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Climate Policy and Developing Countries*
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climate change. Industrial countries pay an initial fee into a global fund. Each
country chooses its national carbon tax. Part of the global fund is refunded to
developing and industrial countries, in proportion to the relative emission
reductions they achieve. Countries receive refunds net of tax revenues. We
show that such a scheme can simultaneously achieve efficient emission
reductions and equity objectives, as developing countries abate voluntarily, do
not have to pay an initial fee, are net receivers of funds, and are net
beneficiaries. Moreover, we explore the potential of simple refunding schemes
that do not claim tax revenues and only rely on initial fees paid by industrial
countries.
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1 Introduction

Developing countries in Latin America, Asia and Africa are exceptionally burdened
by climate change. First, they will be affected by the most severe damages when tem-
peratures in the atmosphere rise. Second, developing countries currently provide the
greatest opportunities for low-cost emission reductions, and they are likely to account

for more than one-half of greenhouse gas emissions in the next decade.

As industrial countries have caused the bulk of current man-made greenhouse gas con-
centrations and as emission reductions in developing countries would further aggravate
poverty, many argue that industrial countries alone should bear the cost of mitigating
climate change. While this fairness argument is at the heart of the negotiations for an
international agreement following the Kyoto Protocol, it is unclear how efficiency and
fairness considerations in the mitigation of climate change can be combined in such a
way that they do not conflict with each other. The policy debate and the major issues
on current global climate change policy are discussed e.g. in Bosetti et al. (2009), Karp
and Zhao (2009), Whalley and Walsh (2009), Chatterji and Ghosal (2009) and in Sinn

(2008). A fundamental question is the participation of developing countries.

Moreover, greenhouse gases travel around the world, so mitigation of climate change is
a global public good. Accordingly, achieving both efficiency and fairness objectives in
climate policy is difficult. In this paper we propose a simple scheme that can incorporate
efficiency and fairness objectives into the mitigation of climate change. The scheme

works as follows:

e Industrial countries pay an initial fee into a global fund.

e Countries decide on their emission taxes. Their emission tax revenues are payable

to the global fund.

e A fraction of the fund is redistributed to the participating countries according
to a sharing rule. The sharing rule specifies that the refund for each country
is proportional to the relative emission reductions it achieves. Countries receive
refunds minus tax revenues. If that amount is negative, countries have to clear

their debts.

e The remaining fraction of the global fund is paid back to industrial countries.



Such a refunding scheme is called “development-compatible refunding” (henceforth
called DCR), as developing countries do not have to pay an initial fee and abatement

by developing countries is voluntary.

We explore whether a DCR can simultaneously achieve the equity and efficiency ob-
jectives of climate policy, thus serving as a base for designing an international treaty.
We consider a model with a representative industrial and a representative developing
country. The developing country has equal or higher marginal damage from greenhouse
gas emissions compared to the industrial country, but has equal or lower marginal
abatement costs. Both countries join a development-compatible refunding scheme.
Each country receives refunds in proportion to the relative emission reductions it has
achieved. The relative shares may be varied by a weighting factor allowing for the in-
crease or decrease of the relative refunding claims of the developing and the industrial
country. The fraction of the fund that is not distributed among the countries is paid

back to the industrial country.

Our main insight is that a suitably designed DCR can achieve efficiency and equity
objectives under a variety of circumstances. Regarding efficiency objectives, the DCR
induces both the industrial and the developing country to set abatement levels that
are socially optimal. The reason is as follows: A sufficiently high initial fee from the
industrial country motivates both countries to set taxes at the socially optimal level
as one additional tax dollar and associated emission reduction generates more dollars
in refunds. This property stems from the refunding formula as a marginal increase
of the tax rate by one country and the associated emission reduction will increase
the refunding share for this country at the expense of the other country. When both
countries set taxes at the socially optimal level, no country will want to deviate as it
would suffer a high marginal decline in refunds. These refunding losses (and the higher

marginal damages) outweigh high marginal abatement costs.

Regarding equity objectives, the developing country does not have to pay an initial
fee and abates voluntarily. In addition, the refunds to the developing country can be
increased by varying the weighting factors in the refunding formula. In particular,
choosing an appropriate weighting factor will make the developing country a net re-
ceiver of funds. Moreover, as a rule, the developing country is better off than it would

be when an international treaty fails and each country decides independently how much



to abate.! Moreover, we outline the circumstances for which both the industrial and

the developing country are better of under a DCR.

We also explore the potential of a simple refunding scheme that renounces claiming
tax revenues from countries. In this simple scheme refunds are solely financed by initial
fees. Such a simple refunding scheme yields socially optimal abatement levels if the
relationship between marginal damages and marginal abatement costs are similar across

countries.

The paper is organized as follows: In the next section we relate our analysis to the
literature. In Section 3 we present the model. In Section 4 we calculate the social
optimum and the decentralized solution as benchmark cases. In Section 5 we introduce
the development-compatible refunding scheme and characterize its properties. Special
cases are discussed in Section 6. In Section 7 we consider a simple refunding scheme
that does not claim tax revenues. In Section 8 we address extensions to many countries
and different policy instruments, and we discuss critical features of our scheme. Section

9 concludes.

2 Relation to the Literature

Our analysis starts from the observation that most economists working on climate
policy argue that current generations need to reduce emissions which, in turn, requires
a reduction in current consumption. The assessment of whether and how much climate
policies requires sacrifice has attracted a lot of attention. Leading contributions such
as Stern (2006), Nordhaus (2007), Karp (2005), Fujii and Karp (2008), Rezai et al.
(2009), Hoel and Sterner (2007), Tol (2008), and Weitzman (2009) develop different
perspectives and identify the pitfalls when such assessments are made. In our paper
we assume that the current generation around the globe collectively would like to
reduce emissions to some degree. The problem is that nations would like to free ride on
abatement efforts by other countries and developing countries need to be compensated

for the abatement sacrifices.

It is well known that achieving significant emission reductions through Kyoto-style

agreements with emission targets is a very difficult undertaking. As a consequence,

L As argued by Spence (2009), it is essential that developing countries get compensated for their
abatement efforts in a global agreement as otherwise their growth prospects would be seriously delayed
which, in turn, would make it impossible to reach such an agreement in the first place.



various other approaches to international coordination have been suggested. Aldy et al.
(2003) summarize the alternatives, which include an international carbon tax and in-
ternational technology standards. More recently, Gersbach (2005) and Gersbach and
Winkler (2007) have proposed and discussed a global refunding system in which all
countries are treated equally. All countries have to pay an initial fee and they all
will receive the same refund. The authors show that, if countries are identical, such a
scheme will achieve the social global optimum. In this paper we propose a development-
compatible refunding scheme in which only industrial countries have to pay an initial
fee. Our refunding formula is such that efficient abatement levels are achieved in indus-
trial and in developing countries even if developing countries do not have to pay initial
fees, suffer higher marginal damages from climate change and have lower marginal

abatement costs.

Using game-theoretic models, a considerable body of research has examined the for-
mation of international environmental agreements. This literature mainly focuses on
the circumstances fostering the building of coalitions through multilateral agreements.
Such agreements must be self-enforcing, since there is no supranational authority to
ensure compliance (for a recent contribution, see the important article by Asheim et al.
2006). The literature reaches two main conclusions: It is unlikely that a grand coalition
will be formed, and if it is, it will achieve very little. Moreover, sub-coalitions may be
better for their members than the grand coalition, and regional agreements can Pareto-
dominate a regime based on a global treaty. Our approach complements this literature
by suggesting a refunding scheme that balances the efficiency and equity objectives of

a mitigation of climate change.

