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Abstract

The negotiations for a global climate agreement recognize that substarntial a
additional funds need to be generated for assisting adaptation in deeelopin-
tries. Currently, the 2% adaptation levy (AL) on the clean development merha
(CDM) is intended to serve this purpose under the Kyoto Protocol. Thisrgayal-
yses whether such an arrangement can achieve its objectives, agloytdescusses
its future prospects. Can it deliver the funds needed for adaptatidrgrarthey ad-
ditional? As the AL is facutally a tax on emission trading, does it cause a sigttifica
excess burden? How do the transfers from CDM and AL depend onotimenit-
ments to reduce greenhous gas emissions, such that the AL may alter the/@scen
for reaching a global agreement? | address these questions with a @auilddrium
model based on recent marginal abatement cost estimates for 2020. @rhiler f
studies have focussed on single values for the AL, this paper determinesgcted
transfers from CDM and AL for a spectrum of emission reduction targetslze full
range of AL levels.

The paper shows that the revenues from a 2% AL are neglectable cennjoar
the requirements. Even when the AL is increased to maximize transfers inethe pr
ence of ambitious emission reduction targets, the revenues are not stificge $15
billion for a 30% reduction target and an 47% AL). These revenues astlyrsub-
tracted from the CDM transfers, such that very little additional funds earalsed
(e.g. $2.4 billion under the latter assumptions). There are indeed detriméati e
of the AL for reaching a global agreement, that are nevertheless edatimall.
While the excess burden of the AL is small in terms of social cost, it accoants f
more than 85% of the additional funds. This supports the overall conaoltisad (i)
the AL slightly disfavors agreements for climate protection, (ii) is far fronfisieht
to raise additional funds, and (iii) does this at comparatively high socs$co
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payments
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1 Introduction

Financing adaptation in developing countries has becomererstone of any future
global agreement on climate change. This is underpinnelddgdtimated costs for adap-
ation measures that are needed to reduce the damage froal @iiming in developing
countries (e.g. US$ 10-40 billion annually, World Bank (2p0& US$ 28-67 billion,
UNFCCC (2007)). International assistance in bearing thesesas crucial due to the
economic limitations of the most vulnerable regions. Faialtransfers may additionally
be justified since developing countries are not primarigpansible for climate change.
They might also be necessary side payments to stabilizebalgtbmate agreement.

The recent negotiations in Cantstrengthened the concept of a Green Climate Fund
to finance adaptation and mitigation projects in developmgntries. The Carum Agree-
ment

Recognizes that developed country Parties commit, in theegbof mean-
ingful mitigation actions and transparency on implemeaotgtto a goal of
mobilizing jointly USD 100 billion per year by 2020 to addsake needs of
developing countries. (COP 16, 2010)

The mechanism for raising these funds is yet not determibeddifferent options are
discussed (UN, 2010), e.g. auctioning of emission perraitsnternational air passenger
duty (e.g. Hepburn and Mler, 2010) or a tax on maritime bunker fuels. Funds can
also be generated by taxing the trade of emission permits. |d$t alternative has some
prominence since itis already in place under the Kyoto Rxaltdt is thus crucial to assess
whether such a mechanism might by able to generate the regdéssds. Morover, when
such an institution is introduced to the global negotiatgame, transfers will change
depending on the commitments for emission reductions amnlechoice variables for the
financing mechanism. It might thus change the incentivesdotributing to mitigation.
This is not straightforward to answer for the abovementigore®posals, since they all link
adaptation finance to some form of mitigation instrument.

To address these issues | analyze the future prospects aiitent adaptation financ-
ing mechanism under the Kyoto Protocol. This is tied to eimissading with developing
countries via the clean development mechanism (CDM) by aptatian levy (AL). With
the CDM, non-annex | countries under the Kyoto Protocol ghweghout binding emis-
sion reduction commitments) can voluntarily reduce thenissions to obtain certified
emission reductions (CERS). These can be sold to annex | eesi(ito offset their own
emission reduction requirements). The AL requires that asB&6e of the CERs issued is
given to the Adaptation Fund for adaptation financing.

