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Abstract 
 
In order to overcome the underprovision of global public goods various different policy approaches 
have been proposed. In the climate policy arena, international transfers are frequently seen as an 
effective means to raise the provision of the global public good ‘climate change mitigation’. This 
paper focuses on a specific type of international transfer that aims at raising mitigation while also 
reducing the damages from climate change: conditional adaptation support. Especially since the COP 
in Copenhagen 2009, preparations are on-going to significantly expand international transfers that help 
developing countries to adapt to climate change. While there are extensive discussions in the policy 
arena about the required amount of adaptation funding and the best ways to raise, manage and disburse 
these funds, hardly any attention is paid to the international allocative effects of these transfers. The 
answer to the question of ‘why’ international adaptation transfers are paid at all, is often relegated to 
fairness considerations only. As adaptation benefits are largely local and adaptation transfers reduce 
the recipients’ incentives to contribute to climate change mitigation, one would, however, expect at 
least unease in donor countries about plans to significantly expand international adaptation support. In 
this study, we compare two alternative conditional transfer schemes: one plainly subsidizes mitigation 
efforts, while the other provides adaptation support which is conditional on other agents’ mitigation 
contributions. Disregarding distributional and fairness aspects the paper evaluates and compares the 
allocative effects of either policy scheme. It is shown that while both policy schemes can be beneficial 
for developing as well as industrialized countries, this outcome relies strongly on the productivity of 
mitigation and adaptation technologies. 
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1. Introduction	

Among the largest obstacles to the efficient provision of global public goods is the lack of an 

international coercive authority that can enforce an efficient provision level. So, global public 

goods like climate change mitigation rely solely on voluntarily contributions of individual 

countries. A logical prerequisite for a country to contribute voluntarily in such a setting 

would be the expectation to be at least not worse off after the contribution. One could 

consider this prerequisite as a kind of minimum requirement for participation in international 

climate policy. If a country voluntarily participated in a policy scheme that would leave it 

worse off, we would be facing a riddle.  

International support for adaptation in other countries seems a promising candidate for such a 

riddle. Climate change adaptation creates mostly local benefits and hardly any international 

spill-overs that mitigation efforts of other countries would induce. So why should a country 

choose to delegate funds to international adaptation support? In this paper, we take a look at 

this potential riddle and investigate whether introducing adaptation support conditionality 

might not only solve the riddle but might even make adaptation support more attractive from 

the donor’s point of view than direct mitigation support.  

Efforts to internationally coordinate climate change policies have been largely delegated to 

conferences, so-called Conferences of Parties (COPs), under the United Nations Framework 

on Climate Change. In recent climate negotiations, international support of developing 

countries in adapting to climate change has become a strongly discussed issue.1 An important 

point of controversy is the share of international climate-related funding that should be 

dedicated to adaptation support. The Cancun Accords, agreed internationally at the COP in 

Cancun in 2010, stipulate that adaptation “must be addressed with the same priority as 

mitigation” (UNFCCC 2011). Thus, it is conceivable to expect that a large share of the 100 

billion USD, having been pledged by industrialized countries in Cancun as an annual climate-

related transfer towards the developing world by 2020, will be dedicated to adaptation tasks.  

It seems a bit surprising – and there might be unease in industrialized countries – that such a 

large amount of money will be transferred internationally for adaptation projects in the 

developing world although the donor countries hardly benefit directly from these projects. 

Benefits of adaptation projects are largely local and thus, “[i]n contrast to mitigation, the 

benefits of adaptation are excludable” (Barrett 2008: 254) from an individual country’s point 

                                                 
1 Before, as Paavola and Adger (2006: 595) remark, there has been a “longstanding unease in the policy 
community with regard to adaptation” and this “originates from fears that the acknowledgement of a possibility 
of adaptation could distract international efforts to mitigate climate change.” 
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of view.2 Therefore, Tol (2005: 577) points out: “[n]ational governments and international 

organization have little to do with adaptation, and should not try.” 

Beyond, there are also strategic reasons for the unease with regard to adaptation support on 

the international level, because such support tends to reduce transfer-receiving countries’ 

incentives to contribute to the global public good ‘mitigation’. This is because adaptation 

reduces the vulnerability of these countries and hence also tends to decline their mitigation 

benefits. Put differently, to some extent mitigation and adaptation tend to be substitutes. As 

the merits of the global public good ‘mitigation’ are globally non-excludable, a decline in 

developing countries’ contributions to this global public good – in turn – harms industrialized 

countries.3 Thus instead of awarding adaptation assistance, it seems more beneficial for donor 

countries to provide international support of mitigation only.   

In order to find out whether there are nevertheless good reasons from an allocation 

perspective to provide international adaptation support, we compare the effects of different 

transfer schemes and consider whether these schemes can induce a Pareto improvement. Only 

when both parties – donors and recipients – benefit, they will pay or accept transfers.  

As e.g. Buchholz and Konrad (1995) and Cornes and Hartley (2007) demonstrated, even 

unconditional international transfers can under specific conditions induce a Pareto 

improvement. Yet, because unconditional transfers only generate income effects, they are 

associated with dispersion losses as transfer receptors do not employ the whole transfer for 

climate change mitigation but use a portion for raising private good consumption (this share 

of private good consumption can be up to one, see e.g. Ono (1998) who considers the 

possibility of corner solutions). The augmentation of developing countries’ private good 

consumption itself does however not improve the welfare of donor countries.  

In contrast, transfers provided conditional on a rise in developing countries’ mitigation efforts 

are more effective in increasing the level of the global public good ‘mitigation’ because they 

induce – additional to income effects – price effects. Consequently, they are more desirable 

from donor countries’ point of view. The transfer-induced increase in global public good 

contribution by the developing world yields – via its positive global externalities – a return on 

the donor countries’ investments in international transfers. “Due to its public-good character, 

                                                 
2 Kane and Shogren (2000: 86) stress: “Adaptation is a private good in which the benefits of reduced severity” 
[of climate change effects] “accrue only to the nation.” 
3 An augmentation of “adaptation capabilities in one country will under standard conditions induce the other 
country to reduce its emissions and will imply a welfare loss in that country” (Ebert and Welsch 2012: 50).   
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mitigation is the only channel through which the industrialised country can profit in this 

respect – contrary to the private good of adaptation” (Heuson et al. 2012: 5).4 

In our model, which is based on an approach developed by Ihori (1996), conditional transfers 

are analyzed. We distinguish between conditional transfers provided in monetary terms 

(subsidies) and in-kind transfers. These in-kind transfers take the shape of support in 

adaptation to climate change. We investigate both induced changes in mitigation levels in 

developing countries as well as the conditions under which in-kind ‘adaptation’ transfers are 

more beneficial from both industrialized and developing countries’ point of view than purely 

monetary mitigation subsidies. If we can determine conditions under which international 

adaptation support is more advantageous from all involved agents’ perspective, then the 

current strong focus on adaptation transfers in the international climate policy arena might be 

justified.5 In order to investigate these aspects and to conduct a comparative statics analysis 

of potential influence factors, we transform standard welfare maximization problems into 

expenditure minimization problems (see e.g. Diamond and McFadden 1974 and Cornes 1992 

for this dual approach). In our study, similar to the earlier analysis in a two-agent framework 

by Ebert and Welsch (2012), technological productivities play an important role. Yet, in 

contrast to Ebert and Welsch (2012), our study focuses on the influence of technological 

productivities on the effects of international transfers. 

In detail we proceed as follows. Section 2 gives a short outline of the framework of this 

analysis. In the following Section 3, we concentrate on welfare maximization of the 

developing region within three scenarios. The first scenario describes the reference case 

where no transfers are provided and which is in line with the standard Nash scenario. 

Thereafter, we regard the two scenarios where international mitigation subsidies are provided 

and where mitigation efforts in developing countries are matched by international adaptation 

transfers. We depict the influence of the respective policies on the optimization problem of 

the developing region and ascertain the modification of effective mitigation prices. In Section 

4, we reformulate the welfare maximization problems of the developing and industrialized 

regions as expenditure minimization problems in order to analyze the regional welfare effects 

                                                 
4 As Buob and Stephan (2011a) state, the industrialized world can only benefit from investing in adaptation 
funding if it induces the developing world to raise its mitigation efforts, “which is the case if there is strict 
complementarity between mitigation and adaptation”. In contrast to Buob and Stephan (2011a), in our setting 
adaptation funding can induce a rise in developing countries’ mitigation although adaptation and mitigation are 
substitutes.    
5 Although no explicit conditionality of adaptation transfers is proclaimed in recent international agreements 
there might be such a conditionality pending. Still, the rules for the future annual USD100bn-transfers are not 
stipulated and the rules might be aligned with the developing countries’ willingness to contribute to mitigation. 
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of introducing subsidies and matching transfers. In order to do so, we distinguish in a 

comparative static analysis between different cases and scenarios. Section 5 concludes. 

 

2. The	Model	

Consider a world consisting of a developing region ܦ, and an industrialized region ܫ. Both 

regions derive utility from the consumption of a private good bundle, ݕ, ݅ ൌ ,ܫ  and a ,ܦ

global public good ‘world-wide mitigation efforts’, ܺ ൌ 	∑ ݔ , with ݔ denoting the 

mitigation effort of region ݅. The benefits that a region derives from both, the private good 

bundle and the public good, depend on the level of adaptation ܽ to climate change.  