3 The Model

We consider a world consisting of two countries, an industrial country I and a devel-
oping country D. They are characterized by an emission function F, an abatement
cost function (', and damages. Throughout the paper countries are indexed by ¢ and j

(1,7 € {I,D}).

The emissions of country ¢ are assumed to equal some “business as usual” emissions e



minus emission abatement a’:?
F'(a')y=é—a', with a' €0,¢], i€{l,D}. (1)

We assume that these emissions are caused by a representative firm in each country

which faces convex abatement costs:3
1
2¢*

We assume that countries use emission taxes as a policy instrument. As developing

Ci(a’) = — (a')® , with ¢'>0, ie{l,D}. (2)

countries provide the best opportunities for low-cost emission reductions, we assume
¢! < ¢P.* Each country 7 individually sets per-unit emission taxes 7. Cost minimizing
behavior by the representative firm implies that marginal abatement costs will equal
the emission tax:
i a . i e -
T:E, with 7' € O,E , 1e{l,D}. (3)
Thus both emissions E? and abatement costs C* of country i can be expressed in terms

of the emission taxes 7*:

E'(t")y=e—¢'t", with i€ {l,D}, (4)

Cl(7") = % (+)*, with ie{I,D}. (5)

The sum of the emissions of both countries instantaneously accumulate the stock of

greenhouse gases s:
s= Y E(7). (6)
Je{l,D}

Note that for ease of presentation we assume that the initial stock is zero.”

The damage caused by the stock of greenhouse gases is given by

7
Gy

55, with B'>0, ie{l,D}, (7)

2For simplicity, we assume that &’ = é” = e. This assumption reflects the fact that both industrial

and developing countries contribute a significant share to global greenhouse-gas emission.

3This is a standard short cut to capture aggregate abatement costs in country i (see, e.g., Falk and
Mendelsohn 1993).

4See Morris et al. (2008) and Criqui et al. (1999).

5Adding an initial stock sg # 0 would not affect our results qualitatively.



where ! < 8P as developing countries are more affected by damages caused by climate
change than industrial countries (IPCC 2007). The parameters 3°, i € {I, D}, represent

marginal damages.®

Besides the differences in marginal abatement costs and marginal damages, developing
countries are associated with low income per capita, and we assume that it is impossible
for them to pay an initial fee. This is obvious by the case for the poorest countries in
Africa, as such payments would either be impossible to collect or would severely affect

the citizens of that country.

4 Social Optimum and Decentralization

We first characterize the social optimum and the decentralized solution. The social
optimum is the efficiency goal of an international agreement. The decentralized solution

is the outcome that prevails if no agreement is achieved.

4.1 Social Optimum

Consider a social planner seeking to maximize total welfare, i.e., to minimize the net
present value of the total costs of emission abatement and the sum of national dam-
ages stemming from greenhouse-gas emissions. Accordingly, the social planner wants
to minimize
Jj o J
F59(r Py .= Z gi(74)2—1-6—82 (8)

' 2 2
Je{I,D}

with respect to 77 and 77, subject to equation (6), and 7¢ € [O, f] , i€ {l,D} .
Momentarily we focus on interior solutions. We will provide a sufficient condition for

the existence of interior solutions at the end of this subsection.

If we insert (6) into F'°9 the first-order conditions for an optimal solution are

SO
8571- =" (7' = (B"+p")s) = 0, ie{l,D}. ()

Due to the strict convexity of F¥C these necessary conditions are also sufficient for a

unique solution. Equation (9) reveals that both countries set the same emission taxes

7 in the social optimum. These are given by the following proposition:

6Marginal damages and marginal abatement costs can be expressed in utility or common currency
units. Both interpretations can be applied to our model. It might be easiest to think in monetary units
as taxes and transfers are usually expressed in units of money.



Proposition 1 (Social optimum)
(i) The optimal emission tax T for both countries equals
X 2¢(p" + 87)

e e, 1

(ii) The optimal stock s* is given by

. 2e __T (11)
T T (B0 +oP) (BT + D)

(111) The abatements a™ of both countries are given by

Ix 26<61+ﬁD>¢I Y R

B TR D R .
Dx 26<61+ﬁD>¢D _ D _x
S O T L YR S (13)

The proof of Proposition 1 is straightforward. Proposition 1 reveals the well-known
property of a social optimum: Tax 7* is set at a level at which marginal costs of
abatement equal aggregate marginal damages from the greenhouse-gas stock. Both
countries face the same tax. The developing country abates more and benefits more

from aggregate abatement efforts.
We assume for the remainder of the paper
Assumption 1

_ pPT 289" 4 P
€ — T T

>0. (14)

The assumption implies that in the social optimum the abatement level a’* is below S
and the abatement level a”* is below %é. Hence we focus on circumstances for which
socially desirable emission reductions are below 50% in industrial countries and below
66.7% in developing countries. Assumption 1 also implies that the social optimum is

always an interior solution.

Note that Assumption 1 is equivalent to the following condition expressed solely in

terms of the exogenous parameters of the model:

1+/81¢I>/8D¢I+36D¢D+BI¢D )



4.2 Decentralized Solution

Next we examine a decentralized system where the government in each country seeks
to minimize its own costs and damages. We look for Nash equilibria when countries
simultaneously choose their emission taxes. Given the choice of the other country,

country ¢ minimizes

FDS,i(Ti) — %i(Ti)Z i %32 (15)

with respect to 7' and subject to equation (6), and 7% € [O, ¢>%] .
If we insert (6) into F'P5% we obtain the first-order condition

o FDS7 7
ort

— ¢ (r' = f's) = 0. (16)

Analogously to Section 4.1, this necessary condition is also sufficient for a unique solu-

tion due to the strict convexity of F'P%% and Assumption 1 rules out corner solutions.
The set of necessary and sufficient conditions (16) for both countries i € {I, D} deter-

mines the Nash equilibrium. Solving for the tax rates yields

Proposition 2 (Decentralized solution)

There exists a unique Nash equilibrium characterized by 7° for each country i € {I, D}:

2e3t

T+ 19T + BP6P "
This yields the following equilibrium stock §:
2e
§ = . 18
L+ plol + pPoP 1)
The proof of Proposition 2 is straightforward. Proposition 2 implies
Corollary 1
We have
14D DI
S st bo+5¢ 0. (19)

= 26(1 +BI¢I+BD¢D)(1 + (61+5D)(¢)I+¢)D)) >

Proposition 2 indicates the well-known finding that decentralized decisions on contribu-

tions to the public good “emission reduction” lead to underprovision. Abating emissions



in one country creates a positive externality for the other country, as it reduces dam-
ages in all countries. In a decentralized solution countries are not compensated for these

externalities.

It is also useful to compare tax rates in the social optimum and in the decentralized

solution:

Corollary 2

We have
1< 7 forall 0< <P, 0< ¢! <P, (20)
o< e () > (87)e". (21)

We note that 7” may exceed 7* when 37 is small relative to 3”. The intuition for this
result is quite clear: In the decentralized solution the developing country has an even
higher incentive to increase its carbon emission tax because it suffers high damages and
the industrial country chooses little abatement which, in turn, induces the developing
country to choose high emission taxes. In the social optimum, however, the costs of

abatement are borne by both countries.