It is easy see some problems associated with this arrangeatéast in theory. First,
the AL is factually a tax on emission trading. The standasbti of taxation shows
that this reduces the quantity of traded emission permitsl@ads to an excess burden.
Second, as the transfers for adaptation in developing gesrdre financed by diverting
CERs from the developing countries themselves, there mighinbgum, no additional
funds. Third, it can be expected that more ambitious emmssaduction targets are as-
sociated with more emission trading at higher prices, aatefore with more adaptation
financing. Thus, if there were less climate protection,aghgould also be less funds to



support adaptation. This is not exactly the relation betwedtigation and adaptation

that is needed (supposed that both are substitutes). Tisesraome central questions:
Can the AL generate the required additional funds when ieceffon the CDM market

equilibrium are considered? How substantial are its samats? How do social costs
and transfers depend on the level of the AL and on emissianctixh targets? This pa-

per analyzes whether these problems are only theoretieddlyant, or whether they bear
empirical significance.

Although modelling the CDM market is now state of the art (g, Ellerman and
Decaux, 1998; Criqui et al., 1999; Matsuhashi et al., 1998 dffect of an AL has not
explictly been analyzed yet (with Fankhauser and Martid@®eing the only exception
to my knowledge). The literature has focused on other exdassof the basic CDM
model, e.g. participation scenarios, institutional dsfaransaction costs, technology
diffusion (den Elzen and Both, 2002; Jotzo and Michaelow&22®rechet and Lussis,
2006). Some studies analyze CDM transfers to developingtaesrfe.g. den Elzen and
Both, 2002; Jotzo and Michaelowa, 2002), strategic effentslionate negotiations (e.g.
Rubbelke and Rive, 2008; Wang et al., 2009), or alternativentimey principles (Dekker
et al., 2009). All these studies ignore the AL or fix it to 2% alwdnot consider the social
costs of the AL. Only Fankhauser and Martin (2010) additigneompare with a 10%
levy (and computes the tax incidence), but do not deterntieeeffect on CDM transfers
and how results depend on emission reduction targets. A#ettrcontributions do not
compute the effect of a continuously increasing levy, and ties interacts with climate
protection.

| address these questions by setting up a model of emissidmgy based on marginal
abatement cost curves for 2020. The model resolves 13 wegidns, in particular the
main annex | and non-annex | emitters. This determines th&enarice for CERs and
the amount of emission reductions in the partial equilioridt is extended to include the
AL, determine the transfers from mitigation, and the rexe=naf the AL. | first detail out
the theoretical problems of the AL by using a simplified atiel model, and then use
the full numerical model to compute the transfers for adaptdinancing and mitigation
depending on a large interval for emission reduction targed for the level of the AL.
This allows for determining the AL that maximizes transfeygantifying the amount of
additional funds, the excess burden, and the change intimesrior contributing to an
agreement.

| find that the 2% AL only generates neglectable funds. By iasireg the AL ex-
cessively, adaptation financing can amount to $1.15 bilWwith emission reductions ac-
cording to the Copenhagen pledges), and at least $15 biiiombre ambitous climate
protection (30% emission reduction target). However, tatkl adaptation finance re-
duces transfers from the CDM. Even for the 30% emission realutdrget the additional
funds are only slightly above $2.4 billion. Although the egs burden of the AL is less
then 5% of the total abatement costs, it is quite high conthbreéhe additional funds.
Raising one additional Dollar via the AL comes at total co$tatmut $1.85. Sensitivity
analysis with higher abatement costs show that this resuttbust, and that additional
funds may double. The positive relationship between thed tmists of annex | countries
and the total net transfers to non-annex | countries is gthemed by the AL. However,



this problematic effect for climate negotiations is onlyadin

The paper is organized as follows. | first introduce the baséchanics of the AL
and set up a simplified analytical model of emission tradiritiy whe AL to clarify the
its basic effects. Subsequently, the numerical model redtced to quantify the stated
effects. The main part is devoted to the model results. |lcolecwith a summary and a
discussion about the implications for future adaptatioarfging.

2 Emission Trading with an Adaptation L evy

The apadation levy (AL) is is tied to emission trading wittveleping countries via the
clean development mechanism (CDM). If an appropriate ntibggoroject is undertaken
by a non-annex | country, emission certificates are issuéetdeveloping country (cer-
tified emission reductions, CERSs), and can then be sold to aexdroountry to meet its
emission reduction targets. Now, adaptation financingrente stage. The AL requires
that a 2% share of the certificates issued via the CDM is givématédaptation Fund and
sold on an emissions market. The proceeds are the reventiesAdaptation Fund. They
are devoted to financing adaptation projects in developmugnties. This mechanism is
operating since 2009. As a trustee, the World Bank curreellg the CERs and reports
the revenues to the Adaptation Fund Board. As of October Z20tfised total funds of
$130.55 million (Adaptation Fund Board, 2010). The UNDP raates the total funds
that can be raised in the Kyoto commitment period 2008-201t2et between $160 and
950 million, the World Bank expects less than $ 500 million @M 2008; World Bank,
2006). On the basis of current carbon prices and registeraéd @Djects, the World Bank
expects revenues of $382 - 496 million over the Kyoto comraittrperiod (Adaptation
Fund Board, 2010).