Firstly, adaptation increases the benefits obtained from private good expenses. Total private 

consumption ܿ ൌ 	 ܿ	ሺݕ, ܽሻ is the effective private consumption derived from expenses in 

the private good bundle ݕ and the more adaptation takes place, the better this bundle (and its 

use) is protected against climate change, i.e. the higher is ܿ (with ܿ௬ > 0 and ܿ > 0). For 

the intuition behind this assumption consider the following example: the benefits from 

owning a car will be higher if roads are not continuously flooded, i.e. the adaptation measure 

‘building a dike’ raises the benefits from private goods. 

Secondly, the effectively consumable amount of mitigation benefits in region i depends on 

adaptation, ܺ
 ൌ ܺ

ሺܺ, ܽሻ where ܺ
 is the adaptation adjusted benefit from global 

mitigation ܺ. Similarly to Auerswald, Konrad and Thum (2011: 4) who assume adaptation to 

be a substitute measure for self-insurance against the risk from climate change, we suppose 

that higher regional adaptation reduces the benefits from mitigation in this region ( ܺ


൏ 0). 

Also Ingham, Ma and Ulph (2007: 5358) consider adaptation and mitigation to be substitutes, 

as “they are two different ways of reducing climate change damages, and if, say, the costs of 

adaptation fell, we expect society to do more adaptation and less mitigation.” And Ingham, 

Ma and Ulph (2005a,b) show that adaptation and mitigation are in general substitutes, but 

they also identify cases where complementarity may prevail. For example, complementarity 

could arise when adaptation costs depend on the amount of mitigation conducted.6 Buob and 

Stephan (2011b) investigate both the case where marginal costs of adaptation inversely 

depend on global mitigation and the case where marginal costs of adaptation are independent 

of global mitigation.  

                                                 
6 Also maladaptation may bring about complementarity of mitigation and adaptation (Ingham, Ma and Ulph 
2005a: 14). 
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Please note that while we assume that adaptation in region i exerts a negative effect on the 

mitigation benefits in the same region, it seems reasonable to assume that the mitigation 

benefits in region j are unaffected by region i’s adaptation efforts (݅ ് ݆). Hence, as the 

adverse mitigation productivity effect of adaptation transfers is only perceived locally, it can 

be interpreted as a private effect (from the respective region’s point of view). 

Keeping the above defined relationships in mind, a region’s welfare function is given by 

ܷ 	 ൌ 	 ܷ	ሺܿሺݕ, ܽሻ, ܺ
ሺܺ, ܽሻሻ, i.e. the utility depends on the effectively consumable outputs 

or characteristics ܿ and ܺ
 of the goods ݕ and ܺ ൌ ݔ   , respectively. Thus, in line withݔ

Lancaster (1966: 133), we break away from the ‘traditional’ approach “that goods are the 

direct objects of utility” and suppose that it is instead the characteristics or outputs of the 

goods from which utility is derived; also see Gorman (1980) and Cornes and Sandler (1984) 

for such distinctions between goods and characteristics. Throughout we assume that the 

characteristics behave like normal ‘goods’.  

In this general set-up, each region allocates its exogenously given income ܫ on private goods 

and mitigation efforts. Prices of either good are set equal to unity.  

In the following sections of the paper, we will assume that the industrialized region provides 

conditional adaptation or monetary transfers towards the developing world. As our focus is 

on the welfare effects of international transfers channelled towards the developing region, we 

abstract from industrialized region’s investment in domestic adaptation (i.e. ܽூ ൌ 0). 

Regarding the developing region, we assume that ܽ is completely initiated by transfers from 

the industrialized region. One may argue that – due to better technological knowledge in 

industrialized countries – adaptation is more effective and cheaper when it is provided via 

transfers by industrialized countries and thus developing countries refrain from own ‘less 

effective’ domestic adaptation efforts.  

Put it differently, we focus on the situation in which 

 industrialized countries can commit within the framework of an international 

agreement to channel conditional transfers towards the developing world, 

 the developing region is too poor and/or inexperienced to invest in adaptation itself, 

 the industrialized region can choose between two policies: subsidizing mitigation and 

financing adaptation in the developing region. 
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3. Welfare	Maximization 	in	Different	Support 	Schemes		
 
In this section we distinguish between three scenarios, 1) no international transfer policy, 2) 

mitigation activities in the developing region are subsidized by the industrialized world, and 

3) the industrialized region grants adaptation support for the developing region conditional on 

its level of mitigation activity. By determining the conditions for the developing region’s 

welfare maximization and ascertaining the resulting effective mitigation prices, we can show 

that each of these scenarios brings about different mitigation levels in the developing world. 

Based on these findings, we analyse welfare implications of the different international 

transfer schemes and varying technological productivities in Section 4 of this paper.  

 

3.1 No-policy scenario 

If no transfer policy is conducted by the industrialized region, region ܦ maximizes its welfare 

function (1) subject to its budget constraint (2a):7 

 max௬ವ,௫ವ ܷሺܿሺݕ, ܽሻ, ܺ
ሺܺ, ܽሻሻ 			  (1) 

 s.t.  ܫ ൌ ݕ	 	ݔ. (2a) 

As adaptation is not financed by the industrialized region in this scenario, ܽ ൌ 0 holds and 

we assume for simplicity ܿ ൌ  and ܺݕ
 ൌ ܺ in this case. The first-order conditions for the 

optimization problem in (1) and (2a) give rise to the well-known equalization of the marginal 

rate of substitution between the two goods to their price ratio: 

 

ങೆವ
ങವ



ങೆವ
ങವ

ൌ 1, (3) 

with 
డವ
డ௬ವ

ൌ డವ


డ௫ವ
ൌ 1. Policies that cause a decline in the right-hand side (RHS) and/or an 

increase in the left-hand side (LHS) of (3) would induce a higher level of region D’s 

voluntary contributions to the global public good. 

 

3.2 Subsidies: Supporting Mitigation through Monetary Transfers 

If the industrialized region subsidizes mitigation efforts in the developing region,8 the 

modified budget constraint of the developing region reads 

                                                 
7 Please note that the corresponding maximization problem of the industrialized region would look slightly 
different as there is no adaptation in the industrialized region. Thus, its welfare function can simply be stated as 
ூܷሺݕூ, ܺሻ. The budget constraint is ܫூ ൌ ூݕ	 	ݔூ  ܶሺݔሻ, where T are the funds transferred towards the 

developing region depending on the level ݔ of its mitigation efforts.  
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ܫ  ൌ ݕ	  ሺ1	 െ 0									,ݔሻݏ	 ൏ s ൏ 1	 (2b) 

where ݏ is the subsidy rate paid by the industrialized region for climate change mitigation 

efforts in the developing region. As adaptation is not financed by the industrialized region in 

this policy scenario, ܽ ൌ 0 and thus ܿ ൌ  and ܺݕ
 ൌ ܺ still hold. Maximization of (1) 

subject to (2b) yields 

 

ങೆವ
ങವ

 	

ങೆವ
ങವ

ൌ 1 െ 				.ݏ (4)	

Compared with the no-policy scenario, the price ratio between private and public goods is 

lower and thus the mitigation level is higher in the subsidy case. The RHS of (4) can be 

interpreted as the effective price 
,௦ of public good provision and obviously this effective 

price has declined due to the international subsidy payments. 

 

3.3 Matching: Adaptation Support 

Instead of directly subsidizing mitigation, the industrialized region can finance in-kind 

transfers to the developing region with these transfers taking the form of adaptation measures. 

Transfers are conditional on the contribution of the developing region to mitigation, i.e. if the 

developing region provides ݔ units of mitigation, the industrialized region matches this 

provision by adaptation financing of ݐ ∙  . In the subsequent parts of this paper, we denoteݔ

the policy scheme that matches mitigation with adaptation support shortly as ‘matching 

scheme’,9 while we denote the scheme that matches mitigation with monetary transfers 

(subsidies) as ‘subsidy scheme’.10 We assume throughout that ݏ ൌ  i.e. transfer payments ,ݐ

per unit of ݔ are the same under subsidy and matching.  

We interpret adaptation as a protection of private consumption against climate change such 

that the expenses ݕ translate in a higher consumable private good level  

 cୈ ൌ yୈ  δtxୈ		 (5)	

than in a situation without adaptation.  

                                                                                                                                                        
8 Conditional transfers in international climate policy are provided, for example, via the Global Environmental 
Facility which collects funds from developed countries and channels these towards developing countries. 
9 In contrast to most applications or extensions of the standard matching model which was first developed by 
Guttman (1978), we do not consider mutual but one-sided matching. Unlike conventional matching models 
either considering the subsidization of public good purchases (e.g. Danziger and Schnytzer 1991, Althammer 
and Buchholz 1993) or the conditional contribution to the public good (e.g. Guttman 1987), we consider the 
conditional contribution to another agent’s private good ‘adaptation’.  
10 Buchholz, Cornes and Rübbelke (2011, F4) point to the equivalence of matching schemes based on 
conditional public good supply and specific schemes based on subsidy payments.  
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The monetary input ݔݐ to the transfer scheme purchases adaptation ܽ which in turn 

produces the output of additional units of private characteristic consumption. We assume a 

linear relationship between the input and the output where ߜ  0 measures the productivity 

of adaptation transfers in generating additional private characteristic consumption. We 

assume that the unit price of adaptation ܽ provided via international transfers – like the unit 

prices of all other goods – is equal to unity, such that we can write ܽ ൌ  .ݔݐ

Furthermore, we assume that adaptation diminishes the effectively consumable amount ܺ
  of 

mitigation in the developing region as follows 

 ܺ
 ൌ ܺ

ሺܺ, ܽሻ ൌ ܺ െ   (6)ݔݐߛ

where ߛ  0 is a constant parameter reflecting the mitigation-productivity diminishing effect 

of adaptation investments. Hence, the input ݔݐ to the adaptation transfer scheme brings 

about a decline in the effectively consumable mitigation output by ݔݐߛ.  

