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1 Introduction

Two neighbours may agree to drain a meadow, witiel1 possess
in common; because it is easy for them to know edlérs mind;
and each must perceive, that the immediate consequef his

failing in his part, is the abandoning the wholeject. But it is

very difficult, and indeed impossible, that a thaod persons
shou’d agree in any such action; it being diffictdt them to

concert so complicated a design, and still morécdit for them

to execute it; while each seeks a pretext to frimesélf of the

trouble and expence, and wou'd lay the whole bumiemthers".

(Hume 1740, p.538)

The problem of organization of cooperative effort among a laugeber

of people described above by the great philosopher David Hume is a most
basic one which has re-occurred countless times throughout human his-
tory. Tribes needed to organize their daily activities so ¢liatyone is

fed in the evening without being able to control the effort of aintmers

at all times. During the First World War, soldiers stutkrench warfare

who were opposing each other for extended periods found a mutual
agreement, finally without tacit cooperation, which allowed bathssto
survive for some time (Ashworth 1980; Axelrod 1984). Though coopera-
tion got initially started verbally, this was quickly supprelsbg super-

iors. Without this mean to establish cooperation, each battalion would fire
at the same spot at the same time each day so that thesioherould
prepare and eventually reciprocate. This system washetken-up by
raids, which made it impossible to leave the enemy unharmed. In moder
day large scale companies the employer must find ways to indute

ers to exert their best effort even if the employer doespossess the
information, what level this is and has no legal way of obtaisunch
information.

What about cooperation on an aggregate level such as cooperation among
nations? Whereas such cooperation on an international scale paghe

was often limited to a few nations with a clear goal, fomepla the de-

feat of Nazi Germany or lowering trade barriers simultangpissues

that require international cooperation today tend to be inheramihg
complex rendering cooperation often difficult to achieve. In tree cd

the depletion of the Ozone layer cooperation succeeded via theesllont
Protocol on Substances that Deplete the Ozone Layer andataegrd-
ments.

The problem that arguably currently looms darkest on humanity’s horizon
is the issue of global climate change. Scientific consetwglas/ points
towards human activity as one of the main drivers of this ahé8tern
2007; IPCC 2007a). To be clear, the science is still riddled with uncer
tainties. But though it is sound, science does not always transkit

into action. In his book ‘Predictably Irrational — the hidden forited
shape our decisions’ Dan Ariely (2008) describes a series ofimgnes
where people, when giving the opportunity tend to cheat, at leadéea |
More importantly, they tend to cheat a lot when money isimatlved
directly. Even if the tokens that they receive for thecomote of an
experiment where exchanged seconds later into money, the rate of
cheating increased dramatically compared to receiving monegtigire
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Concerning the issue of international climate change negutsathis in-
sight from psychology is a saddening one. States are sovereigarand c
not be forced by others to adhere to an agreement or to payfeemnf
compliance, offering room to ‘cheat’. A cap-and-trade system exérgr
house gas emissions is seen by many as the vital component afcany s
international agreement. But such a system, by removing money as a
direct medium of exchange, may then drastically increase tmeehaf
states cheating one another, or not engaging in any sort of coopatation
all. Within the issue of climate change this incentiveven more perti-
nent as one state might profit more from cooperating than atitathers
cooperate, but the benefits are even higher if all but him coeperat
creating a powerful incentive to free-ride.

There are, however, some silver linings on the horizon. The Montre
Protocol succeeded after all and many have looked to it for mpeda
Nations tend to stick to agreements if they are ‘self-enfgt (Barrett
1994), providing an overall benefit to a country. Furthermore, whereas
many games of cooperation assume players to be symmetric, they-certain
ly are asymmetric when it comes to climate change. Thegametries

boost the impact that side-payments, monetary or non-monetary, can have
on cooperation.

Many argue that technology should play a more important role ithan
does today to combat human induced climate change. More sgbgifica
technology transfer to countries that do not possess thedakhkills to
develop them locally but will be responsible for much of the am®dn
emissions in the future will be important.

The first question this report seeks to address is if sutgclanology
transfer scheme is already in place. A tentative résuhat there is no
such mechanism in place. The logical question to ask is then winah suc
mechanism could look like. Finally, this report will addrdss issue if
such a transfer can increase cooperation as a side-paymenéw cli-
mate change treaty.

The next section will lay the theoretic foundations for theofaithg anal-
ysis. It will offer an introduction of environmental-, resource-,
development economic literature that is related to the idsteelinology
transfer, research and development of technology, and climatgecha
One part will also be concerned with literature on internaticoapera-
tion and game theory. All parts together should constituteearétic
basis on which to build an effective climate change agreement.

In the third section the Kyoto protocol will be analyzed based on the
economic foundations from chapter one in order to see if it fiedtige
to address the issue of climate change. The three megisanighe pro-
tocol will receive special attention, as they are the onlg p& the
protocol that addresses technology transfer in some fashidiorStur
contains an analysis of the Asian Pacific Partnership on Ceaglop-
ment, especially with respect to recent literature in resource egsom

In section five the main contribution of this report will idroduced, a
largely self-conceived technology transfer mechanism under aclew
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mate change agreement with abatement requirement for botlopEde
and developing countries. The mechanism will be analyzed irosesik
with a simple game with asymmetric players to explore thd imgsort-
ant frictions it will face when trying to increase coopenatin a climate
change agreement. Chapter seven concludes.

2 Theory and Background

2.1 Public Goods, a Global Stable Climate and R&D

A pure public good is commonly defined by two properties: Non-exclud-
ability and non-rivalry (Perman et al., 2003). Non-excludability means
that no one can be excluded from the consumption of a good. Non-rivalry
implies that consumption by one agent does not come at the exgense o
the consumption by another agent. The classical example of such a good
is national defense. No resident of a country can be excludedisom
consumption, as in being protected from foreign and domestic foes.
Furthermore, consumption by one resident however defined in the
context of defense, does not preclude others from being defendéd. In t
case of defense, all agents have an incentive not to coatribuits
provision since once it is available they do not have to pay anticadi

fee to enjoy the consumption of it. States can overcome this belgvi
levying taxes on its citizens and punishing tax evasion severely.

All public goods have inherent externalities that would lead to their under
provision, if left to market outcomes without a regulation agenxieri-
alities can also occur in the case of private goods.nergé ‘An extern-

al effect, or externality, is said to occur when the produdiatonsump-

tion decisions of one agent have an impact on the utility or pobfit
another agent in an unintended way’ (Perman et al. 2003, p.134).