2.1 Analytical Model

The CDM market is modelled in the standard way by assuming eharllearance for
emission trading by equating demand and supply, that atemndetermined by marginal
abatement costs (as, e.g. Ellerman and Decaux, 1998; Cticali,€1999; Jotzo and
Michaelowa, 2002). By introducing the adaptation levy (Athe market equilibrium
Is shifted and the revenues for the Adaptation Fund will gesas well.

For this exposition | restrict the analysis to the case offpardies, one being the aggre-
gate of annex | countries that demand CERs, the other one Weraggregate non-annex
| countries, that supply CERs. Non-annex | countries genénatguantity of; emission
permits at cost€’;(¢). Marginal abatement costs) are are assumed to be increasing
from zero to infinity. The annex | countries have to achievemaission reduction target
a, either by abating emissions domestically, or by off-settivith emission permits from
non-annex | countries (CERs). The abatement costs are thosedeoyC, (e — ¢), and
for marginal abatement costg the same assumption as for non-annex | countries holds.

Without the AL 7, the market equilibrium with carbon prigewould be determined
by equating marginal costs of annex | and non-annex | castrif - > 0, supply is



determined by maximizing the net transfers of non-annexuhages from the CDM,

Team = (1 = 7)gp — Ca(q), (1)

since the fractiom of generated emission permitss given to the Adaptation Fund. On
the demand side, however, the full amount of generated amigermits is available,

since the permits that are given to the Adaptation Fund ddeasothe market to finance
adaptation. Thus, the total cost for annex | countries to ivézed are

TCy = pq + Ci(a - q). (2)
Consequently, the partial equilibrium is determined by
Cylq) =1 —7)p=(1-7)Ci(a—q). (3)

This shows that the AL is formally equivalent to athvaloremtax that is collected on the
supply side. The total revenues for the Adaptation Fundrare t

Tu = Tpq. (4)

Since they are recycled to the non-annex | countries, theyransfers as well, such that
the total net transfers to developing countries amount to

T = Tcdm + Tal =pq — C2(q> (5)

In this equation the AL becomes invisible, but note that flu@ences the actual value of
p, q. The total costs of climate protectidrC' can be decomposed into the total costs for
annex | countrie§’C; = C}(a — ¢) + pq, and the transfers to non-annex | countries:

TC =Ci(a—q)+Cy(q) =TC, —T. (6)

2.2 Comparative Statics

How the market equilibrium changes with respect to theAis given by the standard
theory of taxation, while the emission reduction takgettroduces an additional paramter.
The notation is simplified by using the elasticities of irsesupply and demand,

cy q
= 1g= 7
C3(q)
S ; q> 07 (8)
C3(q)

wheree; = gl((sjg)) (a — q) is the elasticity of the marginal abatement cost curve fer th
1

annex | countries. Introducing will show up to be helpful later on.
Differentiating Eq. (3) yields

Cydg = (1 —7)C{(da — dqg), (9)



such that

@ _ (1-7)CY __ (10)
da CYy+(1—7)C7 es+ep
Sincep = /(1 — 7), it holds that
= has = gt =
such that
dp cYey D €sép (12)

di Cl+(1—7)CY qes+ep

The comparative statics (summarized in Tab.1) are rath@tire. Increasing gross prices
and decreasing quantities due to taxation follow the stahitiaights from tax incidence.
When, ceteris paribus, the mitigation goal is increasedsgiom trading increases: the
more ambitious climate protections makes off-setting i@ €DM more attractive to
fulfill the commitments. By the same token, the carbon priceaases as well, as more
expensive off-setting projects in non-annex I-countriesdto be used.

dr 1—7 es+ep <0
dp _ P _<p >0
(CilT 1—7 es+ep

q €D

da = eg+ep >0
dp _ p _esep >0
da q €s+ep

Table 1: Overview of comparative statics.