5 Development-Compatible Refunding Scheme

We now design a development-compatible refunding scheme (DCR). The scheme works
as follows: If it decides to join the DCR, the industrial country is required to pay an
initial fee of f& > 0 into a fund. Members are free to choose national emission taxes
7¢. All countries owe the fund their emission tax revenues. A fraction o € [0,1] of the
fund is reimbursed to the participating countries in proportion to the relative emission
reductions they have achieved, whereas the remaining fraction (1 — «) of the fund’s
assets is paid back to the industrial country if it is a DCR member. At the end, the
country receives or pays the difference between its tax revenues and the amount of

money redistributed from the fund.

The parameter « provides the additional flexibility necessary to balance the incentives
of the developing and the industrialized country. Specifically, & < 1 is needed to induce

the industrial country to choose socially optimal taxes if the developing country obtains



countries agree on P = {a, f{,w},
industrial country pays initial fee fZ

countries set 7¢, members owe
the global fund their tax revenues

AA pays (collects) r'— national
tax revenues to (of) country i

AA pays (1 — «)f back
to industrial country

| I
|

Figure 1: An illustration of the timing of the development-compatible refunding
scheme.

very high refunds.” The latter may be needed to ensure that the developing countries

are net beneficiaries.

In the following we analyze the potential of a DCR to mitigate climate change. We
explain the rules and the timing of payments and refunds in detail and derive conditions

under which member countries of the DCR implement socially optimal taxes.

5.1 Rules and Timing of the DCR

The timing of the DCR is illustrated in Figure 1. At the outset countries sign the DCR,

which is managed by an administering agency (AA). Signing the agreement involves

e Payment of an initial fee f{ into the fund by the industrial country.
e Tax revenues are liabilities of countries.

e Agreement to a refunding formula with parameters {«,w} which are explained

below. Country i receives refund r* minus national tax revenues.®

"An example of parameter constellations for which an efficient DCR fails to exist when a = 1 is
given by 81 =0.01, 3P = 0.5, ¢! =0.001, ¢¥ = 0.5 (calculations are available upon request).
81f the difference is negative, country 7 has to clear its debt.

10



For the refund 7 a member country 7 receives we assume the following refunding rule:

Ti:afLW:afL.., i€ DCR, (22)
ZjeDCR w’al EjeDCR wl T

where we have set w® = ©'¢', and DCR denotes the set of countries that joined the

refunding system. The formula captures the basic idea behind refunding: The refund

a country ¢ receives is proportional to the relative emission reductions it achieves.

Varying the weights w’ (w’ > 0) makes it possible to heighten or to lower the size of

the refund that country i obtains if it chooses a particular tax level 7¢ and corresponding

abatement a’ = 7%¢". Since only the ratio of the weights w® matters, we set w := w! /w?”

and thus

; F w
r = « =af—-—r
W+ 2 w4 7P
-
D D
™ -
rP= af ——5 =

w+ Z7 - YL
The assets of the fund f before refunds are given by
f=2 (B+rE-¢) (23)
jEDCR
where f = 0.

Global warming coupled with the refunding scheme introduces reciprocal and unidi-

rectional externalities:

Reciprocal externalities

e Tax externality (D<s1): If 7° < &/(2¢"): the higher the tax rate in one country,
the higher the taxes this country has to pay into the fund, which represents a

positive tax externality.” If 7° > €/(2¢"), the tax externality is negative.

e Negative refunding externality (D<>1): the higher the abatement in one country,

the lower is the refund for the other country, given its tax choice.!®

e Positive environmental damage externality (D<>I): the higher the abatement in

one country, the lower is the damage for the other country.

9Formally, f /0T > 0.

10Formally, 8%/37’“ <0, k#£1
J

11



Unidirectional externalities

e Positive initial fee externality (I—D): the higher the initial fee paid by the in-

dustrial country, the higher is the refund to the developing country.

e Residual refund externality (D—1): If 77 < &/(2¢"), this externality is positive,
i.e. the higher the tax of the developing country, the higher is the ultimate residual
fund for the industrial country. If 7 > &/(2¢"), this externality is negative.

The idea behind the scheme is to choose the parameters so that the externalities balance
and both the developing country and the industrial country will choose socially optimal

taxes.

Throughout the remaining section we assume that both countries join the DCR. We

can summarize the treaty by the policy parameters

P={fl auw}, (24)
as P fully determines the monetary flows that will occur. Now we define

Definition 1 (Feasible P)
The set of policy parameters P = {«, fl,w} is called feasible if

acl0,1], f1>0 and w>0.

While one can solve for the countries’ tax rates, abatement levels and damages for any
feasible set of policy parameters P, we directly examine whether one can find a feasible

P that implements the socially optimal solution. For this purpose we define

Definition 2 (Tax goal of DCR)
The DCR’s tax goal is given by the socially optimal tax rate (10), i.e. by

I D _x __ 26(61+6D)
R e 7 1 TPy

(25)

We can then define

Definition 3 (Socially optimal P)
A given set of policy parameters P is called socially optimal if it is feasible and the

DCR members implement the tax goal under this P.

12



5.2 General Characterization

We now examine whether it is possible to find feasible policy parameters P for which

the countries implement the tax goal. The industrial country / minimizes its total costs

wITI

> wiTi

with respect to 77, subject to equation (6) and 7/ > 0, given the set of policy parameters

Fi(r1) = ¢—I(TI)2+%152+7'I(6—¢I7'I) —af

: F-(-a)f (@)

P and the choices of the other country. The developing country D minimizes its total
costs

DD,_ﬁDQ ﬁQ D(~ _ .D_Dy __
Fo(r7) = —(" )"+ —=—s*"+77(e—¢"7") —af =——

5 5 (27)

with respect to 77, subject to equation (6) and 7” > 0, given P and 77.

To construct a socially optimal P, the policy parameters «, f{ and w have to fulfil
the feasibility conditions, and first- and second-order conditions have to hold under the
assumption that countries implement the tax goal. This existence problem is dealt with
in Appendix A. There, we give a simple sufficient condition for the existence, and we
show that non-existence of socially optimal policy schemes can occur when ¢! is very
small. In such circumstances, the industrial country has very high abatement costs and
thus high emissions. Therefore, it has limited incentives to choose the socially optimal
tax rate, as it owes the fund high tax revenues while the impact on damages is small. In
that case, it may be impossible to induce the industrial country to choose the socially

optimal tax rate without distorting the incentives for the developing country.*!

5.3 Developing Country as Net Receiver

In the next step we examine equity objectives. In particular, we derive conditions under
which the developing country is a net receiver of funds, which means that its refunds
are higher than or equal to its tax payments. Hence the developing country is a net
receiver if
WP D

Zj witi —

We obtain one of our main results:

af P(e - ¢P7P) . (28)

HHowever, even if socially optimal policy parameters do not exist, we show in Appendix A that
there are feasible policy parameters that induce the industrial country to set socially optimal taxes
and the developing country to abate maximally.

13



Proposition 3

Suppose there exists a socially optimal policy scheme P = {«, f&, 0™V} for some w™N % >
0. Then, by agreeing on a sufficiently small w < WNE, the countries can always find
a socially optimal policy scheme such that the developing country is a net receiver of

funds.
The proof can be found in Appendix B.