This report is mainly concerned with the global public good patfira
stable climate. Consumption of a stable climate has been norousal
for most of human history as consumption of stable weather bgxfor
ample, an American farmer does not preclude their European counter-
parts to enjoy a largely predictable season that allows tbeplan their
harvest and planting cycles. This line of argumentation impghat a
stable climate can be seen as natural capital in the protpssduction
(Perman et al. 2003). Without a stable climate humanity woulditfind
hard to exist and production of any goods would be difficulto Atson-
excludability is given as it is up until now technically impibe to
‘restrict’ the usage of a stable climate in a specific regiagharworld.

With the advent of the industrial revolution humanity started to srag-

sive amounts of climate relevant gases into the atmospheab\nGIQ.

This happened without taking into account the negative effhatsthis
might have on a global stable climate. The first to mentiontthatan
activity might have an impact on the climate was BareandBaptiste
Fourier in 1827 (Fourier 1827). A first estimate of the exact magniafide
this impact was published by Svante Arrenhenius in 1896 (Arrhenius
1896). ‘The first official recognition came from the US PresideSci-
ence Advisory Committee in 1965 when, amongst other things, it noted
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that climate change could be caused by human activities andl ltavé
important consequences’ (Agrawal 1998, p.606). In the second half of the
1970s the argument was advanced that more @@issions would
actually lead to a cooling (IPCC 2007a). This was lateredfand it was
found that it were in fact aerosols that were emitted aldeg8iQ that
were responsible for this phenomenon. ‘95% of all the climate ehang
science literature since 1834 was published after 1951' (IPCC 2007a
p.98).Climate gases once emitted, stay in the atmosphere for a long-time
about 25% is likely to stay in the atmosphere indefinitely (Ar@o5s).

This makes climate relevant emissions a stock pollution problem in that if
more emissions are released than naturally decay, the steckisdions
increases. Emissions by one country do not only impact its owiatelim
but have a global effect, since it is the accumulation of greealyases
worldwide that changes the climate. This makes the problem carhum
induced climate change a transboundary environmental problem. Shere i
current scientific consensus that if the emission concentratigrasses
550ppm CQthe increase in global temperatures will be beyond the criti-
cal level of 2 degrees by the middle of the century (Stern 2@®A}s in
terms of forgone economic growth and damages would in this case most
likely be substantial. Optimally then, to preserve a stdilgate and to
avoid the loss of economic growth in the future, emission levelddshou
not reach this level taking the natural rate of decay into account.

As the negative stock externality that climate gases hagenot been
sufficiently taken into account so far by polluting agents, aewaiof
interventions can be applied to internalize this effect. kample, by
levying a tax on the usage of fossil energy, the cutting of cagsfs and
other climate gases related activities. The optimal levgte#énhouse gas
emission can be fine-tuned by the tax, as this makes emissions more
expensive. Market mechanisms should then lead to a substitutepn aw
from production inputs that emit greenhouse gases. Allocating iemiss
permits to all countries at a level that would avoid dradimate change

is the second common solution offered by environmental economic
theory. This would establish a shadow-price on the usage of fossil fuels in
terms of abatement cost. By allowing permit trade to takeepthe mar-
ginal cost of abatement would be equalized globally renderirsgati
efficient solution (Perman et al. 2003). But for most of the tdimce the
industrial revolution began these options have been safely igndtest, e
due to non-awareness of the stock nature of the problem or the abtence
international cooperation which will be discussed in more detail below.

The second important externality issue related to climategeheoncerns

the research and development (R&D) of technologies that help to adapt or
mitigate climate change. The output of R&D is knowledge. Knowledge in
economic theory is commonly classified as a pure public goode fnoe
duced, no one can be excluded from acquiring it without further protec-
tive measures such as patents that credit the inventor. Usdgmwd

ledge by one person does not preclude others from using it, making it
non-rivalarous. Knowledge is then produced at a socially sub-optimal
level as producers cannot recover their investment as no eulérig to

pay for something that is available for free (Jaffe eR805). To over-
come this problem, producers of knowledge are granted patents that allow
them to restrict access to knowledge and thus recover their investment.
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Concerning the issue of R&D related to global environmentalpms,
Hoel (2005) shows that if countries only consider the impactREd
has on their own economy whereas the real effect is global, I@gdds
on climate technology are sub-optimal. Without an internationadeagr
ment, countries will only equate the marginal benefit of R&Dhwifte
marginal environmental costs within their own borders. But Ré&dD
lower abatement costs globally. Climate technology might gich
other countries due to spill-over effects, but this is a sebestloutcome
as countries will not take this into account when consideringhein
level of R&D expenditure.

Technological spill-overs can also reduce the ‘leakagicefwhich
occurs when not all countries are part to an internationaeagnet that
specifies binding emission reductions (Golombek and Hoel 2005). Re-
duced demand for inputs that emit greenhouse gases when used in a
country or sector lowers the international price of these producians.

The reduced price will then create the incentives for thosatdes or
sectors affected by the agreement to increase their usee afotbd,
increasing emission levels and lowering thereby the effsotiss of any
such agreement. Addressing the two issues of global public goods de-
scribed can only be achieved via international cooperation. Re&mons
the absence of cooperation and ways to improve the likelihoodao# it
discussed in the next section.

2.2 International Cooperation

Solving transboundary issues of pollution requires cooperation from at
least two states, in the case of climate change cooperadionnfiost of

the world (Stern 2007)n contrast to pollution issues that happen within
the borders of a state, there is no agency that candtaies to adhere to
agreements made between them unless they delegate thataolater-
national agency and decide to give up sovereignty. In the case ahhum
induced climate change this has not happened so far. Agreemesits
then be ‘self-enforcing’ if they are to be effective (R#r1994; Wagner
2001). Agreements are self-enforcing when two conditions ardddlfi
First of all, the payoff for a country must not be driven betbes non-
cooperative levelSecondly: ‘... the agreement (must) not be vulnerable
to free-riding and deviant behavior by individual countries or sub-
coalitions of countries’. (Wagner 2001, p.384). It is then said ta be
stable agreement as participation is the best alternativieganémber.

However, the incentive to cooperation may decrease the more esuntri
are part to an agreement. It usually pays for countries to aiepas
compared to non-cooperation, but it pays even more if everybody else
continues to cooperate and one country leaves the agreemeniargére

are the potential gains to cooperation, the greater are thetbafdfiee-
riding and so the larger are the incentives to defect’ (e al. 2003,
p.310).

This is similar to the outcome of a prisoner’s dilemma gdmthis one-
shot game, the payoff for cooperation to both players is higher than the
payoff for defection by both parties, but the highest payoff igioét
when one player defects and the other cooperates, the defecting one
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receiving the larger payoff. As both have an incentivdefect, none of
them can be assured of cooperation in a non-cooperative setting. The
Nash-equilibrium is then defection by both players. A more formallya

sis of this will be given in chapter five. Assuming thatitries act as
rational players in the case of an international agreementimate
change this will lead to a low number of signatories as thpgat defec-
tion which in turn decreases their benefit from cooperation.pfblelem

of human induced climate change is a good example of this sceritdrio
some special properties. Since it is a global stock problerbgethefits of
one country abating are spread to all countries, which impli¢sotiea
country is not able to appropriate completely the benefits obvits
abatement. Furthermore, the benefits are only occurring in thee futur
which reduces the benefit of abating today even further when tdlgng
counting into account.

