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1 Introduction

According to the latest IPCC report (2007) theremgquivocal evidence of the warming of the
climate system, which is expected to affect botbsgstems and socio-economic systems to
varying degrees. Changes in atmospheric concemgabtf greenhouse gases (GHGs) are deemed
responsible for the observed increase in averagieagkemperature, which has risen by 0.76°C
since 1850 — mostly in the last 50 years. The IRGO points to widespread agreement over the
fact that such changes in the climate system mapbeged by global GHG emissions from human
activities, which have increased by 70% betweer0I® 2004. If emissions continue unabated,
the average global surface temperature is likelys® by a further 1.8-4.0°C this century (IPCC,
2007). A temperature increase between 2 and 3 %@oisght to be a threshold beyond which

irreversible and possibly catastrophic changekersyystem may take place.

After many decades of debate, climate change hasbesome a central topic in the policy
agenda of all industrialised nations, and is beognmcreasingly critical for developing countries
as well. Policies and actions to control climatargje have already been implemented around the
globe — from the European commitment to cut GHGssimns by at least 20% by 2020, to
international and local adaptation strategies, sscthe effort led by the OECD for mainstreaming

adaptation in Official Development Assistance.

It is clear however, that a global coordinated reffe needed to keep global temperature
change below dangerous levels, as illustrated gurEil. While it is true that industrial emissions
from fossil fuels have been and continue to be ipastributable to industrialised nations, it is@l
true that soon Non Annex | countries will overtakenex | in terms of their CO2 emissions (left
panel). At the same time, per capita emission teweilll remain much lower in developing

countries, given the differences in population gfoand initial lifestyles (right panel).

The implication of such emission projections isréfiere twofold: while global action is
needed, such action is likely to entail differetgthtargets and levels of effort. Negotiations are
already underway to define a climate control ages@nfor the post-Kyoto world, and a number of
proposals have appeared in both academic and gdiécgture (see, for instance, IEA, 2002; Aldy
and Stavins, 2007; Stern, 2008). However, to daezet has been no attempt to compare and
contrast the architectures for an agreement oratéimpolicy using a common framework. Such an
exercise would enable a better understanding ofrtipdications of different designs and a more

transparent trade-off between the different cateleemed important for international agreements.



Figure 1: Projected fossil fuel CO2 emissions from the WITCH model in the Business as Usual scenario
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Therefore, the main objective of this paper is tove a quantitative comparison of the
main architectures for agreement put forward inliteeature using WITCH— an energy-economy-
climate model. The proposals are assessed accotdinfpur criteria: economic efficiency;
environmental effectiveness; distributional imptioas; and political acceptability measured in
terms of feasibility and enforceability. The ultiteaaim is to derive useful policy implications that

could provide insights for designing the next agreet on climate chande.

The paper is organised as follows. We begin in i8ecR by briefly describing the
underlying model and then present, in Section 8 féatures that characterise the architectures for
agreement being examined. The main section of épemp(Section 4) compares and contrasts eight
different architectures, according to the followimgiteria: their environmental effectiveness
(Section 4.1); their economic efficiency (Sectiof)4their distributional implications (Section %.3
and finally the political acceptability of the pugals (Section 4.44.4). Section 5 concludes the
paper, summarising key lessons and policy imploesti

2 Atool to compare architecturesfor agreement: the WITCH model

WITCH (Bosetti, Carrar@t al, 2006) is a climate-energy-economy model desigoeassist in the
study of the socio-economic dimension of climatarge. It is structured to provide information on
the optimal responses of world economies to clint#ages and to identify impacts of climate

! www.feem-web.it/witch

> The analysis presented in this paper originatehinvihe context of the Harvard Project on Intewrai Climate
Agreements Http://belfercenter.ksg.harvard.edu/project/56/hedvproject_on_international_climate _agreements$)htm
which aims at identifying the key features to dessgientifically sound, economically efficient apdlitically feasible
post-2012 international policy architectures fartgll climate change.
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policy on global and regional economic systemsofglete description of the model and a list of

papers and applications are availablenatv.feem-web.it/witch

WITCH is a hybrid model because it combines feawtboth top-down and bottom-up
modelling: the top-down component consists of daaritemporal optimal growth model in which
the energy input of the aggregate production fomcthas been expanded to yield a bottom-up
description of the energy sector. The model pra/@éully intertemporal allocation of investments
in energy technologies and R&D that is used to watal optimal and second best economic and

technological responses to different policy measure

Countries are grouped in 12 regions that coventbidd and whose strategic interactions are
modelled through a dynamic game. The game thedrymseccounts for interdependencies and
spillovers across regions of the world, and equiliin strategies reflect inefficiencies induced by
global strategic interactions. This allows us talgpe both fully cooperative equilibria (in the eas
in which it is assumed that all regions of the wWaign a climate agreement) and patrtial/regional
coalitional equilibria (when only a subgroup of iets sign the agreement or different groups of

regions sign different agreements).