Proposition 3 shows that one can align efficiency and equity objectives by choosing a
socially optimal policy scheme with a sufficiently small value of w. This increases the
refunding share of the developing country, thus becoming a net receiver of funds. In
Section 6.1 we will see that if countries are homogeneous with respect to abatement
costs and damages, the developing country is a net receiver under every socially optimal

policy scheme.

The initial fee f! tends to infinity and « is strictly smaller than one if w approaches
zero. Hence a socially optimal policy scheme for which the developing country is a net
receiver of funds requires a high initial fee to generate a sufficient amount of refunds
for the industrial country to preserve their incentives to abate at the socially desirable

level.

In the following corollary, we will see that w does not need to be very small to make

the developing country a net receiver.

Corollary 3
Suppose that w® = ¢',i € {I,D}, i.e. w = ¢! /P, Then, under any socially optimal

policy scheme, the developing country is a net receiver of funds.

The proof can be found in Appendix B.

5.4 Developing and Industrial Country as Net Beneficiary

In the next step we examine socially optimal policy schemes for which the developing
country is a net beneficiary of the international treaty with refunding scheme, i.e. it is
not worse off with the DCR than with the decentralized solution. This can be expressed
formally by

FPSD Py > FP(r%) (29)

Analogously to Proposition 3, we obtain:

14



Proposition 4
Suppose there exists a socially optimal policy scheme P = {«, f§,oNP} for some
OB > 0. Then, by agreeing on a sufficiently small w < @B, we can always find a

socially optimal policy scheme such that the developing country is a net beneficiary of
the DCR.

The proof can be found in Appendix B.

We note that there exist constellations of exogenous model parameters for which a
socially optimal policy scheme makes the developing country worse off, compared to
the decentralized solution. This occurs when ¢! is very small in comparison with ¢?,
and w is not low enough.'? Then the developing country almost bears the entire costs of
abatement and receives a small refund. However, this is not a concern, as Proposition
4 implies that the countries can always agree on a sufficiently low value of w, such that
the developing country can be compensated for its large share of abatement costs by

maximizing its refunding share.

Note also that the DCR can make both the industrial and the developing country net
beneficiaries of the DCR:

Corollary 4

Suppose there exists a socially optimal policy scheme P = {a, fl,w} such that the
developing country is not a net beneficiary. Then there exist socially optimal policy
schemes that make both the developing and the industrial country better off compared

to the decentralized solution.

The proof can be found in Appendix B. The assumption of Corollary 4 is comparatively
weak as the welfare of the developing country can always be lowered by setting w

sufficiently high.

In the next section, we look at a variety of special cases.

12For the parameter values 8 = 0.14, 8” = 0.15,¢' = 1-107?, ¢” = 1, the conditions from Lemma
1 in Appendix A represent an upper bound on w equal to 1.817. Inserting the equilibrium values and
the upper bound of w yields FPSP(#P) < FP(7*).

15



6 Special Cases

6.1 Homogeneous Countries

In this subsection we assume that countries are symmetric regarding the parameters

describing their damage and abatement costs, i.e. we assume 3/ = 8P = 5 and ¢! =

¢ = ¢. We obtain

Proposition 5
Suppose 1 = BP = B and ¢! = ¢P = ¢. Then there always exists a socially optimal set
of policy parameters P. Such policy schemes satisfy w < 1, i.e. w! < wP. For w! = wP

we have a = 1.
The proof can be found in Appendix B.

Proposition 5 implies that a DCR exists when countries are identical regarding damages
and abatement costs. Such a scheme requires a refunding rule where the weight of the
developing country is larger than or equal to that of the industrial country. The intuition
for this runs as follows: From an efficiency point of view, both countries should abate to

P —= 7% For a < 1, the industrial country

the same degree, i.e. set their taxes to 7/ =7
has higher incentives to tax emissions than the developing country, as it will receive
the residual fund at the end which is larger the larger the tax revenues are. In order to
induce the developing country to set the same emission tax if o < 1, the weight in the
refunding formula has to be higher for the developing country in order to increase its

refunds.

The following corollary shows that the developing country is a net receiver of funds
and a net beneficiary of the DCR for any choice of w that belongs to a socially optimal

policy scheme.

Corollary 5
Suppose 1 = BP = B and ¢' = ¢P = ¢. The developing country is a net receiver of

funds and a net beneficiary under any socially optimal policy scheme.

The proof can be found in Appendix B.

As the refunding scheme implements the socially optimal emission tax, the developing
country benefits in the homogeneous case from the scheme in two ways: It is a net

receiver of money and its total costs (abatement costs and damages) are lower than in
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the decentralized solution.

6.2 Identical Abatement Costs and Heterogeneous Damages

In this subsection we assume that the countries display identical abatement costs,
ie. o' = ¢P = ¢, and that damages are extremely unequal, i.e. ff =0 < P = 3. We

obtain:

Proposition 6
Suppose that ¢' = ¢P = ¢ and B = 0 < BP = B. Then there always exists a socially

optimal set of policy parameters P. In particular, scheme P = {«a, fI,1} with

€ — 301
@ = e— 207’
I — 2 Qé_ng
fo ¢Té—3<;57"

where T = 7, s socially optimal.
The proof can be found in Appendix B.
Note that in contrast to Subsection 6.1, it is possible to construct socially optimal

policy schemes with w =1 and o < 1.

Corollary 6
Suppose ¢! = ¢P = ¢ and ' = 0 < P = B. Under a socially optimal policy scheme,
the developing country is a net receiver of funds if and only if w! < wP. Moreover, the

developing country is a net beneficiary under any socially optimal policy scheme.

The proof of the corollary can be found in Appendix B.

6.3 No Initial Fees and Complete Refunding

It is important to stress that the presence of initial fees fI > 0 is in general necessary
to induce socially optimal abatement levels. We illustrate this fact by considering the

case fl =0 and a = 1.13

13We note that the theoretical case f{ = 0 and o < 1 would imply that the industrial country
receives residual funds even if it does not pay an initial fee. As this would be a dramatic violation of
a development-compatible refunding scheme, we neglect this case.
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Proposition 7 (No initial fees and no residual fund)

Suppose f& =0 and a = 1. Then a socially optimal policy scheme P exists only if

Ar(e — (¢" + ¢P)7)%(E — P L 7) o
_ BLpD +28D $D +BD p1 _ BLpD +281 1 +BD p1 - 7-(26 - (‘b + ¢ )T)
(e - srar (e ez )

2r(e — (¢ + ¢7)7)(€ — 20°7)
- 5 _ 61¢D+251¢1+5D¢1
BT+5D

=0, (30)

where T = 7. Such a policy scheme will always fulfill w > 1.

The proof can be found in Appendix B. Proposition 7 indicates that it is only possible
in knife-edge cases to induce socially optimal abatement levels when no initial fees are
paid by the industrial country. An example of such a knife-edge case is that of identical
countries ¢! = ¢ and ! = P, shown in the following corollary. Hence, initial fees
from industrial countries help to achieve socially optimal emission abatements and

equity objectives.

Corollary 7
For homogeneous countries ¢f = ¢P = ¢, B! = BP = 3, there exists a socially optimal

policy scheme P where no initial fees are paid and « s equal to one. It is given by

P ={1,0,1}.

