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1. Global Challenges

After the UN Conference on the Human Environment took place in Stockholm in 
1972, research gradually found alarming facts about the development of the earth’s 
state. 

The chemists Mario Molina and Sherwood Rowland pointed out that the emission of 
chlorofluorocarbons (CFCs) might deplete the stratospheric ozone layer. 
Molina, M.J. and Rowland, F.S. (1974), “Stratospheric Sink for Chlorofluoromethanes: Chlorine Atom-
Catalysed Destruction of Ozone,” Nature, 249, 810-812.  

Stratospheric ozone, which is indeed destroyed by CFCs, absorbs a large part of 
hostile ultraviolet radiation of the sun and thereby renders possible human life on 
earth. 

The depletion of stratospheric ozone causes the so-called ozone holes (ozone 
concentrations below 200 Dobson units) where damaging ultraviolet radiation can 
advance to a larger extent towards the earth’s surface. 



Source: NASA



 In the Montreal Protocol, which entered into force in 1989, and its amendments, 
reductions and bans of CFCs have been agreed upon on an international level. 

 These international environmental agreements have been the first, in whose 
negotiation process multinational companies (like the globally largest producer 
of CFCs in 1988, i.e., Du Pont) have been involved (Smith 1998: 557). 

 The international efforts to curb CFC emissions have been complemented by a 
reinforcement of the CFC producing companies’ efforts in researching and 
developing environmentally friendly substitutes for CFCs. 

For a comparison of the CFCs and CO2 problems see, e.g., Barrett, S. (1999), Montreal Versus Kyoto: 
International Cooperation and the Global Environment, in: Global Public Goods, edited by Kaul, I.; Grunberg, I. 
and Stern, M.A, Oxford University Press (New York), 192-219.



Persisting Threats

While the problem of ozone layer depletion is largely regarded to be solved, there
are many other international environmental problems, e.g.,

 deforestation,

 biodiversity loss (Ojea, Nunes and Loureiro (2010) recently linked biodiversity and forest

ecosystem values in a meta-analysis of worldwide forest valuation studies),

 land degradation,

 harms by persistant organic pollutants,

 pollution of international waters,

 nuclear risks,

which are still threatening the earth.

The most prominent problem is, however, climate change.
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Follow-up Effects

About 43% of the EU’s water demand is used as 

cooling water by power authorities (EUREAU 2009: 21).

In the summer of 2003, more than 30 nuclear power 

plant units in Europe had to reduce their production 

because of limitations in the possibilities to discharge 

cooling water (IAEA 2004). 

anthropogenic greenhouse 
gas emissions

climate change droughts and 
heat waves

power 
generation

critical infrastructures

water 
supply



Red: Nuclear power 
plants with cooling 
problems in recent years.

Source:
Rübbelke, D. and Vögele, S. 
(2010), Impacts of Climate 
Change on European Critical 
Infrastructures: The Case of the 
Power Sector. BC3 Working 
Paper Series 2010-08. Basque 
Centre for Climate Change (BC3). 





United Nations Conference on Environment and 
Development (UNCED) in 1992

1. Rio Declaration on Environment and Development,

2. Agenda 21,

3. Statement of principles for the Sustainable Management of Forests, 

4. United Nations Convention on Biological Diversity, and

5. United Nations Framework Convention on Climate Change (UNFCCC).

Also the United Nations Convention to Combat Desertification (1996) traces back to 
the UNCED. 
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2. International Climate Policy in the Past: Quantity Ducks

A Milestone in International Climate Policy: the UNFCCC

 Primary aim is the reduction of greenhouse gas concentrations in the 
atmosphere. 

 The UNFCCC stipulates only general principles and strategies.

 No specific greenhouse gas (GHG) reduction targets are established by the 
Convention.

 Instead, the following meetings of the Conference of Parties to the UNFCCC 
were assigned to make decisions on specific obligations for climate protection. 

 Outstanding was the third meeting in Kyoto 1997 where the so-called `Kyoto 
Protocol´ was agreed upon.



The Kyoto Protocol: A `Quantity Duck´

 The Protocol stipulates that the parties included in Annex I to the UNFCCC 
(industrialized countries and European economies in transition) have to reduce 
their greenhouse gas emission levels. 