In WITCH, technological progress in the energy sec endogenous, thus enabling us to
account for the effects of different stabilisatipalicies on induced technical change, via both
innovation and diffusion processes. Feedbacks ®oonomic variables to climatic variables, and

vice versa, are also accounted for in the modet®rhic systeni.

Several features of the model allow us to invesgiganumber of issues in greater detail than
most of the studies in the existing literature sgithough quite rich in its energy modelling and
close in spirit to bottom up energy models, WITC${hased on a top-down framework that
guarantees the coherent, fully intertemporal atiooaof investments under the assumption of
perfect foresight. Second, the model can trackaetions that have an impact on the level of
mitigation — R&D expenditures, investment in carbioee technologies, purchases of emission
permits or expenditures for carbon taxes — and we thus evaluate equilibrium responses
stimulated by different policy tools. This leadsatéransparent evaluation of abatement costs and to

a clearer quantification of the uncertainties affegthem.

Diffusion and innovation processes are modelledcapture advancements in carbon

mitigation technologies, through both learning ing and research. The model also explicitly

% The model is solved numerically in GAMS/CONOPT fér Byear periods, although only 20 are retainedaslo
not impose terminal conditions. Solution time foe tBaseline scenario is approximately 30 minutes atandard
Pentium PC.
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includes the effects of international technologil@gers and captures innovation market failures.
The detailed representation of endogenous techal@aige and the explicit inclusion of spillovers
in technologies and knowledge are crucial to undading and assessing the impact of policy

architectures that combine climate and R&D policies

3 Architecturesfor agreements

We explore eight policy architectures, which haeerb discussed in the literature or have been
proposed as potential successors to the Kyoto angnmete These architectures are inspired by the
proposals put forward within the Harvard Project laternational Climate AgreemefitsAll of

them are assessed against a scenario without elipaicy (business as usual, BaU). Table 1
summarises the key distinguishing features of thkigctures that we compare and contrast in this

paper.

In Table 1, we emphasise two main features of iy architecture that have important
implications for its cost and feasibility, nametg scope and timing. Universal agreements involve
all regions, while partial agreements only requaeoperation among a subset of regions.
Agreements may require immediate efforts from paguditing countries, or they may take into
account differential abilities to undertake abatetneand, therefore, involve incremental
participation, where some regions — usually tramsieconomies and developing countries — are
allowed to enter the agreement at a later poititmie, when they satisfy some pre-defined criteria.
A further distinction across architectures is thget of policy instrument involved: most schemes

use a cap and trade approach, but carbon taxeR&Rgolicies are also considered.

Two key aspects of the architectures consideraflismpaper should be pointed out at this
stage, in order to make the results of our analgigiar. First, all proposed architectures focus on
CO2 mitigation only, excluding other greenhouseega$econdly, as climate leaks and free riding
incentives are likely to be substantial for lesantla global agreement, all the proposed architestur
envisage all countries - at least - committing ¢ @xceeding their projected emissions under the
BaU scenario. This may seem restrictive, but lesd sve consider that regions do benefit from
committing to the BaU, since they then have thaoopof participating in the market for carbon

permits, undertaking cheap abatement and receifwiagcial resources for it.

* Most architectures considered in this paper arefatly described in Aldy and Stavins (2007) andiy3lStavins et al.
(2007).
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Table 1: Architecturesfor agreement

Name Key feature | Policy Scope Timing
nstrument
CAT with . .
redistribution Benchmark cap and trade Cap and Trade Universal Immediate
Global carbon tax Global tax recycled domestically | Carbon Tax Universal Immediate
REDD Inclusion of REDD Cap and Trade Universal Immediate
Climate Clubs Clubs of countries Cap and Trade Partial Incremental
and R&D

Burden Sharing Delayed participation of DCs. Cap and Trade Universal Incremental
Graduation Bottom up targets Cap and Trade Partial Incremental
Dynamic Targets Political feasibility Cap and Trade Universal Incremental
R&D Coalition R&D cooperation R&D Universal Immediate

Let us provide a short description of each clingatkcy proposal.

3.1 Cap and trade with redistribution

In this benchmark scenario, a standard cap and fralicy is implemented; there is a global carbon
market and complete and immediate cooperation gibns towards the attainment of a climate
stabilisation goal. The goal is to achieve the itabion of CO2 concentrations at 450ppmv by

2100, which is roughly 550 ppmv CO2 equivalent.

