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Abstract

This paper discusses the implications of climatnge for official transfers from rich
countries (the North) to poor countries (the Sauflme concern is no longer just
about poverty alleviation (i.e. income in the SQubut also about global emissions
and resilience to climate risk. Another implicatisrthat traditional development
transfers to increase income are complemented Wwyfinancial flows to reduce
greenhouse gas emissions (mitigation transferspandme climate-resilient
(adaptation transfers). We find that in the absefgestitutional barriers to
adaptation, mitigation or development, climate deawill make isolated transfers
less efficient: A large part of their intended etf@o increase income, reduce
emissions, or boost climate-resilience) dissipatethe South reallocates its own
resources to achieve the mitigation, adaptationcemdumption balance it prefers.
Only in the case of least-developed countries, Wwhie unable to adapt fully due to
income constraints, will adaptation support leathtwe climate resilience. In all
other cases, if the North wishes to change thenbalbetween mitigation, adaptation
and consumption it should structure its transferdr@atching grants”, which are tied
to the South’s own level of funding. However, thertk can also provide an
integrated transfer package that recognizes thdmd climate and development
requirements of the South.
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1. Introduction

The twin needs of poverty alleviation and environtaéprotection have long been
recognized as complementary challenges. There moyan extensive body of work
that documents the close links between environmedtdevelopment, a literature to
which Anil Markandya has made wideranging contiidmg (e.g. Pearce et al. 1990;
Markandya and Pearce 1991; Markandya 1998, 20@8; Markandya and Nurty
2004).

Perhaps less appreciated in the academic literetdine fact that environment-
development links also extend to questions of ea®fficial development
assistance has been subject to extensive resegpelnticular about aid effectiveness
(e.g., Bourguignon and Sundberg 2007; Collier andad 2002, 2004; Dollar and
Easterly 1999). Environmental finance has becontopia of wider academic interest
only recently in the context of climate change. Bades (2013) for an overview and

Fankhauser and Pearce (2014) for a more concegisgalssion.

There has been no systematic analysis up to ndwwfenvironmental finance and
development aid interact, either from a donor pectipe (e.g., in terms of
overlapping or competing donor objectives) or framecipients’ point of view (e.qg.,
in terms of the incentives that multiple fundingesims provide). The aim of this

paper is to close this gap, using climate change@estinent example.

Under the Copenhagen Accord of 2009, and reaffirmedibsequent negotiation
documents, developed countries have promised tada@dditional climate finance
of up to $100 billion a year from 2020 to help depéng countries to reduce their
emissions and adapt to the consequences of clchatege. The offer needs to be
seen in a broader context of financial assistanceveloping countries, which also
includes development aid: Climate finance is t@kglicitly provided on top of
conventional development assistance, which devdlopantries have pledged to

increase to 0.7% of GDP as part of the MillenniusvEopment Goals.

This paper offers a theoretical model to analyeentiotivation of donors in providing

three kinds of funding to developing countries:ding to alleviate poverty



(development aid), funding to reduce greenhouseegassions (mitigation finance)
and funding to prepare for unavoidable climate geaf@daptation finance). The
model also studies how the three funding streamestahe ability and inclination of
recipient countries to increase income, reduce ®ams and strengthen resilience to

climate change.

The basic tenet is that transfers reflect the attieliefs of those making them. That
is, transfers are not made primarily for strategesons, but because people in
developed countries care about the welfare of geimpdieveloping countries. We also
assume that these beliefs can be expressed irpaopajately specified utility
function, and study how the level and compositibhr@ancial flows depend on the
ethical beliefs of developed countries (which, vapiologies to the antipodes, we
shall call the North). For a more detailed disomsif the ethical dimensions of
climate change see Stern (2012) and Kverndokk arse R2008).

Most of the existing literature on financial tragsf focuses on their strategic value,
that is, their merit in securing an internationgdeeement (see e.g., Barrett, 2003, 2007
and Hong and Karp, 2012, on forming internatiomsi@nmental agreements; an
exception is Grasso 2010). Already in the 1990staCa and Siniscalco (1993) and
Kverndokk (1994) argued that side payments mandgnfOECD countries to non-
OECD countries would be an effective policy instemhfor making a limited treaty
significant. Eyckmans and Tulkens (2003) show ¢&hptoportional surplus- sharing
rule can stabilize a grand coalition and securditeebest global climate policy, and
Carraro et al. (2005) demonstrate the importancemfetary transfers as strategic
instruments to foster stability of voluntary clirmaigreements. Further, Hoel (2001)
argues that monetary transfers are also impontargduce carbon leakage, while
Chatterjee et al. (2003) study transfers to proreotaomic growth and contrast the
effects of a transfer tied to public infrastructureestments with a traditional pure

transfer.

Our paper is also part of a more recent literaturéhe interplay between adaptation
and mitigation (see for instance Buob and Stepl@di 2Ebert and Welsch 2012,
Tulkens and van Steenberghe 2009; Ingham et a¥; B@chet et al. 2013). A
recurring insight from this body of work is thelfmking. While the benefits of



mitigation are non-excludable, the benefits of daapn are often excludable,
meaning that adaptation is primarily a private gaad the benefits accrue only to the
nation doing the adaptation investment (Kane armh&m, 2000; Barrett, 2008).
Thus, nations should have the incentives to dagpeopriate adaptation investment

themselves in contrast to mitigation.

Another issue in this literature is that adaptafod mitigation can be substitutes
(Ingham et al., 2005). Thus, by reducing the effettclimate change, the incentive to
mitigate may be lower and give a negative feedlbad¢ke donors. To bypass this
issue, Pittel and Ribbelke (2013) develop a twiaereghodel, similar to ours, to
explore the merit of financial adaptation transtés are conditional on mitigation
efforts. Also Heuson et al. (2013) consider a z&ditwo-region model of mitigation
and adaptation with different types of transfeasrfrthe industrialized region to
compensate for mitigation and adaptation costseapécted and potential climate
change damages in the developing region. In cdritvdkese approaches, we allow
for development assistance (in the form of prodwctiapital transfers) as an
additional transfer channel and, more importantly,consider a more general

preference structure that allows for ethically matied behavior.

