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SUMMARY In the absence of significant greenhouse gas (GHG) mitigation,
many analysts project that atmospheric concentrations of species identified
for control in the Kyoto protocol could exceed 1000 ppm
(carbon-dioxide-equivalent) by 2100 from the current levels of about 435
ppm. This could lead to global average temperature increases of between
2.5 and 6° C by the end of the century. There are risks of even greater
warming given that underlying uncertainties in emissions projections and
climate response are substantial. Stabilization of GHG concentrations that
would have a reasonable chance of meeting temperature targets identified
in international negotiations would require significant reductions in GHG
emissions below "business-as-usual" levels, and indeed from present
emissions levels. Nearly universal participation of countries is required, and
the needed investments in efficiency and alternative energy sources would
entail significant costs. Resolving how these additional costs might be
shared among countries is critical to facilitating a wide participation of
large-emitting countries in a climate stabilization policy. The 2°C target is
very ambitious given current atmospheric concentrations and inertia in the
energy and climate system. The Copenhagen pledges for 2020 still keep
the 2°C target within a reach, but very aggressive actions would be needed
immediately after that.
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1. Wherearewe headed in the absence of climate policy?

Climate change may pose substantial risks to nlaamd human systems (IPCC, 2007). In the
absence of a policy that targets a reduction oérgreuse gas (GHG) emissions, projected “likely”
temperature increases by the end of the centurynahe range of 2.4 - 6.4°C above pre-industeakls.
The IPCC defines “likely” as a 66% chance or gregl®CC, 2007). A recent MIT study with updated

climate and socioeconomic parameters provide evgimeh

values: a 90% range of 3.8 - 7°C with a mean vafue2°C

(Sokolovet al, 2009). Glossary.
Greenhouse Gas (GHG): a gas

that affects a temperature of the
Earth.
and the range of projections over the' Zkntury is wide. Kyoto Gases: six GHGs covered

) ] ) by the Kyoto Protocol: C§ CH,,
GDP and population growth are major determinants|of nN.O, Sk, HFCs, PFCs.

Gt: gigatonne is 1 billion (19

There are many efforts to project future emissinesds

emissions growth, while increases in energy efficie(e.g.,

tonnes.
cars with an ability to drive longer distances prit of fuel, ppm: parts per million by volume,
o . or ppm, is a metric to express gas
or buildings that require less energy to heat themjl concentration in the atmosphere. It

can refer to concentration of GO

increasing costs of fossil fuels had the opposifigce on only, ppm CO, or all GHGs

emissions. Most likely, economic growth will remamajor converted to Cg ppm of CQ
. .. . . equivalent.
factor in driving up emissions, whereas the roleapulation Equivalent CO, (CO): is the
will slowly fade over time as most population paijens concentration of Céthat would
cause the same level of radiative
forecast a stabilization of the world populatiortive second forcing as a given type and

concentration of greenhouse gas.
Radiative forcing: difference
models, hence causing the uncertainty affectingeptions, between incoming and outgoing
radiation energy; the metric for
radiative forcing is watt per square
meter.

half of the 2% century. What differs most across forecastipg

—

are the assumptions concerning future GDP growhi;

availability of fossil resources; the pace and dion of

technical change, in turn affecting the cost of -lcavbon
technologies and the energy intensity of the ecgn@and behavioural shifts, affecting energy demand.
Whether or not the world undertakes significantiqyotirected toward reducing GHG emissions is an

additional uncertainty on top of various econonoicés that will play out over the century.

In the absence of a climate stabilization poligyergy-related C@®emissions (the primary GHG) are
projected to increase substantially during th& @dntury. Figure 1 shows the range of projectiona i
recent model comparison exercise organized by Eridayleling Forum, EMF 22(Clarkeet al, 2009)?
On average fossil fuel G@&missions grow from about 30 Gt €i@ 2000 to almost 100 Gt G®y 2100.

! To date, temperatures are estimated to have bisapproximately 0.75°C relative to pre-industtigar 1750)
levels.