Free-riding can also be a problem in treaties even if they advigh
level of participation. A consensus treaty is self-enforeind has a high
level participation, but the abatement level that signatories taafulfill

is below the cooperative outcome (Barrett 1999). A treaty efkimd is
designed to get as many countries on board as possible, but cames at
price of lowering abatement levels to a point that everyoneageee on.

In this scenario all signatories are collectively fre@gd In order to
move from this impasse the benefits of cooperation must irecrehiie

the cost of defecting must to do so as well.

The economic development of all rich economies today has been heavily
reliant on the use of fossil fuels without the before mentioméstmality
priced into their usage. In 1994 the United Nations Framework Cenven
tion on Climate Change (UNFCCC) entered into force when more tha
50 parties had ratified it, which was agreed upon at the EartmBum

Rio in 1992. To this date 192 countries have ratified the convention. By
signing, countries took on a ‘non-binding aim to reduce atmospheric
concentrations of greenhouse gases with the goal of “preveddaimger-

ous anthropogenic interference with Earth's climate systeiftie con-
vention also specified that developing countries would not have-to re
structure their economies away from reliance on fossil fualess
developed countries would provide sufficient funds and technology. This
concept has also been embedded in the Kyoto Protocol which entered into
force in February 2005.In it, member parties endorse the ‘common but
differentiated’ approach which puts the burden of financing mitgati
and adaptation on industrialized countriddost of the increase in emis-
sions in the future will be coming from developing countries. Tifate

of developed countries alone, as specified in the Kyoto Protwibhot

be sufficient to stabilize emissions at a non-critical l@rebnly does so

at a prohibitively high cost (Stern 2007).

Another way of increasing the benefits of accession to an agntam
via side-payments, commonly referred to as ‘carrots’. Side-pagment

! http://en.wikipedia.org/wiki/United_Nations_Framenk_Convention_on_Cli
mate_Change
2 http://unfcce.int/kyoto_protocol/items/2830.php
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have been shown to be particularly powerful if there is asyngnioety
tween nations: ‘The conventional wisdom that self-enfordisssl (Inter-
national Environmental Agreements) can not achieve substayatiias
when the gains to cooperation are large does not hold when nate®ns
asymmetric’ (McGinty 2006, p.4). Intuitively, asymmetry allows lang-

er transfers of wealth than symmetric conditions. These &ansén help
to increase cooperation.

Asymmetry in the context of climate change can be linked teast
three dimensions. Firstly, the marginal costs of abatemeer diffbstan-
tially among countries with developed countries having relatitgh
costs and developing countries having relatively low coster(Bdn et

al. 1998;Nordhaus 1998). Secondly, the level of R&D activity related to
green technology. This issue will be discussed at length indkesec-
tion, but the main result that emerges is that green technddgygely
developed in rich democracies. Finally, developing nations arg likel
suffer more from damages than developed ones (Stern 2BCC
2007b).

McGinty (2006) focuses on the first asymmetry and suggestsrémes-
fers should be implemented ‘through a system of tradable pollpdon
mits which will equate the marginal abatement cost§.8). When car-
rying out simulations for 20 nations he finds that exploiting asginm
under the aforementioned transfer scheme can reduce the free-rider incen-
tive significantly as compared to the symmetric case.eB®af2003) puts
the asymmetry into the Ozone depletion context. He assumaiesations
further away from the equator have more to gain from théytesathey
will suffer more due to lighter skin color, and depletion being npooe
nounced the further away a country is from the equator. His fiading
similar in that asymmetry combined with side-payments subdtgntia
creases the number of signatories to an agreement compatedrtont
cooperative symmetric situation.

In the case of the Montreal Protocol on the protection of tbeeolayer,
developing countries are reimbursed the incremental cost cdshaodo

the treaty. Incremental costs are those that occur onceyaagaedes to

an agreement. For developing countries, acceding to the agreiment
came at no cost. This mechanism was instrumental in increasingrtire

ber of participants. But there was also a cost to non-gsictestrade
sanctions. Non-acceding parties could suffer from trade sanctdreda
between parties and non-parties on chlorofluorocarbons (CFC) substances
or goods including them should be restricted. The power of thi&' gic
increasing in the number of parties to the agreements amehiss larger
restrictions. Trade-restriction in this case had the adganthat by not
trading CFC containing substances, parties effectively skietdem

from the problem of leakage (Barrett 2007). Relocating to aitotthat
allowed CFC containing production was not profitable since witigha

rate of participation there was no market to sell the prediet The
cumulative impact of this ‘stick’ and ‘carrot’ was to increa®operation
significantly. The incremental cost clause was added tagheement in
1990 and soon after important developing countries such as India and
China joined the agreement (Barrett 2003).
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Technology transfer as side-payment mechanism in a new elghanhge
agreement seems to have potential to increase cooperatiodichiithe
Montreal protocol. But how should a transfer pattern look lk&fere is
green technology actually developed? What institutions are esseiit$al in
development? These questions are addressed in the next section.

2.3 On the Development and Distribution of Green Technology

The development of advanced technology takes largely place in rich dem-
ocratic countries (Acemoglu et al. 2006; Aghion et al. 20B@).exam-

ple, about 70% of the technology that is currently transferred uhder
Clean Development Mechanism (CDM) under the Kyoto Protocol some
from Japan, Germany, the USA, France, and Great Britain (3@099.
Certain factors that are common to most democracies sebeitstru-
mental for the development of these technologies. First, demesrae
better at providing public goods such as good quality infrastructure and
funding for public research which are vital ingredients to techimsdbg
advancement (Mesquita et al., 2003; Aghion et al. 2007). Secondly, they
provide a more competitive environment than autocratic states by keeping
the cost of entry for companies which want to enter a sectotcaten

level (Aghion et al. 2007). Finally, they provide a more secuia kgyi-
ronment which allows companies to appropriate the profits fromn the
research (Mesquita et al., 2003).

