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abatement from reduced deforestation for the emissions market inl20R@Ag a numerical
equilibrium model of the global carbon market with a numerical modgieoforestry sector,
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countries to tighten their carbon constraints without increasinigatidn costs. Regarding
uncertainties of this future carbon abatement option, we find bothtrfotesnsaction costs
and deforestation baselines to play an important role for the post-Kyoto carbon market
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1 Introduction

This year's assessment report of the Intergovernmental PanelirnateC Change (IPCC)
reemphasized the urgency of combating climate change by dtaintgontinued greenhouse
gas emissions at or above current rates would cause furtheringaand induce many
changes in the global climate system during the 21st centiR¢€C, 2007). As the primary
causes of climate change the report highlights fossil fuel ndeland use change, both

leading to increased carbon dioxide concentrations in the atmosphere.

Assessing future strategies for solving the climate problemal®and Socolow (2004)
propose a set of options to reduce global carbon emissions within th&Mhgears. One
prominent option among the 15 proposed strategies is reducing trdgfoe¢station and the
management of tempera@nd tropical forests. Emphasizing the importance of early
international action for limiting global warming, the Stern Rewieecently suggested
emissions reductions from avoiding deforestation as a key elemeatstéffective future
climate policy (Stern, 2007). Forests play a twofold role in alenchange by sequestering
large quantities of carbon: while growing trees absorb carbon diéeinethe air and store
carbon by the process of photosynthesis, forests can become a magomsnsource when
the stored carbon is released into the atmosphere by means siff degradation and
deforestation activities. Most commonly, the latter imply the log@ir burning of rainforests
for the production of wood and non-wood forest products or for agriculaurdluse. Recent
studies estimate the net annual forest loss in Africa alonentwra to 4 million hectares,
implying that the continuing decline of primary rainforest in tcapiregions is a matter
growing concern (FAO, 2007).

Heal (1999) analyzes economic mechanisms through which goods and spreigded by
tropical forests and their biodiversity could be marketed. As one misaomde discusses the
financial compensation for carbon sequestration services of faradexr an international
climate agreement, arguing that this could generate incomesruogigleto radically change
the incentives for forest conservation. Supported by the CoalitiorRéinforest Nations,
Papua New Guinea recently proposed to address reducing emissiondefiorestation and
degradation (REDD) within the international climate regime (GRE, 2005). While under
the Kyoto Protocol only afforestation and reforestation activitieshlgible for crediting the
associated carbon abatement, this proposal suggested that developingsaugtit commit
to reducing emissions from deforestation — in exchange forviegetradable carbon

abatement credits and participating in international post-Kyoto emissionsgtradi



Over the last decades, the most important obstacle for thenrapiation of ambitious
climate policies has been the associated mitigation costhieAmast prominent example, the
long drawn negotiations of the Kyoto Protocol eventually allowed biseesisual
emissions and imposed negligible compliance costs of regulation (@éhand Vogt, 2003).
Thus, a viable and environmentally effective strategy for futureaté policy has to be
economically attractive at the same time. Against this backgl, the World Bank has
proposed Forest Carbon Finance as an “ungrasped opportunity” of rediminad carbon
emissions at low costs (Chomitz et al., 2007). As the margina émsteducing carbon by
reducing tropical deforestation are expected to be far loweretlssions abatement options
in industrialized countries, the latter could finance farmers opidal regions for forest
conservation rather than pursuing costly emissions abatement afftwasne. Given the low
economic returns of agricultural land use in tropical rainforegtons, such incentive
payments for avoiding deforestation could at the same time bénefideveloping world.
Moreover, they could pave the way for developing countries to actafedypart in emissions
reduction efforts within an international climate policy regime (DutschkieVdolf, 2007).