 The overall emissions of these parties should be at least 5% below the 1990 
levels in the commitment period 2008-2012. 

 Reduction obligations vary among Annex-I parties as stipulated in Annex B to 
the Protocol. 

 The USA (second largest emitter of GHGs) did not ratify the Protocol.



Critique Concerning the Protocol

The Kyoto Protocol (KP) does not dictate GHG reductions to developing countries (DCs).

This fact is employed by opponents to the Protocol to stress its inefficiency, 
since GHG mitigation can regularly be executed more cheaply in the DCs. 

Those opponents claim for DCs’ participation in international climate protection 
efforts. 

These claims are rejected by the DCs because of the economic burden which such 
efforts would imply. 



Furthermore, DCs argue that the industrialized world is mainly responsible for 
the current dimension of the global warming threat. 

Therefore, it should be mainly the industrialized world’s responsibility to combat 
global warming.



Energy-related CO2 emissions per capita in the EU, USA, 
Russia, China and the World

Source: EEA



Flexible Mechanisms

Yet, the KP integrates both mechanism which addresses both opponent views 
(industrialized vs. developing world): the Clean Development Mechanism (CDM).

The CDM is one of three (four) flexible mechanisms of the KP. The list of flexible 
mechanisms includes: 

 CDM

 Joint Implementation (JI), 

 Emission Trading (ET),

 [Joint Fulfilment/Burden Sharing]. 
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Clean Development Mechanism (CDM)

The CDM, defined in Article 12 of the KP, allows a country which is subject to an 
emission-reduction commitment under the KP to implement an emission-reduction 
project in DCs. 

Such projects can earn saleable certified emission reduction (CER) credits, each 
equivalent to one ton of CO2, which can be counted towards meeting Kyoto targets.

China’s market share of CDM supply was 84% in 2008 (World Bank 2009). 

The EU is the largest purchaser of CDM credits. In 2008, European buyers dominated 
the CDM and Joint Implementation markets for compliance with a combined market 
share of over 80%.



Simulations for a specific scenario of 
environmental policy in China: Change 
in private consumption, environmental 
protection, and utility for varying 
values of CDM transfer rates. 

→ welfare in DCs might be raised by CDM 
activity (even if we disregard climate 
protection benefits).

Source:
Rive, Nathan and Dirk Rübbelke, 2010. 
International Environmental Policy and Poverty 
Alleviation. Review of World Economics (Online 
First).



Joint Implementation (JI)

JI allows parties included in Annex I to invest in GHG emission reductions in 
another Annex-I country and to earn saleable certified emission reduction by 
means of these investments.

Hence, industrialized  (or transformation countries) countries can seek for and 
exploit cheaper abatement options in other industrialized countries.

Since JI supports the exploitation of the cheapest abatement options, it serves the 
objective of efficiency.  



Emission Trading

The total amount of permitted emissions can be divided into tradable units or 
certificates.

A certificate represents the right to emit a specific amount of GHGs.

Due to the fungibility of such permits, a permit market is constituted.

The permit scheme yields a cost-efficient outcome.

In the EU, the emission trading scheme (EU ETS) started on 01 Januar 2005. The 
British scheme (UK ETS) was already launched in 2002.



Burden Sharing (sometimes also regarded as a flexible mechanism)

The EU-15, for example, has agreed to cut its emissions by 8 percent between 
1990 and 2008-12, but reduction obligations vary among individual EU. 

The EU-15 has agreed to share the burden of its overall Kyoto target as depicted in 
the following figure (so-called Burden Sharing Agreement). 



Burden-Sharing-Targets
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European Climate and Energy Package (CEP): Beyond 2012

The package delivers on EU leaders' commitments to 

 reduce greenhouse gas emissions by at least 20% of 1990 levels by 2020 and 

 to raise the share of energy consumption provided by renewable resources to 
20% by 2020. 

The CEP also contributes to the target of improving energy efficiency by 20%. 