What are the driving factors that lead to a superior performaingemo-
cracies in the field of green technology? Kuznets (1955) mad®¢dec-

tion that income inequality would increase in the early stabesonom-

ic development and then later decrease again, thus follow aneichwgrt
shape. In the beginning of the 1990's when environmental data became
more readily available a similar argument was made wihee to the
guality of the environment. It was argued that in the early stafe
economic development, environmental pollution tended to increase and in
later stages this development would be reversed, thus followsingilar
pattern as the income -inequality development relationship (GBewss

and Krueger 1991Shafik and Bandyopadhyay, 1992; Panayotou 1993).
One of the basic arguments made as to why this phenomenon is dbserve
is that in the early stages green technology is not avaitals prohibit-

ively expensive, thus abatement does not take place. Anothef liea-o
soning argues that in the early stages agriculture and cesionensive
industry are the pre-dominant economic activities, whereser stages

it is informational and services industries that dominate hwvhi® less
natural resource intensive and produce less waste (Dinda 200dherFur
more, a common observed phenomenon when it comes to increasing
material wealth is that people start to attach more valdbkings that go
beyond the basics needs, such as environmental quality. Finally, countries
with higher incomes tend to invest more into R&D which often I¢ads

the replacement of dirty technologies with greener options (iKcehel.
1997).

There are four important qualifications to the basic arguni@mtew et
al. 1995). First, the relationship holds mostly for pollutahtst have
local short-term costs but not for pollutants that involve longrteosts
and dispersed effects. Second, the relationship seems onlyddanol
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flow pollutants whereas stock pollutants do not seem to fit therpat
Third, there might be a leakage effect in that the reductianpollutant

in one country or sector can lead to the increase in another country or sec-
tor. This is essentially the leakage argument as disdussove. Finally,
reduction in pollutants usually goes hand in hand with better environ-
mental regulation that stems from institutional change. Thenzagt is
then that it is not first and foremost the increases in mefer for
environmental quality that is the driving factor behind the remvental
Kuznets curve, but the ability of a society to translate tipesferences
into better environmental institutions that drive the developmentvith
respect to the effect of democracy on this phenomenon it is atgaed
‘Institutional changes triggered by citizens’ demand for cleangiron-
ments are more likely to occur in democratic countriesh@@i2004, p.
444).

Mesquita et al. (2003) argue that in stable democracisdy far easier
to win election with policies aimed towards the public, then bagdhg a
small circle of cronies. In autocracies, a small circlghthbe enough to
ensure the survival of the government, such as high rankingatsffio
vital military positions. But in democracies where poweleiss concen-
trated in the hands of a few the relevant electoral is not thié @roke of
cronies but a large part of the citizens. Bribing everizanit is then
prohibitively expensive and it pays to embark on visible publixies.
Polluting companies certainly benefit from not having to payHerex-
ternality they cause to the neighbourhood or to the global cliraateast
in the short-term. The cost are then borne by the public argltater is
needed to enforce the property rights of the public to a cleanoenav
ment, dismissing the case of the company claiming that itheasght to
pollute and citizens are to pay for not suffering from it. Sughreement
of property rights usually necessitates a functioning legsdem and low
levels of corruption. Mesquita et al. (2003) argue that an imadispe
legal system is only in the interest of the governmentefdize of the
electorate is large enough to switch its focus towards publicigm
Also, the scientific expertise necessary to detect enviroranpaliution
and create sufficient documentation to bring the case beforts caaes-
sitates expertise that is usually obtained at the tefgas} of education.
Mesquita et al. (2003) present statistic evidence thatheisertiary level
of education that represents the gravest risk to autocratic regimes.

Autocratic regimes are often characterized by high endenetslef cor-
ruption. Besides raising the cost of doing business and making tihe jud
cial process less reliable, corruption requires a certaiel lef secrecy
which means that the less people that are involved the bEttisrwill
reduce the number of firms active in a market and even mdreesium-

ber of foreign firms entering (Shleifer and Vishny 1993). Sihey tare
often drivers of innovation, the secrecy necessary to carrgoowuption

is a further factor inhibiting innovation and the developmemteat tech-
nologies. In technologically advanced sectors, having superior technology
is often the decisive competitive advantage (Aghion et al. 2@y)
ensuring competition in these sectors, companies are then nalyettik
develop better technology in order to keep or acquire an advantage.
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Cohen and Levinthal (1989) argue that a firm’'s ability to appatgri
research depends on its own R&D activity and that publiclylahai
knowledge can increase a firm’s ability to do so. Additionally,rtioee
complex technology becomes the more R&D activity is requiredapta
it. Then if democracies ensure competition in an environment #sat h
reached a high level of technology, firms will continue teestin R&D

in order to be able to adopt advances in technology.

Another important issue in this context is spill-overs. Asiadjabove,
spill-overs discourage investment into R&D as a company isbietta
appropriate all of the benefits of its R&D. But if R&D heljpscatch the
spill-over from other companies, then spill-overs might actualbpen
age R&D in order to be able to appropriate the research of others.

Rich and democratic countries are the main developers of grelemot-

ogy (Komen et al. 199'Aghion et al. 2007). This is not likely to change
soon as changes in political institutions as well as changesathw
necessary to promote R&D for green technology at a suffides

often takes decades. In sum, the empirical phenomenon of the environ-
mental Kuznets curve seems largely driven by institutioaetiofs and
does not hold for all pollutants, most importantly not the main @witat
driving human induced climate change. Nevertheless, countries with
democratic institutions seem better equipped to master the problems relat
ed to this global problem as they can translate envirotahpreferences

of their citizens better into effective policies than autdes As most of

the increase in emissions will be coming from developing natienb; t
nology transfer will be a vital component of any effort to avaidniti-

gate drastic climate change. But since it is a vital compoogminy
strategy that seeks to avoid or mitigate climate changeas most of the
increase in emissions will come from developing countries, technology
transfer will have to take place. What criteria can beiegpph order to
evaluate the success chances of technology transfer? Veéhthieaoene-

fits besides the reduction in emissions? These questions direvidlean

the following section

2.4 Success Conditions for Technology Transfer and Benefits

The Green Revolution in agriculture that started in the 19301 reit
search conducted by Norman Borlaug reaching Asia and Africhein t
60’'s and 70’s, serves as an illustrative example concerninguiteess
conditions for technology transfer. It was by far more successfysia
than in Africa and a substantial part of the divergence inltseesan be
attributed to the different educational levels in the two contséapur
and Crowley 2008). Local universities and research institutioyggla
decisive role in adopting the technologies to local circumstafiCiess,
in the absence of domestic skills, even global public goods (eathoti
this case in the green revolution technologies) have veitetimpayoffs’.
(Kapur and Crowley 2008, p.13)

As argued above, tertiary education poses a significant tloreateigime.
Therefore, a high level of tertiary education among the population is
more likely to be observed in countries with democratic ingis.
What drives this result? University education generatesratiges for
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society at large that are hard to quantify (Kapur and Cro2@88).For
example, a stronger belief in freedom and universality. The mresef
externalities would lead to an underprovision of tertiary edoiedfi no
intervention by the state takes place. In addition, these vahadigrge

the foundation of any oppressive regime which makes sub-optimal
provision even more likely. A look at the current scale of pulbinding
when it comes to tertiary education reveals that this prollasnbeen
recognized (OECD 2007).