The economic aspects of international emissions trading have ssessad in a number of
previous quantitative studies on the Kyoto Protocol and the EU EmisBiadsng Scheme
(EU ETS). These studies employ both partial and general equalibmodels to illustrate the
economic efficiency gains from “where-flexibility” of dawn abatement or highlight the
welfare costs of restricting emissions trading to enemggrsive sectors of the economy
(Weyant and Hill, 1999; Boéhringer et al., 2005; Klepper and Peterson, 200§3r (2007)
shows that parallel carbon trading within the EU ETS and amongKyost- governments
can yield considerable efficiency gains, and increase the econopartance of project-
based emissions reductions in developing countries via the Clean Devetddeshanism
(CDM). Regarding the role of deforestation in international ckmatlicy, several studies
assessed the relationship between tropical deforestation andecthenge as well as the
institutional aspects of including forestry activities in a gogtto agreement (Moutinho and
Schwartzman, 2005; Schlamadinger and Bird, 2007; Amano and Sedjo, 2006). The
guantitative economic literature assessing deforestation incthtext of climate policy is
comparably scant. Linking a forestry model to a climate-econoraglein Sohngen and
Mendelsohn (2003) analyze the role of forests in greenhouse gas iontigaedicting forest
sequestration to account for about one-third of global carbon abatentant thie next
century. Tavoni et al. (2007) study the contribution of forestry maneageto long-term C®

stabilization policies, finding that increased forest sequestratuld significantly lower the
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global costs of climate policy. While these studies featuserang integration of modeling
frameworks, they analyze the implications of deforestatiorhgtobal carbon market rather
implicitly, representing international emissions trading in dz&¢g manner (e.g. by means of

a global carbon tax).

Against this background, this paper explicitly studies the imptinatiof crediting carbon
abatement from reduced deforestation for the post-Kyoto carbon mBrkiting on the
proposal by the Coalition for Rainforest Nations, we quantitatieslyess the economic
impacts for industrialized and developing countries in the year 2020. S aithiwe link two
numerical equilibrium models at the global scale: a dynamic nafdéke forestry sector and
a static model of the world carbon market. By simulating theorese of the forestry sector to
changes in future carbon prices, we generate marginal cosiohséor carbon abatement
from reduced deforestation. These cost functions are incorporatedhie carbon-market
model that covers international emissions trading on two levelsn (ihe government level,
as facilitated by a post-Kyoto climate agreement and (ithencompany level, as facilitated
by the EU ETS and a future linkage to emerging schemes ouEsidgpe. Within our
integrated model framework we are able to explicitly addtessarbon permit trade flows
generated from reducing deforestation. Furthermore, we assess fidreunexplored carbon-
market implications of uncertainties in transaction costs ofstoreprojects as well as the
baseline against which reduced deforestation is measured.

The remainder of this paper is structured as follows. In sectwe present the numerical
model framework for our analysis. Section 3 specifies illusgascenarios of post-Kyoto
climate policy in 2020. In section 4 we present our quantitative simwla¢sults, and in

section 5 we conclude.

2 Numerical modd framework

For our quantitative assessment of reducing deforestation andgtrachissions in 2020 we
subsequently present our two numerical model frameworks: a dynawdiel of the forestry

sector and a static model of the world carbon market.

21 Moddlingtheforestry sector in tropical regions

In order to simulate the response of the forestry sector to ebamduture carbon prices, we

employ the dynamic partial equilibrium mod@eneralized Comprehensive Mitigation

3



Assessment Proces3COMAP (Sathaye et al., 2005). This model explicitly analybes t
carbon benefits of reducing deforestation in tropical rainfocesintries. It establishes a
reference case level of land use, absent carbon prices, for 2000 to &ir@0Osbrulating the
response of forest land users (i.e. farmers) to changes in priéesest land and products,
and prices emerging in carbon markets. The model’s objectigeestimate the land area that
land users would plant above the reference case level, or presenbéing deforested, in
response to carbon prices. As a result, GCOMAP estimates tlobarajes in carbon stocks
while meeting the annual demand for timber and non-timber produetsthis study we
model four tropical rainforest regions: Africa, South-East AGiantral America and South

America.