Furthermore, the CEP lays the basis for increasing the emissions reduction from
20% to 30% in the context of a satisfactory international climate agreement in which
other developed and developing countries contribute their fair share to limiting
global emissions.
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Change in emissions 

from sectors not 

covered by EU ETS 

(from 2005 level)

Share of renewables in final 

energy demand in 2020

AT -16.0% 34%

BE -15.0% 13%

BG 20.0% 16%

CY -5.0% 13%

CZ 9.0% 13%

DK -20.0% 30%

EE 11.0% 25%

FI -16.0% 38%

FR -14.0% 23%

DE -14.0% 18%

EL -4.0% 18%

HU 10.0% 13%

IE -20.0% 16%

IT -13.0% 17%

LV 17.0% 40%

LT 15.0% 23%

LU -20.0% 11%

MT 5.0% 10%

NL -16.0% 14%

PL 14.0% 15%

PT 1.0% 31%

RO 19.0% 24%

SK 13.0% 14%

SI 4.0% 25%

ES -10.0% 20%

SE -17.0% 49%

UK -16.0% 15%

Legally binding targets for Member States to meet by 2020

The CEP decision on the reduction of 
GHGs in non-trading sectors (non-ETS) 
oblige member states to contribute to 
the EU target for reducing GHG 
emissions from sources outside the 
EU ETS. These include the agriculture, 
transport and waste sectors, which 
account for a large proportion of the 
total emissions of GHGs.
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3. (In-)Efficiency of International Climate Policy

In the economics discipline a pure public good is considered to have two
distinguishing properties (see Cornes and Sandler 1996):

1) non-excludability of consumption and

2) non-rivalry in consumption;

Non-excludability with respect to climate protection means that every country in the 
world benefits from climate protection activities, regardless where these activities 
have been accomplished. 

Non-rivalry in the consumption of climate protection means that one country 
enjoying the benefits of the mitigation of global warming does not affect the benefits 
received by another country from this mitigation.   

→ free- or easy-rider behaviour impends!



Welfare Maximization: The Individual Country

The individual country i maximizes its welfare Ui

maxyi,xi
Ui(yi,xi+X-i)=Ui(yi,X) (1)

s.t. 

yi+cxi=Ii (2)

Nash assumption: The welfare maximizing country supposes that its 
choices do not affect the other countries’ behaviour, 
i.e., X-i is exogenous.

FOC:

(∂Ui/∂X)/(∂Ui/∂yi)=c (3)



Global Optimum

We consider a world consisting of n countries. Global welfare U is maximized:

maxy1,...,yn,X U(U1(y1,X),...,Un(yn,X)) (4)

s.t.

y1+...+yn+cX=I1+...+In (5)

Optimization yields the Samuelson condition (see Samuelson 1954, 1955):

(∂U1/∂X)/(∂U1/∂y1)+...+ (∂Un/∂X)/(∂Un/∂yn)=c (6)

→ The attainment of the Pareto optimal outcome (where condition (6) is met) 
requires a higher abatement level than condition (3).



No Central International Authority
Since there exists no central international coercive authority which can enforce a 
globally efficient climate protection level, the only option to approach an efficient 
global outcome is that countries voluntary step into international negotiations on 
climate protection. 

Such international negotiations can be comfortably depicted in a game-theoretical 
setting.

We illustrate the underlying situation by depicting negotiations between two world 
regions A and B using simple numerical examples. 

We consider two different strategies: 

• no participation

• participation

in an international agreement on climate protection.



Prisoner´s Dilemma Game

 

                B’s strategy 

 

A’s strategy 

no participation participation 

 

no participation 

 

0, -1 6, -3 

 

participation 

 

-4, 7 5, 6 

  

 



Chicken Game

 

           B’s strategy 

 

A’s strategy 

no participation participation 
 

 

 

no participation 

 

-6, -6 6, -3 

 

1 – p 

 

participation 

 

-3, 6 3, 3 

 

p 

 1 – q q  

 

 



Probability q* is determined by calculating the level of q, where the expected payoffs 
of both strategies of A (‘participation’ and ‘no participation’) balance. This is the case if

-3 (1 – q) + 3q = -6 (1 – q) + 6q.

The left-hand side represents A’s expected payoff from participation and the right-
hand side reflects A’s expected payoff from defection. 

Analogously p* can be specified 

-3 (1 – p) + 3p = -6 (1 – p) + 6p. 

The mixed-strategy equilibrium requires

q* = p* = ½.