Another variable that plays an important role when it comeabkdauc-
cess of technology transfer is the level of corruptiishny and Shleifer
(1993) argue that in countries with high levels of corruption tiesn
unusually high demand for technology that is too advanced given the
technological level and skills present. However, it is mudcieedo col-

lect bribes on too advanced expensive technology than on technioédg

can be supplied by several producers. Especially if aid moneseis in

the process which would require several potential suppliers bidirtge
contract, choosing a technology that is only supplied by one company and
much more expensive is the more attractive option. Empiricalestudi
have shown that corruption and other institutional variables gtdyhi
correlated with tertiary education and vice versa (Mesquita 208.3-
mann et al.2005). For example, low levels of corruption are oft@mdfo

in countries with a high level of education and a reliable atilaw. How
exactly these variables influence each other and how the itbausas is

still subject to research. However, this indicates that the befentioned
institutional variables can serve as indicators of the ssodesnces of
technology transfer. On a more general level, the Internatiemalon-
mental Technology Transfer Board established several ariteat can
help to determine the success of technology transfer (MacDonalgl. 1992
First of all, there should be local demand for the technology. Segondl
local entities must be informed about the availability of technoldggh
requires a good informational network. Thirdly, a supportiricagtruc-

ture must be in place both in terms of capital and trained labour. Fourthly,
the transfer must be economically viable in that it stiesgg the local
economy. Fifthly, there must be sufficient financing, especiallyhe
initial stages of the project. Finally, the technology must be appropuiate
the context which can be facilitated by cooperation with localareh
institutions.

What are the potential benefits of technology transfer? Dpvel
ing economies often experience increasing returns to stakeiinitial
stages of development (Murphy et al. 1989). In the model thathyiwep
al. (1989) present, there are several industrial producers, nosleiasf
can produce profitably unless others use and pay for publictinitage
as well. Furthermore, one industrial producer creates demandhdor t
others’ products by paying a wage above the agricultural wags |
which allows for spending on more industrial goods. This is a vasian
the Big-Push argument introduced first by Rostein-Roda (1943) that co
ordinated investment can help to jump-start industrializationnwibe
each producer individually it is rational to not embark on this path.

A relevant question is what kind of energy infrastructure héllerected
to support the process of industrialization. To this day most olgnel
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countries and especially the larger ones such as China, Indiarantl B
have predominately based their energy infrastructure on fossl filEA
2008). This can partially be attributed to considerable subdilidsssil
fuels, missing development of green technology locally and missing i
formation about the availability of such technology from developed
countries (MacDonald 1992; Darmstadter 2002). Technology transfer ca
help to turn resolve the issue of missing information and locailhging
development. Subsidies are however a political issue and famatipty

the largest obstacle to a green-energy infrastructure.

In conclusion, technology transfer can have a substantial positpaect

on the development of a poor country. But often in the past it has failed to
achieve its full-potential due to lack of consideration mdtitutional
factors that play an important role in determining its sucaedsthe lack

of understanding of how to change these institutions over time.

2.5 Resource Markets and Green Technology

One of the most important results in the resource econonecatlite is

the Hotelling rule (Hotelling 1931). It derives the optimal depment of

the price of a non-renewable resource over time depending onncertai
assumption. Assuming zero extraction costs, the price of a non-repewabl
resource should increase at the social rate of discount. sTHig iinter-
temporal efficiency condition for an efficient extraction path. @mgli-
cation of this is that the discounted price of the natwsburce is con-
stant over time, which is a reformulation of the generaltasteiency
condition. The Hotelling rule is then a necessary dynamiciefity con-
dition, but sufficiency is only achieved when one also consitierstatic
efficiency requirements. Static efficiency in this contestjuires that
whatever use a resource is put to, its marginal value shouldua¢ te

the marginal value of the resource stock in situ (Permah €003).In

situ means resources left in the ground. Resource ownenrsearéntif-
ferent between extracting the resource in order to invest tveguls and
leaving the resource in the ground.

There are four main complications that run counter to the assumptio
made when deriving the Hotelling rule when confronting it withualct
properties of non-renewable resource stocks. Firstly, the tok sf a
resource is usually not known with certaifBerman et al. 2003). Sec-
ondly, over time there will be new discoveries. Thirdly, thera dffer-
ence between the total stock available and that whigcamomically
viable to extract. Finally, R&D can change extraction costdacepthe
non-renewable resource by a renewable one and can give a tiesger

of the damages expected from extraction.

The Hotelling rule is of significant relevance concerning igsie of
human induced climate change since the emissions causing itfrcome
non-renewable resources. By considering the Hotelling rule and the four
mentioned complications one can arrive at an extraction patterrin whic
corresponds to different emission scenarios. Since we are cimgide
stock problem, the goal should be to flatten the extraction patiorof
renewable resources that emit greenhouse relevant gases eeloy the
lowering the amount of emissions at every point in time (Sinn 2007).
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Sinn considers several policy measures that are avaitalaehieve this
outcome. By announcing a decrease in the ad-valorem tax todayn-gover
ments would provide producers with an incentive to extract atea |
point in time. The problem of this policy lies in fact that goweents
would have to commit to reducing taxes in the future, which is preble
atic at best. A second measure is a constant unit tax on caripactier.

In order to be effective it should be constant over time and iticsHomu
applied uniformly world wide in order to avoid leakage effectsother
solution would be to subsidize the in situ stock, in effect paygsgurce
owners to not extract. The political infeasibility of payipgasi-regimes
that already derive large resource rents renders this optioasilriée
Taxing capital income would slow down the rate of extraction asstAv
ment of resource derived income becomes less attractive.cohld
however lead to a sub-optimal accumulation of capital in toedw
economy. A more viable step would be to close tax havens in arder t
ensure equal taxation of resource owners.

Sinn also makes the argument that if resource owners fedk uaisaut
their property rights, they will increase the speed of etitnacas they
cannot be sure that they will be able to derive income frometbaurce
in the future. Finally, binding emission constraints reduce tice pff the
resource because they lower the demand for emission related prbguct
increasing the price of the final product. By setting an upipgt to
allowed emissions and by sufficiently broad participation a ceiliogld
be established that ensures that critical limits will notdsehed. Since
the Kyoto protocol currently only restraints a minority of ladaide
emissions a more inclusive climate change agreement e&ssay to
render this strategy effective. Without broad participation loweegffior
fossil fuels in one region will increase the demand for theothers, the
leakage effect.