It is crucial to know how the transfers depend on the paramseiehis is straightfor-

ward to determine by considering Eq. (11), and using {fiat —ep, §22:

dTu (es+ep) —T(es + 1)

_ : 13
ar T ) (es + en) (13)
dTal TED(GS + 1)
E— > 0, 14
da b (es +€p) (14)
dT dq T —¢€p
i _ B 15
dr (ep T)pdT (1—7)(es + eD)pq’ (15)

dT . (65 + 1)€D

— = > 0. 16
da  (es+€p) b (16)

Increasingly ambitious climate protection increases évemues for the Adaptation Fund
since there is more emissions trading at higher prices. fEmsfers’,; follow a Laffer
curve where increasing tax revenues are finally offset byced trade quantities. How-
ever, the non-annex | countries cannot be expected to baplynmterested in transfers
for adaptation, but the total net transf@tsSince more stringent climate protection leads
to more emission trading at higher prices, both transfeasfCDM and from the AL
increase. total net transfers will yet begin to decreaseesihe adaptation levy finally



reducesrl,,,, more than the revenues for the Adaptation Fund increase.adlaptation
levy that maximizes total net transfers is thus given by
q

" =€p=¢€ : (a7)
a—yq

This is the levy that the non-annex | countries should prefest in international negota-
tions, supposed that they act as one party andathaduld have been agreed on before.
I now turn to the excess burden of the AL, that is defined as

D= (Ci(a = q) + Co(q)) — (Cila = ¢7) + Ca(q"), (18)

where an asterix* denotes the market equilibrium in absence of an adaptatign(l.e.
T = 0). Clearly, D increases for higher taxes according to

dD T Tal

> 0. (29)

ar - —n)es+eo) T T —7)(es + ep)

Interestingly,
aD ) TEp

= — 20
da 65+6D)p P (20)

can be positive or negative. If the AL is given, a more strirtigamission reduction target
may increase or decrease the social cost of adaptation iingarkor a high levy, a benefit
in terms of social costs is more likely. While increasing esiais reductions, as a direct
effect, spur emissions trading, the excess burden incsedbds effect is countered when
the market equilibrium shifts to a place with higher pricasgicity of demand.

| finally consider the strategic effects of the AL. Supposa the levy is considered
as a crucial component of global climate treaty. Does thip heaching an agreement
on more ambitious climate protection? This question canrdeédd in terms of an in-
ternational environmental agreement game. If some AL igedjion, more ambitious
emission reduction targets cause two types of cost for ahoedntries: costs of mitiga-
tion (including the excess burden from the levy) and thesctisttransfers to developing
countries. Both costs need to be considered in the payofftifums. | delegate a thorough
game theoretic analysis to a later paper, but the followlrepdy suggests the direction.
The analysis requires to understand how the AL shifts thésdostween annex | and
non-annex | countries. The total costs for the former chawgerding to

dTCl €D
= — > 0, 21
dr (1 —7)(es +ep) ! (21)
dTCl €ESED
(11— 0 22
- ( p— ED)p >0, (22)

both being rather intuitive. As the total costs for non-anheountries are the negative
gains, i.e.TCy = —T, an increasing AL shifts costs from non-annex | to annex Ineou
tries, but costs will finally increase for non-annex | coiegras well due to the excess
burden from taxation (cf. Eq. 15). In contrast, more ambgiemission reduction targets



always decrease the costs for non-annex | countries. Bo#stgpcosts are related as
follows:

-1
dT . dT(dTCl) _ GD(€5+1) -0 (23)

dTC, ~ da \ da ep +es(l—ep)

When annex | countries bear a larger burden from reducingsemnis, they pay more
transfers to developing countries at the same time. Thaioel also holds forr = 0.

A strictly positive AL yet changesp, having, in general, an ambigous effect on the
slope Eq. (23). It is thus theoretically unclear whetherdpatation levy exacerbates or
ameliorates the positive relation between mitigation astep#ation financing.