The proof can be found in Appendix B. For almost all other constellations of exoge-
nous model parameters, a socially optimal policy scheme P with ff = 0 and o = 1
does not exist. Examples are countries with identical abatement costs ¢! = ¢ and

heterogeneous damages 3/ = 0 < 8P.

The interpretation of the property w > 1 in Proposition 7 is as follows: As ¢! < ¢P, the
industrial country abates less than the developing country when taxes are equal and
therefore contributes more to the fund. Furthermore, as 3/ < 37, the industrial country
is less affected by damages caused by higher emissions than the developing country.
Hence the industrial country has fewer incentives to select the socially optimal tax
rates. To counteract these weaker incentives, the industrial country receives a higher

share of the fund than the developing country.
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7 Refunding Schemes without Tax Revenues

In this section we consider the potential of a refunding scheme that foregoes claiming

tax revenues from the member countries.

The simplest refunding scheme is when the industrial country pays an initial fee of fI
that is then refunded to the countries according to the relative emission abatement

they achieve.

Proposition 8
Under a refunding scheme without drawing on tax revenues, there exists a socially
optimal policy scheme P = {«, f{,w} if and only if it holds that
pt - pP
of 9P
The proof can be found in Appendix B.

(31)

The reason why condition (31) has to hold can be identified by investigating the ex-

I' = wP. First, there is the positive envi-

ternalities at work. We focus on the case w
ronmental damage externality: If one country abates more, the damage for the other
country decreases. As P > B!, the developing country benefits more from abatement

I' = 7P the industrial country abates

by the industrial country. Second, for equal taxes 7
less than the developing country because its abatement costs are higher (¢! < ¢P).
These two effects balance each other if the relationship between marginal damages
and marginal abatement costs is equal for both countries, as given in equation (31).
By varying the level of f{ and by exploiting the negative refunding externality, the

abatement levels of both countries can be raised to socially optimal levels.

Corollary 8

Suppose a socially optimal refunding scheme without claiming tax revenues exists.

(i) Then, the developing country is a net receiver under such a scheme if and only if

g 26!
W= 1 +ﬁl¢l _ﬁD(bD _QBD(bI ’

(32)

NT

(ii) There exists a w™"' > 0 such that the developing country is a net beneficiary

under such a scheme if and only if w < ONT.

The proof can be found in Appendix B.
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As in Proposition 3 and 4, the developing country will be a net receiver of funds and
a net beneficiary if its weight w” in the refunding formula is sufficiently large relative

to the weight w’ of the industrial country.

8 Discussion

We have suggested an approach to international negotiations that can solve the compli-
ance and participation problems of developing countries with regard to climate treaties.
In this section, we address several concerns as to the applicability of the proposed

scheme.
Other policy instruments

While our basic scheme relies on emission taxes, the variant presented in Section 7
that forgoes claiming tax revenues can operate with any policy instrument a country
uses to reduce emissions. The reason is that for the refunding scheme in Section 7,
only the initial fund and emission abatements matter for refunding. Hence, cap-and-
permit trade, command-and-control regulation or emission taxes can be employed by

a country, and international coordination of policy instruments is not needed.!4
Multiple countries

The proposed scheme can be generalized to multiple countries of each type. The re-
funding formula for a set €2; of industrial countries and a set Q2 of developing countries
is given by

wia

r=a - .
wa Yoo +wl Y al’
JEQD JEQ

(33)

where 7 is the refund to country i, i € {I, D}.'> The following observations show how
our results from a two-countries setting generalize to the present setting. As 7 deter-
mines the incentive of country ¢ to abate, the more countries involved, the smaller the

share an individual country receives from «f. Incentives are restored if o f is increased

14Using emission taxes as policy instrument has the advantage that refunding is less vulnerable to
cheating as refunds can be based directly on tax rates (see equation (22)). Cheating on tax rates is
more difficult than manipulating abatement efforts as tax rates are single numbers in a governmental
law.

15(Classification of countries into the groups €2 and Qp is given for the majority of countries, but is
less clear for the group of emerging countries. A GDP per capita threshold can serve as classification
criterion. A tight definition of industrial countries would classify emerging countries as developing
countries.

20



accordingly. This occurs automatically when tax revenues are collected and if one half
of the countries is industrialized and the sum of initial fees thus increases accordingly.
If only a few industrial countries are present, the initial fees per country would have to

increase to sustain socially optimal incentives to abate.

The presence of multiple industrial countries, however, raises concerns about their

willingness to pay initial fees, which we will address next.
Participation of industrial countries

As reducing greenhouse gases is a global public good, the development-compatible
refunding scheme does not eliminate the incentives of an industrial country to free-ride
on other industrial countries’ initial fee payments. However, it relocates the problem to
one time and place, i.e. in the payment of the initial fees. With more than one country,
this requires coordination. The common procedure to achieve such coordination among
a smaller group of countries, say twenty larger industrial countries, must make each
country pivotal for success. The problem can be described by the following two-stage
game:

Stage 1 a.) Signing of the treaty and payment of initial fees.
b.) The treaty becomes effective if all industrial countries sign it.
Otherwise it is cancelled.!®
Stage 2 Abatement decision.

It is straightforward to see that there exists a unique subgame perfect equilibrium in

which all countries sign and the industrial countries pay initial fees.
Participation of developing countries

As developing countries participate voluntarily, special efforts to induce them to par-
ticipate are not necessary. However, the opposite problem may occur. There may be
instances where the dictator of a developing country achieves emission reductions by
means that should not allow to claim refunds. For example, a dictator may ruin the
economy of his country, thereby reducing emissions. Granting refunds in such circum-
stances would perpetuate poverty. Hence, it may be required that developing countries
loose their right to claim refunds, or may not be admitted to the refunding system at

all if they pursue such a strategy.
Frictions in implementation

We have assumed that in developing and industrial countries, emission reductions can

I6Tf countries have already paid initial fees, those would be returned.
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be verified without any costs. However, measuring the emission reductions achieved by
a country is a non-trivial task in practice. Countries have incentives to report higher
emission abatement than what they actually achieved. Therefore the agency adminis-
tering the refunds must be equipped with a review board that is able to monitor these

reductions properly.

9 Conclusion

The successor to the Kyoto Protocol should promote voluntary abatement by devel-
oping countries. Our proposal calls for industrial countries to set up a global fund.
Competition of industrial and developing countries for refunds yields the socially opti-
mal solution. The development-compatible refunding system still requires coordination
among industrial countries to pay the initial fees into the global fund. It would appear,
however, that such coordination is a substantially smaller problem than world-scale

negotiations in the style of the Kyoto Protocol.
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Notation

Throughout Appendix A and Appendix B we work with the following abbreviations:

B = p'+p",
Po= gl
D D
A _ BPEe"B
B
T = 71" (tax goal) ,
Wl

Appendix A Existence

Appendix A deals with the existence of a socially optimal policy scheme P = {a, f{, w}.
It is organized as follows: In the next section we derive the conditions for which «, f{
and w are socially optimal, and we analyze how those conditions can hold simultane-
ously. Section A.2 provides a simple sufficient condition that always ensures existence,
while Section A.3 presents a counterexample where existence fails. In Section A.4 we
propose a solution to the case when non-existence occurs. We show that there are fea-
sible policy parameters that induce the industrial country to implement the socially

optimal tax rate and the developing country to choose maximal abatement.