What is the impact of better green technology development and-dispe
sion? Abatement costs will be lowered and the incentivewitotsfrom
fossil to renewable fuels will increase. The effects drestiated in
Figure 2.1 (see next page), adopted from Perman et al. (2003).

More R&D and better dispersion of green technology are likehgduce

the cost of abatement and encourage the usage of cleansfeelspared

to fossil fuels as their price decreases, the backstop iprittee figure.

With a lower backstop pricesR given the demand curve D, the resource
owner can only chargesRt the end of the extraction period since above
this price all consumers will switch to the backstop technoldgyo
important assumptions underlying this figure are that alhefresource

will be extracted and that the backstop technology is availablaauiats

that can satisfy any level of demand for it. The curvature ofuhechat
describes the development of the net price over time is detsirhy the

social discount rate, following Hotelling’s rule. The fall in thackstop

price does not change the social discount rate. Thereforeytvature or
increase over time does not change. Given the same increase of price over
time, the initial price Phas to drop to R’, in order to reachgat a point

when all of the resource is extracted. The lower price of niwe-
renewable resource at all points in time as compared to before encourages
more consumption. As the total stock of the resource has not changed,
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this implies that the resource will be extracted at aneegubint in time.
The extraction schedule is described in the quadrant R/Trewhetand
for the amount extracted at a certain point in time.

Figure 2.1 Effect of a fall in the price of a renewable energy tecli
ogy on the consumption of a non-renewable energy source

Net price P,
A

Backstop
price fall

Source: Perman et al. 2003

A consequence of this result when we consider fossil fuel®is green-
house gas emission in a shorter period of time. But demand fok fossi
fuels in general will decline due to the lower price of reridavaptions.
Depending which of these effects dominates the time to total extraction of
the non-renewable resource may eventually be longer or sit{bioef
2008). Without an international agreement in place that puts ageiti

the maximum amount emissions, better technology policy by itself
unlikely to help avoiding drastic climate change (Sinn 2007; Hoel 2008).

Combating human induced climate change in order to avoid excessive
economic costs will necessitate a substantial increasehimaology trans-

fer compared to the level we observe at the moment due txleeted
increase in emissions from developing countries and the patteaveif d
opment of green technology. This transfer will have to be pagnof
international agreement that also includes emission limits, Ikest for
developing and developed countries. Such an agreement should include
as many countries as possible in order to strengthen the ovtretive-

ness in terms of avoidance of excessive costs. The next tweiheyl
analyse the two currently most important international geatin interna-
tional climate change, showing their shortcomings and potentiayh-
ergies, based on the pre-ceding discussion.
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3  The Kyoto Protocol
3.1 Introduction

Adopted on December 111997, the Kyoto protocol is an international
environmental agreement that seeks to limit global greenh@ssengis-
sions in the face of human induced climate change. It cameairt® én

the 18" February 2005 when at least 55 parties covering 55% of the in-
dustrialized countries’ green house gas emission of 1990 haedatifi
accepted, approved and acceded to it. Whereas countries mentiher to
convention are only encouraged to reduce their emission, the protocol
commits them to do so. The first phase of emission redudgosshed-
uled to run for 5 years from 2008 to 2012. In this phase the overallsgoal i
to reduce global greenhouse gas emissions of industrialized iesuoir
Annex | countries, by 5.2%. As historical emission levels are gliite
verse, different reduction obligations have been assigned tariesuiiior
example, whereas the EU is expected to reduce its emissi@¥% layd
Japan by 6%, Russia is allowed to stay emit at his 1990 [@geéloping

or Annex Il countries are exempted from emission reduction. This ex-
emption is embedded in the protocol under the ‘common but different-
iated approach’ which takes into account historical emissittens.
Under this approach, the burden of financing the mitigation angtada
tion falls on the industrialized countries. As of January 2009 theKy
Protocol covers 63.7% of industrialized countries’ emission in>1990

In order to lower the cost of compliance to the protocol in alesefc
developing countries which would provide a large amount of emission
permits, two flexible mechanisms are part of the protocol.fiféteis the
Clean Development Mechanism (CDM), where agents from industrial
ized countries can engage in projects in developing countriebelpato
reduce emission, thereby gaining emission credits at a laysétltan in
their domestic market. An important requirement for a CDM profebtt
approved is the ‘additionality’ requirement in that it redueegssions of

the project over what would have occurred without the CDM.sEtend
flexible mechanism is the Joint Implementation mechanismRddjects
under this mechanism have to fulfill similar requirementshasG@DM.
Whereas CDM projects can be carried out between Annex | and Annex |
parties, countries with emission restrictions and without eamssstric-
tions, JI can only be carried out between Annex | countries.

3.2 Analysis

The protocol in its current form does not have a favorable bmsefit

ratio for Annex | countries when contrasting the costs that tiage to
incur in order to fulfill their abatement obligations, in comgpani to the
probable benefits they derive from damages avoided in the future.
Whereas this cost-benefit ratio was 1:11 for the MontrezbPol for the
participating industrialized countries, this ratio stands at 1fd@.5he
Kyoto Protocol for Annex | parties (Barrett 2007). These numbgrone
results from estimations carried out by Nordhaus and Boyer (2006y. T

® http://unfcce.int/files/kyoto_protocol/status_ddtification/application/pdf/kp_
ratification.pdf
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recently revised their numbers and the ratio now stands at 1:1.@-(Nor
haus 2008). Eventhough this renders overall action profitable, itstoes
only marginally compared to the Montreal Protodol. aspect that made
the Montreal protocol so effective was that all its panpedited consid-
erably from it (Barrett 20030One important factor that makes the Kyoto
Protocol so expensive for Annex | countries is that developingtigesin
have no abatement obligations and are therefore not participatthg
emission market. Abatement in developing countries is genetayper
than in developed countries (Ellerman et al. 1998; Nordhaus and Boyer
1998). If these countries were bound by emission limits and offeead t
permits on the international permit market it would be conahder
cheaper for actors in developed countries to abate. Nordhausoged B
(1998), using the RICE-98 model in order to determine the cbdteo
protocol, find that the US would have to pay two thirds of the total cost of
the implementation of the Kyoto Protocol. They also find that without the
inclusion of developing countries and effective enforcement, theotos
permit per ton of CO2 is likely to rise over 250% throughout thisucgn
Finally, the further mitigation and adaptation measures are postpone
the future the more will cost increase, likely so at aneiasing rate
(Stern 2007).