If country A or country B is uncertain whether the other country participates or 
defects, then it should cooperate (participate) provided it expects the antagonist to 
play ‘participation’ with a probability of less than ½. 
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4. Asia-Pacific Partnership on Clean Development and 
Climate (APP)

The APP was announced in July 2005 and formally launched in January 2006. 

Australia and the US were the driving forces behind the APP and convinced China, 
India, Japan and South Korea to join the Partnership; Canada joined in 2007. 

The APP partners collectively account for more than half of the world’s economy, 
population and energy use. (They produce about 65 percent of the world's coal, 62 percent of the 

world's cement, 52 percent of world's aluminium, and more than 60 percent of the world's steel.)

The APP partners have agreed to work together and with private sector partners to 
meet goals for 

 energy security, 

 national air pollution reduction, and 

 climate change 

in ways that promote sustainable economic growth and poverty reduction. 



The APP focuses on expanding investment and trade in cleaner energy technologies, 
goods and services in key market sectors. 

In contrast to the KP, the APP formulates no legally binding commitments on GHG 
reduction or the placing of a price upon GHG emissions. 

The individual members of the APP are free to set their own targets based upon 
individual national circumstances. 

The voluntary national targets are aiming at reductions of greenhouse gas 
intensities, rather than committing to emission reductions in absolute terms. 

There are no compulsory contributions to funding climate protection projects. 
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5. Price Ducks

“Given the lack of political support, the Kyoto Protocol is a 
dead duck. Given its inefficiency, it probably deserves to be a 
dead duck. 

We need to go back to the duck drawing board.” 

(Nordhaus 1998)



This proposal will be pursued subsequently: 

We return to the board, in order to draw 

a new ´duck´ for the post-2012 era.



Price Influencing Schemes

Nordhaus (2006) proposed a price-influencing scheme (price duck) as an appropriate 
alternative to the Kyoto-scheme (quantity duck):

“This is essentially a dynamic Pigovian pollution tax for a global public good”.  
Nordhaus, W.D. (2006): After Kyoto: Alternative Mechanisms to Control Global Warming. The American 
Economic Review, Vol. 96, 31-34. 

This scheme could involve side-payments in order to motivate countries to participate 
in this scheme. 

Yet, Nordhaus´ pollution tax proposal is not the only ´price duck´-proposal. 

In general, price ducks are schemes, which manipulate prices in order to influence 
agents´ behaviour such that a Pareto optimum will be attained. 



Different Kinds of Ducks

 quantity duck → Kyoto Protocol (→ free rider 
incentives)

 price ducks → tax schemes, incl. transfers 
(Altemeyer-Bartscher, Rübbelke 

and Sheshinski, Economica, 2010)

→ subsidy schemes 
(conditional transfers)

→ matching schemes



Subsidy Schemes

Countries might stipulate mutual international subsidies (for climate protection) in 
an international agreement.

But why should they have stronger incentives to participate in such an agreement 
(than in a quantity duck agreement like the Kyoto Protocol)?

Let us regard a simple example where a subsidy is paid for each unit of the public 
good (e.g., t of CO2 reduced), which illustrates the functioning of such schemes.



The Opportunity Cost of Virtue

Bergstrom states a riddle concerning the activities of the two philosophers Plato and 
Aristotle. 
(Ted Bergstroms „Puzzles – Love and Spaghetti, The Opportunity Cost of Virtue“, Journal of Economic 
Perspectives, Vol. 3, No. 2, pp. 165-173.)  

Assumptions:

 A and P are identical: they have the same preferences and the same income.

 They consume units of a public (X) and a private good (y). 

 Unit price of each good is equal to $1. 

MRS between public and private good is decreasing with X.

 Aristotle receives a subsidy of $s per unit of his provision of X (with 0 < s < 1). 

 Plato receives no subsidy.

 The subsidy is financed via a lump sum tax which is financed by both agents equally.



Riddle: Could Plato Improve His Welfare If He Would 
Be The Subsidy Receiver Instead? 

The answer is NO (for the case of interior equilibria).

Both philosophers contribute positive amounts of X. Hence, the MRS is 1-s for 
Aristotle, while it is 1 for Plato (remember condition (3) for the welfare maximization problem).

Both philosophers consume the same amount of X. 