3 Numerical model

The numerical model is based on estimated marginal abaterosicurves (MAC curves)
for 13 world regions in 2020. | determine the MAC curves froomated data com-
puted by an established computable general equilibrium (G@itlel (Bdhringer, 2002).
The model is sectorally and regionally disaggregated amplarticular, represents energy
consumption and associated carbon emissions. The mooglibsated to GTAP 6 data
(Dimaranan, 2006), and, for the energy sector and emissiorisstorical data from the
International Energy Outlook (IEO, EIA, 2009, 2010). Fonsistency, the 2020 BAU
emission projections are taken from the IEO as well. Thisiireg to aggregate GTAP
countries to the regions covered by the IEO. This keeps thie emaitters representéd

It should be noted that this approach only considers enmissamd abatement costs
from the energy sector. The computations thus come withdklieat that | assume energy
emissions to be indicative for the overall numerical ressulthis might be justified since
these emissions comprise the most important fraction ofsions and emissions trading.

| parameterize the MAC curves by a quadratic fit to the CGE moekallts, that ex-
plain the variation of data quite well (see Tab. 2). Units BiteCO2 and US$(2004).
Other polynomial fits were tested as well, but they do notdehout significantly better
results. The emissions trade model thus uses isoelastidwogions. This functional
form is in line with earlier work, but quantitatively diffeffrom older estimates for 2010
in that the MACs are substantially reduced (e.g. Criqui el@B9). This might be reason-
able due to technological progress, but may also be due togtmistic IEO emissions
projections. In a later section the sensitivity of the resth marginal abatement cost
estimates is assessed.

The modelis further adjusted by considering transacti@tscand limited accessibility
for CDM projects as it is done in other work (e.g. Jotzo and Malbwa, 2002; den Elzen
and Both, 2002). Transaction costs are assumed to be $ 0.6CP&; and 20% of
CDM projects are taken to accessible. The possiblity of hotsaconsidered as well
by determining the rents from excessive permits via the etaslearance condition. The
complete model is implemented as mixed complementary progMCP) in GAMS code
that allows to run different scenarios and sensitivity sefd

I am indebted to Christoph@ringer for supplying this data.
2The code is available from the author upon request.



country MAC BAU
or region parameter emissions
European Union EEU| 5.1730E-05 4042
Japan JPN | 1.5294E-04 1114
United States USA| 2.2631E-05 5851
Australia&New Zealand ANZ| 1.8190E-03 517
Canada CAN| 2.0625E-03 554
Russian Federation RUS 1.2005E-04 1648
China CHI | 5.3193E-06 9057
India IND | 1.6209E-04 1751
Brazil BRA | 6.6271E-03 534
Korea KOR | 2.8007E-03 570
Mexico MEX | 3.8924E-03 499
South Afria ZAF | 1.2178E-03

Rest of World ROW,| 8.9673E-06

Table 2: Region data of the numerical model. Marginal abatémasts amount tog?,
with MAC paramtera given in the table. Units are Mt CO2 and US$(2004). Projected
business-as-usal (BAU) emissions for 2020 according to(2040).

4 Results

This section presents aggregated results from model rurdifferent scenarios. In the
first one | concentrate on the 2020 reduction pledges tha sudsmitted to the UNFCCC
Secretariat after the Copenhagen negotiations in Januafy 2&suming these reduction
targets to be given, | determine their effects in dependenany AL+ € [0, 1]. Second,

| vary the reduction targets as well. All results are detesadiby runnig the numerical
model for a large set of parameters and aggregating for dnorexon-annex | countries,
respectively. In a last subsection, the sensitivity of theutts with respect to annex |
marginal abatement costs is assessed.

4.1 Scenario: Copenhagen Pledges

This scenario assumes that all annex | countries commigtenmission reduction targets
for 2020 submitted after the Copenhagen negotations. Feetbountries that submitted
multiple pledges, | take the lower one. All reduction tasgate adjusted to the baseline
year 1990 according to the IEO emissions data for the refergears submitted by the
countries. The market equilibrium is numerically solved foc |0, 1] with 100 steps.
The total transfers are determined by summing up all nomahmcountries. The main
results in terms of transfers to non-annex | countries isrsarnzed in Fig. 1. Without an
AL all transfers stem from the CDM and amount to about $1.3%hilannually. For the
currentr = 2%, the levy is projected to generate only $45.4 million antyuia 2020.
This value is much smaller than the $127 - $165 million thatexpected by the World
Bank as annual average for 2010-2012 (Adaptation Fund Bo@dd))2 This difference
IS yet not caused by the current AL substantially reducingssions trading, but due to
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Figure 1: total net transfefs, transfers for adaptation financiAg;, and from the CDM
T.4, depending on the Alz. Reduction targets are according to the Copenhagen pledges.

the optimistic abatement cost estimates of the IEO for 208&freover, the computations
assume broader participation than under the Kyoto Protocol