This paper departs from the existing literaturetimer respects. First, unlike the side
payment literature we treat financial transferam&quity issue rather than a strategic
question. Transfers are determined by ethical peates and not by the need to
secure cooperation (although there are, inevitaame strategic effects). Second, we
are not concerned with optimizing global socialfaed. Rather than a global
perspective, we take the point of view of donor esapient countries and ask what
their social welfare functions imply for the impadtdifferent financial transfers. The
type of transfers we consider constitutes the ttifférence. While the literature
focuses predominantly on mitigation finance, oudelmffers a choice between

mitigation finance, development aid and adaptéfilmance.

The paper is structured as follows. Section 2 set®ur theoretical model. It features
a two-period game of transfers from North to Sawitth utility functions that include

' There are examples of adaptation actions with regional public goods features, such as the
management of international water systems, but we can treat these as exceptions from the rule.



the welfare in the other region. We then use tlamework to study a series of
questions relating to the interplay of developnagdtand official finance for

mitigation and adaptation.

The first three questions concern decision makintpé South: Section 3 studies the
effect of official transfers on the mitigation deioins of the South, while section 4
studies the impact on adaptation. Section 5 analysespecial case of a least-
developed country, whose ability to spend moneglonate change is constrained by

the need to maintain a subsistence level of consamp

The next two sections concern decision making éNbrth. Section 6 analyses the
incentive of the North to offer adaptation, mitigatand development transfers,
bearing in mind the strategic reaction of the Saliberved in sections 3 and 4.
Section 7 studies the same question but in a merergl set up where the efficiency
of transfers varies. That is, a varying fractiorftofding is lost in the course of the
transfer. Section 8 concludes.

2. A two-period model of transfers

Our model is structured as a simple game betweendgions, j, over two periods (
= 0,1). The two regions are callétbrth (j = N) andSouth(j = S), where North is a

rich region and South is poor. Each region prodacesxogenous outply;. , Which

results in greenhouse gas emissieh% The combined emissions from both regions

result in climate change damage, which reducegadblaioutput in period 1. Damage
in period 0 is assumed to be negligible.

In period 0 each region chooses the amount it wishiévest in mitigation
technologym and adaptation technology The benefit of adaptation is reduced
impacts from climate change in period 1. We asstiraeclimate change damage in
country j,D;, is a constant share of output, and that a frag#o of this damage can

be avoided through adaptation. Investing in adaptdtas decreasing returns:

O<a, (aj ) <1lwith a; =0 andaj <0. These are highly simplistic assumptions but

2 Thus, we implicitly assume that real capital investments are made optimally.



they are common in the literature (e.g., Fankhau€94; Kverndokk, 1994; Tol,
2002; Nordhaus and Boyer, 2000; de Bruin, Dellind &ol 2009; de Bruin, Dellink
and Agrawala 2009; for a critique see Pindyck 2013)

The benefit of investing in mitigation is lower essions for a given level of
production. Mitigation capital is long-lived so tithe choice ofry determines
emissions over both periods. Emissions are prapmatito output, that i’ =

ov,-(rn)y,-t, whereg;(m) can be interpreted as the emission-to-output.rdfi® assume
that mitigation investment has decreasing retuensifalently, the abatement costs

functions is convex)o; <0 and | = 0.

We assume that each region has its own emissiastraamts, which one may think of

as being part of an international agreement totcaimsemissions over both regions:

N

(1) ante<®: €+res’e Tt e

For simplicity we assume that there is no intetacte.g. through carbon trading)
between the two emission spaces. The respectiv&sems constraints apply
separately to each region, although emissionsuagilile across time periods. We
will lift the restriction on carbon trading briefig section 3 to study the impact of a

global carbon market on official financial flows.

The North can make three types of transfer in jpedio
« aproductive capital transfer (development assistaii, which will increase
the available output (and emissions) of the Sautberiod 1,
» a mitigation transfefT™ , which helps the South reduce its emissions th bo
periods
» an adaptation transfef?, which augments the adaptation capital available t
the South.

® An alternative formulation would be to associate the benefit of mitigation directly with reduced
damage. However, this would introduce climate change as a strategic externality into the model and
make it difficult to distinguish the equity case for transfers from the strategic case. Moreover, our
representation is not unrealistic. Very few countries are large enough to influence global emissions.
For most, the incentive to reduce emissions comes from an exogenously agreed target and/or the
prospect of carbon market revenues, rather than the possibility to reduce damage directly.



The transfers introduce some intra- and intergdiosra tradeoffs. Mitigation (and
mitigation support) has an immediate and lastingaot because it lowers the
emission intensity in both periods. Adaptation anaductive capital support
however, are subject to a time delay. Today's itmest only pays off in the next
period. Hence, we assume that changing the productipital base and adaptation

capacity of a country requires more time than agtiis emission intensit}.

The output that is left after transfers and invesita in mitigation and adaptation in
period 0 is consumed. The consumption levels ih eagion and period;', and the

corresponding emissions,, can now be specified, as shown in Table 1.

Table 1: Consumption and emissions levels in each regidrpaniod.

Period 0 (now) Period 1 (future)
N ng:yﬁ—rrh—a\‘—-[m—?—-r C,l\l:[l—lil—aN(aN):IDN('é)] )}N
North
; o e\ :UN(m\l) W

e =o(m) %
s [aimea & =[i[1-a (o )] L] o 7]
(South & =0 (mg+T") ¥
)

eé :JS(mS+ Tm)[ )}S'*' T}

The final, crucial element of the model is eadyior’s utility function. We assume
that both regions gain utility from consumptionattlalso includes feedback from the
environment). For simplicity we assume linear tytifunctions, and we can write the

intertemporal utility function of the South as:
2) Ug(ctcy)=ci+d &

whereds is the consumption discount factor of the Soutipressing the

intergenerational equity preferences of the region.

*In reality, there will also be quick wins in improving adaptation capacity and productivity. At the
same time, some mitigation efforts will only curb emission intensity in the long run. We abstract from
these possibilities mainly because it allows us to keep the model tractable.



To be able to study transfers from North to Soh#t are not motivated primarily by
strategic reasons, we assume that the North ates ahout the intragenerational
distribution of consumption, that is, consumptiorthe South. One way of doing this
is to follow Fehr and Schmidt (1999) and assumetti@North expresses inequality
aversion in consumptiohpeople in the North dislike that the South is podhan
them, but would dislike it even more if the Soutérevrichef. Obviously, as North is
the richer region initially, and would not makertséers that make the South richer

than them, we have, > c,. The utility function of the North can then be tten as:

3)
UN(CN’CS):CN_H(CN_ c)=@-u)cytpcs c= €+d .t F N ¢

wherep >0 is a parameter expressing the intrageneratioeé¢@mnces of the North,

while 3, is the discount rate of the North, expressingntsrgenerational preferences.