As shown above, today’s average per capita emissiary substantially across countries. In
the US, for instance, emissions are around 5.5etCe¢ppita, compared to 0.06 tC/capita in Sub-
Saharan Africa and 1.3 tC/capita in China. It ieofargued that a fair long-term agreement for
tackling climate change would require a move fréma ¢current trend of allocating allowances on
the basis of historical emissions towards the adopdf an equal per capita rule, based on the
Rawlsian principle of equal entitlement to pollutéws, permits in this scheme are grandfathered
according to an equal per capita rule (EPC). ltukhde noted that, given that a perfect global

carbon market is assumed, marginal abatement aostsqualised and the allocation scheme has a



negligible effect on global variables. It does hoerehave important distributional implications as

it implies significant wealth transfers through tflebal carbon market.

3.2 Global tax recycled domestically

This second architecture does not envisage anaixplinission target, but exogenously sets a
global carbon tax consistent with a CO2 emissioth peading to 450 ppmv stabilization. While
requiring global cooperation in deciding upon tla¢hpof the carbon tax and its implementation, this
architecture is autarchic in the sense that thereiglobal market for emission trading: rathee, th

revenues from the tax are recycled domesticalthénnational budgets.

The assumed carbon tax starts at around 3 US$/t, ®O2 hikes rapidly to provide
incentives for substantial emission reductions:2060, the tax reaches 500 US$/tCO2, and
increases to over 1000 US$/tCO2 by the end of émtucy. Although in a very broad sense, this
architecture is inspired by the work undertakenMigKibbin and Wilcoxen (see McKibbin and
Wilcoxen, 2007), who emphasise the absence ofnatemal carbon trading as one of the key

features of their policy architecture.

3.3 Reducing Emissions from Defor estation and Degradation (REDD)

The idea is to allow tropical forest countries &b aside forest land that would otherwise be
cleared in exchange for payment from industrialisedintries looking to reduce their carbon
emissions in order to meet targets set under iatemmal agreements like the Kyoto Protocol.
According to Ebeling (2006), the inclusion of REDDa climate agreement would significantly
lower the costs of meeting the environmental tar§eilar proposals to include CDM mechanisms
and avoid deforestation in international climateeagnents have been put forward by Plantinga and

Richards (see, e.g., Plantinga and Richards, 2008).

This architecture for agreement entails essenttallysame instrument as the previous Cap
and Trade with a redistribution proposal (see eactB.1). However, it includes avoided
deforestation as a potential mitigation option,n@0O2 abatement from avoided deforestation in
the Amazon forest included in the permit markete Teason why only Brazil is allowed to get
credits for avoided emissions from deforestati@s lin the fact that it is the only country that
already has a monitoring and enforcement systenplate. Obviously, results would be

strengthened if the crediting system were opertheraountries, such as DR Congo or Papua New



Guinea. Specific abatement cddtsr the avoided deforestation mitigation optionreveonsidered,

with the opportunity costs of developing forestadd under alternative land uses as a proxy.

3.4 Climate Clubs

This architecture for an international agreemenhspired by the proposal put forward by David
Victor (Victor, 2007). Differentiated effort is egpted from different regions of the world,
depending on their ability to abate. A group oftwius regions — the Climate Cfub agrees to
abide by their Kyoto target, reducing GHG emissibpsr0% with respect to their emission levels
in the 1990s by the year 2050. Their effort isdame degree compensated by joint cooperation in
technology development, which increases the exi@nthich knowledge for energy efficiency
improvements and R&D efforts to develop new carfyee technologies spills over across regions

belonging to the Climate Club.

Fast-growing countries like China, India, Latin Amga, Transition Economies and the
Middle East are also part of the global deal, thdirt effort is gradual. These countries face
increasingly stringent targéteo reduce their CO2 emissions below what they daerhit in a
business as usual scenario. In the second halheofcéntury, fast growing countries agree to
increase their abatement effort to converge towtrd<effort of the Climate Club. The rest of the

world does not have any binding target.

There is a global market for carbon permits, inalihall regions may participate. Regions
that do not have an explicit emission reductiogeamust commit to not exceeding their BaU
emissions level in order to participate in the oarlmarket: this expedient encourages abatement

from non signatories, and thus reduces the incemtiiree-ride.

3.5Burden sharing
A key feature of this post-Kyoto architecture is thelayed participation of non-Annex | countries.
While the group of Annex | countries commit to urtdke abatement efforts immediately, with the

burden shared on an equal per capita basis, noexAhoountries are initially required to commit

®> Abatement costs curves for REDD were constructéngusata from the Woods Hole Centre, and focus caziB
(http://whrc.org/BaliReports/). Supply estimatesnfirthe tropical Asian region will be also includatte available.