In order to assess the role of institutional barriers for éngditarbon abatement from
reducing deforestation, we investigate the impact of transactids obdorestry projects
(arising e.g. from the associated search, negotiation or insucast®) on the carbon-price
response of the forestry sector (see Antinori and Sathaye, 2007).sTairthi we conduct
Monte-Carlo simulations of carbon stock changes resulting froegq@esce of carbon prices
in 2020 for a large interval of transaction cost levels. Moreoverstady the implications of
the baseline against which reduced deforestation is measurethefolevel of carbon
abatement in the forestry sector. As in the case of traosamists we employ Monte-Carlo
simulations of carbon stock changes resulting from a sequencebohgarices for a large

interval of deforestation baseline levels for the tropical rainforggtmeSouth America.

2.2 Modédling the global carbon market

In order to quantitatively assess the carbon-market impactsdating deforestation we
employ a numerical multi-country, two-sector partial equilibrionodel of the global carbon
market in 2020. For each region, the model incorporates calibratggihalaabatement cost
functions for energy-intensive and non-energy-intensive sectors. Buibdirthe modelling

framework of Anger (2007), it features parallel carbon marogt§) companies covered by
the EU ETS and emerging schemes outside Europe as we)l pas{iKyoto governments in
2020 and accounts for emissions reductions via the CDM. The objectitie aiddel is to

minimize compliance costs of carbon regulation by means of ini@nademissions trading.

An algebraic model summary is given in Anger (2007).

To generate marginal abatement cost (MAC) functions by regmuh sector we use data
simulated by the well-known energy-system model POLES (Cequal., 1999), which
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explicitly covers energy technology options for emissions al&tem various world regions
and sectors for the base-year 2020. In the POLES simulations asegiearbon taxes (e.g.
0 to 100 US$ per ton of carbon) is imposed on the respective regionngesuhssociated
sectoral emissions abatement. The coefficients for MAC functio2€20 are estimated by
an ordinary least squares (OLS) regression of tax levelsragginal abatement costs) on
associated emissions abatement. Following Bohringer et al. (2006)yder to assure for
functional flexibility a polynomial of third degree is chosen las functional form of MAC
functions® For regionr and sectoi this results in the following equation (note tiE4S and

NEISdenote energy-intensive and non-energy-intensive sectors, respectively):
-MAC, (&)=L, (¢ —&)+8: (8~ +B: (,&~ & €))

with MAC, as marginal abatement cost in regiorand sectori C{EIS, NEIS, £, B,
and g, as marginal abatement cost coefficiergs, as baseline emissions level in 2020 and

e, as emissions level after abatement. Table 5 ineAgx A.1 shows the resulting least-

square estimates of MAC coefficients by region sector in 2026.

We generate MAC functions for reducing deforestaty imposing a sequence of carbon
prices (here: 0 to 100 US$ per ton of carbon) iar foopical rainforest regions with the
GCOMAP model: Africa, South-East Asia, Central Aroarand South America. This results
in a sequence of regional net carbon stock chaageshe corresponding carbon emissions
reductions due to avoided deforestation. Basedheset price-quantity pairs we are able to
estimate the coefficients of regional MAC functidns2020 by means of an ordinary least
squares regression. Regarding transaction codtweastry projects, we choose the 5 and 95
percent quantile values (implying high and low saction costs) from the results of our
Monte-Carlo simulations of carbon stock changesafsequence of carbon prices in 2020 and
estimate the respective cost functions. FinallgsehMAC coefficients are implemented into
the carbon market model by covering tropical raiesb areas as explicit model regions.
Within this linked model framework, tropical raimést regions may export emissions
reduction credits from reducing deforestation tdustrialized world regions via the global
carbon market. Table 6 in Appendix A.1 presents éeemated marginal abatement cost

1 We use the OLS approach as a standard estimatibnitjue, which for our data yields parameter estons
with a high overall goodness-of-fit. Clearly altative estimation approaches and functional formddcbe
chosen here.