From (3) we see that <1 is required for consumption in the North to addhe

North’s welfare. In addition, it is reasonable ssame that consumption in the North

adds more to the utility of the North than consuoptn the South. Thus, we set
u<y2.’

> We could also introduce the inequality preferences in the welfare function of the South as in

Kverndokk et al. (2014). This would give preferences for a higher consumption level in the South.
However, as will be obvious from the discussions in Sections 3 and 5 below, equity preferences will

not affect the optimal mitigation and adaptation levels, and inequality aversion in the South would

not matter for our analysis.

®The general case would be

U, (CN,CS) =cy—nmax cs- ¢, -y makc— ¢,p . c= &+ &, F N,s wherenisaparameter
representing the negative feeling of being worse off than the South, while u is the parameter
representing the negative feeling of being better off. We then have n > u. The second part of the

welfare function equals zero as ¢y > cs.

" We could also introduce a consumption transfanfiorth to South in both periods as a means to
reduce consumption inequality. However, as we lepseimed that < 1/2, no interior solution would
be possible from the optimization problem, ande¢h&ould not be any consumption transfer between
the two regions. This is because utility is lineaconsumption, and the North will always prefeeon
extra consumption unit to itself than to the Sobtbte, however, that with a concave utility funatio
we would get an interior solution, and the margundity of consumption as well as the equity weggh
will determine the outcome. |f = 0 so that North does not care about the weléarel of the South,
there will not be any consumption transfer evethia case. The reason is that the consumptionféians
has no strategic effect. The only reason to trarcgfesumption is that the North cares about the
welfare of the South.



3. Financial transfersand mitigation in the South

The first issue to which we apply our model is gfuestion of how the need to reduce
emissions affects how the South treats officiaficial flows from the North. The
optimal transfers from the North will be discusse&ection 5 below. For the time
being we also ignore the need for adaptation aodsfon mitigation only.

First, note that as long as there is no emissi@ausg, the emissions constraint in the
North given by equation (1) determines the needrfidigation in the North, i.e., the

optimal level ofm follows directly from the emissions constraint asdinaffected

by the transfers to the South. We return to the gath emissions trading below.

The optimization problem of the South with resgeahitigation is given by

maximizing the following Lagrangian,
(4)
ma)ﬂgl-sz (g"'a_sés"'/] LAes_ é§ as

=yi-me-ag+o{i-[l-a (ag ™) DYl Y& T}+A {Jeso(sm M % 'wo IF

where Agis the shadow price on carbon. Assuming the enmisstonstraint is

binding, the necessary first-order condition (F@&)an interior solution is

oL i
(5) o AT ys+ystT =0

= Loy ys+ys+ T ]=4s

That is, the shadow price of carbdn, is determined by the marginal cost of

mitigation, measured over both periods. Equatigrigqgether with the binding

emissions constrairg) + .= & from equation (1) constitutes a two-equation syste

with two variablesm, and;, which are functions of incomg?, y1, transfersT:, 7™



and the emissions constraét Note that adaptation is not present in the FQC fo

mitigation effort, which allows us to study the igé#tion decision separately.

We solve the system by totally differentiating th® equations. Expressed in matrix

form this yields:

dTm
6) ry —1/A:}{dng—d;-ys -0’ 0} .
OsYs 0 dA —0s¥s 05 1 dé,

wherei, = [y + y& + T]is total undiscounted income over both periods.fing:

that:

d& osys  dT” B LI

(7) dn_ 1 .o dM__y.dm_ 05, 4

The first expression confirms that a more lenignissions constraint in the South
leads to reduced mitigation effort. The second esgion suggests that a dedicated
mitigation transfer completely crowds out the S&utiwn mitigation efforts. Since

the cap on emissions is fixed the transfer alldvesSouth to free up its own resources
for consumption. As a result there is no additiondigation in the South. A binding
emissions constraint in the South renders mitigatiansfers ineffective, i.e.

®) = =¢S(1+ gﬂ -0

The final expression in equation (7) shows thectfté development assistance on
mitigation in the South. It suggests that additlaad will trigger further mitigation.
This is because a productive income transfer leatiggher output and therefore more
emissions, and additional mitigation is needecetoain within the carbon constraint.
Again, the presence of an emissions constraint sddestransfer less effective, in the
sense that development assistance now leads teea ilacrease in utility in the South,
and therefore also the North. To see this we diffeate the utility function of the

South with respect to development assistance:



du,_ d &
- a{n-[rad()]o 46))

9)
The second term of the equation represents theaserin period 1 consumption that
a productive transfer would normally have. Thetfiesm is negative and reflects the
reduction in consumption due to the need for mateyation. Because wellbeing in
the South features in the utility function of thert, utility in the North is affected in
the same way. Note that the effect on period 1 wmpsion depends on climate

damages. We will return to this issue in the nextisn.
Equations (7) to (9) give rise to the following position:

Proposition 1: Mitigation and development transfbecome less effective if the South
has a binding emissions constraint, in the senaettte transfers result in less
additional mitigation or additional consumption sggectively, than the same transfer
in the absence of a constraint. This is becaush e&the transfers focuses on only
one objective (emissions cuts and higher outpgpeetively), and the South will

redeploy its own resources to establish its preféipalance between the two goals.

If the North wishes to preserve the full effectefelopment transféti will have to
recognize the twin importance of both output groasidl emissions cuts. The North

may then devise a combined package of trangf¢hsit includes both development

and mitigation assistance. In particular, a packhgecombines each dollar of

development assistance Wiﬂ?%. y dollars of mitigation transfer (recall thaf is
S

negative, see equation (7)), would be emissionsraleand not require any further

adjustments in the South:

(10) T=T+ % _ W& o M,
045 dT ' dT

® Note that this will not necessarily follow from the optimization problem of the North, see Section 5.



