelling developments are 
currently considered

• What types of policy scenarios are now 
worth considering ?

Structure of this presentation

Presenter
Presentation Notes
This presentation will be organized as follows: first, I will discuss the assumptions underlying the new baseline scenarios prepared in the context of the ECO-ENV project and compare its outcome with the other baseline scenarios mentioned earlier; second, I will briefly review the main modelling developments that are considered in the context of this project; and, finally, I will shortly review several types of policy simulations that we are currently considering for this project, with the aim mainly to initiate a broad discussion on post-Kyoto scenarios.I must emphasise that all of this is quite preliminary – not to say prematurely – at this stage, partly because the modelling work really started at the beginning of January this year when I jointed the project.



+ the EU ETS !
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Presenter
Presentation Notes
The model that we are using – called ENV-Linkages - is a recursive dynamic, multi-regional and multi-sectoral General Equilibrium model that is a descendant of the GREEN model that was developed in the Economics Department during the nineties. It is the same kind model that is used by the World Bank. As often the case with this kind of model, the evolution of emissions in the baseline scenario is directly driven by a number of exogenous assumptions, identified in red on this diagram. For instance, population projections are those from the United Nation scenario. Factor productivity is calibrated by decomposing first the evolution of real income per capita into four components: the capital/output ratio, the human capital per worker, the total factor productivity and the employment rate. Then, specific convergence rules between developed and developing countries are assumed for each component separately. These rules are reviewed in the hand-out that has been distributed. In this equation, real income is specified in purchasing power parity (PPP) so that this convergence scenario is not subject to the criticism usually raised in the debate of PPP versus market exchange rates convergence scenarios. It is a scenario of convergence in PPP that is then simulated into a model expressed in market exchange rates.Another factor that matters for the emission growth in the baseline projection is the future evolution of the fossil fuel prices. In principle, these prices are fully endogenous in the model but it is possible to control their evolution. In our baseline, we assume that the international oil price increases by 2% annually in real term up to 2025 with the oil producing region adjusting its production of crude oil to achieve such a growth rate. Beyond 2025, the growth of crude oil production in the oil producing region gradually is assumed to gradually decelerate. The result is a sustained increased of the international oil price by 1.7 % on average up to 2050. The price of gas is partly coupled to the oil price assuming a relatively small supply elasticity and the price of coal remains almost flat, assuming a high coal supply elasticity values. These evolution matter for emissions as they imply a substitution away from oil and gas toward more carbon intensive coal.Finally, the energy demand is calibrated using elasticities of energy demand relative to GDP growth derived from the IEA projections. The result of this calibration is to calculated the so-called “Autonomous Energy Efficiency Improvements” that are specific for each type of energy demand and varying over time. Before 2030, the projected IEA elasticities are used. After 2030, these elasticities are assumed to remain constant. Both the evolution of the fossil fuel prices and of the future energy efficiency gains, together with some compositional effects, determine the future evolution of the link between economic and emissions growths.The baseline also incorporates the extension of the EU Emission Trading Scheme assuming that it implies a carbon tax that increases gradually up to 25 $ per ton of CO2 in 2012.



Suggested model developments
• Finalize the non-CO2 gases.

• Disaggregating the electricity sector and introducing 
Carbon Capture and Storage

• Introducing emissions from land use changes and how 
they respond to the expansion of bio fuels

• Developing reserves modules for crude oil and natural 
gases

Presenter
Presentation Notes
As I mentioned at the beginning, we are only at an early stage of what we intend to do with the model. During this year and possibly the following year, the following developments are considered. After finalizing the modelling of the non-CO2 gases, we intend to disaggregate the electricity sector into fossil fuel based electricity production, nuclear electricity and renewable electricity and to introduce a “carbon capture and storage” technology. The two next bullet are more long term developments: first, the introduction of emissions related to land use changes, in particular, within the context of the expansion of bio fuels; and, second, the modelling of the dynamics relating the extraction of fossil fuels, mainly oil and natural gas, and the exhaustion of their reserves.



Policy simulations: important 
choices

• Scenarios of emission reductions vs scenarios of 
concentration stabilisation …

… at 450 ppm, 550 ppm, 650 ppm ?

• First best vs second (third ?) best scenarios ?

• Different national policies under one (or several) 
international constraint(s) ?

• What about existing subsidies ?

Your input is welcome !