2 The EMF 22 International Scenarios engaged tehepfvorld's leading integrated assessment modéhs) to
focus on the combined implications of differentdaerms stabilization targets, the possibility i@nsitory
overshooting of those targets, and that of pavgasus complete country participation. Four oflthils
participated with two alternative versions for tatmf 14 models.



The contribution of different regions to global ssions is more stable across models. OECD
countries contribute 15-25% to total emissions 1I0® The USA continues as one of the main emitters
among the OECD countries. However, its projectaball emissions share decreases from the current
25% to 10% by the end of the century. A major @i8RIC (Brazil, Russia, India, and China) courdrie
is foreseen, contributing by 2050 around 45-50%tadhl fossil CQ emissions. Consistently across
models, at least 25% of the total emissions ambateéd to China from 2020 onward. India, now
accounting for 10% of global emissions, reacheshenorder of 15% by mid-century. The rest of the
developing world is projected to have an increasolg, moving from 17-25% of total emissions to 25-
40%.
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Figure 1. Energy-Related G@missions projections over 2¢entury

Source: Authors calculations drawing from the ENZFdataset.

Anthropogenic C® emissions are mostly energy-related, with a cbuation from industrial
processes (mostly cement production) and land haege. Over time, energy-related emissions are
projected to grow faster than other emissions. 880 is a major contributor towards global warming,
other greenhouse gases (GHGSs) also play a suladtanie, especially methane (QH nitrous oxide
(N,0), and a group of so-called F-gases (HFCs, PR@,S&)*. Currently, non-C@gases contribute
about 25% of total GHG emissions in warming equagd over their atmospheric life span (IPCC, 2007).
CO, emissions are projected to grow faster than nop-@g@issions over the 2kentury. Among CQ
emissions, land use emissions are also an impgéahof the story. The latest IPCC report estimétat
destruction of tropical forests and peat lands rdouied 18% of global anthropogenic GHG emissions i

2004. Emissions from deforestation come primariignf a subset of tropical countries, like Brazil,

% The range in Figure 1 does not represent thaifidertainty in the models projections, rather @ a range of
the median projections from each model.

* The major sources of F-gases are air conditioriemiconductor production, electrical switchgeanrénum and
magnesium production.



Indonesia, and some countries in Central and Wegtéica. Reduced deforestation in these countries

and reforestation of temperate regions could doute to mitigation efforts.

Emissions projections, absent significant policyowh continued rapid increases in global
concentrations of GHGs. The EMF-22 scenarios disesiabove result in G@quivalent concentrations
of 800-1500 ppm by 2100 counting concentrationghef gases identified for control in the Kyoto
protocol, up from 420 ppm in 2000. Other substanedisalso affect future climate. These include the
CFCs, whose emissions are largely phased out uhdeMontreal Protocol, but that remain in the
atmosphere as a powerful contribution to warmimgl ather short lived substances some of which are
warming (e.g., ozone and particulates) and soméngpe.g., sulfates). Prinet al (2011) evaluated the
climate impacts of all of these substances fronarege of scenarios in the literature, including ¢hos
developed by intergovernmental panels (represdmtd®CC), national governments (selected scenarios
from the U.S. government Climate Change SciencgrBm, US CCSP), and industry (represented by
Royal Dutch Shell plc. In the no-climate-policy Ba€os, the C@equivalent concentrations of GHG
reach up to 1780 ppm. The Prinn et al (2011) sfiimtys global temperature increases of 4.5 to 7°C
increase above present by 2100 in the absencerddtel policy (Figure 2).
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Figure 2. Increase in global mean temperature gnesess Centigrade (relative to 2000; CCSP scenarios
green, SRES in blue, Shell in red). Source: Prirad €£011).

The study included scenarios where decisions ajjobal energy use were shaped by concerns about
the environment. As IPCC SRES scenarios have dioeg instead of explicit representation of the

policies, their scenarios A1FI, A1B, and A2 canrderpreted as those where concerns of climategehan
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have not significantly shaped energy policy. Theeas true for the Shell's “Scramble” scenario. US
CCSP has a specific no-climate-policy scenarioptiehby “REF” on Figure 2. The risks associatedhwit
these levels of temperature increase are not fulljerstood. However, existing scientific knowledge

(IPCC, 2007) justifies at least slowing down théhampogenic contribution to climate change.