® The members of the Climate Club are the US, Eur@amada, Japan, New Zealand, Australia, South K,
South Africa.

" The target is to reduce industrial CO2 emission§%ywrt BAU by 2020; by 10% wrt BAU by 2030; 20%tBAU
by 2040; and 30% wrt BAU by 2050.

8 Different versions of the Climate Club architeetuvere simulated to test sensitivity to countrigab definition (e.g.
having the Middle East within the ROW group), to thlebal emission trading assumption, to the definitof
enhanced spillovers within the Climate Club andnteasure the penalty imposed by the Club structi@posed to a
full and immediate participation agreement.
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to not emitting more than their projected emissionder the BaU scenario, in order to avoid free-

riding incentives and carbon leakage.

In 2040 — when emissions from non-Annex | countaes higher than emissions of Annex |
countries in a business as usual path (see Figureldinding abatement targets are extended to the
whole world except Sub-Saharan Africa, whose le¥elevelopment remains well below the world

average.

This architecture is inspired by the policy propdsaKeeler (see, for instance, Keeler, and
Thompson, 2008) and Bosetti al. (2008).

3.6 Graduation

Inspired by Michaelowa’s proposal (2007), this pgliarchitecture entails differentiated efforts
among signatory countries, with differentiation déon the satisfaction of bottom-up graduation

criteria and with the ultimate objective of staliitig atmospheric CO2 concentrations at 450 ppmv.

The idea of bottom-up target is that they can taite account the ability of regions to
undertake abatement effort and their contributiorthie climate change problem. Graduation to
binding targets is based on the satisfaction ofdniteria, based on per capita income and emissions

relative to the world average

Annex | countries do not graduate, but rather eocbaheir abatement effort in order to
compensate for the emissions of non-Annex | coardied ensure the achievement of the 450 ppmv
stabilisation target.

3.7 Dynamic Targets

The key feature of the Dynamic Targets policy aettiure stands in the way it is deeply rooted into
the political reality and to statements made bytigal leaders. Inspired by the proposal described
in Frankel (2007), bottom-up targets are based wmgrpssive cut factors — with respect to
emissions in 1990 for the first period, and themthwespect to projected emissions in the BaU
scenario, corrected by a Lieberman-Lee Latecomérh@ap factor for countries that have not yet

ratified Kyoto.

% The first graduation step is reached when the aeevhthe two criteria is satisfied, that is, eméssi per capita match
the average world emissions per capita, and incoenecapita increases to 5,000 US$ (2005 value).n\oeintries
reach the first graduation level, their abatemarnget is equivalent to 5% with respect to 2005 sioiss. The second
graduation period is reached when emissions pedtacape 1.5 of the world’s average and income pgita is US$
10,000. It entails a reduction in emissions by 1@%h respect to 2005 levels. The only exception Bn&, which
reduces emissions gradually, starting from 205@rder to cut the level by 50% with respect to 2005 emissions.
Sub-Saharan Africa never graduates, and thered@asfno binding targets. It commits however toBa¥, in order to
be able to participate in the carbon market.

8



Progressive cut factors take into account histengssions relative to the emissions of the
EU in 1990, current and projected emissions in Bla&J, income per capita relative to the EU
average, and population. This target-setting rhlerefore takes the fact that emissions from
developing countries will soon overtake those dustrialised countries on an absolute basis — even
though not necessarily on a per capita basis Hicakpinto account.

Targets are defined for all regions, with the wadigided into three broad groups: early
movers (Europe, US, Canada, Japan, New Zealandrafias South Korea, and South Africa) take
action from 2010-2015-2025; the late comers, within@ and Latin America facing binding
emission reduction targets from 2035, and Indianf@050; and all other regions, that agree not to
exceed their emissions under the BaU scenario andhtis take part in the international market for
carbon permits. Sub-Saharan Africa does not fageeamssion target until 2030 — after which it

enters the market for carbon permits by committongot exceeding its BaU emissions.

3.8 R& D and Technology Development

This last policy architecture is very different mature from the previous ones, since it does not
entail any emission reduction target. The main eamof this architecture — which is inspired by
Scott Barrett’s proposal (Barrett, 2007) — is tswer the acceptability of the global agreement. It
therefore focuses on R&D policies only; becauséhefdifferent incentive structure characterising

such policies (they provide a club good rather thaublic good).

In this architecture for a global deal, all regiosisthe world agree to contribute a fixed
percentage of their GDP for the establishment otrae@rnational Fund to foster climate-related
technology advancement. The share of GDP devotéettmology improvements is roughly equal
to double the public energy R&D expenditures in 1980s, which is 0.2% of regional GDP (see
Bosetti, Carrar@t al. 2007a for an analysis of optimal energy R&D inuest strategies).