Presenter
Presentation Notes
I will conclude by reviewing some possible policy simulations. We may asked ourselves whether the scenarios that will be considered in the post-Kyoto context will be of the same nature than the ones considered up to now. A first choice is between scenarios of emission reductions and scenarios of concentration stabilisation and, in the later case, at which level of concentration.Second, many stabilisation scenarios – such as the one discussed in the 2008 EO – are fist best scenarios – i.e. involving marginal cost equalisation within and across countries, as well as across different emission sources. However, any arrangement beyond Kyoto is much likely to belong to second rather than to first-best strategies and, therefore, to be more costly. To illustrate this point, we have simulated the impact of a world carbon tax of 25 US$, introduced in 2012, adjusted upward by 2% in real terms each year with a scenario where different regional area apply different strategies. Europe aims at achieving one of the Commission target– less 20% in 2020  and less 50% in 2050 compared with 1990 levels. The other areas apply area-wide carbon taxes delayed over time. This first slide illustrate well the trade-off between the cost-uncertainty of quantitative restriction – with the implied carbon tax in Europe reaching 450 US$ in 2050 and the cost-certainty at the price of an emission uncertainty of the carbon taxes applied in the other Annex 1 countries, the BRICs and the rest of the world, respectively. In any case, this second best scenario achieved less emission reduction and at an higher cost than the corresponding first best scenarioThe policy implication of such a scenario is that the right question from a policy perspective might not be: “At which minimum cost can a given stabilisation scenario be implemented ?” but rather “Is a given stabilisation scenario simply achievable by following sub-optimal or hybrid approaches ?”.Another possible scenario would introduce some degree of subsidiarity in a global agreement: for instance, by specifying a global permit trading system achieved by different instruments at national levels or by combining permit trading schemes with sector-wide agreements. Finally, one might be interested by simulating the removal of existing subsidies.The hand-out version of this presentation include a more comprehensive list of simulations. But the aim of this is to initiate a debate about policy-relevant scenarios rather than pretending to elaborate an exhaustive list of policy simulations at this stage.
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Productivity calibration

Each component has a specific 
convergence rule
see the hand-out for the convergence 
rules



GDP growth in the baseline: 
world

Presenter
Presentation Notes
These convergence assumptions imply the following growth rates of the world economy. During the period 2005-2030, the world GDP increases on average by a little more than 3 % annually, which is somewhat higher than in the Environmental Outlook. The comparison here with the IEA makes little sense since the IEA figures is obtained using PPP weights, hence giving more weight to the rapid growth in emerging economies. The divergence between this baseline and the EO baseline – around 0.5 percentage point annually – persists during the period 2030 – 2050.



GDP growth in the baseline: 
OECD

Presenter
Presentation Notes
Turning next to the OECD, the new baseline is well in accordance with IEA and EO baselines during the period 2005-2030 but below the EO baseline during the following period.



GDP growth in the baseline: 
BRICs

Presenter
Presentation Notes
One important component of the baseline scenario is the implied economic growth in emerging economies, i.e. the so-called BRICs – that is Brazil, Russia, India and China. Compared with both the EO and the IEA projection, we have a substantially higher growth in the BRICs during the period 2005-2030, but much growth deceleration during the next period. This goes together with the persistence of a higher economic growth in the other developing countries during the 2030-2050 period compared with the EO, resulting from a delayed catching-up implied by the convergence assumptions.



International fossil fuel prices in 
the baseline



Autonomous Energy Efficiency 
Improvements

• Calibrated in the baseline using energy 
demand elasticities from IEA projections.

• Differentiated by type of energy demand.

• Using projected elasticities up to 2030, 
constant elasticities hereafter



GHGs emissions in the baseline 
scenario

Presenter
Presentation Notes
This slide shows the evolution of the GHGs emissions – including non-CO2 gases but not CO2 from land uses. All together emissions increases from around 37 Giga tons of CO2 equivalent in 2005 to more than 75 Giga tons in 2050, roughly implying a doubling of these emissions. Most of this increase is accounted for by the rise of emissions in the BRICs and in the other developing countries, while the share of emissions from OECD countries – here at the bottom – is shrinking over time.



How does this compare with 
other recent baselines ?

Presenter
Presentation Notes
Turning next to carbon dioxide emissions only, this slide shows the emissions in level in the baseline compared with the EO baseline in blue. Both projections are very close with a slightly higher emission growth in this baseline compared with the EO during the first period 2005-2030 and more growth slowing later on. In turn, these two projections are close to the IEA projection – in green – with slightly more emission growth up to 2030. Finally, all these projections are well within the upper and lower ranges of the IPCC scenarios, in black on this slide, although somewhat more on the high side. 



CO2 emission growth in the 
BRICs in the baseline

Presenter
Presentation Notes
This slide illustrates again that the main component behind this evolution is the emission growth in the BRICs which is higher than in both IEA and EO scenario up to 2030 but slowing down substantially hereafter.