The figure also includes the temperature resultsdone scenarios shaped by climate concerns. The
set from the US CCSP developed emissions scendugvel 1-4) were formulated in terms of radiative
forcings that intended to avoid exceeding spedf@, concentration targets— 450, 550, 650, 750 ppm
against a scenario without explicit policy (REFThe Shell’s “Blueprints” and “Blueprints without
carbon capture and storage (blue_excl CCS)” andR@€ B1 scenarios do not include specific global
concentration targets but they are scenarios wéregegy choices are shaped by climate change cancern
These scenarios where energy choices are shapeadinigte concerns maintain global temperature

increases to a range of just und&€ 20 under 4C above present through 2100.

2. Climate stabilization with a global participation of countries

Stabilization of GHG concentrations at levels ofthscussed in international negotiations requires
very substantial emissions cuts. Figure 3 illusgahe difficulty of reaching some proposed targess
some stringent targets are already exceeded obwiéxceeded in not-so-distant future. As can ba,se
the world has already almost passed the often-siecli450 C@ target for the Kyoto Protocol gaSes
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Figure 3. Relationship between different £@oncentration targets (Kyoto gases) and condantsain

the no-policy projections. Source: EMF-22 (Clarkale 2009).

® In some cases targets might be expressed in @romcentration of CQonly (in ppm of CQ), in others targets
include all GHGs, hence are expressed in termsgp@O, equivalent, or Cge.

® It is important to distinguish between the concatitins of all GHGs and a subset of the Kyoto gase2005,
Kyoto gases concentration was about 430 pprpeC®hile for all GHGs concentration was around gfth CQe.
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Still what are the economic costs of achieving grigal reductions? These depend on who
participates and the efficiency of the policiescdug® achieve reductions. We start by reportingdbsts
and consequences of climate stabilization assumisg called “first-best” world, with full internainal
participation, a perfect international carbon maikeluding all GHGs and foresight of future cliraat
obligations. In reality, departures from all or mpaof these assumptions are likely to occur and doul
result in potentially higher economic penalties amefficiencies of various kinds. Nonetheless saoh
ideal case is useful to understand the basic dysawofi the system and to have a benchmark for the

discussion of more realistic cases.

It is important to distinguish between who is intuy the cost of mitigation from who is actually
implementing mitigating activities. For example,tigation can happen in developing countries, but it
can be financed with some offset scheme financeddwgloped countries. Allocating internationally a
given amount (typically determined by the stabtlizma target) of allowable emissions is going tceaff
the cost and who pays. This distributional issueldidse extremely relevant both in the case of taxebs
in that of permits. There are many ways to distabthe shares of emissions reduction among
participating countries. One can propose reducti@s®ed on equal percent reduction, or GDP pera;apit
or population, or emissions intensity, on histdriegponsibility or many other alternative wayseféis
a vast literature that analyzes these types ofdsusgtharing schemes. As any of the schemes be(wfits
imposes the cost on) countries unevenly in diffei@spects of socio-economic indicators, there is no
unique formula that would satisfy all participatioguntries. It is sometimes argued that in ordee&zh
global economic efficiency (i.e., reaching a taraiea lowest global economic cost), emissions shbal
priced at same rate across different countriess €an be achieved by imposing the same GHG price
across the countries through a system of carbogstax by allowing a full trade in emissions peamit

among all countries and all sectors of the ecodfomy
(i) Emissions and Emissions Prices

Emission reductions and carbon prices resultshferdifferent models and under the different targets
are reported in Table 1. In the EMF-22 exerciseglbbal carbon price in 2020 that would be in krigh
a 650 ppm C@?® target ranges between $3 and $20 per metric t@0sf(in year 2005 dollars). Carbon
price increases to 10-52 2005%/tO@hen considering 550 ppm G®target. Allowing for overshooting
the target and then bringing back emissions tG8teppm target by the end of the century, woulddri
the price in 2020 down to 4-51 2005%/tC@/hen considering the 450 ppm gQarget only two models

find a solution for the target when no overshoaotllewed; for this two models the price is aboveé 10

" For a discussion when emissions trading may,darescountries, lead to a decrease in welfare (at to
macroeconomic consumption) due to the terms-ofeteftect, see Babiket al (2004). A discussion of a similar
potential welfare worsening in presence of extatiral(e.g., energy taxes) can be found in Paksel/ (2007).