The financial resources of the fund are redistedub all regions on an equal per capita basis,
and they are equally split to foster deploymentvad key low-carbon technologies — Wind and
Solar and Carbon Capture and Sequestration — anidirfovation in a breakthrough zero carbon
technology in the non-electric sector. Thus, thibsgly to these three technologies lowers their
costs, favouring their deployment and leading tassimon reductions as a by-product of the new

technology mix.



4 Assessing architecturesfor agreement

4.1 Climate effectiveness

The first and most important objective of a climataty, most would argue, is its environmental
effectiveness — that is, the degree to which theblpms associated with climatic change are

addressed.

Figure 2 shows the path of industrial CO2 emissiandied by the eight architectures for
agreement described briefly above and by the basiras usual scenario. In the BaU scenario,
global atmospheric carbon emissions are projectesbmtinue increasing from the current level of
slightly less than 8 GtC to over 22 GtC by 2100e Tiore stringent architectures lead to a
stabilisation of emissions at well below 5 GtC by tmiddle of the century. These are the three
global coalitions with different implementation ingments — cap and trade with and without
avoided deforestation, and the global carbon téves€ three architectures are characterised by an
explicit target for atmospheric CO2 concentratiomnBich is set at 450ppmv. Interestingly, one of
the architectures based on bottom-up targets -Gitaeluation architecture — also leads to the
stabilisation of CO2 concentrations at 450 ppmv.

Figure 2: Global energy CO2 emissions paths
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A second set of architectures which rely on eitl@versal participation with incremental -
rather than immediate - effort, or on partial paption, achieve the same amount of emissions at
the end of the century, but through a differenhdition path. These architectures are Dynamic
Targets and Climate Club with late comers. Theirssians paths are less smooth than REDD or
CAT's, reflecting the different dates at which mgs start to face binding constraints.
Consequently, these two architectures would achéeless stringent target for atmospheric CO2

concentrations, which stabilise at about 550ppmv.

Finally, the global coalition cooperating on enef®g§D does not achieve the stabilisation
of CO2 emissions — and consequently of atmosplwemncentrations — even though emissions are
lower than for business as usual. Over the centwmyulative emissions are only 17% lower than
in the BaU, as opposed to an average of 62% loarethe other policy architectures. Let us recall,
however, that the crucial feature of this policgratecture is the provision of adequate incenttees
cooperation and not a given stabilisation targét Wigh costs and limited incentives.

Figure 3 shows temperature increase above pretnmalugvels as a result of the different
architectures in 2108. Even though the magnitude of the increase imgiedach of the proposed
architectures is to be taken as a rough estimatenghe many scientific uncertainties, this

comparison provides a relative ranking of the peaf® with respect to temperature change.

Figure 3: Temperature change above pre-industrial levelsin 2100

4.00
3.50 ~
3.00
2.50
2.00
1.50 -

C above pre-industrial

1.00 ~
0.50 ~
0.00 -

¥'We used the MAGICC model to relate emissions amtentrations to temperature changes.
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In the BaU scenario, where no international potmycurb CO2 emissions is implemented,
temperature change is expected to reach 3.7 °Cealpog-industrial levels in 2100. When
cooperation on low carbon technologies and zerbarabreakthrough innovation is pursued in the
absence of any emission reduction targets, thecgegpdemperature increase is only slightly lower,
at 3.5 °C. The more environmentally aggressivecgddirchitectures yield a temperature change of

around 2.7 °C, whereas intermediate efforts leadt®mperature increase of around 3 °C.

It is therefore clear that none of the policy arettures analysed in this paper are able to
keep temperature change below the 2°C thresholathwit advocated by more proactive countries
like the European Uniot.On the other hand, stabilising emissions belowt® Keeps temperature
change below 3°C, the less stringent upper limiérotalled for by the US (Newell and Hall, 2007).

In order to check whether different proposals éridierent paths of temperature change,
we also consider the rate of temperature changetbgeentury. Even though it is difficult to know
which path of temperature change is best, givenigoorance about the existence of potential
threshold effects, it is reasonable to think tharengradual temperature changes will entail lower
costs — if not economic, at least environmentaljmase gradual changes imply more time for
ecosystems to adapt. To this aim, in addition toperature increase by the end of the century, we
also count the number of 5-year periods for wherhgerature increase is greater than 0.1° C with
respect to the previous 5-year period, as showiiable 2. The effect of the different policy
architectures on the rate of temperature changerissimilar to their overall effect on temperature
— that is, more stringent architectures give fepeniods with a temperature change greater than
0.1°C over the previous period, while the R&D cbaifi architecture, without an explicit emission
target, is similar to the BaU scenario.