As mentioned above, the world does not only suffer a globalredityr
from climate changing emissions but also a lack of envirotaheelated
R&D that deals with climate change relevant emissionst &kizrnality

is not sufficiently addressed in the Kyoto protocol. Thereoignechan-

ism that would allow countries to take into account the globatethat
their environmental related R&D has which will lead to an undeipr
sion (Hoel 2005). Countries will only consider the reduction in abatement
costs that their R&D has at home if there is an internatiagedement
regulating emissions without R&D provisions. If there is mrinational
agreement regulating emissions they will consider the hehet envi-
ronmental R&D, has on indicators such as companies’ profits or on local-
ly relevant pollutants within national jurisdiction. The optimab\psion

of knowledge at home is already negatively influenced by the launel
externality discussed above. The effect of R&D is a reduction ininahrg
abatement cost. As long as this is only set equal to therms®innar-
ginal abatement cost whereas a new technology has a tollgl gdoten-

tial, the effort exerted will be sub-optimal. Even if the perrate that
takes place under the Kyoto Protocol equalizes marginalrabatecosts

in participating regions and induces more environmental R&Draara

ket ‘pull’ effect (Jaffe et al. 2005; Lawrence 2007), the llévestill likely

to be insufficient: ‘... there will be too little R&D expenditune the
Kyoto type agreement even if total emissions are set eguwahat they

are in the first-best optimum’ (Hoel 2005, p.59). Furthermore, theiperm
trade does not have any provisions in itself addressing the afsue
technology transfer between Annex | and Annex Il parties. Technology
transfer may take place through technological spill-o\mrsmost likely

at levels that are insufficient.

The only way in which technology transfer is somehow addressed in the
protocol is via its two other mechanisms, the CDM and Jl. ¥elb-t
nology transfer is not a necessary condition for projects urdeset
mechanisms to take place. The mechanism has only been opeaating f
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recently. A study by Seres (2007) finds that about 39% of CDiyeqis
claim to involve technology transfer. What exactly is meanteloyinol-

ogy transfer is not specified under CDM regulations. These gisofge
responsible for 64% of all emission reductions achieved under CDM,
which points to the fact that it is often large projatt involve tech-
nology transfer. About 56% of projects that involve technologystesin
claim to transfer equipment and knowledge, 32% involve only know-
ledge. Projects with knowledge transfer alone account for ab&titafl

all technology transfer projects.

Even if technology transfer is involved, the mechanisms thesselv
suffer from several inefficiencies that make them unsuitalachieving

a reduction in abatement costs that does not change the glahaitaonh
emission permits. As long as there are no emission limitgdaice in
developing countries, CDM projects lowering the demand for fassit

in one sector of the economy can cause an increase of demand in,another
the leakage effect mentioned before (Hagem 2009).The mechaaisms
increase the incentive to reduce the profitability of prgjextificially.
Projects under CDM and JI are only carried out if theyilfulie addi-
tionality criteria, which requires that they would not havenbearried

out without the investment via one of the two mechanisms. Thiseean |

to too many projects being actually carried out which may in then
increase total emissions (Wara 2008; Hagem and Holtsmark 2009)
Investors receive emission credits for the estimateddadoemissions.

By increasing the estimated emissions of a project, devel@uagtry
entrepreneurs can increase the profitability of the projectdoreign
investors which will then receive too many emission permitls k@spect

to actually avoided emissions. With human induced climate change being
a stock pollution problem, the overall impact of CDM and Jl is iokeen

sive at best. A possible fix to these problems would be bettferce-
ment. But enforcement comes at the price of higher transaaiiis and
many worthwhile projects especially at a smaller saa¢ethen unlikely

to be carried out (Hagem 2009).

Estimates regarding how much developing countries will need &r tod
finance mitigation and adaptation efforts vary between 10-10®rbilli
US$ per year: World Bank US$10-40 billion, UNFCCC US$ 28-67 bil-
lion, UNDP US$ 86 billion, Oxfam International US$ 50 billion, Chris-
tian Aid US$ 100 billion (Heegstand and Skjeerseth 2009).

The large variation in the estimated cost is due to thertanties inher-

ent in such a theme as climate change, which makes adequatdigmedi

of where the damages will take place difficult. Under the Ky@iotocol

the Adaption Fund (AF) has been established which derives mooray f

a 2% charge on all CDM projects. At the time of writing filmed has just
become operational and no projects have been supported yet (Heegstand
and Skjeerseth 2009). Financing from other international funds focused on
the issue amount to 133.4 million US$ represents a substantiflogap
what is needed. World Bank and UNDP estimates indicate théihdre

cial basis of the AF can grow rapidly over the next yeatsmight even
reach US$ 950 million by 2012. But those figures depend on the contin-
ued and better functioning of the CDM mechanism. What a post-Kyoto
agreement will look like can only be guessed at this time. Considering the
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drawbacks of CDM and JI described above the question if the fuhd wil
survive in this form the next round of negotiations should be asked.

Most of the funds described in the previous section represent [finblic
ance efforts to deal with the problem of poor-country adaptation. In the
area of technological development and diffusion it is the mrigactor
that is of utmost importance and as long as there are notienifficcen-
tives in place to get it sufficiently engaged it is unlikely theguegh funds

will be provided by public sources (Lawrence 2007). Also, with much of
the funding for new technologies coming from public funds thesd-is
ways the risk of lobbying, or winners picking themselves.

Another incentive issue concerning technological development when i
comes to the Kyoto protocol is its relatively short time Zami when
considering the scale of the problem and uncertainties witdrdeg the
outcome of the following negotiations. If private investors areammit

to substantial investments they need a longer time horizon (Wagne
2001). Strategic underinvestment might actually be an outcome of this.
Countries could claim to have excessive abatement costsiateebeing

in need of large amounts of permits or little abatement reqaivesmm-
posed on them. Those high costs could be achieved by under-investment
into environmental R&D (Wagner 2001). Finally, as already noted above
the Kyoto Protocol has the characteristic of a consensus ploidoe
emission cuts are not substantial enough to really put a dent to the climate
change issue since developing countries are not subject toiamiss
limits, the cooperative outcome, but they are set at a leveidsaable to
include as many parties as possible resulting in colledtee-riding.
(Wagner 2001).

3.3 Conclusion

The Kyoto protocol represents the first serious global efforcurb
greenhouse gases in order to avoid drastic climate changaclA# svas
likely that several short-comings would be discovered in itggdesnd
there were in fact several significant ones. Firstly,levtaking into ac-
count the negative externality of greenhouse gases and addressivig t
binding emission limits, it fails to take into account the kremge and
adaptation externalities. Too little research R&D in greehrielogy is
carried out on a global scale since countries and enteymemo not
have incentives for taking into account the global effectheaif efforts.
Secondly, the mechanisms that are addressing these issues Mhen@D
JI, suffer from bad incentives and it is questionable if thalystil exist

in their current form when the time comes to instate a neeeawgnt.
Yet one of the funds that is supposed to increase investment iga-mi
tion and adaptation in developing countries, the AF, relies onrfgndi
from CDM. This is far from optimal when considering the long-term
nature that is inherent to many of these investments. Vhsiice only
industrialized countries are subject to emission limits th&t-benefit
ratio is unfavorable. It is largely accepted that developedtGesrare
likely to finance most of the adaptation measures necessdgveloping
countries. Developing countries will be responsible for most of the
increase in emissions in the fut{tEA 2008). Coupled with the leakage
issue it will be necessary to impose some sort of emission limits ort devel
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oping countries as otherwise efforts by industrialized cowntire un-
likely to have any effect (Stern 2007). Also, without such §niit place
Annex Il countries will have insufficient incentives to adopt gresch-
nology. It is important to realize these short-comings sinceminehan-
isms employed in the Kyoto Protocol are likely to exert a strong influence
on future climate change agreements.