® As we are reviewing the “first best” world we assaming that all GHGs are taxed. Hence we use @e C
equivalency to aggregate all GHGs.



2005%$/tCO2. When overshooting is considered, hiathe models are able to find a solution with the
price of carbon ranges between 15-263 2005%/tCO

Change in CO2 EmissionsChange in COZ2 Price of Carbon in 2020
in 2020 relative to 2000 | Emissions in 2050 (2005 USD per ton C)*
relative to 2000

450 ppm CO2¢g -67% to 31% -13% to -92% 15-263 2005 USD ton C|
(36% of models)

550 ppm CO2e -4% to 50% -67 % to 52% 4-52 2005 wsiC

650 ppm CO2e 30% to 57% -16% to 108% 3-20 2005 wHiC

*Ranges included the overshoot and not-to-exceed cases.

Table 1. Change in G@missions and price of carbon in 2020. Sourcehénstelaboration of the EMF-
22 dataset.

The reason why models are less capable of findifegsible set of actions for more stringent targets
resides in the fact that we are already very ne&50 ppm C@e. Staying below 450 ppm G©would
require an immediate and almost complete de-cazhton of the economy. This, under realistic
assumptions, is likely to be technically unfeasil8enilarly, going back to the target after ovestiuy
implies large deployment of negative emissionsretigies. Not all models envision the deployment of
technologies enabling us to remove £&m the atmosphere (for example, biomass powaemggion
coupled with CQ capture and storage). These technologies deplayed massive scale would allow

bringing down concentrations emission pathways iatéhe century

As the “first best” assumption allows for the ftrhding in emissions permits, the 2020 carbon price
will increase over time at a discount rate becadigerfect substitutability of trading in emissigmarmits
and other financial instruments. Different modelgrgups assume different discount rates, usualtiién

range of 3-5%, so the carbon price would also eseover time at the same rate.

Looking at emission reductions needed to be in lin#h the different targets (first and second
column in Table 1) it is important to notice th&dr the near- and medium-term, there is not much
difference in appropriate emission prices for 566 850 ppm—but very large emission reductions are

required, even in the short run for the 450 ppmeC&aenario.

® Currently, these negative carbon technologieigtely speculative. For a discussion concerningpihiential role
of bioenergy and carbon capture and storage teobiasl on the costs of stringent policy see TavodiEol (2010).
For a discussion about potential technological @s@homic obstacles for air capture technologieseagan
(2010).



(i) Policy Costs

The carbon price might be a misleading indicatortii@ economic cost of climate policy as it does
not univocally translates in macroeconomic or welfampacts (for a detailed discussion, see, for
example, Appendix B in Paltseat al, 2009). Indeed economists usually measure theisagrms of
welfare loss (or loss in consumption measured as/algnt variation, that roughly can be interpresesd
the macroeconomic combination of the cost of produwith more efficient technologies, or cleanet bu
more expensive fuels, the forgone benefits to Hoalds from cutting back on energy use, etc.). Gax3 |
is another popular measure for the cost of a potisynany of the models used for climate policyyais
do not report welfaf Most of the studies focus on emissions mitigatiosts as climate benefits and

potential ancillary non-climate benefits of GHG igittion are much more uncertain.

EMF-22 reports the net present value of GDP calt€gunted at 5%) in the range of $2-24 trillion
(year 2005 US dollars) for 650 ppm @Cstabilization, in the range of $16-45 trillion0&$ for 550 ppm
CO.e stabilization, and $55-125 trillion 2005% for 4ppm CQe stabilization (losses as shares of the

world GDP in net present value are discussed iméx¢ section).