Table 2: Number of times that five-year temperatirange is greater than 0.1°C

19 12 14 12 12 12 12 14 19

1 One should keep in mind that the carbon signal wauld be generated by such policies would impiniicant
abatement in other GHGs as well, if they were toirtmduded in the policy agreement, thus causingadditional
abatement of global temperature increase by roug@RC.
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4.2 Economic efficiency

Different emissions paths resulting from the eigblicy architectures imply different streams of
costs and benefits. We therefore adopt a simplerimn for comparing the cost implications of the
post-Kyoto proposals, and compute the differenc&iiass World Product (GWP) under each one
of the proposed policies with respect to the Babhnacio. This global indicator is defined as the
discounted sum of GDP losses, aggregated acroskl wegions, over the next century, and

discounted at a 5% discount rate (a rate whiclosedo the average market interest rate).

While temperature change varies less across ¢fint @ichitectures for agreement because of
the inertia in the climate system, the economidsca$ the different set-ups vary considerably.
Figure 4 shows that more stringent policy architeet imply a higher GWP loss. Stabilising
atmospheric CO2 concentrations at 450 ppmv wousd between 1.2% and 1.49% of GWP. The
most costly architecture would be the autarchido@ld@ax implemented domestically, and the least
costly would be the Global Cap and Trade with eimisseduction from avoided deforestation as an
option (REDD). The inclusion of avoided deforestatas a mitigation option reduces the costs of

meeting the environmental target from 1.49% of G\MV/Blightly above 1.2%.

Figure 4 Implications for GWP
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Climate Clubs and Dynamic Targets — which stabili§#?2 concentrations at about 490 and
500 ppmv respectively — entail moderate costs: raddi32% and 0.24% of gross world product
respectively. Finally, the R&D Coalition leads taigs at the global level, of about 0.37% of GWP.
These gains are explained by the positive effeEtR&D cooperation that reduces free-riding

incentives on knowledge productith.

When we look at the temporal distributions of tlsts of the different architectures (see
Figure 5 we see that the stringent architectures requiimgersal and immediate action imply an
immediate loss of GWP, rising up to 4% by the medall the century. Gradual effort implies, on the
other hand, less costly intervention at the begigruf the century. Only the global coalition based
on R&D Cooperation leads to gains from 2040 — wiiitglying short-term costs due to the

diversion of resources to replenish the global R&bd.

Figure 5: Temporal distribution of the policy costs
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4.3 Equity and distributional impacts

The distribution of the costs and benefits of cienghange and climate change policy is of

paramount importance in determining both the felisiland desirability of a specific architecture

12 See Bosetti, Carraro et al. (2007b) for a detailealysis of knowledge spillovers.
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for agreement. The analysis of how GDP changes tmer for different world regions in the
different scenarios may offer some indicationscaw/hat the distributional implications of climate
change policies are, and it highlights winners borsgrs under each scenario. This information is

likely to be important for policy makers and negtits.

Several criteria have been proposed in the liteeatis ways to measure the equity and
distributional implications of climate change agremts (see, e.g., Goulder, 2000), such as the
criteria of responsibility, ability to pay, or digiution of the benefits from controlling climate
change. While the first two criteria would seemridicate that industrialised countries should bear
most of the burden of controlling climate chandes tast criterion would imply that developing
countries — who would be the largest beneficiaiiesy controlling climate change — should bear a
relatively higher share of the burden (Aldy, Barettal.,2003).

For the purpose of our assessment, we abstracttreraurrent debate, and use a compact
measure of distributional equity to characterise ¢ight policy architectures and the BAU. We
compute the Gini Index for GDP in 2100, which reser®s the concentration of income between
regions of the world, and shows inequality in ineowmhistribution (the lower the value of the

indicator, the more equal the distribution of in@m

Table 3: Gini Index in 2100

0.200 0.198 0.158 0.197 0.196 0.158 0.178 0.156 0.181

In all scenarios, there is an improvement in thstriiution of income among world’'s
regions with respect to the current situation. Hesvethere are some differences that can be seen
from Table 3: three policy architectures emergbeaiag more egalitarian, since they distribute the
effort in a fair way according to income per camtad average per capita emissions. These are
Dynamic Targets — which takes historical emissiamsl projected emissions under the BaU
scenario into account to determine regional effer@imate Clubs and Graduation.

By comparing the two global architectures with @bgisation target, immediate participation
and the implementation through a cap and tradesy$CAT with redistribution and REDD), we
can observe that the inclusion of avoided defotiestaamong the mitigation options leads to an
improvement in the distribution of income acrosgioas— and this reflects the fact that avoided

deforestation is mostly an option in developing drapical countries. Finally, notice that the
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carbon tax policy is an intermediate one in teridistributional effects.