We can think of such a package as low-carbon dpustnt assistance (say, access to
renewable energy) rather than traditional, highzoardevelopment aid (access to
fossil fuel-based energy), where the incrementst obthe clean solution constitutes
the mitigation transfer. The presence of an emissemnstraint in the South thus
strengthens the case for low-carbon developmentaiiraises questions about

development support for high-carbon projects likalc

If the North is intent on increasing mitigationthre South beyond the emissions
constrainté., it may wish to structure mitigation transfers‘@astching grants”,
where for each dollar the South spends on mitigatize North would pay an
additionalz™ dollars for further mitigatiofl.This would provide an incentive to
reduce emissions in the South beyond what its catbastraint requires. Defining

7, = [1+4 ™] as the total mitigation level in the South, ie&sy to show that there

=

is still crowding out but at a lower rate:
(11) dm=dm[1+7" |+ md"=0 = dny d"=- nf[1+7").

Hence, the effect of a slight increase of the matcgrantrate (from say 10% to

11%) is a decrease in mitigation expenditure inShath of—ms/[1+ rm] . In order

to make this comparable to the effect of the digeant (which is measured in
monetary terms), we have to divide by in equation (11). Therefore, the effect of a
slight change in the matching grant is given-ti;/[1+ ra] D[—l,q , Showing that

there is incomplete crowding out in the matchingngicase.

An incomplete crowding out implies that more isrgpen mitigation measures and
emissions fall. However, unlike in the case of loarbon development assistance, the
matching grant will not result in a welfare maximg allocation of resources from

the perspective of the South as the South wouttt@tié resources differently without

the matching grant restriction.

We summarize these findings in the following prapos:

’ Again, this may not necessarily be an optimal policy for the North.



Proposition 2: The North can respond to the impghat an emissions constraint in

the South has on the effectiveness of transfessvlighing to a low-carbon form of
development assistance and / or by offering mitbgaassistance in the form of a
matching grant. The former would ensure that the tbjectives of output growth
and emissions cuts are met simultaneously. Ther latbuld encourage the South to

undertake additional mitigation beyond what its €rons constraint requires.

An interesting extension to consider is how thesgmkty of carbon trading might
affect the case for official development and mifiga assistance. To explore this we
replace the separate regional emissions consti@ieiguation 1 with a global

emissions target,

(12) ete+d+es’e

whereé = Y ¥ éj.. Countries are allowed to trade in deviations leetwactual and

target emissions, which gives rise to an additidinaincial flow that affects utility in

both regionsp(é  — e ), wherep is the international price of carbon.

The consumption levels in each region and at aawh period is now specified in
Table 2.

Table 2: Consumption levels in each region and period. Rérading.

Period 0 (now) Period 1 (future)
N =y -m-g-T-T-T clN=[l—[1‘aN(aN)]DN(é)] W
(North +D[é3‘ﬁﬂ +p[é\.—€h]
)
:UN(mN) W

el(\)l :JN(mN) yl)\l
S Co = yoa— Mg~ a, Cs =[1—[1—as(as+ Ta)} Ds(%ﬂ[ ys T]
(South +p[€§— %} +p[§— é]
) eg:US(mS+Tm) )95




& =a5(me+ T")[ ¥+ T]

The presence of carbon trading introduces a sicagégment to the North’s decision
about development and mitigation transfers, siheampact these have on Southern
emissions may feed back to the North in the forrdifférent carbon market

dynamics:

Proposition 3: When emissions are controlled thitoagglobal carbon market, a
transfer of mitigation capital completely crowdd ouitigation in the South. The
transfer has no impact on the optimal mitigatiovelein the North. Development
assistance that increases output and emissiorteisouth will increase the
mitigation effort in the South, while the mitigatieffort in the North is also likely to

increase.

We demonstrate these results in Annex 1. It shbatsmost results also carry over to
the case with emissions trading. The main diffeeaschat mitigation in the South
affects the permit price. When development assistagiven, southern emissions
increase and the South needs to mitigate more &b ilsgarget, or to buy permits
from the North. In the Annex we show that bothldeely to happen, which means
that mitigation will increase in both regions ahd price for permits goes up.

4. Financial transfers and adaptation in the South

We now turn to the adaptation decision of the Sawithexplore how the adaptation
in the South depends on transfers from the Nottle. aximization problem of the

South is given by:
(13)

ma)g,sl-szCg"'dsés"'/1 ges_ és_ as
=yi-mg-ac+ S {[l-[l-as(a+ ™)) DU %+ TH+A{ "o me M % “w TF



The necessary first-order condition for a maximimtefior solutiod® with respect to

adaptation effortas, is given by:-1+Jd.,a';.D S[ ylj+ T‘] =0. Thus, we get

(14) aas(ag+T*)DYY[ yor T]=1

The optimal adaptation effort is found by equaligzthe marginal benefits of adaption
(the left hand side) and its marginal costs (tgatrhand side). The FOC determines

adaptation effort as an implicit function of adajaa and productive investment and

the global emission capﬁs(Ta,Ti,é :

In a similar way, we can find the optimal adaptatievel in the NortH

(15) S YnDy(®a, =1.

Thus, as for the South, the discounted marginagtitsrof adaptation should equal the
marginal cost of adaptation. The optimal adaptatweel follows from economic
considerations only, which means that both thegaititon level and adaptation level
of the North is unaffected by its equity preferenda addition, they are also

unaffected by transfers to the South.

To see the impact of transfers on the adaptatiel la the South, we find from
equation (14):

(16) ai[dag+dT" | DJ Yo+ T|+a' D) y& T| dea’ DAT=0

It follows straightforwardly that

1% sufficient conditions for an interior solution are that the first unit of investment in adaptation has a
very large effect on the residual damages (a; (0) = +00 ) and that this effect vanishes for very large
investments

(lim, .. ai(a)=0).

! See equation (23) for the optimization problem.



(17) aiéas(éTa,T):

A higher global cap on emissions will cause thetBoo adapt more as the marginal
benefit to adaptation is more important.

If follows also that

d
aT?

(e T)= 0B =1

(18)
That is, additional adaptation support completebywes out the South’s own
adaptation effort. Direct adaptation support fundgdhe North does not lead to
additional adaptation because the South decretzsseam adaptation effort by the
same amount. In the same way as for mitigationitiaddl adaptation support frees
up resources that the South prefers to use forucopson. The reason for this is seen
from the first order condition given by equatiod)1Adaptation transfers do not
address any exogenous constraints to adaptatiasirbpty offer additional adaptation
resources. But since the benefit from adaptioheassame before and after the
transfer, it will be optimal for the South to stittkits original adaptation level. Thus,
this is in line with the literature discussed ie thtroduction claiming that the benefits
of adaptation are excludable, so the poor regiantimright incentives to adapt even

before the transfer.