2 The marginal abatement cost coefficients havddaf@wing units:

B, [(€2005/tCQ)IMICO;], B, [(€2005/tCQ)/(MICO,)*] and fy;, [(€2005/tCQ)/(MICO,)?.
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coefficients of avoided deforestation (for the sasthigh and low transaction costs) for the

four tropical regions in 2020.

2.3 Incorporating carbon market data

We incorporate three further inputs into our carbuarket model: baseline emissions,
emissions reduction commitments and emissions ale® allocations associated with a
potential post-Kyoto climate policy regime. Baseliror business-as-usual (BAU), carbon
dioxide emissions trajectories are based on varrérfuat al. (2006) who provide a nationally
downscaled dataset from the implementation of dlé®&C-SRES scenarios (IPCC, 2000)
into the environmental assessment model IMAGE 2.2.

Emissions reduction targets

In order to analyze future climate policy scenamasfirst have to assume regional emissions
reduction commitments for the year 2020. UnderKigeto Protocol, industrialized countries
(listed in Annex B of the agreement) committed wb their greenhouse gas emissions by 5.2
percent on average during 2008-2012 as compar&fa0 levels (UNFCCC, 1997). The EU
Kyoto target of eight percent was then redistriduig an internal Burden Sharing Agreement
among EU Member States (EU, 1999). Motivated byaitsbitious current climate policy
goals the EU is assumed to commit to a 20 peragargseons reduction versus 1990 levels in
2020 (EU, 2007a). We adopt the burden-sharing agpralso for this more ambitious future
EU target, so that the aggregate EU commitmentfettevely 27.2 percent versus business-
as-usual emissions levels in 2020 implies very rbgeneous effective reduction targets
across EU Member States. Given the leadershipofaterrent European climate policy, non-
EU regions are assumed to commit to less stringi@mngsions targets. Canada and Japan, who
have ratified the Kyoto Protocol, both assume g@@ent effective reduction target versus
business-as-usual emissions levels in 2020. Thenwvoratifiers Australia and the United
States commit to an effective reduction target iy dl5 percent. Having received excess
emissions permits under the Kyoto Protocol, Russassumed to hold its emissions constant

in 2020, so that the phenomenon of “Hot Air” is eatstent

% Our assumption of an existing binding internatiagreement in 2020 building on the Kyoto Protocol
abstracts from long-term stability aspects of sagteements. For a comprehensive introduction ilated
game-theoretic approaches to international envieomial agreements see Finus (2001).
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For non-Annex B regions no emissions reduction camants are assumed, as developing
countries have so far refrained from assuming aongntified targets under the Kyoto
Protocol. As the inclusion of these countries urther CDM or a regime crediting reduced

deforestation requires a baseline, developing regéwe assigned their BAU emissions.

Table 3 in Appendix A.1 lists regional carbon dixiemissions from energy and indudty

1990 (the reference year of the Kyoto commitmerts)vell as projected emissions for 2010
and for 2020. The table further shows the resukimgssions reduction requirements in 2010
(the central year of the first Kyoto complianceipg)y and 2020 versus 1990 emissions levels,

as well as the effective reduction requirementa0a0 versus BAU emissions levels in 2020.

Emissions trading schemes and the allocation afaihces

As the most prominent instrument of current Europelmate policy, the EU Emissions
Trading Scheme (ETS) is operating at the instalfatevel in a “warm-up” phase since 2005
(EU, 2003). An important characteristic of the sukeis the exclusive coverage of energy-
intensive companies. More recently, the EU hasgseg to strengthen the European ETS by
linking the scheme to emerging trading systems he@yBurope in order to more cost-
efficiently achieve its climate policy objectivelsY, 2007c). At the same time, several non-
EU countries such as Canada, Japan, Australiah@ndnited States are contemplating the set
up of domestic ETS with the intention of linking tgpthe EU ETS (see CEPA Environmental
Registry, 2005; Japanese Ministry of the Environitn@004; Point Carbon, 2006; RGGI,
2007). As these schemes are also expected to omaialy energy-intensive companies, the
EU ETS may form the nucleus for a gradually expagdjlobal emissions trading system for

energy-intensive industries.