In the case of matching, maximization of welfare is again subject to the income constraint 

(2a), as in-kind adaptation transfers work through the change in effectively consumable 

outputs and thus through the arguments of the welfare function (1) only. Consequently, while 

subsidization in the previous subsection led to a modification of the developing region’s 

budget constraint, financing adaptation affects the welfare function directly through its 

arguments ܺ
  and ܿ.  

Nevertheless, the effects of adaptation can – in a similar way as the effects in the subsidy 

scenario – be interpreted as effective price changes. However, in contrast to the subsidy 

scenario, we have to distinguish between the effective prices of goods and of characteristics. 

In the subsidy case, amounts of goods and characteristics were supposed to coincide, i.e. 

ܿ ൌ  and ܺݕ
 ൌ ܺ, and consequently also the effective prices of goods and characteristics 

were the same.  

However, in the matching case, amounts of goods and characteristics differ. While the 

effective price per unit of the public good ݔ expressed in quantities of the private good ݕ 

abandoned remains unchanged, the effective price of consumable units of ݔ
  is modified. As 

we now consider effective prices in the characteristics dimension, the effective price 
, of 

purchasing a unit ݔ
  has to reflect the amount of ܿ that has to be abandoned in exchange.  

From the first-order conditions obtained from the maximization of (1) subject to (2a), (5) and 

(6), we derive  
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ങೆವ
ങವ



ങೆವ
ങವ	

ൌ ଵି௧ఋ

ଵି௧ఊ
.  (7) 

The RHS of (7) displays the effective price (in terms of ܿ that has to be abandoned in 

exchange) of purchasing one unit of ݔ
 , i.e. 

, ൌ ଵି௧ఋ

ଵି௧ఊ
 in the matching case. As we face 

multiple constraints we have to deal with a so-called ‘points rationing’ problem (Cornes and 

Sandler 1996: 259). 

In a way similar to that of the subsidy payment (see (4)), the in-kind-transfer induced rise in 

private consumption reduces the numerator of the term on the RHS of (7). In contrast to the 

subsidy, however, the adaptation transfer also reduces the denominator of the RHS of (7). 

Summarized, we observe two opposing effects of adaptation transfers: On the one hand, 

adaptation transfers ‘subsidize’ public good provision by generating additional effective 

private characteristic consumption and thus make investments in public good provision more 

attractive. On the other hand, adaptation transfers reduce the productivity of public goods in 

generating domestic public benefits which in turn raises the attractiveness of private good 

purchases relative to public good contributions. In the following, we assume throughout 

that	ߛ ൏  such that the subsidization effect outweighs the effect on effectively consumable ߜ

mitigation and the overall impact of adaptation transfers on the effective price is negative. 

Only when the effective price declines, a positive price effect on the developing region’s 

demand for public good provision will arise.11 

 

4.	Comparison	between	Subsidies	and	Matching		

In the following, the effects of subsidy and matching schemes on the welfare of the two 

regions are compared. For this comparison, we also have to consider the impact that the 

different policies have on the external benefits that arise from the provision of the global 

public good. To accomplish this, we consider the full income, ܧ, of either region and not 

only its monetary income. A region’s full income contains its monetary income plus the 

monetary value of the externalities received from the other region’s public good provision  

ܧ ൌ ܫ  
,ݔ ൌ ܫ  

,ሺܺ െ ሻݔ ൌ ݕ  
,ܺ,    (8) 

with  ݅, ݆ ൌ ,ܦ ݅ ,ܫ ് ݆ and ݇ ൌ ݉,  for the use of the term ‘full income’ in the public good) ݏ

context also see Cornes and Sandler 1994: 409; in the rationing context Neary and Roberts 

                                                 
11 To ensure for effective prices to be positive we impose the further parameter restriction ߜݐ ൏ 1. 
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1980 and Rothbarth 1940-41 employ virtual magnitudes and Cornes and Sandler 1996: 262 

use the term ‘virtual income’).12  

For the further analysis it proves to be convenient to translate the welfare maximization 

problem in (1) and (2a) into an expenditure minimization problem with a region minimizing 

the cost of attaining a given welfare level ഥܷ at given prices.  

For the developing region, this gives 

min௬ವ,௫ವ ܧ ൌ ݕ 	
,ܺ						subject to 	ܷ ൌ ഥܷ	.    (9) 

From the first-order conditions of (9), the developing region’s compensated demand ܺ ൬≡

డாವ
డವ

,ೖ൰ for the public good 

 ܺሺഥܷ,	
,ሻ (10a)	

can be derived (see Cornes 1992: 70 and Ihori 1996: 142). Furthermore, we can express the 

optimal expenditure of region ܦ as a function of the effective price and the region’s welfare 

level, ܧሺഥܷ, 
,ሻ. 

Analogously, we can proceed with respect to the industrialized region whose full income is 

given by (8) for	݅ ൌ ூ and ܫ
, ൌ 1 throughout as there are no transfers channelled towards 

the industrialized world. Expenditure minimization then gives the compensated demand for ܺ 

of the industrialized region  

 ூܺ൫ ഥܷூ, ூ
,൯ ൌ ூܺሺ ഥܷூ, 1ሻ (10b) 

and its optimal expenditure ܧூሺ ഥܷூ, 1ሻ for a given welfare level and given prices. 

Multiplying the industrialized region’s expenditure function by 
,, the developing region’s 

expenditure function by ூ
, ൌ 1 and summing up the resulting functions gives  

ሺܧ  ഥܷ, 
,ሻ  

,ܧூሺ ഥܷூ, 1ሻ ൌ 
,ܫூ  ܫ  

,ܺ, (11) 

where  

 ܺ ൌ ܺሺഥܷ, 
,) =	 ூܺሺ ഥܷூ, 1) (12) 

                                                 
12 Put differently, the full income indicates the hypothetical income required for purchasing the amount of all 
consumed characteristics, i.e. including the amount of public characteristics provided by the other region. In the 
matching case, for example, it holds for the full income of region D that ܧ ൌ ܿ  

,ሺݔ
  ூሻݔ ൌ ݕ 

ߜݐݔ  
,ሾݔሺ1 െ ሻߛݐ  ூሿݔ ൌ ܫ െ ሺ1 െ 

,ሺ1 െ ሻߛݐ െ ݔሻߜݐ  
,ݔூ ൌ ܫ 

ଵି௧ఋ

ଵି௧ఊ
ሺܺ െ  ሻ when weݔ

take into account that the effective price of the public characteristic is the one displayed on the RHS of (7). 
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holds with respect to global public good provision. From (11) and (12) we see that the 

interconnectedness of the two regions via the equilibrium condition for the global public 

good, (11), reduces the region’s degree of freedom by one dimension. Consider, for example, 

the effects of a policy induced change in the effective price, 
,. If the two regions could 

independently decide upon their demand for the two goods, each region’s expenditure 

minimization problem (i.e. (9) for the developing region) would independently give the 

optimal change in the respective consumption bundles for given welfare levels ഥܷ. In a world, 

in which each region is affected by the other region’s preference for the global public good, 

however, a new equilibrium allocation can only be attained if the welfare levels in the two 

regions are allowed to adjust as well. It is these policy induced welfare effects on which the 

focus of the following sections will be.  

We assume that in the initial situation, no support of mitigation in the developing region is 

provided, i.e. in both regions the effective price of generating additional units of the public 

good is equal to unity.  

 

4.1 Subsidy Scheme 

We know from (4) that – in the subsidy scenario – the effective price of generating additional 

units of the public good in the developing region is  

 
,௦ ൌ 1 െ  (13)  ݏ

which implies   

 
ௗವ

,ೞ

ௗ௦
ൌ െ1. (14) 

A marginal increase in the subsidy rate affects the industrialized region’s monetary income as 

follows: 

ூܫ݀  ൌ െݔ݀ݏ.   (15) 

To analyse the effects of subsidization on the two regions, we derive from (11): 

డாವ
డವ

ܷ݀  
,௦ డா

డ
݀ ூܷ ൌ െܧூ

ௗವ
,ೞ

ௗ௦
ݏ݀  ூܫ

ௗವ
,ೞ

ௗ௦
ݏ݀  

௦݀ܫூ  
,௦ డ

డ
݀ ூܷ    

ൌ ݏூ݀ܧ െ ݏூ݀ܫ  
,௦݀ܫூ  

,௦ డ
డ

݀ ூܷ          (16)  

where we have replaced ഥܷ by ܷ to indicate that welfare levels adjust endogenously to 

subsidy induced price changes. 