US CCSP (Clarket al, 2007) does also reports the cost of climate p@ga percentage reduction in
the global GDP, but rather than a net present gaheports the loss in different periods of timbe Tost
stringent stabilization level in this study is rbiygequal to 550 ppm C® (450 ppm when only GO
contributions are considered). The loss of the av@DP in comparison to a scenario with no climate
policy is in the range of 1-4% in 2040 and 1-1692100.

Emissions pricing will induce emissions reductionghe sectors where these reductions are cheapest.
Models have different views about the timing of ssions reduction, but most of the projections agree
that the power generation sector will be the faga where less-carbon-emitting (e.g., natural gas)
almost-zero-carbon-emitting technologies (e.g.,learc hydro, renewables) are introduced because of
various economic substitutes that already existthis sectol’. Less-emitting technologies in
transportation (e.g., gasoline/electric hybrid eédd, more fuel efficient conventional vehiclesdan
energy-saving technologies in buildings and industre also promising, but currently look more
expensive. Substantial reductions in GHG emissiomgriculture and cement production are also gpstl
but to achieve climate stabilization, emissionarfrall sectors of the economy need to be reduced
drastically. For more stringent climate stabilinatiargets, the reductions are needed to begimeimear
future, and if the models are correct, some vergiaous targets (i.e., 450 ppm G&) might be already
out of reach. Previous economic analyses have a&imthat there may be significant and relatively

inexpensive and cost effective opportunities fastgcting and enhancing global forest carbon stocks.

12 As GDP measures not only consumption, but als@gouent spending, investment and net trade, ésis |
satisfactory indicator of cost of a policy. For #ubchal discussion, see Appendix B in Paltgeal (2009).

1 Jacoby et al (2012) provide an assessment obtaef natural gas in a potential U.S. climate plionsidering
recent shale gas development.



Linking REDD (Reducing Emissions from Deforestatiand forest Degradation) could be extremely
beneficial as it is a low cost carbon abatemenbdppity, although several implementation issueslido
need to be overcome. Deforestation mitigation cémbeer the total costs of climate stabilizationipis

by around 10-25% depending on the policy scenand, could enable additional reductions of about 20
ppm CQe with no added costs compared to an energy-seotpmpolicy (Bosettiet al, 2011). However,
most of rainforest countries have not yet develofier implementation capacity for monitoring and

enforcing country scale projects and this mightidisi the role of REDD in the next decade.

Deferring the bulk of mitigation action to laterrjpels can make sense if we are optimistic about the
availability, cost and speed of deployment of lawissions technologies. A further degree of freed®m
represented by negative emissions technologies.eMemyrelying on a technological future which might

not evolve as expected comes at a risk of missiagarget completely.

3. Incomplete participation and delayed action

Carbon prices as well as mitigation costs depeititalty on assumptions about (1) innovation and
the availability of low-carbon alternatives to centional fossil fuels, (2) flexibility of substiion within
the energy-economic system, (3) the credibilityubéire policies that triggers long term investmesntsl
(4) the immediate action of all countries or of aragmitters. In this section we investigate theéelat

crucial assumption and how it might influence ressptesented so far.

For a given stabilization target, delayed globaioacimplies a higher post peak reduction rate.r6ho
term inaction would then result in a required patcde-carbonization so rapid that replacement pitah
would need to be abrupt and very costly. Only unidher optimistic assumption of large-scale £O
removal, the tradeoff between costs and timing afoa can be less severe. If the world continues
according to business-as-usual until 2030, statibn at 550 ppm C@ will no longer be possible,
according to most models. The target might stilfésesible if ambitious mitigation policies at gldlsaale
are postponed until 2020, but this delay could suttiglly scale up global mitigation cost. Climataicy
aiming at 450 ppm Cg target leaves even less leeway for a delay oparative mitigation action
(Edenhofert al, 2009).

Rather than complete global inaction, more likely will face asymmetry of actions across world
regions. Significant mitigation actions are plantedake place in some developed countries within t
next decade (e.g., the EU has committed to the 28&8action below 1990 levels target by 2020).
However, it is unlikely that emerging economies|wilake substantial emissions reductions in the

coming decade.