Yet, since the MRS is decreasing, it follows that Aristotle provides a bigger amount 
of X than Plato.



MRS

1

1-s

X

Consequently, Plato consumes a larger amount of the private good y.

The philosopher who does not receive a subsidy is better off (→ surprising result 
since consumer theory teaches us that it is always advantageous to face lower than higher 

prices). 
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Reason For The Surprising Result

y

X

The welfare of each agent is not only determined by his income and the payable 
prices for goods, but also by the size of his contribution to the public good.

Effect of a subsidy on the 
chosen allocation.



Income Expansion Path

yi

xi

Income Expansion Path



yi

X

Shift in Income Expansion Paths



Implications for International Climate Policy

1. Due to the subsidization, the subsidized entity will raise 
his provision of the public good ´climate policy´. 

2. The non-subsidized country will – as a response to the 
other agent´s increase in climate protection – take an 
easy ride: it will reduce its own provision of climate 
protection. 



Subsidies, Unit Costs of Both Goods = 1 



Subsidies, Different Unit Costs



Since subsidizing the other agent(s) tends to raise own 
welfare, countries have an incentive to participate in an 
international agreement on subsidy rates. 

Due to the decline in the effective prices of climate protection, 
the global protection level will approach the Pareto efficient 
level.

For a subsidy scheme applied in climate policy, see, e.g., Falkinger, J.; 
Hackl, F. und Pruckner, G.J. (1996), “A Fair Mechanism for Efficient 
Reduction of Global CO2-emissions,” Finanzarchiv, 53.

57



Matching Schemes

The price-diminishing effect of a subsidy 
scheme can also be generated via a 
matching system: Countries provide 
conditional contributions to the public good 
(matching rates) which are conditional on 
other countries´ abatement efforts.

The relevance of matching as a means for moving us closer to a fully cooperative outcome 

in climate protection has been emphasized by Barrett, S. (1992), Convention on Climate 

Change - Economic Aspects of Negotiations, OECD (Paris).



Matching Approach (Guttman 1978, 1987)

with

xi: climate protection produced by the considered 
country i, i=1,...,n,

ai: flat rate (unconditional contribution),

bi: matching rate.

Guttman, J.M. (1978), Understanding Collective Action: Matching Behavior, American Economic Review 68: 
251-255. 

Guttman, J.M. (1987), A Non-Cournot Model of Voluntary Collective Action, Economica 54: 1-19. 

ij
j

a
i

b
i

a
i

x



Setting of the Matching Game

n countries participate in a two-stage game:

• Stage 1: Individual countries make a decision on  
matching rates (they may be stipulated in 
an international agreement).

• Stage 2: Determination of the flat rates.

Subgame perfect equilibrium is sought.



Results

 A Pareto-efficient outcome might be attained. 

 Free-rider incentives (concerning participation) are low. 

 Pareto-efficiency might prevail, even if there occur new 
(scientific) information about (the consequences of) 
climate change → renegotiation of the agreement might 
become unnecessary (Rübbelke, D. (2006), “An Analysis of an International 

Environmental Matching Agreement,” Environmental Economics and Policy Studies, 8).



Main Advantages of Price Ducks over Quantity Ducks

 free-ride incentives are attenuated,

 price manipulations make countries behaving in a 
Pareto-preferred (or even –optimal) way,

 high level of flexibility.



Finally we find a scheme on our “duck drawing board” which 
may help us to approach an efficient outcome: 

a matching scheme that influences the effective price 
of climate protection (faced by individual countries).

http://images.google.de/imgres?imgurl=http://www.aniel-wallpapers.hu/1906-5.jpg&imgrefurl=http://www.aniel-wallpapers.hu/kacsa.html&h=1200&w=1600&sz=296&tbnid=_J7qaW6a3WMJ:&tbnh=112&tbnw=150&hl=de&start=68&prev=/images?q=kacsa&start=60&svnum=10&hl=de&lr=&client=firefox-a&rls=org.mozilla:de-DE:official_s&sa=N


“Price ducks” represent a reasonable 
alternative to quantity ducks.

Effective prices are manipulated in such a 
way that individual rationality of individual 
countries becomes compatible with global 
(collective) rationality. 



“Maybe price ducks will fly.” Nordhaus (1998: 23)
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