Furthermore, it follows from (12) that 
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డ
డ

݀ ூܷ െ
డವ
డವ

ܷ݀ ൌ െ డವ
డವ

,ೞ  (17)     .ݏ݀

Gathering (15), (16) and (17), we get 

 

,௦ డ

డ

డாವ
డವ

డ
డ

െ డವ
డವ

 
݀ ூܷ
ܷ݀

൨ ൌ 
ሺܧூ െ ூሻܫ െ 

,௦ݔ

െ డವ
డವ

,ೞ
൩    ݏ݀ (18) 

where 
డா
డ

≡ 
,௦ డ

డ
 డ

డ
, 
డ
డ

 0 and where ܿሺ ܷ, 
,௦ሻ is the compensated demand 

function for private consumption in region	݅ ሺ݅ ൌ ,ܦ  ሻ withܫ
డ
డ

 0.  

From (18), we can now derive the welfare effects of introducing a mitigation subsidy. For the 

industrialized region, we obtain: 

ௗ
ௗ௦

ൌ
ൣሺூିாሻାವ

,ೞ௫ವ൧
ങವ
ങೆವ

ା
ങವ
ങವ

,ೞ
ങಶವ
ങೆವ

∆ೞ
 ൌ

ൣ௫ವሺವ
,ೞିଵሻ൧

ങವ
ങೆವ

ା
ങವ
ങವ

,ೞ
ങಶವ
ങೆವ

∆ೞ
       (19) 

   	ൌ
ವ
,ೞ௫ವ

ങವ
ങೆವ

∆ೞ
െ

௫ವ
ങವ
ങೆವ

ି
ങಶವ
ങೆವ

ങವ
ങವ

,ೞ

∆ೞ
 0,          

where ∆௦ൌ െ
,௦ డ

డ

డವ
డವ

െ డாವ
డವ

డ
డ

൏ 0. In the initial situation where no support of 

mitigation in the developing region is provided it holds that ∆௦ൌ െቀ
డ
డ

డವ
డವ

 డாವ
డವ

డ
డ

ቁ which 

we label for later use ∆. The first term in the second row of (19) is the effect of the decline 

in income ܫூ which is due to the payment of the subsidy. The second term reflects the effect 

of a decrease in the effective price of public good provision 
,௦ faced by the developing 

region and it includes an income and a substitution price effect. 

The total income effect arising from the introduction of the subsidy is given by:   

௦௨ܧܫܶ 
ூ ൌ ሾ

,௦ െ 1ሿ
௫ವ

ങವ
ങೆವ

∆ೞ
. (20) 

As initial prices, 
∗, before introduction of a subsidy were assumed to be equal to unity in 

both regions, the individual income effects 
ವ
,ೞ௫ವ

ങವ
ങೆವ

∆బ
 and െ

௫ವ
ങವ
ങೆವ

∆బ
 perfectly offset each other. 

The substitution price effect is: 

௦௨ܧܲܵ 
ூ ൌ

ങವ
ങವ

,ೞ
ങಶವ
ങೆವ

∆ೞ
 0.   (21) 

Consequently, the subsidy payment and associated decrease in the effective price of 

mitigation for the developing country raise the industrialized region’s welfare. 
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For the developing region, the welfare effect of a subsidy introduction is given by (see (18)): 

ௗವ
ௗ௦

ൌ
ൣሺூିாሻାವ

,ೞ௫ವ൧
ങ
ങೆ

ିವ
,ೞ ങ

ങೆ

ങವ
ങವ

,ೞ

∆ೞ
ൌ

ൣ௫ವሺವ
,ೞିଵሻ൧

ങ
ങೆ

ିವ
,ೞ ങ

ങೆ

ങವ
ങವ

,ೞ

∆ೞ
  (22) 

ൌ
ವ
,ೞ௫ವ

ങ
ങೆ

	

∆ೞ
െ

௫ವ
ങ
ങೆ

ାವ
,ೞ ങ

ങೆ

ങವ
ങವ

,ೞ	

∆ೞ
൏ 0.         

The first term in the second row of (22) shows the effect which the transfer-induced decline 

of monetary income in the industrialized region has on welfare in the developing region. 

Predictably, this effect is negative as the reduction in income reduces the industrialized 

regions contribution to mitigation. As before in the discussion of the industrialized region, the 

second term reflects the effect of a decrease in the effective price of public good provision 


,௦ faced by the developing region. Also again, it encompasses an income and a substitution 

price effect.  

The total income effect for the developing region is given by:   

௦௨ܧܫܶ 
 ൌ ሾ

,௦ െ 1ሿ
௫ವ

ങ
ങೆ

	

∆ೞ
 (23) 

where, again, the two income effects perfectly offset each other. The corresponding 

substitution price effect is equal to 

௦௨ܧܲܵ 
 ൌ െ

ವ
,ೞ ങ

ങೆ

ങವ
ങವ

,ೞ	

∆ೞ
൏ 0,   (24) 

and hence - as it is negative -, the transfer-receiving developing region loses welfare.  

The surprising result that the transfer-paying industrialized region gains welfare while the 

receiving developing region loses welfare can be explained as follows. The conditional 

monetary transfer raises the developing region’s demand for and supply of the public good. 

The rise in the developing region’s public-good supply – in turn – is like a transfer in-kind to 

the industrialized world and as we assumed that both private and public characteristic 

consumption behave like normal goods, “increasing such a transfer induces a higher demand 

for private consumption and thus a lower contribution to the public good” (for this 

explanation and quote see Buchholz and Peters 2005: 29) in the industrialized region.  
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4.2 Matching Scheme: Reference Scenario with ࢾ ൌ  

When considering the effects of matching transfers on welfare it proves to be helpful to first 

consider the special case in which the productivity of adaptation in generating additional 

units of the consumable private good ܿ is equal to unity, i.e. ߜ ൌ 1. Thus, the monetary 

input to the adaptation transfer scheme (ݔݐ ൌ ܽሻ is equal to its output, i.e. the monetary 

value of additional private characteristic consumption (ݔݐߜ ൌ  ሻ. In the course of Sectionݔݐ

4.2 we focus on this simplified case in our interpretation of the general results. The case of 

ߜ  1 is dealt with subsequently in Section 4.3.  

 

4.2.1 Effects of Matching Transfers on the Industrialized Region’s Welfare 

To analyze the influence of matching transfers on the welfare of the transfer paying 

industrialized region, we proceed in a stepwise fashion: In step one, we regard a simplified 

case in which adaptation has no ‘productivity effect’ on mitigation, i.e. ߛ ൌ 0 and therefore 

ܺ
 ൌ ܺ (‘Case 1’). Step two then comprises the analysis of the complete, i.e. the ‘real’ case 

where all adaptation effects are taken into account, i.e. ߛ ് 0 and ܺ
 ൌ ܺ െ  . (‘Case 2’)ݔݐߛ

This stepwise procedure allows us to get a better intuition on the differential effects of 

matching transfers versus subsidy payments. 

 

Case 1: In this first matching case, the developing world faces the effective price 
,´ ൌ 1 െ

 of public characteristic generation. The corresponding expenditure function is given by ߜݐ

ܧ  ൌ ܫ  ሺ1 െ  ூ . (25a)ݔሻߜݐ

It holds that 

 
డாವ
డವ

ܷ݀  
,´ డா

డ
݀ ூܷ ൌ ݐ݀ߜூܧ െ ݐ݀ߜூܫ  

,´݀ܫூ  
,´ డ

డ
݀ ூܷ . (26a) 

A marginal change in the transfer rate affects the industrialized region’s monetary income in 

the same way as the change in the subsidy rate in the previous subsection (see (15)): 

ூܫ݀  ൌ െݔ݀(27) ,ݐ 

In equivalence to (18), welfare changes due to the introduction of a matching scheme can 

now be derived from (17), (26a) and (27): 
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,´ డ

డ

డாವ
డವ

డ
డ

െ డವ
డವ

 
݀ ூܷ
ܷ݀

൨ ൌ 
ூܧሺߜ െ ூሻܫ െ 

,´ݔ

െߜ డವ
డವ

,´

    .ݐ݀   (28a) 

We get for the industrialized region: 

 
ௗ
ௗ௧

ൌ
ቂ௫ವቀವ

,´ିఋቁቃ
ങವ
ങೆವ

ାఋ
ങಶವ
ങೆವ

ങವ
ങವ

,´

∆భ
ൌ

ವ
,´௫ವ

ങವ
ങೆವ

∆భ
	െ

ఋቈ௫ವ
ങವ
ങೆವ

ି
ങಶವ
ങೆವ

ങವ
ങವ

,´

∆భ
 0,  (29a) 

where ∆ଵൌ െ
,´ డ

డ

డವ
డವ

െ డாವ
డವ

డ
డ

൏ 0. In the initial situation where no support of 

mitigation in the developing region is provided ∆ଵൌ ∆ holds. 

The first term on the rightmost side of (29a) represents – comparable to (19) in the subsidy 

case – the effect of a decline in income ܫூ, now due to the expenditure for the in-kind transfer. 

Also as in (19), the second term reflects the effect of the decrease in the developing region’s 

effective price of public good provision, now 
,´, which again results in an income and a 

substitution price effect.  