4.4 Enforceability and feasibility

In the context of international agreements, enfabdgy and compliance become a critical issue:
the national sovereignty of individual states megd to strategic behaviour, free-riding incentives,
and to countries not complying with the agreeméelythave signed. Ideally, a global deal for
climate change would sustain full participation aatnpliance, while ensuring an efficient level of
emission reduction. Yet, because of the lack afmanational institution able to enforce a climate
policy, achieving a global agreement on GHG emissiontrol may be very difficult if not
impossible (Barrett, 2003).

When analyzing the feasibility and enforceability the proposed architectures for
agreement, one should therefore assess whetheseth@ps limit incentives to free-ride, and
whether they would be enforceable. The discourséeasibility and enforceability of post-Kyoto
architectures so far has been limited to qualigatwalysis, without an attempt to quantify the
degree to which each architecture deters freegitd@haviour. In this paper, we borrow from game
theoretic concepts to derive quantitative measoirenforceability and political acceptability fof a

policies at global and regional levels respectively

We use the concept of potential internal stab{iyS, see Carraro, Eyckmans and Finus,
2006) as a proxy for the theoretical enforceabdityhe agreement. This is a weak stability concept
in the sense that an agreement is said to be padtgmternally stable if the aggregate payoffe ar
at least as large as the sum of the regional paynfthe BaU. If this condition is satisfied, all
coalition members could be at least as well ofunder the business as usual scenario through
suitably designed transfer schemes. Global welfmreomputed as the sum of welfare for each

region.

The second column of Table 4 summarises the reisulesms of potential enforceability of
the architectures at the global level. It is clémat all but one architecture imply anprovementn
global welfare over the status quo — if one coutdigin appropriate transfer schemes, then all
regions could be made at least as well off as umliderbusiness as usual scenario. The only
exception is the autarkic coalition, where all doi@s, including developing countries, are required

to undertake emission reductions domestically byosing a carbon tax.

Notice however that most of the welfare gains afpegenced in developing countries.
Hence, the stabilisation of the agreements wouldire the transfer of resources from developing
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to developed countries — which is unlikely to bétmally acceptable and feasible.

Table 4: Potential enforceability and political aamtability

Sf;ﬁztl\/?/lelfaféabmty Feasibility
No. Of countries with
% change wrt BAU +ve variation in
welfare
CAT with redistribution 0.681% 3
Climate Clubs 0.183% 6
REDD 0.456% 4
Burden Sharing 0.243% 3
Graduation 0.085% 3
Global carbon tax -0.168% 0
Dynamic Targets 0.202% 5
R&D Coalition 0.103% 12

While at the global level almost all architectufles agreement seem to be potentially
enforceable, the picture is very different whenm@ave down to the regional level, to explore the
feasibility of the proposals. The last column oblEa4 shows the likely political feasibility of dac
policy architecture — approximated by the numberegions whose welfare under the specific
climate policy architecture is higher than in thesiness as usual scenario. Thus, the higher the
number of countries that find a specific coalitmmofitable from an individual perspective, the more
likely it is that the architecture is politicallceeptable. Notice that individual profitability amly a
necessary condition for stability if the lattedisfined in the usual manner (i.e. using the conoépt
cartel stability proposed in industrial organizati®eee Carraro and Siniscalco, 1993). However,
individual profitability may become a sufficient raaition for stability if a concept of farsighted
stability is adopted (Chew, 1994) or if a minimurrtcipation constraint is imposed (Carraro,
Marchiori, Oreffice, 2003).

It is clear that in the R&D Coalition and Climatéu@is architectures — both involving some
form of cooperation on R&D — a large share of caestfind the agreement profitablall(andhalf
of the countries are better off, respectively). Tiesult on the climate club architecture is

particularly interesting, as it seems to suppagtritie of issue linkage in generating scope fongai
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from cooperation. The universal but incrementalitoa based on Dynamic Targets is also likely
to be politically feasible, as 5 out of 12 regidimgl it profitable: it is quite likely that a cangf
revision of the criteria for setting binding ema@sireduction targets could lead to a redistributibn

welfare so that all countries would be better off.

The above analysis of political acceptability andential enforceability of the proposed post-
2012 climate policy architecture is clearly a siifigdtion, and can be criticised on various
accounts — such as the choice of the welfare itmlicar the fact that other important factors that
are likely to ultimately determine whether an ingg#fonal agreement can be accepted at the
national level are overlooked. Our results do nioglelss provide a good starting point for the

assessment of the enforceability dimension of tbegsed architectures for agreement.