As for mitigation transfers discussed above, thelNoould increase the adaptation in
the South, and thus reduce damage in the Southgdiyn using a “matching grant”
form of support. As before this would lead to inqete crowding out, but as this
gives a different allocation of resources than auththe matching grant restriction, it
would result in a welfare loss for the South.

This gives us the following proposition:

Proposition 4: Adaptation capital transfer from tNerth to South will completely

crowd out adaptation investments in the South,asndematching grant support



function is used, but this will not give the wedfamaximizing allocation of resources
for the South.

To study the effect on adaptation of developmesistence, it follows from (16) that

!

0 . (n-a w)_d oa'.D a
0 GO e S [y el v
hence, productive capital support leads to therel@sesult that the South increases its
adaptation effort. Intuitively, by promoting GDPogrth in the South, more value is at
risk in the region due to climate charig&his gives an incentive to increase
adaptation efforts. Note that this effect hingest@assumption that damages are
proportional to output, a standard assumption enemic studies as mentioned in

Section 2. The result can be stated in a Propasitio

Proposition 5: An increase in development assistamitl increase the adaptation

level of the South.

As seen from equations (7) and (19), increasingldgvnent assistance that increases
production in developing countries has a positpact on both mitigation and
adaptation effort in the developing countries. Tikig contrast to climate finance that
gives transfer of adaptation and mitigation capitalese results hinge on the
assumption that development assistance has avgosftect on production in the poor
countries, and that we do not have a complete drayvalit of investments in real

capital. We will discuss this in further detail$ection 5 below?

5. Financial transferswhen the South isincome-constrained

Up to now, we have assumed that the South is siftiy affluent that it can invest
some of its resources in adaptation or mitigatiie. now relax this assumption by
requiring that consumption in the initial periodstd be at least equal to some

2 In addition, higher income may lead to higher demand for climate protection, but we do not model
this income effect.

 Note that the results for adaptation depend on a given level of accumulated emissions in the
second period. That is, it does not matter whether the permits are tradable or not.



minimal subsistence level. We can think of this as the situation of a |le#esteloped

country.
The South’s optimization problem is now given by:

(20) max, . Ug=citdgs st c’2c and €% és’e

Associating a Lagrange multipliér to the minimal consumption requirement ahd

with the emission constraint as before, we canevthie FOC for optimal mitigation

(assuming an interior solutidf as follows:
(21) -[1+6]- /]SU'S[Y%"' yst Ti]z 0

The first term denote the marginal cost of a dala@ested in mitigation in the first
period: one unit of consumption forgone plus thadstw price of the subsistence
requirement. The second term measures the margiuoah of that extra mitigation
investment which depends on the shadow value oéitissions constraint. The FOC

for optimal adaptation efforts is given by:
(22) ~[1+6]+5.aD{y'+T'|=0

The first term stands for the marginal adaptatiost @nd the shadow price of the
minimal subsistence consumption level. The secerd stands for the marginal
benefit, i.e., reduction in remaining climate chamnigmages. Compared to the
unconstrained case (equation (5) for mitigation equaation (14) for adaptation), we
see that marginal cost of investment will be highehe constrained case. Hence, the
South will mitigate and adapt less if it is consteal in consumption in the initial
period which is very intuitive. They would like moitigate and adapt more but they
cannot because otherwise they would starve to death

" We can safely do this because we have assumed that the marginal benefits of the first units of
mitigation- and adaptation investments are unbounded.



The comparative statics and derivations are showinnex 2. When both the
emissions and consumption constraints are bingvedgjnd exactly the same results
for mitigation as in the unconstrained case disstigzrlier. In particular, mitigation
support is completely crowded out, adaptation sugpas no impact on mitigation
efforts, productive capital support leads to higmérgation (in order to compensate
for higher emissions), a more lenient emission trairg implies less mitigation, and
the minimal consumption level (and hence a pumstea of consumption) has no

impact on the mitigation decision.

The comparative statics for adaptation by the Satghhowever different from the
unconstrained case. First, extra mitigation supleads to more adaptation in the
constrained case (remember it did not affect adiapten the unconstrained case).
The transfer of mitigation capital leads to completowding out of mitigation as the
South will lower its own effort by exactly the sam@ount. However, this frees

resources that can be invested in adaptation wiashpreviously constrained.

Secondly, extra adaptation support has no impath@adaptation choice of the
South in the sense that they do not change theiram@ptation investments. The
reason is that they were constrained in adaptatience, the support alleviates the

constraint and increases to total adaptation dagfithe South.

Thirdly, productive capital support leads to higeecond period emissions which
have to be compensated by higher mitigation ifeméssion constraint is binding.
This implies that resources should be drained dvway adaptation in order to obey
the consumption constraint. Thus, traditional depelent assistance leads to lower
adaptation investments in the poorest countriesalRthat this was different in the
unconstrained case, in which the South reactedexitta adaptation efforts when

receiving development assistance.

Fourthly, a more lenient global carbon constra@suits in more adaptation
investment in the South because the marginal tesfedidaptation increases. This

effect is the same as in the unconstrained case.



A final result is that simply transferring consuropt(i.e., relaxing the consumption
constraint) would lead to higher adaptation. Thaitawhal consumption is used to

direct more resources to constrained adaptatiossinvents?

Proposition 6: If the South is very poor (i.e. cvamed to subsistence consumption
in the initial period), adaptation can be boostgddroviding (1) targeted adaptation
support, (2) mitigation support, or (3) direct camsption transfers. All three routes
are equally efficient at boosting adaptation. Protive capital support leads however

to lower adaptation.

6. Thefinancial transfer decisions of the North

To decide on its adaptation level and the trangtetee South, the North wants to
maximize its intertemporal welfare function, givahrestrictions from Section 2 and

subject to its adaptation leved,() and transfersT(*, T', T™). The optimal mitigation

level (m,) is found in Section 3.

The optimization problem for the North can thenrdten as

max., oLy = Q- yi-my=a,= 7= T= T)+u( §- m- g
(23) g A €0, @) 0, 0)
(v +T)(1- @-ag(as+ T)) D))
+)IN{éN o (MYl R+ 9N]}'

where A, is the shadow price of carbon in the North. Thé T ucker conditions,

where the choices of the South are taken as garen,

oL i (0

@4) =~ p)ud, (y5+T) Ds(e)ag(a_?_i +1js 0
oL om

25 =—(-u)- S 1<0

(25) P 1-4) /J(OT’“J

B Thus, as opposed to the result in the main model in Section 2, a consumption transfer may be
optimal in this case.