A central input for our policy assessment is thecaltion of emissions allowances for EU
Member States and linking candidates, which specidin overall cap on emissions for those
installations covered by the respective tradingeswds. Here, we assume that the EU
continues its predominant grandfathering methad {ne free allocation of allowances) to the
covered installations in 2020. Numerically, emissi@allocation can be described by so-called
allocation factors, i.e. the fraction of baselimeigsions that are freely allocated as allowances
(Bohringer et al., 2005). In order to derive allbaa factors for EU Member States in 2020
we build on empirical allocation data for the setdrading period of the EU ETS (2008 to
2012) as published in the National Allocation PlEineach Member State, and on recent

* Note that in our analysis Australia is approxinddtg the model region Pacific OECD.
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emissions projections for 2010 (EU, 2007b). Forfthare trading period in 2020, we assume
that the relative allowance allocation is decredsg@0 percent as compared to the second
trading perioc. This yields regional EU allocation factors rangimefween 0.55 (Spain) and

0.85 (Sweden), implying emissions reduction requaets for the covered sectors between 45

and 15 percent versus BAU emissions, respectively.

In consistence with our national climate policygets in 2020, non-EU regions also exhibit a
less stringent allowance allocation to sectors wEvdy their emissions trading schemes than
the EU: Kyoto ratifiers Japan and Canada implena@nallocation factor of 0.80, while the
non-ratifiers United States and Australia allocateissions allowances based on a factor of
0.85 in 2020. For Russia we assume an allocatictorfaequal to one in 2020, consistently
implying no allocation of excess permits to instidins covered by a Russian ETSable 4

summarizes all resulting allocation factors for &tél non-EU regions.

3  Scenariosof future climate policy

The post-Koyto carbon market is expected to featuiernational emissions trading on two
levels: (i) on the government level, as facilitatgdthe Kyoto Protocol and a potential post-
Kyoto climate policy agreement and (ii) on the camyp level, as facilitated by the EU

Emissions Trading Scheme and emerging schemesdeutsirope. As the linked ETS are
expected to be restricted to energy-intensive itmeiss national Annex B governments may
engage in country-level emissions trading as tatdd by a post-Kyoto agreement in order to

represent their non-energy-intensive industriegherfuture carbon market (see Anger, 2007).

In the following, scenarios of international emis®s trading are specified in the framework
of a post-Kyoto agreement in 2020. The scenariosbeaclassified by two dimensions: the
regional dimension distinguishes scenarios of countriestigyaating in international
emissions trading, whereas timstitutional dimension lays out alternative designs of carbon
regulation. Table 1 presents our three regionahaoes: as a reference case, scenario EU
represents EU ETS participants in 2020, i.e. ctirraembers of the European Union

®> Two limitations apply here: Due to lacking infortiem for Bulgaria and Romania, for these countviesstart
from an allocation factor equal to one in the secwading period. Moreover, allocation factors elnesen so
that emissions reductions of the covered sectormtiexceed the respective national reductionirement
(this applies to the regions Greece, Sweden anttr&&rurope).

® Excess emissions permits (so-called “Hot Air”) deee to lower projected baseline emissions tharattuget
level implied by Russia’s reduction commitment 022. We abstract from “Hot Air” here, as a grankéaied
allowance allocation of “Hot Air” would imply an direct subsidy for Russian installations (the altec
permits could be directly exported to other ETSamg). It is not unambiguous if such an ETS desigty
prevail or even be linked to an EU scheme.
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including the recently acceded countries Bulgard &omanid. ScenarioEU" indicates
carbon trading among countries that have ratiftfesl Kyoto Protocol: EU Member States,
Japan, Canada and the Former Soviet Union. SceRafid assumes that not only Kyoto
ratifiers trade carbon emissions among each othetralso countries that have not ratified the
Kyoto Protocol: Australia and the United States: &lb regional scenarios alike five central
developing countries are assumed to host CDM pixyjeepresenting major suppliers on the
CDM carbon market (World Bank, 2006): China, IndBxazil, Mexico and South Koréa.
Moreover, we include four important tropical rairéet regions that are eligible for generating
tradable offset credits for carbon abatement freduced deforestation (FAO, 2007): Africa,

South-East Asia, Central America and South America.