A.1 General Conditions for Existence

Socially optimal policy parameters «, f{ and w have to satisfy the feasibility conditions
of Definition 1, first- and second-order conditions. This is summed up in the following

lemma:
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Lemma 1 (Conditions for socially optimal P)

The set of policy parameters P is socially optimal if and only if w satisfies

g — £¢+20'9' 4060 |

(1)) O0<w< — ’ A
Gy 2t DE=PEEENE—Pr) (ot 1)(e—20"7)
w(é— AT) w
—(2e — P1) >0, (A.2)
i) P pyp | EZ AT o B 267 1
(i) ¢ (=1+ "¢ +ﬁ)+2(€—¢ = T)(w_|_1)7-
R =L »

Proof:
Optimization of the objective functions F' and F'P given in (26) and (27) respectively

yields the first-order conditions

oF! T a1l ;o witt wlwPrP

— = e—¢'T —pos—ale—2¢T1) — — of =

87—1 Ew]TJ (Ew]T])Q
—(1-a)e—2¢"7") =0,

oFP b Db .p.D _ p py wPTP wlwPr!

50 — O —ngs—oz(e—Zng)ijTj—afW—O

I

Assuming that both countries implement the tax goal, i.e. 7/ = 7 = 7, the first-order

conditions are equivalent to

0 = é—(;ﬁIT—BI(bIT—Oz(é—Q(bIT) — (1 —a)(e—2¢'7)
B w41
—a(fl +r(2e — Pﬂ)ﬁ
0 = G—QZ)DT—BDB?DT—(I(G—ngDT)—wil
—a(ff +r(2e - Pr))ﬁ .
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Solving these for o and f! leads to

(w+1) (e — AT)

2(e—Pr) (A-4)
oo 2w + 1)7(e — pP =22 1) (e — Pr)
0 _w(é — A7)
B Chs 1>T<j —2077) _ (26 — PT) . (A.5)

Note that Assumption 1 guarantees that a and fI are well defined, as e — Pt >
¢ — At > 0 and hence the denominators occurring in the expressions for o and f{ are

always non-zero.

According to Definition 1, the policy parameters a and fI have to satisfy

Condition o > 0 is satisfied under Assumption 1.

Condition v < 1 applied to (A.4) and rearranging terms, together with the feasibility
condition w > 0, leads to (i). Condition fI > 0 applied to (A.5) and rearranging terms
leads to (ii).

Now we derive the second-order conditions ensuring that the solution obtained from
the necessary conditions is indeed a minimum. The second derivatives of the objective
functions FZ(71) and FP(7P) are

aZFI I I WICUDTD

(0r7)? = —¢' + B (¢")* + 2a¢’ S wir —2&(6—2¢171)(Ew]7])
+2af((z)w+j)3 +2(1—a)¢!

62 FD CUDTD CLJICUDTI

= —¢” 4+ 8P(6")* + 209" —20(e - 20777 ) =——3

8 D)2 JTJ JTI

(077) i > wiT (Do w/T)?
o f—="—-—

Qo wird)?
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Using 77 = 7P = 7 and inserting the expressions for a and f{I, the second-order

conditions can be written as

é—AT)_ (e—Ar)(e —2¢'7) w

0 < ¢'(1+p8'¢" -

e—Pr e—Pr (w+1)7
~ B+ 287 w (e—Ar)(e —2¢"1)  w
+2(e— 07 B T)(w+1)7' a e— Pr (w+ 1)1’

0 < ¢P(=1+ 8PP + ?—AT) (6= An(e—29P71)  w

e—Pr e—Pr (w+ D)7
- Bl + 287 1 (e—Ar)(e—2¢"7) 1
+2(e—¢” B T)(w—l—l)r B e — Pr (w+ DT

They further simplify to

AT) +26D<;5] w

0 < S+ - =

Pr B w+1’
D p.p €—AT (e — At)(e —2¢P71)
0 < ¢7(-1+5% Jré—PT)_ (e — P1)T
pBT+28" 1

2(e — .
+2e—o B ™) (w4 1)7
The first inequality is always fulfilled because € — AT < e — Pt and Assumption 1 hold.
The second inequality is (iii). This completes the proof.

Now we turn to the question whether the conditions on w, given in Lemma 1, can be
satisfied simultaneously. Condition (i) can always be satisfied by positive values of w,
as Assumption 1 implies that the upper bound on w given in (A.1) is positive. Also (ii)

can always be satisfied: Condition (A.2) is equivalent to

_ pBt+2pP (e— Ar)(e —2¢P7) (e — AT)(2¢ — P7)
“{2(6_¢ B ¢— Pr T e—Pr }
(e — Ar)(e — 2¢"7) _ pBr+2pP
> e —2e— ¢ 7). (A.6)

If the right-hand side of (A.6) is positive then the term in curly brackets on the left-

hand side is negative. Hence, condition (A.2) can be satisfied for positive values of w
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if and only if the right-hand side of (A.6) is negative. But this holds always true as

e— P I 2 D 92 D D
é—2¢DT—2?7T(é—¢DuT) < —e+ b9 T < —e+ At
e— At B
>1 <A

and —é + A7 < 0 because of Assumption 1.

Condition (A.3) is equivalent to

c— A e — Ar)(e — 207
e— A S D I D e— A
SO ANEE20T) ge p P2y gpr(o1 4 gPg? 4 E4T)

We again observe that the term in curly brackets on the left-hand side is negative if the
right-hand side of (A.7) is positive. Hence, we can find a w > 0 that satisfies condition
(A.3) if and only if the right-hand side of (A.7) is negative.

These considerations are summed up in the following lemma:

Lemma 2
A socially optimal policy scheme P exists if and only if the following conditions hold:

(e — At)(e — 2¢7T) p Bl +28P e— Ar

P r(—1 D D
c_ Pr B St S Sy

—2(e—¢

) <0.
(A.8)

Closer investigation of the inequalities (A.6) and (A.7) also reveals that if one of them
is satisfied for some value w > 0, the same condition is satisfied for all w € (0,w]. This

yields

Fact 1
Conditions (A.1), (A.2), and (A.3) impose an upper bound on w. The lower bound is

equal to zero.

The intuition why a DCR imposes an upper bound on w runs as follows: A very high
level of w and thus a large value of w! relative to w” would induce the developing
country to abate insufficiently relative to the industrial country, so it is impossible to

induce it to choose the socially optimal abatement levels in equation (12) and (13).

A.2 A Sufficient Condition

A simple sufficient condition for the existence is ¢’ being close enough to ¢”:
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Lemma 3
Suppose that ¢* is sufficiently close to ¢P. Then there always exists a socially optimal

policy scheme P = {a, fl, w}.
Proof:

As we have seen in Lemma 2, a socially optimal policy scheme exists if and only if
the condition on the model parameters, (A.8), is satisfied. Inserting ¢! = ¢ = ¢ into

(A.8) as we consider the case of ¢’ being not too small compared to ¢ yields

—e+2¢7—¢7‘(5D¢+%)<0.

This holds by Assumption 1, hence existence is ensured in the case of ¢! = ¢P = ¢. By
continuity, the existence of a socially optimal policy scheme is also guaranteed when

¢! is slightly decreased.

A.3 A Counterexample

Non-existence of socially optimal policy schemes can occur when ¢! is very small.
An example is ¢P = 1,¢! = 1075, 8P = 0.25, 37 = 0.2. For these parameter values,
(A.8) from Lemma 2 is not satisfied, and hence, the second-order condition for the
minimization problem of the developing country cannot be fulfilled for any feasible set

of policy parameters P.