Even asymmetric participation may rule out soméhefmore stringent targets, while scaling-up the

global costs of those stabilization scenarios #tidit remain feasible. Inaction in developing caisg



clashes with the fact that the bulk of emissionghi@ next decades will be coming from non-OECD
countries. If CQemissions are not regulated in some major emitmagtries, two inefficiencies arise. A
static inefficiency, as mitigation does not takegel where mitigation costs are lowest. A dynamic
inefficiency, as unregulated countries are thosere/lmost of new investments will take place. Invest
instead in fossil technologies, fast growing comsteventually lock-in in these long-lived techrgés
(e.g., a new coal plant may be in use for 50 years) later conversion to low-carbon technologies
becomes more costly, or simply impossible if eatrapping is deemed unfeasible. Finally, non-
participating countries might react to lower foskikel prices, deriving from the contraction in the
demand, and increase their emissions, thus partéhetting the environmental benefit of early raos:
One solution frequently pointed out by economisthis use of incentive systems (as for example an
evolution of the Clean Development Mechanism) tdute reductions in developing countries while
limiting leakage (see Bosetti and Frankel, 2009, dodetailed discussion of political feasibility of

alternative targets).

For a more detailed discussion we report againiteefwm to the latest Energy Modeling Forum
exercise (EMF-22, Clarket al, 2009) that looked extensively into the issuesynametry of participation
to a climate agreement and how this would affeetfdasibility of stabilization scenarios as wellths
costs. Figure 4 reports the results in terms ofgrarage of loss in the world GDP (in net presehie)a
for different models, different targets, differemmission pathways (including and excluding

overshooting), and for different levels of partafijon (full and delayed).

The key result, consistent across models, is w850 ppm Cg& stabilization scenarios is basically
unfeasible if only OECD coalition immediately untée mitigation action, while BRICs and the rest of
the world remain on their business-as-usual path 2030 and 2050, respectively. Half of the models
cannot find a feasible set of investment actiomshe 550 ppm C& scenario as well, when participation
of developing countries is delayed. Overshootingob®es critical for the feasibility of this intermaté
target and the price of carbon that OECD counfédes in 2020 increases, in average, by a factthreg.
There is a wide range of disagreement across modefgending on assumptions about flexibility of
substitution across technologies and, once morethenassumptions concerning the availability of
negative emissions technologies (green versus tolarkers in Figure 4 distinguish models with and

without bioenergy with carbon capture and stor&§edS) technologies).
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Tavoni and Tol, 2010.

More generally, the set of technologies that weél dvailable and the speed at which they will be
deployed significantly affect not only the costsasfy climate policy, but also the time we can wait
without entering an irreversible path. The stridteg climate objective or the later the mitigatieffort
starts, the more we will need to resort to techgiel® which have potential implications that we hage
yet fully understood. This obviously requires aefakr and realistic estimation of the costs and ipidés
of these technologies, the research developmentdamdnstration requirements to make them available
with a reasonable level of certainty, and the ptidébarriers and external costs that might bedohito

their deployment on a large-scale.

How do projections we have discussed so far compaihethe current state of climate negotiations?
Instead of an ideal global system, countries agoeedubmitting their “pledges” during the meetinigs

Copenhagen in 2009 and Cancun in 2010, where niasveloped countries submitted their emissions
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reductions targets relative to emissions in 199002 or 200%. Brazil, Mexico, Indonesia, South Africa
and South Korea proposed the reductions relativiadis business-as-usual emissidnand China and
India submitted carbon intensity reduction targets, CQ emissions per unit of GDP). Some of the
pledges have conditions attached, such as thegmwavof finance and technology or ambitious actions
from other countries; some pledges were providethages. This leads to a degree of freedom in their

implementation and a range of potential outcomé®erahan a single estimalfe.

The implications of these pledges for 2020 glolmissions will hence depend on what pledges are
implemented and what rules will be applied. Manigstific groups have estimated global emissions in
2020 based on the Copenhagen Accord pledges. T BRfission Gap Report (den Elzetral, 2010)
collects these estimates and shows that, on ong leamssions in 2020 could be as low as 49 G&O
(range: 47-51 GtCe) when countries implement their conditional pkgign their more stringent
declination. On the other hand, they could be ah ks 53 GtCe (range: 52-57 GtC@®) when

countries implement unconditional pledges in thaire lenient declination.