(26)

oLy _ .
Fr A-u) ,U[

om,  dag a . N, 0 "
a—?i+a%}+5N,u{(1—(1—as @tT ))) Ds(e)+( Yo+ T')a Sa% D{Q}S 0,

where equality holds for interior solutions of tiespective endogenous variables.

Before discussing the first order conditions, rtbeg by settingu =0, the only

reasons for transfers from North to South wouldtoategic. Thus, ethical reasons
such as “to do good” would not apply. As is obvidnesn equations (24) to (26),
there are no strategic reasons for transfers sntisidel. However, as we will discuss

below, this will change when we introduce tradgidemits.

To find the optimal levels of transfers, we neeavtk with the first-order condition.

Let us start with thadaptation transfersFor an interior solution, we find from (24):

N (0
(27) 1—u=ﬂ5N(yé+T)Ds(e)as(a$+1j

This shows that the marginal cost of the trangfehe North, weighted with the
equity weight (left hand side), should equal thed§i of increased consumption in

the South in the next period, also weighted witheljuity weight (right hand side).
But from (18) we know th&(‘;—% =-1 and the adaptation transfer completely crowds

out South’s adaptation effort if there are no crmists to the transfer. In this case we
see that (27) does not hold, and there is no ortenlution. Thus, it will not be
optimal for the North to transfer adaptation cdpitethe South?®

'® Note that an adaptation transfer in this case would be equal to a pure consumption transfer. As
discussed in footnote 7, a consumption transfer will not be optimal with a linear utility function. Note,
however, that with a concave utility function, we would get an interior solution, and it would be
optimal with an adaptation transfer even if the adaptation level in the South did not increase. The
reason is that consumption in South would increase and the inequality between the two sectors
would be lower. This would increase the utility of the North as they express inequality aversion.



However, if there are constraints attached to ttsgtation transfers, such that for
every dollar used on adaptation in the South, thetN\ransfers® dollars (a matching
grant), we know from Section 3 that there is crowdbut, but it is not necessarily
complete. Using a matching grant may, therefonse gn interior solution of the
optimization problem and a positive adaptationdfanfrom the North to the South
will occur. The magnitude of this transfer is ingseng with the equity weight put on

the utility of the South, and the transfer wouldzeeo if the weight is set to zero.

If the South is constrained in consumption (Sechjprwe know thatj% =0, see

Annex 2. This has implications for the adaptati@msfers as equation (27) now

becomes:
(28) 1-p= 8, (ys+T') Dy(®a's

Thus, as we do not have crowding out, it may béadtfor the North to transfer

adaptation capital to the South.
To study the optimahitigation transfersve combine (25) and (7) and find

oL,

(29) aT"

=-1-)+u<0

As for adaptation transfers, there is no inter@ugon to mitigation transfers and the
optimal level is equal to zero. The mitigation ster would just work as a
consumption transfer, which is not optimal with timear utility function. This also

holds if the South is income-constrained.

This gives us the following proposition:

Proposition 7: Due to the complete crowding ouadéaptation and mitigation in the
South from adaptation and mitigation transfers exsyrely, these would work as
pure income transfers, which will not be optimathaa linear utility function. The

transfers could be optimal if they are designed asatching grant function. Also, if



the South is income-constrained, adaptation trassfeuld be optimal for the North

as they will increase the total adaptation capitathe South.

The optimal level of development assistance follfnsn equation (26). Assuming an

interior solution, it can be re-organized as:

(30)

=B, o)) [ o1 7) 058

As seen from (30), the development assistancenmaaadts on the utility of the North
via changes in the mitigation and adaptation effortthe South, as well as the
income increase in the South as the region gdtenidhus, there may be an interior
solution meaning that there may exist an optimallef development assistance.

For the case where the South is income-constramednay still have an interior
solution, but note that the sign i now turns from positive to negative, which has

an impact on the size of the transfer. Whethenciteases or decreases is
undetermined as adaptation in the South has bptisitive (reduces utility in the first
period) and negative (increases utility in the selcperiod) impact on the

intertemporal utility of the poor region.

If there is a permit market, the development aasc# has additional impacts on the
utility of the North via changes in the permit gricee Annex 1. This has again
impacts for the mitigation effort in both countrid$us, even if the North does not
care about the welfare of the South, the region stilybe interested in transferring
development assistance for strategic reasons dsatisfer has impacts on the
financial flows from the permit market and its métion effort. Note, however, that
the strategic and ethical incentives may go iredét directions. For instance, even if
the North cares about the South, it may still ieffeom transferring development
assistance or reduce the ethically optimal level tduthe effect of the transfer on its
mitigation and the financial flows from the emigsigermit market.



7. The decisions of the North when financial transfers are inefficient

In addition to the incentive effects studied sq the effects of international transfers
also depend on “leakage”, i.e., the extent to whiahsfers do not reach their
intended beneficiary. With weak or corrupt insibas, which are prevalent in many
countries, money may disappear along the road.

In our model, the efficiency of transfers can bedeled in different ways. For
instance, the- ando-functions describe how adaptation measures ardatidn
measures are transferred into reduced damage assi@ns respectively. Thus, these
functions also describe the efficiency of thesadfarmations. As an example, the

function may describe the costs of adaptation.

To model what actually reaches the targets, wardasduceefficiency parameters
0<b’ <1,j=a,i,m. This means that the North may pay more than vésathes the

South. Thus, while the North’s optimization problenunchanged, these parameters

need to be incorporated 8outh’soptimization problem.

The introduction of efficiency parameters only hasdest impacts for the qualitative
conclusions of the model. In the case of permditrg, the permit price will be
affected by the effectiveness of development aldoAcrowding out of adaptation
and mitigation capital will be less if less reacti®s South, i.e., there is only crowding

out of the actual transfer that reaches the target.