Table 1: Regional scenarios for 2020

Regional scenario Regions participating in CDM regions Tropical
emissionstrading rainforest regions
EU EU-27
EU-27
+ Japan _
=U Canada Brazil Africa
Former Soviet Union China South-East Asia
EU-27 Ind!a Central America
Mexico South America
Japan South Korea
EU* Canada
Former Soviet Union
Pacific OECD
United States

Table 2 lists our institutional scenarios, whiclidlve four cases. Scenattonissions Trading
denotes international emissions trading among inidliged regions on two levels. First, it
represents company-based emissions trading witiikied EU and non-EU emissions trading
schemes, assuming the sectoral emissions allocatid®2020 as laid out in the previous
section. In our model framework emissions tradihtha company level is approximated by
trading activities at the sectoral level. Moreovalt, regions that have not (yet) set up an

" Note that the region EU-27 is approximated by BBUMember States (excluding Luxemburg) and the POLES
model region Central Europe, which essentially covew Member States as well as Bulgaria and Ranani

® The present analysis focuses on the CDM as aqibgsed mechanism, as JI projects are hosted bg)AB
parties who participate in international emissitragiing. Abstracting from its project-based chagacll may
therefore be represented by international emisgiaiaéng of the respective regions.
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emissions trading scheme are assumed to comply thviin emissions reduction target by
cost-efficient domestic emissions regulation, impgsa uniform carbon tax on their entire
economy. Second, scenakmissions Tradingepresents parallel government trading under a
post-Kyoto Protocol, which for the sake of illustoa only applies to the linked ETS regions.
In such a setting of coexisting emissions tradegjmes, a reasonable assumption is that no
double regulation of energy-intensive industriegeted by a national ETS takes place. As
carbon trading among linked ETS is approximatedehyissions trading among energy-
intensive industries, government trading only agplio the remaining, non-energy-intensive
industries of each region. These parallel goverrrrading activities should be interpreted as
national authoritiesepresentingheir non-energy-intensive sectors on the carbarket’

Table 2: Institutional scenarios for 2020

I nstitutional , I nter national CDM | REDD Forestry
: COzregulation . . Transact-
scenario emissionstrading | access | access | .
ion costs
eis | neis | EIS | NEIS ElSand NEIS
with with
Emissions Trading Yes Yes -
CDM . . Yes No -
Permits| Permits folr;'s?n fONrE'I%n
Deforestation_highTC Yes Yes high
Deforestation_lowTC Yes Yes low

Regarding the access to low-cost abatement opirodsveloping countries, scena@bM
represents scenarimissions Tradingncluding the option of unlimited CDM offset crédi
imports by Annex B regions from undertaking CDM jpats in hon-Annex-B regions. In this
setting, both companies covered by linked emissitbading schemes and post-Kyoto
governments (i.e. all sectors of the economy) leeess to CDM credits.

The model considers the following barriers to CDijects: first, it features transaction costs
for the purchase of CDM credits of 0.5 US$ (1 UB&) ton of CQfor energy-intensive (non

° Here it is assumed that each ETS region has cdethiit a post-Kyoto agreement enabling government
emissions trading.