The total income effect in the industrialized region now equals    

  ௧ܧܫܶ
ூ,ଵ ൌ ൣ

,´ െ ൧ߜ
௫ವ

ങವ
ങೆವ

∆భ
	.  (30a) 

If one unit of adaptation induces one additional unit of private consumption, i.e. ߜ ൌ 1, we 

are again in a situation in which both income effects perfectly offset each other (recall that 

the initial effective price 
,´ was assumed to be unity). In this case the matching transfer is 

unambiguously welfare enhancing for the industrialized region, as the substitution price 

effect is positive:      

  ௧ܧܲܵ
ூ,ଵ ൌ ߜ

ങವ
ങವ

,´
ങಶವ
ങೆವ

∆భ
 0.  (31a) 

As we can observe by comparing (20) and (30a) as well as (21) and (31a) respectively, 

subsidy and matching scheme exert the same income and substitution price effects as long as 

ߜ ൌ 1 and the effects of adaptation on mitigation benefits are disregarded. In this case, both 

schemes are equivalent and raise the industrialized region’s welfare level. 

 

Case 2:  For ߛ ് 0, the effective price of providing an additional unit of the public 

characteristic, 
, ൌ ଵି௧ఋ

ଵି௧ఊ
, is higher than the effective price in Case 1, i.e. 

,  
,´. The 
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adverse mitigation productivity effect of adaptation implies a lower characteristic level ܺ
  

obtained from the public good ܺ in the developing region. This lower productivity translates 

into a higher effective price for raising the consumption level of the public characteristic in 

the developing region.13 We now face a case similar to the one analysed by Ihori (1996: 146-

149) where different productivities in producing a public good prevail in subsidizing and 

subsidized regions. 

The modified expenditure function of the developing region now reads 

ܧ  ൌ ܫ 
ଵି௧ఋ

ଵି௧ఊ
 ூ.  (25b)ݔ

(26a) changes accordingly to 

డாವ
డವ

ܷ݀  
, డா

డ
݀ ூܷ ൌ ூܧ

ఋିఊ

ሺଵି௧ఊሻమ
ݐ݀ െ ூܫ

ఋିఊ

ሺଵି௧ఊሻమ
ݐ݀  

,݀ܫூ  
, డ

డ
݀ ூܷ (26b) 

and gathering (17), (26b) and (27) gives  



, డ

డ

డாವ
డವ

డ
డ

െ డವ
డವ

 
݀ ூܷ
ܷ݀

൨ ൌ 
ሺܧூ െ ூሻܫ

ఋିఊ

ሺଵି௧ఊሻమ
െ 

,ݔ

െ డವ
డವ

,
ఋିఊ

ሺଵି௧ఊሻమ

    .ݐ݀   (28b) 

From (28b), we obtain 

 
ௗ
ௗ௧
	ൌ

௫ವቀವ
,ି

ഃషം
ሺభషംሻమ

ቁ൨
ങವ
ങೆವ

ା
ഃషം

ሺభషംሻమ
	
ങಶವ
ങೆವ

	
ങವ
ങವ

,

∆మ
   (29b) 

 ൌ
ವ
,௫ವ

ങವ
ങೆವ

∆మ
െ

ഃషം
ሺభషംሻమ

ቈ௫ವ
ങವ
ങೆವ

ି	
ങಶವ
ങೆವ

	
	ങವ
ങವ

,

∆మ
,        

where ∆ଶൌ െ
, డ

డ

డವ
డವ

െ డாವ
డವ

డ
డ

൏ 0. Initially, when no support of mitigation in the 

developing region is provided, we again have ∆ଶൌ ∆. 

The interpretation of the different components of (29b) follows the same lines as the 

interpretation of (29a). Equivalently, the modified expressions for the total income and the 

substitution price effect now read   

௧ܧܫܶ 
ூ,ଶ ൌ ቂ

, െ ఋିఊ

ሺଵି௧ఊሻమ
ቃ
௫ವ

ങವ
ങೆವ

∆మ
	,       (30b) 

                                                 
13 Conversely, private ancillary benefits of climate protection are frequently modelled to offset the cost of 
respective protection activities and thus to reduce the effective price of climate protection (see, e.g., Ekins 1996: 
163, Rübbelke 2002: 105).  
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௧ܧܲܵ 
ூ,ଶ ൌ ఋିఊ

ሺଵି௧ఊሻమ

	ങವ
ങವ

,	
ങಶವ
ങೆವ

	

∆మ
 0 ,       (31b) 

where, even for ߜ ൌ 1, the sign of the total income effect is ambiguous while the substitution 

price effect remains unambiguously positive. For ߜ ൌ 1, the ambiguity of the income effect 

results directly from the effect that adaptation has on mitigation productivity and thus on the 

effective price. We come back to this effect in the discussion below. 

 

Discussion of Cases 1 and 2: 

In (29a) and (29b) substitution price effect and one income effect are positive, while the other 

income effect (first term on the RHS of (29a) and in the second row of (29b) respectively) is 

negative.  

As we can easily observe from a comparison between (29a) and (29b), the implications of the 

negative mitigation-productivity effect of adaptation for the industrialized region’s welfare 

are ambiguous as ߜ ⋚
ఋିఊ

ሺଵି௧ఊሻమ
, (recall that ∆ଵൌ ∆ଶൌ ∆ initially). Compared to Case 1, the 

adverse mitigation-productivity effect reduces welfare in the industrialized region only if  

ߛ   ଶ௧ఋିଵ

௧మఋ
,	             resp.         ߛ  ଶ௧ିଵ

௧మ
     for     ߜ ൌ 1. (32) 

If (32) holds for ߜ ൌ 1, not only the total income effect is negative but even the total welfare 

effect can become negative (see (29b)). For this to happen, the positive substitution price 

effect has to be dominated by the now negative total income effect which is more likely if 

డாವ
డವ

	డವ
డವ

, is small while ݔ
డವ
డഥವ

	is large.14 If, however, (32) does not hold for ߜ ൌ 1, the 

industrialized region’s welfare gain is even higher than in Case 1. As Case 1 and the subsidy 

case are equivalent under the assumptions made, the subsidy scheme is preferred by the 

industrialized region if (32) holds while matching is preferred if (32) does not hold.  

Inequality (32) tends to hold with large mitigation productivity losses induced by adaptation 

(which is reflected by a large ߛ). This is in accordance with intuition: the donor region strives 

for inducing a decline in the effective price of public good provision in the developing region. 

Yet, a high mitigation productivity loss has a strong effective-price raising effect in the 

developing region (see denominator on the RHS of (7)).  

                                                 
14 The total welfare effect becomes negative, if ሺ1  ሺߛݐ െ 2ሻݐሻݔߛ

డವ
డವ

 ሺߛ െ 1ሻ డாವ
డವ

	డವ
డವ

,. A necessary 

condition for this to happen is that 1  ሺߛݐ െ 2ሻݐ  0 which is equivalent to condition (32). 
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Also in accordance with intuition, (32) tends to hold for low values of ݐ and ߜ, as this implies 

a low effective-price reducing influence of the transfer (see RHS of (7) and take into account 

that ߜ   is incapable to ݐ In this case, the price-reducing influence of a low transfer rate 15.(ߛ

countervail the adverse price effect of the mitigation productivity loss.  

Summarizing the results for ߜ ൌ 1, the industrialized region always gains in Case 1 – like in 

the equivalent subsidy setting – from its payment of transfers towards the developing region. 

The influence of the mitigation-productivity diminishing effect of adaptation on the welfare 

change induced by transfers is, however, ambiguous (Case 2). Surprisingly, adaptation-

induced adverse effects on the productivity of mitigation in the developing region might even 

be beneficial from the transfer payer’s point of view. As adaptation reduces the amount of 

public characteristics enjoyed in the developing region, this region might be induced to raise 

its public good contribution in order to counter this loss. It is more likely that this happens, 

when high rates ݐ and ߜ as well as a small adverse effect of adaptation on mitigation 

productivity (reflected by a small ߛ) prevail. Then, the industrialized region will prefer the 

use of the matching scheme and it will not provide monetary transfers.   

 

4.2.2 Effects of Matching Transfers on the Developing Region’s Welfare 

Again, we assume in a first case that adaptation has no productivity effect on mitigation, i.e. 

ܺ
 ൌ ܺ. Thereafter, in a second case, we consider the situation where ܺ

 ൌ ܺ െ  .ߛݔݐ

 

Case 1: As in the discussion of Case 1 from the industrialized region’s point of view, the 

effective price of the public good for the developing region is 
,´ ൌ 1 െ  .ߜݐ

From (28a), we now derive the effect of the matching transfer on the developing region’s 

welfare  

  
ௗವ
ௗ௧

ൌ
ቂ௫ವቀವ

,´ିఋቁቃ
ങ
ങೆ

ିఋವ
,´ ങ

ങೆ
	
ങವ
ങವ

,´

∆భ
           (33a)  

 ൌ
ವ
,´௫ವ

ങ
ങೆ

	

∆భ
െ

ఋ௫ವ
ങ
ങೆ

ାವ
,´ ങ

ങೆ

ങವ
ങವ

,´൩	

∆భ
.      

Again, the welfare change results from two income effects and one substitution price effect. 

As the case for the subsidy scheme (and also for the industrialized region), one income effect 

                                                 
15 Differentiation of the RHS of (32) with respect to	ߜ resp. t yields positive values (recall that 1 െ ݐߜ  0). 
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(first term in the second row of (33a)) is negative while the other (i.e. െݔߜ
డ
డ

∆ଵൗ ሻ is 

positive. The total income effect in the industrialized region in the considered Case 1 is given 

by: 

௧ܧܫܶ  
,ଵ ൌ ൣ

,´ െ ൧ߜ
௫ವ

ങ
ങೆ

	

∆భ
	.  (34a) 

Again, if ߜ ൌ 1, and the initial effective price (before introduction of the matching scheme) is 

equal to unity, both income effects perfectly offset each other. 