When the AL is further increased, the transfers from the CDMradeiced, but to a
smaller extent thafi,; increases. Total net transféfsto non-annex | countries slightly
increase up to a maximum of $1.51 billon with an AL of 44%. Sptimal transfers
require a considerable high adaptation levy, but deviatidon't matter much in terms
of additional total transfers. This is a remarkably high tate that can be explained
by a comparatively small inverse demand elasticity for smis permits at the market
equilibrium. Total additional funds do not execeed $157iaml With an AL below about
70%, the levy mainly determines tBleare of transfers that is devoted to adaptation, while
total net transfers always remain slightly above $1.4dnilliwhile the AL can yield some
revenues, it practically generates no additional fundse fl&t curve of total transfers
Is associated with a quite low inverse demand elasticityof= 0.44 at the maximum,
compared to much higheg = 2.0.

The Laffer curve of the adaptation levy has its maximum anaar&ably high tax rate
7 = 71%. Not more than $1.15 billion of funds can be raised for adaptabut at this
level the total net transfers are already $20 million bellog/level without an AL. Beyond
that, the AL becomes increasingly prohibitive, such that@DM is not used any more
and transfers vanish.

Fig. 2 shows that the excess burden of the tax remains lowritpadison to the total
costs for annex | countries. For the transfer maximizing kev= 44%, only $134 million
of unnecessary costs occur, that is less than 4% of the tosés,cbut 15% of the AL's
revenuesl ;. For a high adaptation levy, the social costsare mainly subtracted from
the transferd’, such that the costs for annex | countrié§’; only moderately increase
(by 6.1% for the transfer maximizing AL, and by 15% for a 90%)AAs supply is less
price elastic than demandy( = 0.5, ¢," ~ 2.3), the incidence mostly lies on the supply
side.

The gains from emissions trading (that can be determinedimperingl’'C; for = 0

10
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Figure 2: Total costs for annex | countrig€’;, excess burde® and total net transfers
T depending on the AL. Reduction targets follow the Copenhadeagps. Financial
volumes are given in million $.

andr = 1) are much less than in earlier studies (e.g. Brechet and4,l2306) due to the
updated abatement cost estimates for 2020 underlying tinentypaper. It seems that the
small funds that the AL generates are associated with ongflsrost increases to annex
| parties, such that the AL may be strategicall insignifidarthe climate negotiations. |
will address this questions more carefully below.

For now, it must be concluded that — in combination with the &d@agen pledges
— the adaptation levy is far from being capable to generaduhds seen as necessary.
Jointly with the CDM it is more than insufficient to finance thel@0 billion annually
that are considered in the decisions of the Cenoegotiations. May this be due to the
unambitious Copenhagen pledges?

4.2 Scenario: Homogeneous Reduction Targets

| explore this by considering how different reduction tdasgdetermine the results. As
there are uncountable options to distribute countriesseion reductions targets, | assume
— for sake of simplicity — identical targets for all annex uodries: every annex | country
is assumed to reduce emissions by the same fraction retatit® 1990 emissions. This
is not meant to be a realistic suggestion, but to illustrageltasic effects. Thus, a large
set of parameterizations with the AL varying between 0% ad@P4, and the reduction
target varying between 5% and 50% is computed.

To address whether the AL and the CDM are able to generate pre@pate funds,
consider Fig. 3 first. It compares the 2% AL with the transfexximizing AL 7* (that
slightly increases with the reduction targets from 40% t&0}.8 Both cases for lead
to total net transfers up to $9 billion for a 20% reductiorg&r and $26 billion for a

11
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Figure 3: total net transfefs and adaptation transfery; assuming the 2% AL, compared
to 7™, T for the transfer maximizing Alr* = ep. Financial volumes are given in billion
$.

30% reduction target. This at least reaches the order of magnthat is recognized
in the decision of Canm. However, total net transfers are not strongly affectedhie

AL. Although the gap between both options opens with moreiaouis reduction targets,
additional funds remain small (e.g. $2.4 billion for a 30%uetion target).
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Figure 4: Total costs for annex | countries and excess butdpending on the reduction
target. It is assumed that the Al* = ¢, maximizies total net transfefs.