Our conclusions on the effect of development amyés on the assumption that
development assistance has a positive effect auptimn in the poor countries, and
that we do not have a complete crowding out of stwents in real capital. In our
model, we have assumed that investments in redhtape exogenous, so that the
growth potential of development aid is not crowdetl Some studies suggest that aid
does not necessary raise capital stocks in devejamuntries, and that the outcome
depends on domestic policies and institutionsesge Dollar and Easterly (1999);
Easterly and Pfutze (2008), but there are also moptienistic views on the effects of
development aid (e.g. Sachs (2005); Banerjee atiid (#011)). Temple (2010)



examines the conditions under which foreign aid el effective in raising growth.
Based on the evidence, he finds that aid can leetefé, and that the hypothesis that
aid may be harmful does not have backing. Thuslewin have modeled the effect of
aid in a simple way, we can conclude that as langicis given in a way that
promotes growth (not complete crowding out), tHeafon mitigation and adaptation

effort in the developing countries will be positive

The leakages do not change the qualitative corarigdior mitigation and adaptation
transfers. In the main model, it is not optimal hee North to transfer mitigation and
adaptation capital as we have full crowding out Hredtransfers go to consumption.
However, this is based on the assumption of linéaty functions. With concave

utility functions, the option for the North woule bo increase the Southern
consumption by either transferring consumption godidectly, or transferring
adaptation or mitigation capital. The choice woddgend on transaction costs akin to
the “leaky bucket” problem; i.e., efficiency lossdistribution. As a consequence,
transferring adaptation or mitigation capital mayegdifferent effects on

consumption and on who receives the consumptiod gwemn a direct transfer of the

good itself.

8. Conclusions

This paper discusses the interplay of differenesypf donor assistance to developing
countries: development assistance to boost outgiirecome, mitigation support to
reduce greenhouse gas emissions, and adaptatiparstgpincrease resilience to
climate risks. The motivation for these transferderived solely from the North’s
concern about well-being in the South. Our main ehddes not include any strategic
reasons for mitigation and adaptation transfersh s the need to secure a global
agreement on emissions, or concerns about interredtirade, where countries
specializing in an adaptation or mitigation teclogyl may expand their market if

others apply that technology.

The main model does not contain any market distostithat are not internalized. In
particular, there are no barriers to either effectidaptation or effective economic

management (such as poor institutions), and wenessubinding global emissions



constraint to address the climate change exteynsle may associate this situation

with middle income countries, which tend to havéyadvanced institutions.

We find that under these assumptions isolatedfeesaimed solely at development,
mitigation or adaptation are relatively inefficieAt large part of their intended effect
(to increase income, reduce emissions, or boasatd-resilience) dissipates as the
South reacts to the transfers by reallocatinguts cesources until it has established
the mitigation, adaptation and consumption baldhatoptimizes its welfare. In
essence, climate change finance works as a puseiggation transfer and any
impacts on mitigation and adaptation are indirgggered by the softer budget

constraint.

If the North wishes to change the balance betweégation, adaptation and
consumption in the South it needs to structurtrdtssfers as “matching grants”,
which vary according to the South’s own level afiding. In our model such
conditional funding would not lead to a welfare nmaizing allocation of resources.
Matching grants could only be justified if the Nodares particularly about climate

security in the South, rather than welfare moreathn

Ultimately if the North wants to preserve the feffect of development transfers, it
may recognize how climate change complicates welt@ximization and provide an
integrated transfer package that addresses theicedhtlimate and development
requirements of the South. The development commiais started to call this
climate-smart development — or, more catchily grgenvth (Jacobs 2013; World
Bank 2012; Bowen and Fankhauser 2011).

The result changes if we introduce a binding incaorstraint. We can think of this
as the situation of least-developed countries, whave to secure a subsistence level
of income before money can be allocated for clincatenge purposes. In this
situation financial transfers can have some undegemonsequences. For example, a
mitigation transfer may lead to higher levels chpiétion because the South’s own
mitigation budget is freed up and can be reallata@eit more expectedly, an
adaptation transfer will have the desired effeceaging the constraint on adaptation

and increasing climate resilience.



This suggests that adaptation support could ugdbelttargeted at countries that are
income (and therefore adaptation) constraineddthtian to the efficiency argument
made here, there are also compelling equity reasasigport of prioritizing
adaptation support for least-developed countriégciwvtend to be highly vulnerable
to the impacts of climate change. In fact, withefiiéctive adaptation the

development achievements of past decades will bskate.g. World Bank 2010).

In our main model the transfer decisions of thethNare driven purely by their
concern about welfare in the South. In the absehaay strategic considerations, the
mitigation and adaptation levels of the North itsee unaffected by its equity
preferences. This only changes under an interratemissions constraint that allows
for carbon trading. Carbon trading introduces styat element into the transfer
decisions of the North. Mitigation in the Northaiected indirectly by the impact of
development assistance on the international cammket.

Our conclusions complement those of Kverndokk et28114). They also apply the
Fehr/Schmidt inequality aversion in consumptiostiady an optimal global climate
treaty, and find that inequality aversion lifts ¢t@nsumption path of the poor region,
while it lowers the consumption path of the ricgiom, which must take a greater
share of the climate burden.

Our findings also relate to the widely held viewpreessed most prominently by
Schelling (1992, 1997) that economic developmennhigffective way to reduce
vulnerability to climate change, although our argmtation is slightly different.
Unlike Schelling, we acknowledge the power of datiid adaptation spending in
reducing vulnerability. Our point is that, whatetee nature of the transfers,
developing countries will find their own balancevween adaptation and
development. See also Bowen et al. (2012) for a@maanced discussion of the links

between climate vulnerability, adaptation and depeient.

The results depend on an international agreemanttmnstrains global emissions,
which we introduced to isolate the climate finaaspects of the problem. This may
not be realistic for some years to come. HoweVer cap on emissions does not need

to be strict or environmentally optimal for the nebtb work. The assumption does



not necessarily constrain emissions in the Southeisemissions limit may be set
equal to their business-as-usual level or evendnighermit trading in this case could
be seen as a Clean Development Mechanism-stylgféramnvhere the North can avoid
mitigation at home by paying for mitigation in tBeuth.

The model could be extended in several directiGngput could be modeled as a
function of the stock of productive capital and éeimtroducing an endogenous
capital investment process. This would complich&edanalyses considerably because
both the mitigation and capital accumulation prgogsuld have to be modeled as the
outcome of a non-cooperative game. We do not belieat the added complications

would fundamentally affect the basic results detiirethe simpler formulation.