Emission pathways consistent with a “likely” chamfaneeting the 2°C limit generally peak before
2020, have emission levels in 2020 around 44 G#C@ange: 39-44 GtC@®), have steep emission
reductions afterwards and/or reach negative emmssio the longer term. Hence, the ranges implied by
Copenhagen pledges do not necessarily rule ol2°fhdarget, as the two ranges are not severelgrdist
from one another. However, as previously discustez/arger the overshoot will be, the faster the d
carbonization in the second half of the century Wwé needed, with all the implications that we have

discussed above.

The consideration that the 2° C target could beobutach should not be a reason to inaction. Even
limited actions towards reducing GHG concentrati@sailt in a substantial reduction in risk of exdiag
a certain temperature threshold. Table 2 (adapted Websteet al, 2009) illustrates the benefits of at
least some mitigation actions in comparison torthv@ction scenario. For example, stabilizationGft 8
ppm reduces the probability of exceeding 4°C in@t07 percent from 85 percent in the no-policy
scenario. Therefore, even a limited action direetie@HG reductions by a subset of regions will

appreciably reduce the probability of more extréevels of temperature increase.

2 Typical targets for developed regions like the UERJ, Canada, Japan are in the range of 20 peGidfx
reduction relative to 2000 levels.

13 Targets expressed with respect to baseline emissie particularly tricky as they can be intergién very
different ways depending on the baseline projectidopted.

1 The reader is referred to the UNEP website fooxarview of all pledgebttp://www.unep.org/climatepledges/
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11260 o predndustrinl)
No Policy at 1400 100% (100%) 85% 25%
Stabilize at 900 (L4) 100% (100%) 25% 0.25%
Stabilize at 790 (L3) 97% (100%) 7% < 0.25%
Stabilize at 660 (L2) 80% (97%) 0.25% < 0.25%
Stabilize at 550 (L1) 25% (80%) < 0.25% < 0.25%

Table 2 . Cumulative probability of global averageface warming from 2000 to 2100 (400 MIT IGSM

forecasts per case). Source: Webster et al (2009).

4. Who bearsthe costs of abatement?

As discussed in the previous section, the curreaie ©of climate negotiations does not give high
hopes for universal participation. When regionseoconomic sectors are excluded, the costs of meeting
the global target are higher in participating coigst for any given emission target. When policy
instruments deviate from an idealized economy-viEddG tax or pricing, the costs of meeting a target
also increase substantially (for a discussion W@l pricing or cap-and-trade system is replacetl wit
renewable energy requirements, see, for example;idvid al, 2010). Absent near universal participation,
stringent climate stabilization goals are quitetlyoer not achievable, because economic activitgt an
emissions would shift to nations that do not sipe higreemeft Even with all nations taking on
commitments, the policies would require a complgstem of financial transfers to simultaneouslyfsti
widely-discussed burden-sharing goals. Ultimatalifferences in the costs of abatement between
countries will depend on their energy, industriadl agricultural systems (that would determine nreali

costs of abatement in the sectors), emissionsaditots, policy instruments, and financial transfers

Two interacting equity concerns would have to beltdeith in seeking the global emissions goal.
First, incentives and compensation for developiogntry participation will be required, consisterithw
the principle of common but differentiated respbilgies. Second, since mitigation costs and

compensation payments by developed countries willsbbstantial, they also will need to find an

!> Most studies report carbon leakage from the Kyrrtocol targets being in the range of 5-15%. Fdisaussion
of estimates of carbon leakage, see IPCC (200Tipgetl.7.2.1 at:
http://www.ipcc.ch/publications_and_data/ar4/wg3tah1ls11-7-2-1.html
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acceptable burden-sharing arrangement among thessseBimple emissions reduction rules are

incapable of dealing with the highly varying circstances of different countries.