9 The amending directive linking the EU ETS with tgoto Protocol’s project-based mechanisms grants
European companies to generate emissions redudtimtise CDM and use the associated credits abstisue
for EU allowances (EU, 2004).
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energy-intensive) sectors of CDM host counttfeSecond, following Bohringer and Loschel
(2002) country-specific investment risk for CDM mas, e.g. from country and project risks,
is derived by CDM-region-specific bond-yield spredmktween long-term government bonds
of the respective developing country and the UnB&attes (as a risk-free reference region). It
is assumed that investors are risk-neutral anddigche value of emissions reduction credits
generated by CDM projects with the mean risk valfiehe respective host country. The
underlying data stems from the International Monet&und's International Financial
Statistics (IMF, 2000). Third, a CDM adaptation tsxncorporated amounting to two percent
of CDM revenues as proposed under the Marrakechorflsc (UNFCCC, 2002). CDM
transaction costs, investment risk and the CDM eater the model via a premium on
marginal abatement costs of CDM host countriegetheincreasing the international CDM

credit price*?

Finally, the two scenarid3eforestation_highT@ndDeforestation_lowTCGepresent scenario
CDM including the access for all sectors of indusized economies to carbon abatement
options in tropical rainforest regions. By reducimgnissions from deforestation and
degradation (REDD) the four tropical regions mapax carbon-offset credits to Annex B
regions here. The two scenarios are distinguislyeasbuming high and low transaction costs
of forestry projects, respectively. This is the mastegrated climate policy scenario,
facilitating not only CDM access but also interoatl trading of offset credits from reduced

deforestation on the carbon market.

In the following, alternative scenario combinatiarfsthe regional and institutional climate
policy dimension are implemented in the carbon-markodel. For example, scenario
combination CDM [EU] represents linked emissions trading schemes anérmment

emissions trading amon@U" regions including CDM access for all sectors oé th
participating economies; all other regions fulfileir emissions reduction targets by cost-

efficient domestic action only.

4  Simulation results

In this section we simulate the impacts of redudafprestation and trading emissions on the
post-Kyoto carbon-market in 2020 using the numénuadel of the global carbon market (as

M The magnitude of transaction costs is in line wéttent estimates (see Michaelowa and Jotzo, 2005).
12 An alternative approach to account for barrier€BM project development is presented in Kallbekkeal.
(2006), who introduce a “participation rate” refieg that only some share of the potentially pedfle CDM
projects will be implemented.
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presented in section 2.2) incorporating carboneabant cost data from the numerical forestry
model (as presented in section 2.1). We start canaio discussion with the economic
impacts for Annex B regions, before turning to implications for CDM host countries and

tropical rainforest regions. Finally, we address implications of reduced deforestation for
the case of more ambitious carbon constraintstablles presenting the numerical simulation

results are compiled in Appendix A.2.

4.1 Impactson theinternational permit price
Emissions trading among Annex B regions

Focusing first on the emissions market equilibritm2020 in the absence of developing
countries, Table 8 in the Appendix shows that faméx B carbon trading (institutional
scenarioEmissions Tradingthe permit price crucially depends on the rediatanario and
differs between energy-intensive sectors (EIS) moatenergy-intensive sectors (NEIS). The
table shows that for emissions trading among EU banmstates only (regional scenal&b))

the carbon price amounts to roughly 55 € per toil€©% in EIS covered by the EU ETS,
whereas it results in 248 € on the parallel carb@rket for EU governments representing
their NEIS. Generally, the sectoral permit pricedetermined both by the stringency of
emissions reduction requirements and the levetsarfjinal abatement costs in the respective
industries. As in our case the EU carbon conssaintenergy-intensive sectors (imposed by
the allocation factors within the EU ETS) and nowergy-intensive industries (imposed by
the effective national reduction requirement) asmparable (see again Table 3 and Table 4),
it is the more costly abatement options in Europe&iS that lead to a much higher carbon
price than in EIS.