A.4 Corner Solution

Even if the second-order condition of the developing country fails, we can find feasible
policy parameters «, f{ and w such that the industrial country implements the socially
optimal tax rate 7* and the developing country abates maximally, i.e. sets the corner

solution d% :

Lemma 4
There always exists a feasible set of policy parameters P = {a, f{,w} such that coun-
tries implement 71 = 7, 7P = ¢% under the DCR. It is given by o and w close to zero,

and f§ correspondingly large.
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Proof:

The countries implement 7/ = 7%, 79 = ¢% if, evaluated at 7/ = 7+, 7P = ¢%,
oF _ @ oF
orl 7 (07])2 oo —
hold. Solving %% = 0 for f/ yields
I D (3Dl D D
[ WT +T pUe" _ I_I T I(= I_1 wT
Jo = awTtP { B +a(6_2¢7)w71+7D_m_ (6_¢T)<WTI+TD)2}

which is positive for w close to zero and arbitrary a € [0, 1]. Evaluating %f—DD at 71 = 1%,

i ¢%, we obtain

oFP BPeP I wr!

= — "taet—— —af ——m— ,

orP B wrl + 7P (wrl 4 7P)2
which is non-positive if « is close to zero. Now we consider %:

o°F! I " wtP

= 1+ 7o) + 200" —— — 2a(e — 20" 7)) ——————
@i — O UH ) w20 Ty = 2l = 20T ) Dy
2D
toaf wT |

(wrl 4 7P)3

which is positive for a being close to zero. Hence by setting o and w close to zero,
we can find a feasible albeit large f{ such that the countries will implement 7/ = 7%,

D __ &
T —d)—D

Lemma 4 implies that even if it is impossible to implement the socially optimal solu-
tion 77 = 7P = 7* under the DCR, the scheme can still induce the countries to abate
emissions considerably. This is achieved by setting w small, which increases the devel-
oping country’s share of refunds to an extent such that the developing country has an
incentive to abate maximally, and by setting « small so that the industrial country

benefits from a large leftover in the fund.
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Appendix B Proofs

Proof of Proposition 3

If both countries choose the socially optimal tax rate 7/ = 7P = 7, the developing

country is a net receiver if and only if

> 7(e — (bDT) . (B.1)

awarl -

Inserting o and f{ as given in (A.4) and (A.5), respectively, into (B.1) yields

(w+Dr (,_ ppr+28° (e — 2¢P7)(e — AT)
T{(e_¢ A Ty ==

} > 7(e —oP71) .

By construction of a socially optimal policy scheme, the term in curly brackets on the
left-hand side is positive. Furthermore, the term (w + 1)/w tends to infinity if w tends
to zero. The right-hand side of inequality (B.1) is independent of w. Thus inequality
(B.1) is satisfied if w is sufficiently small.

From Fact 1, we know that there exist socially optimal policy schemes for all w €
(0, 0N E) if there exists an optimal policy scheme associated with some w™*. Hence, if
there exists a socially optimal scheme, we can always find one for which the developing

country is a net receiver. 0

Proof of Corollary 3
The developing country is a net receiver if and only if

u}DTD

afzjwﬂﬂ >

P — ¢P7P) .

Assuming equal weights in the refunding formula and inserting the tax goal, o and f{
as given in (A.4) and (A.5), respectively, this is equivalent to
(1+p'¢" — ploP — 38797 — ") (97 — ¢')

(1—BP)(1+ BP) 20

This holds true for all parameters ¢!, P, 57, BP that fulfill Assumption 1. Hence, for a
refunding formula with equal weights, the developing country is a net receiver for any

socially optimal policy scheme. O

Proof of Proposition 4
The developing country is a net beneficiary if and only if

¢D

5 (77 = (7)) + (8 = (s)°) =7 (e = ") + af

2 w—+1

>0. (B2
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We proceed as in the proof of Proposition 3. With the exception of the last term on
the left-hand side of (B.2), all terms are independent of w. If we insert o and f{ as
given in (A.4) and (A.5), respectively, the last term tends to infinity if w approaches
zero. Hence, for a w > 0 small enough, inequality (B.2) is satisfied. As the existence of
a socially optimal policy scheme with @™? > 0 implies the existence of such a scheme
for all w € (0,@™?), we can always find one for which the developing country is a net

beneficiary. OJ

Proof of Corollary 4

Note first that the socially optimal tax rate minimizes total abatement costs and dam-
ages. Second, total costs under socially optimal refunding yield the same minimal total
abatement costs and damages as monetary flows will net to zero. Third, from Propo-
sition 4 we know that by decreasing w we can always obtain FP?%P(#P) = FP(7*) and
thus FP91(#1) > FI(7*). As country-specific total costs are continuous in w, lowering

w slightly will make both countries better off, which completes the proof. 0

Proof of Proposition 5
For homogeneous countries 31 = P = 3, ¢! = ¢ = ¢, the parameters o and f{ as

given in (A.4) and (A.5), respectively, change to

w+1
oa = —
2 )
1l—w
I — J—
fo = w (e—o1)T

Since Assumption 1 simplifies to € — 2¢7 > 0 in the case of homogeneous countries,
both @ < 1 and f{ > 0 are equivalent to w < 1 (imposing w > 0). The second-order

conditions are

w
0 < P —
B¢+ —o,
1 —-w . w
(w+ D)1 w+1

0 < B¢*+ (e—o¢r) b .

They are satisfied for any w < 1. Hence, for a refunding rule with w! < w?, there exist

socially optimal parameter sets P.

For w! = w? and hence w = 1 we obtain o = 1. O

Proof of Corollary 5

Consider homogeneous countries 3/ = P = 3, ¢! = ¢ = ¢. The developing country
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is a net receiver if and only if
DD
w T
> rP(e—orP) .

afizj =

P = 7 and the policy parameters o and f{ derived in the

Inserting the tax goal 7/ = 7
proof of Proposition 5 yields

1 —w

>0. (B.3)

(€—o7)7

2w

As a socially optimal policy scheme satisfies w < 1 (see Proposition 5), (B.3) holds.

The developing country is a net beneficiary if and only if

UEP) — () + D8 (8)) — (e — or) +af

>0. B.4
w+1 "~ (B4)

The sum of the first two terms in (B.4) is non-negative, as countries are homogeneous
and thus the social optimum minimizes both the sum and each country’s total costs.
The last two terms simplify to

1—w

50 T(e — o) .
Again, as w < 1, (B.4) holds. O
Proof of Proposition 6
Suppose identical abatement costs ¢! = ¢” = ¢ and heterogeneous damage costs

Bl =0 < BP = B. Then the parameters a and fI as given in (A.4) and (A.5),

respectively, change to

(w—+1)(e—307)

T 20e—2¢1) (B:5)
; TwH1)(e—or)(e—2¢T) Cor(s— br
fO _ w(é— 3¢7_> 2 ( (b ) . (B6>

Assumption 1 simplifies to S¢ < i.