45 Comparison recap

A summary of the performance of the Post-Kyoto ieckures presented in the previous sections is
provided in Table 5. Significant differences acresBemes are reported, which makes an univocal
ranking impossible. Some clear indications emergeetheless. The architectures have been
ordered by increasing environmental performanceaicedowever that this is the same as ordering
by decreasing economic efficiency (the second co)uire. increasing costs. It also corresponds to

decreasing enforceability of the agreement.

Table 5: Assessment criteria for the different policy architectures

Environmental  Economic
Effectiveness Efficiency (GDP

Enforceability
Countries with
positive welfare
change, out of 12)

Distributional
impact
(Gini 2100)

(TT above | change wrt
pre-industrial) BAU, 5% d.r.)

BAU 3.75 - 0.200 -

R&D Coalition 3.58 0.37% 0.181 12
Dynamic Targets 3.02 -0.24% 0.156 5

Climate Clubs 2.95 -0.32% 0.158 6

REDD 2.76 -1.20% 0.197 4

Burden Sharing 2.76 -1.44% 0.196 3

CAT with 276 -1.45% 0.198 3

redistribution

Graduation 2.76 -1.47% 0.158 3

Global carbon tax 2.76 -1.49% 0.178 0
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There is therefore evidence of a perfect traddsefiveen environmental effectiveness and

economic efficiency and enforceability.

Among the environmentally more efficient architeesi— CAT, REDD, Burden Sharing,
Graduation and Global Carbon Tax — REDD shows ttiatinclusion of deforestation in a climate
agreement can significantly improve the economiticiehcy of the policy, and also its
enforceability, since it provides additional indeas for participation to some developing countries
Note however that for all these architectures G\W$sés are above 1%. Graduation reports the

fairer distribution of income within this group.

Dynamic Targets and Climate Club are policies tmhe at a very low economic cost,
though obviously at the expense of foregone clineffiectiveness. They both perform well in terms
of distribution and feasibility. Finally, the R&Ddalition actually improves the world economic
performance, and can thus count on all regionsngitiess to participate, but achieves very little in

terms of climate protection.

Multi criteria techniques could be used to provalenore precise ranking of the climate
policy architectures analysed in this paper. A&xample, one can apply the minimax criterion to
identify the architecture that minimises the maximpossible loss across all dimensions
considered. According to this criterion, the R&Daliton policy architecture is to be preferred to
all other architectures. Given the uncertain natfr¢he issues at stake, though, a deterministic
approach could lead to misleading conclusions. Heurinvestigation based on stochastic Data
Envelopment Analysis and other probabilistic maliteria approaches, could help identifying the

set of most robust climate policy architectures.

5 Conclusionsand policy implications

In this paper, we have evaluated eight policy aechures, focusing on:

- Their relative environmental effectiveness — miead as temperature change above pre-industrial
levels in 2100;

- Their economic efficiency — measured as changesdss world product with respect to the status

quo;

- Their distributional implications — assessed hwy Gini index at the end of the century, and

19



- Their potential enforceability, measured by chesm global and regional welfare with respect to

the status quo.

These indicators are meant to provide policymakeith a clearer picture of the various

implications of some of the policy options currgrah climate negotiators’ tables.

The comparative analysis presented in the preveaesions allowed us to draw a series of

general recommendations.

First, the 2°C temperature target as envisagedhbylPCC and the European Commission

requires more drastic measures than those indicat@tithe policy architectures considered in this
paper.
Second, non-CO2 gases should also be included athengitigation options: not only would

their inclusion lead to lower temperature increagas similar concentration of CO2 in the

atmosphere, but it would also lower the costs aéting the stabilisation target.

Third, a trade-off between environmental effecte®n and economic efficiency clearly
emerges from our analysis, as does another betweeimonmental effectiveness and political

enforceability.

Fourth, the inclusion of avoided deforestation \adltes the policy cost and improves

enforceability.

Fifth, a fairer distribution of income can alsodxhieved, but the global economic loss is small
only for policies which aim at intermediate stadalion objectives, in the range of 650 ppmv CO2
equivalent (550 ppmv CO2 only). This stabilisatitarget is shown to have little impact on
economic activity, but may not attain sufficiennthte protection.

Finally, policies aiming at R&D cooperation that dot involve any carbon constraints or
taxes, are shown to have a marginal effect on téipthough a positive one on economic activity.

Thus, they are likely to be the only ones leadng global, self-enforcing agreement.

Far from providing a final and unique answer, malysis is intended as a starting point for
other critical comparisons of proposals for climptgicy agreements. Further research may adopt
more sophisticated analytical tools to accounttfi@r public perception of climate change and for

different priorities among the different dimensiauwnsidered.
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