CO2 emission elasticities in the 
baseline

Presenter
Presentation Notes
The calibration of the energy efficiency gains explains these trends. One way to summarize the link between economic and emission growth is to calculate the elasticity of the emission relative to GDP growth, as done on this slide. During the first period 2005-2030, this elasticity is equal to .6 (which well in line with historical values) and equal to the value of this elasticity in the EO baseline scenario. In contrast, this elasticity value falls to 0.25 during the second period, somewhat below the corresponding elasticity value in the EO projections. Therefore, the calibration method during the 2030-2050 period implies relatively generous energy efficiency gains and this is the major explanation behind the slowing down of emission growth.



GHGs emission growth in the 
baseline: World

Presenter
Presentation Notes
Finally, this slide reports the emission growth of all GHGs in comparison with only carbon dioxide. It must be remembered that in this baseline, for the period 2005-2020, the non-CO2 emissions are calibrated on forecasts made by the US-EPA by adjusting an autonomous efficiency parameter in the emissions bundle of the production function. The same parameter value is assumed for the period after 2020. The comparison with the EO projections reveals that, while the difference is small for carbon dioxide, it becomes larger – up to 0.5 percentage point on average - when non-CO2 gases are included. 



An illustrative second-best 
scenario: implicit CO2 taxes



An illustrative second-best scenario: less 
emission cuts at a higher economic cost !

First-best 
scenario

Second-best
scenario

Cumulated emission
cut (%) -30 % -24 %

Cumulated GDP loss 
(%): OECD 0.0 % -1.0 %

Cumulated GDP loss 
(%): non-OECD

-2.0 % -1.3 %

Cumulated GDP loss 
(%): World

-0.8 % -1.1 %



Annex 1 : Convergence rules in the 
baseline scenario

1. Total Factor Productivity (TFP):
• Average TFP in “high-TFP” countries increases by 1.5% annually between 

2009 and 2050.

• Other countries converge to the above “high-TFP frontier” at the historical 
rate up to 2015, at a rate gradually reaching 2.0% annually from 2015 and 
2025 and at a rate equal to 2.0% annually hereafter.

2. Human capital per worker:
• Education attainment of the 25-29 age group in South Korea (where it is 

currently the highest) remains constant over time.

• Other countries converge to the above “frontier” at historical speed up to 
2015, at a speed gradually increasing up to the speed observed in less 
educated countries over the period 1960-2000 up to 2025 and at this speed 
hereafter.

• Based on this assumption for the 25-29 age group, future education 
attainment for the whole population aged 25-64 is projected using cohorts 
and then, converted into a human capital stock based on the returns to 
education.



Annex 1 : Convergence rules in 
the baseline scenario (cntd.)

3. Physical capital accumulation :
• The investment rate in the United States is calibrated (by modifying the 

household marginal propensity to save) such as to stabilise the 
capital/output ratio at its current level.

• Investment rates in other countries are calibrated such as capital/output 
ratios in these countries gradually converge to the US level by 2080.

4. Employment rate:
• Population projections from the United Nations baseline scenario are used 

up to 2050.

• Participation in “high-participation” countries (top quintile) is projected by 
assuming that future effective retirement ages are indexed to life 
expectancy.

• In countries where cohort data are available, participation for each age 
group converge gradually to the average of “high-participation” countries.

• In countries where cohort data are not available , the same convergence 
assumption is made at an aggregate level rather than by cohort.

• Unemployment rates converge to 5 percent by 2050.



Annex 2: Preliminary (and not 
exhaustive) list of policy simulations

• Importance of a wider country coverage:
• A given emission reduction (for instance, 50 % in 2050) achieved with 

varied country participation (Annex 1 countries, Annex 1 countries + BICs, 
Annex 1 countries + BICs + RoW).

• Second-best scenarios:
• Europe following its own emission target and other regional groups phasing 

in taxes at a delayed timing (for instance, Annex 1 countries in 2012, BICs 
from 2020 and RoW from 2030).

• Hybrid policies  combining national/regional emission reduction targets and 
a sector wide world arrangement (for instance, for the energy-intensive 
sector).

• Stabilisation scenarios:
• A 50 % reduction in 2050 using first and second best approaches.

• Alternative trajectories of emission reductions aimed at stabilizing 
concentration at 450, 550, 650 ppm using first and second best policies.



Annex 2: Preliminary (and not exhaustive) 
list of policy simulations (cntd.)

• A given stabilisation target achieved with alternative reduction  paths to 
analyse the trade-off between early and delayed action.

• Alternative burden-sharing arrangements:
• A given emission target (for instance, - 50% in 2050) with alternative 

allocations of emission rights across regions compared with auctioning (with 
alternative recycling of the revenues).

• The same as previous but at country/region levels



Real exchange rates in the 
baseline scenario
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