A more interesting extension would be the introgtucbf market imperfections. So
far, we have assumed that the South can chosegapgation strategy without
restriction. In reality however, capital market ienfections and other constraints are
likely to restrain the adaptation potential in 8&uth. It would be interesting to
investigate how this might affect the results arad/be open up the possibility for

other types of assistance (like subsidized loadgechnical assistance).

A third set of extensions would involve alternatways of modeling the equity
preferences of the North. One interesting optiamabe to study the historical
responsibility case, where climate damages rattar the consumption level in the
South enters North’s utility function, or alternegiy that the North only cares about

the size of the transfers and not on the effect.

Finally, we did not consider explicitly a socialtmpum of mitigation and adaptation.
It would be interesting to study transfers thatld@ecure an international climate
treaty, although this is studied in several otlegygrs as mentioned in the
introduction. Implicitly, we could say that part thie optimal solution in our model
lies in the appropriate choice of the overall emisgeilingé. Given that we modeled
the adaptation process as a private instead ofqogitbd, there is no market failure to
be expected in adaptation. More sophisticated ftatimns are conceivable but are

beyond the scope of this paper.
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Annex 1: Official financial flows under global carbon trading

In this Annex we extend the original model with @ete regional carbon constraints
to a situation where regional emissions targets gse to international emissions
trading in a global carbon market. The mitigatiandtions for North and South

remain the same, but the emissions constrainplaced by:
(31) ettt gs’e

Where the aggregate targas the sum of individual targets by regions amakti

periods.é = 55 §'". The difference between the emissions target anchbemissions

creates a financial fIOV\Q(o:f;t - qt), wherep is the inter-temporal market-clearing
carbon price.

In this case, the optimization problems for thetS8@nd North respectively are:

(32)

max, Ug=ci+dc’=Ysmsag g és 8l
{[1-[1-as@+T)] DB Y T]+ e &)
=ve-m-agt f &-o {mg T) U+
5{[1-[1-as@ T D@ ¥ T]+ d o0 (me T)[ ¥ 7]

(33)

max, Uy = @-p) \y-mya,-T-T-T+ &-0,(m) )
+u(ys-me-act qé-o {mg T) §)
s @-u)(vx (1- @-ay @) Dy @)+ p(& -0 (m) k)
(4T (1-1-as(ast T) D@+ H&-0 {mg T)( v )



The carbon market equilibrium
To find the optimal mitigation levels, we first cider the optimization problem of
each region with respect to mitigation. The neagssst-order condition (FOC) for

an interior solution with respect to mitigationats m ; andmis given by

34) -1 oyme+ T Vit o { ¥ T)])=

(35) -1/(onm)[ Y+ ])=

This implies that the mitigation function of the oonly depends on the permit
pricep, while optimal mitigation in the South also depgia mitigation and
development transfers. Combining (34) and (35)itoieate the price and denoting

yN:yE-l-y}\l’ ys:yg+ yls+Ti’ yN:yl?l-l-JNy}\l andYS:y%+Js()’15+T) to save

notation, we get

(36) oy (M) R+auh] =0 me+ T)| Yo { J& T)]

Differentiating this condition yields:

(37) oy dm,=0%yd dm+ dT|+0’' g (dT

Differentiated the market clearing condition gives:

(38) gyyydm, +0 Y4 dm¢ dT]+0 sdT= d

Together, (37)and (38) define a system in two eredogs variabledmy anddms and

several exogenous paramef€rsI™ andé. The relevant comparative statics look as

follows:



O -0
(39) dl’T}r: :i et syvs iys _
dT detA —OJSyS OJSys
(40)
am _ 1 g Ondn OsYs , , detA
= det 0—’ 0_! A _1
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dl’m a50 S o 'sy S . .
41 — N —detA = deA - g
(41) pre de de{ 0. dy. de [630Jsasz Yy ]S

OWYn OLs

dm; _ .
42 =detA d = deA|-o, -0 (
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where:detA = oy Y0V~ [-0'Y {0 ¥ 70T ¥y Y to'E ¥y ¥ 0

The impact on the mitigation effort by firms in tNerth cannot be signed easily.

However, a sufficient condition for the effect te positive, is that

[OJ] 5sys U'Uszs 2 o _ .
>0,0r|0:| 0 y.<0o gy £0q"y (sinced,<1)and
OJyS O_ISyS [ S] SJ S gjéls QJX S

[os] o

S

therefore: [o’] 0,<0 g'——"—<0". This condition requires that the South is

on beginning or flat part of its marginal abatemewst curve (MAC) whererg, is

high and thereforé/o’s' (i.e., the slope of MAC) low. This is very likebnce most
developing countries have only just started to shwe mitigation effort. We can,

therefore, conclude that it is very likely th%:r_t_}iq >0, and because we know from the

first order condition of mitigation in the Northatudp = L‘[“ dm,, it follows directly
-0

N

that this will give a higher equilibrium price ofnéssion permits, i.e.b(lj—_l_loi >0.

Optimal transfersfrom the North



The optimization problem for the North can thenrdten as
(43)
max, ., Uy = (= p)yh-my-a,-T-T-T+ g&-0,(m) %)
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The Kuhn-Tucker conditions, where the choices ef$louth are taken as given, are
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where equality holds for interior solutions of tiespective endogenous variables.



The optimal level of development assistance follinoen equation (46). Assuming an

interior solution, it can be re-organized as:

- ﬂ)-—[(l w2+ pay (i +,04)) |
—i[a—mc@és—emmw &) +ufé- &ro e )]
any ] ufe o fyieau v 7)) |
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As seen from (47), the development assistancenmaadts on the utility of the North
via changes in the permit price and the mitigagfiorts in both countries, the
adaptation level in the South as well as the incoroease in the South as the region

gets richer.



Annex 2: Mitigation and adaptation in an income-constrained South
Consider the case where the South is constraingaigense that a minimal

consumption levet is required in every period, see the optimizaposblem in

equation (20) and the first order conditions (FO@®quations (21) and (22).

Combining the two FOCs above and totally differatiig yields:
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Combining this with the differentiated minimal consption constraint and emission
constraint, we can write the following system akthequations in three endogenous

variables:
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Reorganizing and defing, = y2+ y.+ T andy=y:+ T, we get:
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Rewriting in matrix notation:
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It can easily be checked that the determinantettrefficient matrix is positive and
equal to
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The full comparative statics fonitigationare shown below.
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The full comparative statics fadaptationare shown below
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