The substitution price effect   

௧ܧܲܵ 
,ଵ ൌ െߜ

ವ
,´ ങ

ങೆ

ങವ
ങವ

,´	

∆భ
൏ 0. (35a) 

is negative for the developing region (in contrast to the respective effect in the industrialized 

region but in accordance with the results for the subsidy scheme).  

Overall, the matching transfer unambiguously reduces the welfare in the developing region 

for ߜ ൌ 1	due to the negative substitution price effect. Equivalent to the results for the 

industrialized region in Case 1, subsidy and matching scheme induce the same income and 

substitution price effects for ߜ ൌ 1 (compare (23) to (34a) and (24) to (35a)). Thus, subsidy 

and matching schemes are again equivalent and, in case of the developing region, reduce 

welfare unambiguously. 

 

Case 2: The effective price in this case	is again 
, ൌ ଵି௧ఋ

ଵି௧ఊ
. From (29b), the overall effect of 

a change in the transfer rate is now equal to 

 
ௗವ
ௗ௧

ൌ
௫ವቀವ

,ି ഃషം
ሺభషംሻమ

ቁ൨
ങ
ങೆ

ି ഃషം
ሺభషംሻమ

ವ
,ങ

ങೆ
	
ങವ
ങವ

,

∆మ
 (33b) 

 ൌ
ವ
,௫ವ

ങ
ങೆ

	

∆మ
െ

ഃషം
ሺభషംሻమ

ቈ௫ವ
ങ
ങೆ

ାವ
,ങ

ങೆ

ങವ
ങವ

,	

∆మ
         

with the total income effect and the substitution price effect equalling: 

௧ܧܫܶ 
 ൌ ቂ

, െ ఋିఊ

ሺଵି௧ఊሻమ
ቃ
௫ವ

ങ
ങೆ

	

∆మ
 ,      (34b) 

௧ܧܲܵ 
 ൌ െ ఋିఊ

ሺଵି௧ఊሻమ

ವ
,ങ

ങೆ

ങವ
ങವ

,	

∆మ
൏ 0 .  (35b) 
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The interpretation of (33b) – (35b) is equivalent to the interpretation of (29b) – (31b), i.e. 

Case 2 for the industrialized region. As in (30b), the sign of the total income effect is 

ambiguous while the substitution price effect is now negative. Whether or not the overall 

welfare effect is negative depends, as for the industrialized region, on the strength of the 

transfer induced effects on consumption and mitigation as well as on the transfer rate. 

 

Discussion of Cases 1 and 2: 

Like for the industrialized region, Case 1 and the subsidy case are equivalent from the 

developing world’s point of view. Regarding Cases 1 and 2, we can easily see from a 

comparison of (34a) and (34b) as well as of (35a) and (35b) respectively, that the strength of 

the positive income effect as well as of the negative substitution price effect change due to 

the adverse effect of adaptation on the productivity of mitigation. Whether the developing 

region’s welfare rises or falls due to this additional effect on mitigation depends on the 

relative size of the induced changes, specifically – as in the case of the industrialized region – 

on	ߜ ≷ ఋିఊ

ሺଵି௧ఊሻమ
. According to (33a) and (33b) welfare is reduced if  

a) ߛ  ଶ௧ఋିଵ

௧మఋ
,  and ݔ

ܫ߲ܺ
ܫܷ߲

 
, ฬ

ܫ߲ܿ
ܫܷ߲

డವ
డವ

,ೖฬ, or if 

b) ߛ ൏ ଶ௧ఋିଵ

௧మఋ
,  and ݔ

ܫ߲ܺ
ܫܷ߲

൏ 
, ฬ

ܫ߲ܿ
ܫܷ߲

డವ
డವ

,ೖฬ, 

with 
,´ ൌ 

,ሺൌ 1ሻ in the ex-ante situation and consequently ݇ ൌ ݉´,݉. If a) or b) hold 

for ߜ ൌ 1, the developing region would be better off under a subsidy scheme than under a 

matching scheme.  

The strength of the negative substitution price effect relative to the positive income effect, or 

more specifically, the size of 
, ฬ

డ
డ

డವ
డವ

,ೖฬ relative to ݔ
డ
డ

 is crucial for the question of 

whether a) or b) applies. If the income effect is stronger than the substitution price effect, 

then ߛ  ଶ௧ఋିଵ

௧మఋ
 implies that welfare decreases in the developing region due to the effect of 

adaptation on mitigation productivity. Essentially, the comparative statics with respect to the 

model parameters are the same in this case as for the industrialized region before. A higher ߛ 

and thus a lower decrease of the effective price of public good provision 
,௦ affect welfare 

negatively (see (33a) and (33b)) while a positive effect on welfare becomes more likely if the 

adverse effect of adaptation on mitigation is small (reflected by a small ߛ). A high transfer 

rate ݐ and a strong impact of adaptation on the benefits from private good consumption as 
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reflected by a large ߜ (we discuss the latter case in more detail in Section 4.3) would also be 

beneficial in a).  

Condition b) applies when the substitution price effect is stronger than the positive income 

effect, i.e. if 
, ฬ

డ
డ

డವ
డವ

,ೖฬ is larger than ݔ
డ
డ

. In this case the aggregate contribution of the 

negative substitution price effect and the positive income effect to total welfare in (33a), resp. 

(33b), is negative. Consequently, a transfer induced decrease in the effective price of the 

public good ൬
డವ

,´

డ௧
ൌ െߜ;	

డವ
,

డ௧
ൌ െ ఋିఊ

ሺଵି௧ఊሻమ
൰ affects total welfare negatively. So, if the 

change in the effective price is higher when ߛ is positive, the reduction in total welfare will 

be stronger in Case 2 than in Case 1. This is the case for ߛ ൏
ଶ௧ఋିଵ

௧మఋ
. From a comparative 

statics perspective, the total adverse welfare effect now becomes stronger with lower levels of 

 In turn, a low transfer rate, a small positive effect of abatement .ߜ and ݐ and higher levels of ߛ

on private consumption and a strong negative effects of abatement on mitigation would make 

a welfare reduction due to the adverse effect of adaptation on mitigation less likely. Please 

note that b) cannot arise for the industrialized region as the substitution price effect is positive 

for region I, i.e. the sum of substitution price effect and positive income effect is always 

positive.  

Summarized, surprisingly the decline in the productivity of mitigation in the developing 

region may have a positive welfare effect on this region. This resembles the results of 

Buchholz and Konrad (1994) who find in a multi-stage game that countries may have an 

incentive to choose an abatement technology which is more costly than others in the first 

stage of the game.  

As we can observe from these findings and (32), the effects of matching on the welfare of the 

industrialized and developing regions depend crucially on ߜ ≷ ఋିఊ

ሺଵି௧ఊሻమ
	⇔ ߛ	 ≷ ଶ௧ఋିଵ

௧మఋ
 and on 

the relative size of substitution price and positive income effect in the developing region. 

Depending on the parameterization of ݐ,  either region may win or lose. A matching ߜ and ߛ

scheme, however, may become beneficial for both regions only if ߜ ൏ ఋିఊ

ሺଵି௧ఊሻమ
 and the positive 

income effect dominates the substitution price effect. If, however, ߜ ൏ ఋିఊ

ሺଵି௧ఊሻమ
 and the 

positive income effect is dominated by the substitution price effect, then the developing 

region would prefer the subsidy scheme. 
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4.3 Comparison of Policy Schemes: Alternative Technological Productivities 

In the previous section we concentrated on the special case in which an adaptation transfer 

unit enhanced the effective consumption of the private good by exactly the same amount as 

the purchase of another unit of the private good would have done. In this section, we relax 

this very specific assumption and take a look at more general constellations in which we 

allow not only ߜ but also the effective ex-ante price 
∗, i.e. the effective price before the 

payment of international transfers,16 to differ from unity.  

In the first scenario we assume that the productivity ߜ of in-kind adaptation transfers in 

generating additional private consumption is higher than in the reference scenario discussed 

in Section 4.2, i.e. ߜ  1. 

In a second scenario, we suppose that the effective price of the public good is ex ante, i.e. 

before a transfer is introduced, smaller than unity in the developing world. 

Throughout the analysis of both scenarios we keep the assumption that ߜ   i.e. adaptation ,ߛ

transfers cause effective costs of public good contributions to decline, and ݐ ൌ  .i.e ,ݏ

matching and subsidy rates are equal. 

 

Alternative Scenario 1: ࢾ  , ࡰ
∗ࢋ ൌ   

In this scenario ݐ ൌ ݏ ൏  and consequently the productivity of adaptation transfers in ߜݐ

raising private good benefits is higher than in the Reference Scenario where ߜ is equal to 

unity. As a result, the reduction of the effective price due to matching transfers is stronger for 

ߜ  1 than for ߜ ൌ 1.  