Yet, the volume of adaptation transfers with an AL of 2% remdelow $1.6 billion
even for a 40% reduction target. For a 20% reduction targgeanl0% AL (the special
case analysed by Fankhauser and Martin, 2010), the AL r@ik@billion. This is asso-
ciated with social costs of $25 million. By changing to thensfer maximizing AL, up
to $15 billion are raised for adaptation (with a 30% reduttiarget), which reaches the

12



interval of the World Bank estimate for adaptation costs. f@selts show that the share
of total net transfers that is devoted adaptation does revigdnmuch with the reduction
target. Fig. 4 shows the effect that transfers for adaptatiorease with a more ambitous
emission reduction targets, although it is likely that ladaptation is needed in the pres-
ence of more climate protection. For the transfer maxingiAh 7, the excess burdei
remains relatively low. With a 30% reduction target it ree€B2.3 billion (being less than
5% of the total costs, but 15% of the ALs revenues). The taisifor annex | countries
sharply increase up to $175 billion for a 40% reduction tardes the excess burden is
low compared to that number, the increase can only be attdio the joint effect of in-
creasing abatement costs and transfers. The latter imctle@sosts for the country group
with reduction commitments disproportionally due to theaasated re-distribution.

70.000

e—t =t *

TIGS]
t=0
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30.000 /

20.000 //
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Figure 5: Comparison of total costs for annex | countii&s with total net transfers to
non-annex | countrie®’ for - = 0 and for the transfer maximizing Atx. The realized
point on the curves depends on the reduction target.

Fig. 5 illustrates the strategic effect of the AL by compgrihe costs and transfers. As
shown in Eq. (23), this is a positive relationsship. By conmgathe curves for the transfer
maximizing AL and in absence of the levy, it can be seen thatgbsitive relationsship
is strengthened. When annex | countries commit to bear mtaedosts, the AL brings
them also to pay disproportionally more transfers to thestitging world. This effect is,
nevertheless, not very strong. This is due to the limitedteoidl funds the AL generates.
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4.3 Sensitivity of Results

As the marginal abatement cost curves are relatively optiopil now determine how re-
sults change when abatement becomes more costly in annemiries. It is assumed
in a high cost scenario that only 80% of domestic abatemetibrigpare accessible in
developed countries. See Fig. 6 for the results. Since the GBdmes more attractive
under such conditions, more total net transfers are gestraicreasing thadditional
funds roughly by a factor of 2.4 for the transfer maximiziegy. So, if one is more pes-
simistic about abatement in annex | countries, total tensstbecome substantial, but are
still below the range suggested in Candge.g. $5.8 billion additional funds for a 30%
reduction target). Since more emission trading at higheepris associated with more

add-b [———
——--Db

25.000 e— add /
- == D L
20.000

15.000 <

G$ 30.000

10.000

5.000

0

5% 10% 15% 20% 25% 30% 35% 40% 45%

reduction target

Figure 6: Comparison of total additional funds and sociatxbswith the transfer max-
imizing AL 7x for different assumptions about annex | abatement costsase case, b:
high cost scenario).

taxation, the excess burden also increases (by a similtorfas total net transfers). As
Fig. 6 compares social costs with additional funds, the &bearden gets a rather signifi-
cant share between 85% and 90% (depending on the reduatyat)tar his ratio roughly
holds for both the high cost scenario and the base case: a golame of additional
transfers comes at social costs that are in the same ordaagsfitade.

Fig. 7 again compares the strategic effect of the CDM jointityhwthe AL. With more
expensive abatement in annex | countries the positiveioakttip between total costs for
annex | countries and transfer payments is further stremgith. This reflects that the AL
generates more funds in the high cost scenatrio.

5 Discussion and Conclusions

This paper contributes to the current debate about how tergénthe revenues of a Green
Climate Fund that might become part of future global climajeeament. Such a fund
should finance mitigation and adaptation in developing toesy My analysis focusses
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Figure 7: Comparison of total costs for annex | countii&s with total net transfers to
non-annex | countrie$’ with the transfer maximizing Alr« for different assumptions
about annex | abatement costs (a: base case, b: higher. costs)

on the future prospects of one option for adaptation finantirat is already in place
under the Kyoto Protocol: the adaptation levy (AL) on theadlédevelopment mechanism
(CDM). Is it wise to upscale this mechanism as part of a Greem&é Fund?