Successful climate negotiations will need to beugded in a full understanding of the substantial
amounts at stake. For example, for 50% global eamsseductions by 2050 relative to 2000, Jaceiby
al (2009) show that if developing countries (includi@hina and India) are fully compensated for the
costs of mitigation in the period to 2050, then #verage welfare cost to developed countries israto
2% of GDP in 2020 (relative to reference leveBing to 10% in 2050. The implied financial transfare
large—over $400 billion per year in 2020 and ristogaround $3 trillion in 2050. The United States’

share of these transfers is $200 billion in 202@, @ver a trillion dollars in 2056

With less than full compensation the welfare burdendeveloping countries would rise, but the
international financial transfers would remain ofprecedented scale. It is an extreme assumptidn tha
developing countries will demand complete compeéosatf, as is likely, they are willing to bear sem
costs, then the welfare burden on the developedtdes will be reduced. Also, the burden is lowered
somewhat if compensation only covers direct mitayatcosts and not other losses associated with the
policy, as might come through terms-of-trade eHfett the process the required financial transéees

reduced as well, but they remain ldfge

In general, the cost of mitigation is higher in igyeexporting countries, while energy-importers éiav
some counter-effects in terms-of-trade due to atdwassil fuel prices that allow them to reduce tbst
of participation. The welfare costs can be bothstatial and wildly different across regions depegd
on the allocation methods and policy instrumentssefi®. What makes matters worse is that climate
change related damages vary wildly as well but wvery different way, adding up to the complexity of
the problem. For success in dealing with the clnthteat any negotiation of long-term goals antp&d

achievement need to be grounded in a full undedstgrof the substantial amounts at stake.

18 Given large budget deficits at present, thesesfesims seem even more unrealistic. Even one of tpeghagen
Accord goals of $100 billion per year by 2020 fimate financing from “a wide variety of source€esns quite
guestionable at this point, which illustrates ardegf difficulty to reach a global agreement whemeloping
countries are expecting to get help with GHG eroissimitigation.

n this case the annual financial transfers taetigping countries are lower by $77 billion in 2026 by $108
billion in 2050 (Jacobyt al, 2009).

18 Higher the deviation from the “first-best” instrents (such as universal carbon taxes), largerdses are.
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5. Conclusions

We summarize below main conclusions.

Without significant emissions mitigation actionfietlikely atmospheric temperature
increase is projected to range between 2.5 and I8y Be end of the century. The risks
associated with temperature increases above 2°(hatrdully understood. Existing
scientific knowledge justifies at least slowing dowhe anthropogenic contribution to
climate change.

The 2°C target, the goal identified in the Copemmagccord (COP 15) and reiterated in
the Cancun Agreements (COP 16), is very ambitioieng current atmospheric
concentrations and inertia in the energy and cknsgstem. The Copenhagen pledges for
2020 still keep the 2°C target within a reach, ety aggressive actions would be
needed immediately after that.

In 2000 global GHG emissions were about 40 gigaenr{Gt), a successful
implementation of the Copenhagen Accord is expetdagsult in about 50 Gt in 2020.
To be on a 2°C target path, by 2050 most modelggréhe global emissions in the
range of 15-20 Gt. Some models envision a develaprok (still unproven) negative
carbon technologies that would allow the postpomgraeésome mitigation action.
Postponing the mitigation actions, especially iregging countries where large portions
of energy capital is being installed for the fitshe, can be very costly. Extra cost
associated with the delayed actions increases inearly with the stringency of the
target, and some more stringent targets becomasitle if action is postponed.

To reduce the cost while achieving an equitableisgaf them, decisions about where
emissions reductions are taken and how they ackfpaishould be separated. Emission
mitigation should take place where it is most éfit. Equity considerations can be
addressed through agreed upon mechanisms that iresansfers from those better able
to pay to those with less ability to bear thesdscdsegotiating such a transfer scheme is
likely one of the most difficult aspects of reaadhegreement.

A global carbon tax starting at 20 USD in 2020 asihg at 3-5 % per year would be in
line with more lenient targets. Even these lesgigetargets can still substantially reduce
the risk of reaching high temperature increases.

Innovation, both on energy efficiency and altewminergy sources, is needed. Carbon
pricing (e.g., carbon taxes or a price establighedugh a cap and trade system) would
provide a signal to trigger both innovation and@am of technologies needed for a low

carbon economy.
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