For a socially optimal parameter set P = {«, f{,w}, w > 0 must hold. The condition

« > 0 is satisfied under Assumption 1, and o < 1 is equivalent to

w< EZOT (B.7)
e — 301
Moreover, f{ >0 has to hold. This can be written as
€—2¢07 —w(e—4¢7) >0 . (B.8)
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We only have to examine the case e — 497 > 0, as for € — 4¢7 < 0, (B.8) holds.
Inequality (B.8) is then equivalent to

e — 201
e—4¢r

w < (B.9)

Comparison of (B.7) and (B.9) reveals that (B.7) is the stronger condition.

We now turn to the second-order conditions. For identical abatement costs ¢! = ¢P = ¢

and heterogeneous damage costs 31 = 0 < B” = 3 they can be written as

5 T w
0 = ¢é—2¢7+2¢(w+1)’
5 T o €—3¢7  2(e—291)
0 < _¢é—2¢7+6¢ 7 * (w+ )7 = 9w)

The former inequality always holds, since € — 2¢7 > 0 and w > 0. For the latter we

calculate the derivative with respect to w :

/ . 2<é_2¢7-)
g(w)——m<0.

Hence it is strictly monotonically decreasing in w. Consider g(w) evaluated at w = 0.

. 26
Using 7 = 1+;%¢>’ we find

AP — 25767 — 230 + 1
- 28(1 = 259) |

which is positive for 0 < 5¢ < 1/4. On the other hand, if we evaluate the second order

9(0)

condition at w = <=2~ we obtain

e—3¢1’
€— o1 14280
g\ = = _5¢2 )
e — 31 1—206¢
which is negative for 0 < f¢ < 1/4. Due to strict monotonicity with respect to w, there
e—pT

exists a unique w € (0 ) for which the sign of g(w) changes. By setting g(w) = 0

7 e—3¢T
and solving for w, we see that it is given by
43°¢° +28%¢* + 2B¢ — 1
w = )
—45%6° = 10867 + 636 — 1
Hence the second-order conditions are satisfied for all w in the interval
0 4330 + 2824 + 2B¢ — 1
4B — 1080 + 656 —1)
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The function h(z) = % is always larger than 1 for 0 < z < § (recall that

Assumption 1 is equivalent to ¢ < i) Therefore there exists a socially optimal policy

scheme P = {a, fI,1}, and o and f{ simplify in this case to

e — 31
Q@
e— 207’
I 9 €— QT
= 2 .
Jo o7 e — 301
This completes the proof. O]

Proof of Corollary 6
Recall that the developing country is a net receiver if and only if

D._D
v > rPe—or?) .

S i 2

D

We insert the tax goal 7/ = 7 = 7 and the policy parameters a and f{ from Propo-

sition 6, and obtain

1
i>1

— )

2w

which is equivalent to w < 1 and hence w! < w?. This proves the first point.

The developing country is a net beneficiary if and only if

20y~ )+

: (37 = (%) = 7*(e — 67") + af

>0.
w+1—

Inserting the tax rates, a and f{, this inequality is equivalent to
w(65°¢> + 38 — 1)+ (1+ B¢) >0 . (B.10)

To evaluate inequality (B.10), we distinguish two cases. Case 1: If 65%¢? + 3¢ —1 > 0,
then all terms on the left-hand side of (B.10) are positive and the inequality is fulfilled.
Case 2: If 63%¢* + 38¢ — 1 < 0, we insert the upper bound of w from Proposition 6,
fﬁﬁﬁ%}iﬁﬁgﬁp into the left-hand side of (B.10) and obtain

B29°(248°¢° + 208%¢* — 6)

4G —105° + 659 — 1
which is positive as f¢ < 1/4 from Assumption 1 holds. Thus the left-hand side is

48393 +282¢2+28¢—1
» S4FGP-10B267 46361
the proof. 0

positive for all w € <O ) since it is decreasing in w. This completes
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Proof of Proposition 7

Recall from Lemma 1 that a necessary condition for a socially optimal policy scheme
P is that o and f{ fulfill

(w+1)(e— Ar)

2(e— Pr)
oo 2w+ 1)7(e — ¢D76[+BQBDT)(€ — Pr) B (w+ 1)7(e —2¢P7)
0 w(e— Ar) w
—7(2¢ — PT) .
Setting a to 1 yields
g — BloP+a8'9l 1! |

w =

g — BLeD+2BD¢D+50S

which is always > 1. Inserting this into the equation for f! and setting it to zero yields
condition (30). O

Proof of Corollary 7
For homogeneous countries 3! = P = 3, ¢! = ¢P = ¢, condition (30) simplifies to
dr(e —2¢7)% (e — 2¢7)  27(e — 2¢7)?

(e — 2¢1)? € — 20T

which always holds true. Recall from Proposition 5 that for homogeneous countries

—21(e — 1) =0,

there always exists a socially optimal policy scheme provided that w < 1. Now, if

a=1and fl =0, it follows that w = 1 since

ow+l
= 5
1—w
I — o —
fo = w (e —or1)T.
This completes the proof. O]

Proof of Proposition 8

The industrial country wants to set its emission tax 7! such that
! I 1.1

S+ i o - - (B.11)

is minimized, whereas the developing country minimizes

" by Py ; whr?
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with respect to 7”. The first-order conditions then are

; wIwDTD

O, i
; wIwDTI

0 = ¢PrP —pPepPs —afl — .

(S, i

0 = (bITI—ﬁI(bIS—OZ

Assuming implementation of the tax goal 7/ = 7 = 7, they simplify to
gle! I w
0 = ¢r— Y -
o7 B fo (w+1)27"°
BPe" I w
0 = ¢Pr— — — =
oo B fo (w+1)%7

These two equations can only hold simultaneously if
ﬁl(bD — ﬁD(bI )
This is equation (31).
If condition (31) holds, the first-order conditions above reduce to one equation, from
which we can express a in terms of w and f{ :

(w1 g7
o wfl B

(B.13)

We have

a>0 < w, fl>0,
(w+1) BPg!
w B

.

a<l & fi>

The second-order conditions are

I I/ IN\2 I(WI)QWDTD
¢+ B (") +2af0(jw7jﬂ)3 0,
67+ BP(6PY 4 20l VT

Inserting the tax goal and « from (B.13), we obtain

o+ e+ s
D D 1 D\2 QBngI 1
Qb ‘|‘B (¢ ) ‘|‘mw—+1 > 0,
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which holds true for all w > 0. Hence it is always possible to find socially optimal policy

parameters, given that condition (31) is satisfied. O

Proof of Corollary 8

As to part (i), recall that the developing country is a net receiver if and only if
DD
w

T_>,D (e —oPrP) .

For a refunding scheme without tax revenues, according to Proposition 8, af is equal

to Ml)i#. Inserting this expression and rearranging terms yields

y <é N B%IT) 8%
B - B

Inserting the tax rates and taking into account Assumption 1 leads to inequality (32).

As to part (ii), the developing country is a net beneficiary if and only if

¢D
2

1

(#2) = (7)) + () = (s7)°) = 7" (e — ¢7") + of

>0
2 w -

9

which can be rewritten as

A G2 = )+ 02 - ) - e o)+ D) 2 -y

(B.14)

As the right-hand side of inequality (B.14) is negative, we can always find a w > 0
that satisfies (B.14). Moreover, tedious algebraic manipulations reveal that the term in
curly brackets on the left-hand side is negative.l” Therefore, (B.14) provides an upper
boundary @7 > 0 on w, such that the developing country is a net beneficiary for all

w < oNT, O

"Details are available upon request.
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