In Alternative Scenario 1, as we can see from (30a), the total income effect on the 

industrialized region’s welfare increases compared to Case 1 of the Reference Scenario, i.e. 

the case where the adaptation effect on mitigation productivity is ignored. The same holds 

true when the effect of adaptation on mitigation is not omitted (Case 2), as can be seen from 

(30b). Yet, while the income effect becomes unambiguously positive in (30a), the sign of the 

total income effect in (30b) remains ambiguous. It only becomes positive (and hence more 

beneficial than the one in the subsidization setting), when the positive income effect 

ംషഃ
ሺభషംሻమ

௫ವ
ങ
ങೆ

	

∆
 induced by the effective-price decline in the developing region exceeds the 

                                                 
16 Akai (2003) discusses the different implications of cost-differentials in public good provision generated by 
public policies and those differentials already existing before policy implementation for income transfer policy.  
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negative income effect 
ವ
,௫ವ

ങ
ങೆ

	

∆
 caused by the monetary income loss in the industrialized 

region, i.e. if 1 െ ఋିఊ

ሺଵି௧ఊሻమ
൏ 0 (compare (20) and 30b) and recall that 

, ൌ 1 in the pre-

transfer situation). As we know from (30a) and (30b), the total income effect can even 

become larger in Case 2 than in Case 1 (which is the case if ߜ	 ൏ ఋିఊ

ሺଵି௧ఊሻమ
 holds). Regarding 

the substitution price effects, these are larger in Case 1 as well as in Case 2 for ߜ  1 than for 

ߜ ൌ 1 (see (31a) and (31b)).  

Summarized, a higher productivity of the employed abatement technology raises the utility 

that the industrialized region obtains from its adaptation transfers and might even cause 

matching contributions to become advantageous over subsidy payments. The latter holds 

throughout in Case 1 of the Alternative Scenario 1. Basically, for ߜ  1 and ݐ ൌ  adaptation ,ݏ

transfers lower the developing region’s opportunity costs of public good provision by more 

than a subsidy payment and as a result, the welfare of the industrialized region increases. This 

finding is in line with Cornes and Hartley (2007: 215) who show that a reduction in an 

agent’s unit cost of public good provision raises all other agents’ welfare. This result also 

resembles the finding by Ebert and Welsch (2012) in a different two-country setting, that – 

conversely – improvements in the benefits from greenhouse gas emissions, and consequently 

an increase in the marginal cost of mitigation,17 have negative effects on the other country’s 

welfare. In our model the benefits of mitigation activities ݔ in the developing region are 

raised (and with it the effective price of mitigation characteristics reduced) through the 

receipt of adaptation transfers and thus, conversely, welfare in the industrialized region 

improves. 

In contrast, in Case 2 of the Alternative Scenario 1, matching contributions are not 

advantageous throughout, as the adaptation-induced loss in mitigation productivity (as 

reflected by ߛ) causes the effective price to rise compared to Case 1. From the industrialized 

world’s point of view, the matching scheme in Case 2 is only more advantageous than the 

subsidy scheme, if the decrease in the effective price is higher under matching than under 

subsidization, i.e. if 
ఋିఊ

ሺଵି௧ఊሻమ
 1 (compare (19) and (29b)).  

In the developing region – as in the industrialized region before – the total income effects are 

larger in both cases of the Alternative Scenario 1 than the ones in the respective cases of the 

                                                 
17 “The emission enhancing effect of productivity improvements is intuitive, since such improvements imply an 
increase in the benefits foregone when emissions are reduced, that is, an increase in marginal mitigation costs” 
(Ebert and Welsch 2012: 59). 
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Reference Scenario. Again, the total income effect is always positive in Case 1, while it only 

becomes positive for 
ఋିఊ

ሺଵି௧ఊሻమ
 1	in Case 2.  

Also as in the industrialized region, the substitution price effects are stronger due to the 

stronger decrease in the effective price. Since the substitution price effect is negative for the 

developing region, this implies, however, a stronger drag on welfare while the stronger 

substitution price effect enhanced welfare in the industrialized region. Whether a higher 

productivity parameter ߜ improves or worsens welfare in the developing world, depends, as 

in the Reference Scenario, on the relative strength of substitution price and income effects. 

The developing region’s welfare in the matching setting (Case 2) exceeds the one in the 

subsidy setting – as we can observe from a comparison of (22) and (33b) –  only if  

a) 
ఋିߛ

ሺଵି௧ఊሻమ
 1, and ݔ

ܫ߲ܺ
ܫܷ߲

 
, ฬ

ܫ߲ܿ
ܫܷ߲

డವ
డವ

,ೖฬ, or if 

b) 
ఋିఊ

ሺଵି௧ఊሻమ
൏ 1,  and ݔ

ܫ߲ܺ
ܫܷ߲

൏ 
, ฬ

ܫ߲ܿ
ܫܷ߲

డವ
డವ

,ೖฬ, 

with 
, ൌ 

,௦ሺൌ 1ሻ in the ex-ante situation and thus ݇ ൌ ݉,  18.ݏ

Under the matching scheme, an increase in the productivity indicator ߜ consequently makes a 

positive welfare effect of the decline in the effective public-good price (second term in the 

second row of (33b)) more likely if ݔ
ܫ߲ܺ
ܫܷ߲

 
, ฬ

ܫ߲ܿ
ܫܷ߲

డವ
డವ

,ೖฬ, i.e. if the involved positive 

income effect exceeds the magnitude of the substitution price effect. If 
ఋିఊ

ሺଵି௧ఊሻమ
 1 in this 

case, the welfare effect of matching is less negative than the welfare effect of subsidization. 

Provided that 
ఋିఊ

ሺଵି௧ఊሻమ
 is sufficiently high, the welfare effect of matching might even become 

positive. Thus, efforts of the industrialized region to increase the effectiveness of adaptation 

support would in a) also have a positive effect on the developing region’s welfare.  

However, if ݔ
ܫ߲ܺ
ܫܷ߲

൏ 
, ฬ

ܫ߲ܿ
ܫܷ߲

డವ
డವ

,ೖฬ, the total welfare effect of a decline in the effective public 

good price is negative, i.e. the involved positive income effect is smaller than the substitution 

price effect. In contrast to a), matching can never enhance welfare compared to the no-policy 

scenario in this case. At best, the policy-induced welfare loss will be lower than under 

subsidization. If b) holds, matching is only advantageous compared to subsidization from the 

developing region’s point of view, if the transfer-induced decline in the effective public good 

                                                 
18 In Case 1, ߛ ൌ 0 and as ߜ  1, only condition a) is relevant. So, if ݔ

ܫ߲ܺ

ܫܷ߲
൏ 

, ฬ
ܫ߲ܿ

ܫܷ߲

డವ
డವ

,ೖฬ holds in Case 1, the 

developing region will always be worse of under matching than under subsidies.  
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price is lower than in the subsidy scheme, i.e. if 
ఋିఊ

ሺଵି௧ఊሻమ
൏ 1. As in this case a lower ߜ would 

be advantageous from the developing region’s perspective, region D might find it 

paradoxically in its best interest to prevent ߜ from being too high that is to prevent adaptation 

support from being too efficient.  

Summarized, an improvement of the productivity (in raising private consumption) of 

adaptation support channelled towards the developing countries tends to raise the welfare in 

industrialized countries. Therefore, donor regions have a strong interest to disburse 

adaptation transfers in the way that most effectively raises the developing world’s private 

consumption ܿ. Actually, industrialized regions might even benefit more when adaptation 

support has an adverse effect on mitigation-productivity (ߛ is positive) in the developing 

world (see discussion concerning inequality (32)). The latter could be the case as the adverse 

effect of adaptation on mitigation-productivity might induce the developing region to 

compensate some of the public-characteristic loss by additional contributions to the good ݔ. 

Due to the positive international spillovers of ݔ towards the donor region, the industrialized 

world would benefit from a higher level of the global public good provision ݔ by the 

developing region.  

In contrast, developing regions may prefer a less effective adaptation ‘technology’ generating 

a lower level of additional private characteristic consumption. Thus, we may face a principal-

agent situation where the donor of transfers is the principal and the transfer receiving region 

is the agent and where there might be a risk that the agents have an incentive to waste or 

misguide adaptation resources.19  

 

Alternative Scenario 2: ࢾ  , ࡰ
∗ࢋ ൏  

Regularly, cheaper climate change mitigation options are supposed to exist in developing 

countries as the present application of very polluting technologies in these countries can be 

overcome at lower cost than improving the already rather clean technologies in industrialized 

countries. In that sense, mitigation projects in developing countries tend to be more 

productive than those in industrialized countries.  

                                                 
19 It should be noted that the productivity of adaptation support in generating additional private consumption 

might also affect the impact of adaptation on mitigation benefits that is 
డವ

 ሺ,ವሻ

డವ
. This might in turn strengthen 

or weaken potential incentives to waste adaptation resources (see (33b)).   
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In our model, a productivity advantage of the developing region in global public good 

provision can be translated into an effective ex-ante price 
∗ smaller than 1. For the 

industrialized region this implies higher total income effects from subsidies as well as 

matching transfers and thus higher policy-induced welfare gains, respectively lower policy-

induced welfare losses (see (19), (29a) and (29b)). Thus, the transfer paying industrialized 

region unambiguously gains from supporting cheaper climate change mitigation in the 

developing region. 

In the developing region, the higher mitigation productivity also has a positive influence on 

the total income effect under subsidization as well as matching (see (23), (34a), and (34b)). 