By including Canada, Japan and the Former SoviebrJon the carbon market (yielding
regional scenari&U"), the international permit price substantially @ases to 28 € and 89 €
per ton of CQin the respective sectors. In this setting, theg¢hmnon-EU regions can trade
carbon with European economies both within linkedssions trading schemes (among EIS)
and on the post-Kyoto government carbon market (@meEIS). The lower carbon price
originates from two sources: first, despite of tekatively costly emissions abatement options
in Japan and Canada, their comparably low natioedliction targets and loose allowance
allocation to energy-intensive industries resuitselatively lowlevelsof marginal abatement
costs in EIS and NEIS. This limits the permit dechar these two regions on the carbon

market. Second, as a region in economic transitlt@ Former Soviet Union features
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relatively low-cost abatement options as compatesl EU, Japan and Canada. It thus
represents a major supplier of carbon permits enlittked emissions market by reducing
emissions below BAU levels. Note that we abstraoinfthe allocation of potential excess
permits to the covered ETS companies in the Fo®eetet Union, so that the lower permit

price in scenari@U" only originates from low-cost abatement optionghis region.

Figure 1 illustrates that establishing the mostgrited emissions trading system including
Australia and the United States (regional scen&lid’) causes the carbon price to decrease
further in 2020, resulting in 19 € and 78 € per WNCO,. The efficiency gains from an
enlarged carbon market originate from an increasggbly of emissions permit by Australia
and the United States, who impose the lowest naltiggduction targets and highest relative
allowance allocation to their energy-intensive isities. As a consequence, these two regions
feature marginal abatement cost levels that arerddian the permit price on the original
emissions market (regional scenaBt") and thus represent carbon permit exporters both
within linked emissions trading schemes and onpib&t-Kyoto government carbon market.
However, in all regional settings of institutionstenarioEmissions Tradinghe carbon
markets of EIS and NEIS are separated (and segeralit prices different) as international

trading is feasible only between the same secfdiseqarticipating economies.

80

M Energy-intensive sectors
70 O Non-energy-intensive sect(—

60

50

40

30

20

10 +

0 = =

Emissions trading CDM Deforestation_highTC Deforestation_lowTC
[EU++] [EU++] [EU++] [EU++]

Figure 1: International carbon permit price for regional scenario’EWy sector and institutional
scenario (€2005 per ton GD
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Crediting carbon abatement via the CDM

Generating emissions reduction credits in develppuntries via CDM projects may serve a
substitute for emissions permits traded betweemstghl countries. Figure 1 presents an
interesting pattern of permit prices arising frolDM access for Annex B countries (see
institutional scenari€DM). First it shows that the access to low-cost abat# via the CDM
drastically decreases the permit price in the motdgrated emissions market (regional
scenarioEU™) to roughly 13 € per ton of GOAs the resulting permit price is lower than
both sectoral carbon price levels on the originahéx B market, this yields a sectorally
uniform carbon price which de facto interconnetis formerly separated carbon markets of
linked emissions trading schemes (among EIS) amsttiogoto governments (among NEIS).
The CDM thus vyields not only large efficiency gaimg decreasing the permit price, but
establishes full where-flexibility of carbon abatamh between sectors and regions. Moreover,
the carbon price decreases more in the high-co$s N CDM, underlining the economic
importance of CDM access for Annex B governmenghld 8 in the Appendix shows that in
the case of CDM access the carbon price is theshigihhe more Annex B parties are involved
in international emissions trading (i.e. lowestairpurely EU trading regime). Clearly, the
increased number of participants on the carbon ebavkh higher marginal abatement costs
than developing countries drive up the CDM creeindnd from EIS and NEIS and thereby

increase the carbon price level.

Crediting carbon abatement from reduced deforesiati

When the import of low-cost carbon abatement frawetbping countries is not only feasible
via the CDM but also by crediting carbon abatem&om avoided deforestation, the
international permit price further decreases. Fglrshows that even when accounting for
high transaction costs of forestry projects, isguiadable carbon-offset credits for avoided
deforestation reduces the sectorally uniform camoce by more than 40 percent in 2020.
The resulting price level amounts to less thanp@€ton of CQ on theEU™ carbon market
(see scenariDeforestation_highTL The reason is that the relatively low returns odlaise
and forest products in tropical regions imply a lopportunity cost of reducing deforestation,
s