The paper determines the volume of additional financiakfiers to developing coun-
tries that are possible with this institutional arrangeterthe partial equilibrium — de-
pending on the level of the AL. The volume is compared to thagfer sums recognized
in the Canéin Agreement. Since the AL is factually a tax on emissionitiggd numeri-
cally estimate its social costs. Finally, it is explored ez the negative effects of CDM
and AL on the incentives for climate protection are subshnt

The numerical model is based on marginal abatement costast of 13 world re-
gions for the year 2020. As emission reduction target, | ticstsider the pledges sub-
mitted after the Copenhagen negotiations, and second theahde from 5% to 50%
emissions reductions. The basic effects of the AL are undiegol by an analytical model.

| find that the AL can generate some funds for adaptation.f¥ethe current 2% AL
the revenues are far from being appropriate (when emissuunctions follow the Copen-
hagen pledges). Its future revenues are significantly |tkager the current revenues of the
Adaptation Fund (about $87 million per year, Adaptationd&woard, 2010) or than the
expectations for 2010-2012 (World Bank, 2006; UNFCCC, 2007).i8ing the AL, the
revenues can be substantially increased up to $1.15 hibatrthis comes at the expense
of transfers from the CDM. Together, both mechanisms caneio¢igite more than $157
million additional funds. For more ambitious climate priten the same picture prevails:
additional adaptation finance reduces transfers from the OVth a 30% emission re-
duction target for 2020 (compared to 1990) the transfems f{@DM and AL can jointly
reach $26 billion (of which $15 billion are devoted to adaipt@. This reaches the range
of the World Bank estimates. The AL revenues are comparableutcsmaller than the
estimates of Fankhauser and Martin (2010), that do not denshe effect on total net
transfers. Howevegdditional funds from the AL are only slightly above $2.4 billion. All
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this is far below the volume of $100 billion that is recogmizes necessary for the Green
Climate Fund in the Carim Agreement. The maximal excess burden of the AL reaches
nearly $2.3 billion (for a 30% reduction target). This isdéisan 5% of the total abatement
costs, but when compared with the amount of additional funidls dramatic. This ratio
does not change much for other emission reduction targetsingane Dollar additional
funds via the AL comes at total costs of about $1.85. The taiklence mostly lies on
the supply side, i.e. it is mainly subtracted from the trarsf When climate protection
is more ambitous (or expensive), increasing transfers ddedto the rising total costs
for annex | countries. With an AL, more consequent climatatgution increases both
total costs and transfers to developing countries disptmpally. Although this effect
may make an international agreement less likely, it is rtbedgss only small. Most of
these results are qualitatively robust for varying emissieduction targets and changes
in marginal abatement costs. In sum, the results of thismsymgest that the AL is not
sufficient in terms of additional funds, comes at social £tisat are in the same order
of magnitude as the additional funds, and slightly worséesprospects for reaching a
global climate agreement with ambitious emission redadi#mgets.

The numerical results of this paper cannot be better tharutiserlying marginal
abatement cost estimates. Alternative scenarios couldrbpared that include more than
abatement in the energy sector. It might also be objectadibacomputed cases stick
to the old distinction of annex | and non-annex | countrigthaagh transfer payments
in a global climate agreement may be interpreted as an ¢ffarttegrate high emitters
as China and India with mitigation commitments into a futueaty. This has, however,
seldom be stated as an objective of the AL. While it may noeraighstantial additional
funds, it may redistribute transfers within the group of t&amex | countries. Yet, if new
contries commit to emission reductions, this would pogsibtjuire a new architecture for
taxes on emission trading: the current AL discriminatesabé/ against trading between
annex | countries.

Nevertheless, the main results of this paper seem strongdlgative for such exten-
sions. First, as the sensitvity analysis shows, there iseaean to assume that the total
transfers become substantially larger. Second, also @amést strategic analysis would
need to consider that by taxing emission trading with coestthat do not have com-
mitments for own reductions, more ambitious climate pricdecremains connected to
additional costs for adaptation financing — being just theosjie of what is needed.

It is thus the main implication of this study that it is unwiselink mitigation and
adaptation in the way as CDM and AL jointly do. It seems inapadp to finance more
adaptation when climate protection is more effective, anfitance less adaptation if
more global warming is admitted. However, this effect isyamlightly changed by the AL,
and is mainly rooted in the CDM itself. The same problem hotdsh air passenger duty
or a tax on bunker fuels as a means to finance adaptationathstevould be preferable to
build on institutional arrangements where transfers gesgravith more climate protection.
This would provide additional incentives for climate prdten. Auctioning of emission
permits could be an option in this sense: With less mitigatimre emission permits are
allocated, such that auctioning may generate more fundstificate prices do not fall too
elastically. Alternatively, adaptation funding mechamssthat are not linked to mitigation
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could be an appropriate choice.
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