Simultaneously, the negative substitution price effect (see (24), (35a), and (35b)) is weakened 

by the lower ex-ante price 
∗. Despite the positive effects of higher mitigation productivity 

on income and substitution price effects in the transfer receiving region, it may, however, still 

lose welfare due to the industrialized region’s subsidy or matching transfer payments. For the 

subsidy scheme, these results for the Alternative Scenario 2 are consistent with the earlier 

findings in Ihori (1996: 147-148).  

While the above results confirm that a high mitigation productivity in developing countries 

can make both conditional monetary and in-kind transfers capable to bring about a Pareto 

improvement, this can, however, not be taken for granted as the discussion above has shown. 

For Case 2 of the matching scheme, transfers become welfare improving for both regions (see 

(29b) and (33b)), if the positive one of the two income effects in the developing country 

exceeds the negative substitution price effect and if the productivity of adaptation in 

generating additional units of the private characteristic is sufficiently high, that is if 

ߜ   ߛ  ሺ1 െ ሻଶߛݐ
,ݔ ∙ maxሼܣ,  ூሽ (36)ܣ

with 

ܣ ൌ
డ
డ

൬ݔ
డ
డ

 
, డ

డ

డವ
డವ

,൰
ିଵ

ூܣ		; ൌ
డವ
డವ

൬ݔ
డವ
డವ

െ	 డாವ
డವ

	 	డವ
డವ

,൰
ିଵ

. 

Assuming that the second-order effects of a reduction of 
, are not too strong, (36) is more 

likely to hold, the smaller 
,. So, a high productivity differential between the regions 

makes a mutual profitability of matching more likely.20  

Despite our result that matching can be welfare enhancing for both regions when it is 

realistically assumed that productivity differentials in producing the public good exist, this 

                                                 
20 Please note that matching can never be welfare enhancing for both regions if the positive income effect in the 
developing country is lower the negative substitution price effect. In this case ߛ  ሺ1 െ ሻଶߛݐ

,ܣூ ൏ ߜ ൏ ߛ 
ሺ1 െ ሻଶߛݐ

,ܣ would have to hold. As ܣ ൏ 0, this condition can, however, never be fulfilled. 
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alone cannot explain why international climate policy focuses so much on adaptation finance, 

as these productivity differentials tend to affect the welfare of countries under both schemes 

(subsidy and matching) in the same direction. For the subsidy scheme and Case 1 of the 

matching scheme, conditions under which both regions gain can be derived equivalently to 

(36). 

 

5. Conclusions	

Industrialized countries pledged 100 billion USD as an annual climate-related transfer 

towards the developing world by 2020. Our analysis investigated in which way such transfers 

channelled from industrialized to developing countries could lead to welfare improvements 

not only in the developing world but also in developed countries. As international spillover 

effects are the main payback channel for industrialized countries’ investments in transfers, we 

focused on schemes involving conditional transfers that reduce the effective price of the 

provision of the global public good ‘climate change mitigation’ in developing countries. In 

one of these schemes (subsidy scheme), such mitigation efforts in the developing region were 

plainly subsidized via conditional monetary transfers. In an alternative scheme (matching 

scheme), mitigation efforts in the developing region were matched by conditional in-kind 

transfers dedicated to adaptation to climate change in developing countries.  

By using an expenditure minimization approach we confirmed that conditional transfers may 

harm the transfer receiving region while they tend to improve the welfare of the donor region. 

This seemingly paradoxical result is already known from earlier studies (e.g. Bergstrom 

1989, Ihori 1996). We, however, also showed that both regions can win (or lose) in the case 

of conditional adaptation transfers, a result which, to our knowledge, is new to the literature. 

Whether regions win or lose depends crucially on the feedback effect of adaptation on the 

benefits from mitigation in the developing region. Not surprisingly, we also found that 

reducing effective prices of climate change mitigation via conditional transfers (both 

matching and subsidies) will bring about a higher level of climate change mitigation in the 

transfer receiving region.  

From the developing countries’ perspective, whether or not adaptation support (matching) 

would be preferred to a subsidy scheme, depends not only on the productivity of adaptation 

but also on the relative strength of income and substitution price effects. In contrast to a 

subsidy scheme, matching can result in a welfare increase for developing countries even if 

they do not possess a comparative advantage with respect to their mitigation productivity. 
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Yet, even if adaptation technologies were favorable in the sense that such a positive welfare 

effect could theoretically arise, setting the appropriate transfer rate would require knowledge 

about the strength of the substitution and income effects which is rather unrealistic. 

From the donors’ point of view, a direct comparison of subsidy and matching schemes shows 

that matching tends to be less attractive than subsidization if adaptation and mitigation are 

strong substitutes. This tends to hold regardless of the ex-ante productivity of mitigation as 

reflected by the effective pre-policy price of the public good. However, a low pre-policy price 

in the developing region makes the absolute profitability of matching (and subsidization) 

more likely. Without this absolute profitability, i.e. without beneficial or with adverse effects, 

agents would not choose matching although it is more attractive (less adverse) than 

subsidization.   

The pending relative disadvantage of the matching scheme from the donor’s point of view 

stems from the adverse effect of adaptation support on the productivity of mitigation in 

developing countries which tends to cause a decline in these countries’ willingness to 

contribute to global public good provision. Therefore, even when adaptation support schemes 

may be beneficial for both considered regions, the subsidy scheme may remain superior from 

the donors’ perspective. Consequently, from the donors’ point of view, self-protection via 

domestic adaptation to climate change might be preferable to adaptation support in 

developing countries. This domestic “self-protection has strategic advantages as it transfers 

greater responsibility for international environmental problems to other countries” (Zehaie 

2009: 349). Support of adaptation abroad, however, implies an export of such advantages to 

the transfer receiving countries.  

We found, however, also that – depending on the calibration of the model – matching can 

become more attractive than subsidization from the industrialized region’s point of view. We 

showed that this outcome becomes more likely with low adverse mitigation productivity 

effects of adaptation and high transfer rates. It is especially the adaptation technology’s 

productivity that can make matching more attractive and may therefore – from an allocation 

point of view – justify the current high interest in the climate policy arena to provide 

adaptation support: The matching scheme might become the preferred scheme from both 

transfer donors’ and recipients’ point of view, when productivity of the adaptation technology 

provided by the industrialized region in raising private consumption is very high. Yet, this 

potential justification for international adaptation transfers still requires empirical evidence.  

Furthermore, we have seen that situations may arise where developing countries might even 

have incentives to misguide or waste adaptation support. Decision makers should be aware of 
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the risk that principal-agent situations may arise where the agents receiving transfers have an 

interest to misguide funds in order to gerrymander the prevailing scheme such that their 

domestic welfare is maximized. Incentives should be given that discourage transfer receiving 

regions from doing so. 

Summing up, our above findings show that while an allocation-based justification of 

international adaptation transfers as substitutes for mitigation subsidies can be found, this 

holds only under very specific circumstances. Overall, the strong international support for 

adaptation transfer remains, at least from an allocative point of view, a riddle.  

Matters become even more complex if one considers intertemporal aspects of adaptation 

support. As adaptation support might only be superior to a subsidy scheme in bringing about 

a welfare improvement for both involved regions if the adaptation productivity remains 

permanently high (and even then, the success is not secure), questions about the adequate 

time frame for international (adaptation) support have to be raised. Even if the USD100bn-

pledge (implying also large amounts of funding dedicated to adaptation) were advantageous 

in the presence and near future, this does not necessarily hold in the mid-term. As wealth and 

also the technological prospects (for adaptation) of individual developing countries improve, 

the beneficial allocative consequences of channeling international transfers towards them 

may deteriorate. Hence, a time-limit for or periodic reevaluation of the transfer-pledge from 

developed countries (Annex-I) seems advisable. 

Finally, the lack of a stipulated conditionality of adaptation support in the Cancun Accords 

(i.e. adaptation support will not explicitly be subjected to marginal increases in developing 

regions’ mitigation efforts) further enhances the ‘adaptation transfer riddle’, i.e. the question 

why industrialized countries are willing to pledge large amounts of funds for adaptation 

projects in developing countries. However, implicitly – as the specific requirements for 

international funds to be accounted for the USD100bn-pledge are not yet agreed upon – there 

might be some conditionality pending. If the developing countries would be defective in 

establishing a future global climate agreement and refuse to make own abatement 

commitments, industrialized countries might, e.g., define ‘additionality’ of climate funds in a 

rather broad way. As some recent calculations suggest (see e.g. Buchner et al. 2011) already 

current international climate finance almost achieves the USD100bn-mark, and thus, 

depending on the industrialized world’s re-labeling efforts concerning these funds, the 

amount of new international financial flows dedicated to climate policy would vary. 

As there is little justification from the allocation side for providing international adaptation 

assistance, the solution of the adaptation transfer riddle might therefore be mainly found in 
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the ‘distributional branch’ (Musgrave 1959) of public policy, i.e., equity (see, e.g., 

Mendelsohn 2012 who makes a distinction between developed, developing and emerging 

countries) and fairness (see, e.g., Pittel and Rübbelke 2013) considerations may be important. 

Aspects concerning international law may also play a role (see, e.g., Tol and Verheyen 2004) 

as there might be the possibility that countries are held liable under international law if their 

emissions of greenhouse gases were to cause damage to other countries. Major emitters might 

seek to lower such a liability risk by offering adaptation assistance to strongly affected 

countries which in turn tends to reduce the climate change damage.21 
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