4  The Asian-Pacific Partnership on Clean
Development and Climate

4.1 Introduction

First announced at the 38th ASEAN Ministerial in Vientiane, Laos
2005 the Asian-Pacific Partnership on Clean Development and Climate
(APP) was officially launched in July 2006. One of the purpaddbe
partnership is to, ‘Create a voluntary, non-legally binding fraomkvior
international cooperation to facilitate the development, diffusieploy-
ment, and transfer of existing, emerging and longer term cdettigé,
cleaner, more efficient technologies and practices among dheelrs
through concrete and substantial cooperation so as to achieveginagti
sults’* Eight public-private task forces have been created in daler
achieve this purpose in different sectors. These are: iAlum building

and appliances, cement, cleaner fossil energy, coal mining, pewersg

tion and transmission, renewable energy and distributed gemegatdb
finally steel. Currently the US, Australia, Canada, Japan, S¢aiba,

India and China are members to the APP. Together, they account for
more than 50% of global climate change relevant emissions.

4.2 Analysis

What can an agreement like the APP achieve theoreticaligavhat has

it achieved until now? As mentioned above, pure technology agreements
are unlikely to achieve much when it comes to emission reductiento

the impact that new technologies have on resource markets. & low
choke price for non-renewable resources might actually speextrag-e

tion (Perman 2003; Hoel 2008). Without binding emission limiés &ne
enforced, this may lead to more climate change relevargsamiover a
shorter period of time which will result in worsening the clienehange
problem as argued above. Even if the lower price of green technology
leads to a replacement of fossil fuels and actually lowessons in that
country, the global effect may still not be positive. This is due to the leak-
age effect that will encourage consumption of fossil faglse reduction

of demand in countries regulated by emission caps or taxedepiless

the global price.

This effect is similar to the problem described above coiragrihe
CDM since developing countries are not subject to any emisisitts. |
Two important sectors that are globally responsible for a lpege of
emission have no task force assigned to them in the APP. Bheettors

* www.asiapacificpartnership.org/english/about.aspx
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are agriculture and transportation, responsible for 13.5% and 18-1% r
spectively of global greenhouse gas emissions. (IPCC, 2007c).iWith
provements occurring in the other sectors, those sectors ahe ik
benefit from lower energy prices. Even though some of the memteers a
also part to the Kyoto Protocol and subject to binding eorisbimits,
Japan, Australia and Canada all of them are currently fay énwan
fulfilling their emission reduction obligations it is unlikelyat they will
achieve them before 207.2

Spending public money on R&D also comes with a series of problems.
Governments are in general not good at picking winners, nsadfen

do better (Jaffe et al. 2005). Public spending gives politicianspper-
tunity to claim that spending and use it as an argument whetioetec
come up. Slashing taxes or quantity restriction on industry is less likely to
be used as an argument for re-election even though it offersettex b
long-term solution (Jaffe et al. 2005). However, there are cesitia-

tions under which the argument for government interventiohigfield

can be advanced. As the global climate is a global good, public sgendi
on technological improvements can be justified on similar groasds
spending on national defense. Secondly, as some major playestillare
not governed by environmental policy such as emission caps that is by
many considered the most effective way to encourage development of
new technology, public spending in this area can fill part of the géfp (Ja

et al. 2005).

In order to stimulate adaptation of new green technologies, s laof
incentives are required. A ‘push’ incentive that can coménform of
research, better information or subsidies and a ‘pull’ incentia¢ can
come from increasing taxes on the undesirable economic good, fossil
fuels in this case (Lawrence 2007). The APP scores only wéleopush
side of the issue, whereas the pull issue is markedly absethiefagree-
ment is voluntary in nature, there is no real incentive for cmsnto
adopt costly technologies, especially if they are aware ofetideage is-
sue. Public information might not be able to reach all relevampanies
that might actually have an incentive to adopt a technology. Hewev
higher prices eventually reach all those companies.

What about the financial base of the APP? The US has promisk8WS
million for its first year of operation (Lawrence 2007). Auksrehas
promised US$ 150 million over the next 5 years (Lawrence 2007). Com-
pared to the actual need for investment of US$ 10-100 billion annually
this sum seems meager (Skjaerseth 2009). Even more so whetteconsi
ing that the members of the APP are responsible for more5®fanof
global emissions. In the Montreal protocol developed countries hhad a
obligation via a certain formula to pay for the incrementat obslevel-
oping countries for acceding to the agreement. In the case APf¢his

is voluntary and the outcome seems to be disappointing.

® http://unfcce.int/files/press/backgrounders/apgtien/pdf/ghg_fact_sheet.pdf
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4.3 Conclusion

Members to the APP agree that ‘The Partnership will beistens with
and contribute to Partners’ efforts under the UNFCCC and wilipte-
ment, but not replace, the Kyoto ProtodoMost of the member coun-
tries that are also bound by the Kyoto protocol are curreritiggaheir
emission reduction obligatio?lsFurthermore, the economics of APP sug-
gest that its complementarity with the Kyoto protocol is ambiguaius
best.

To date the APP has largely relied on public finance meaduitess the
potential to bring the private sector into the picture as stddopted a
sectoral approach that specifically wants to spread bediqaaxamples
from the different sectors. But so far it has achievel lib this respect
which could have been a major positive distinction in comparisdimeto
Kyoto Protocol (Lawrence 2007). The voluntary nature of funding has
not led to levels of funding that are in line with what is needsd;ould

be expected. But most importantly, the APP neglects the powee of th
‘pull’ incentive. This could come from a system of binding €sion lim-

its and trading and is likely to be far more effective tHa policy of
picking winners as it seems to be practiced at the momeate Thiroom

for public spending in the field of environmental R&D, but this isage

ally more effective at the basic research level and notnwiraging
products to the market.

The APP can certainly help to bring information about new techresogi
to the market, which is an important part in any technologiclsiiifin
policy. But as long as APP members are not willing to act upondgk-
gence described, the partnership cannot be regarded as vitibtefop
combating human-induced climate change and is unlikely to befexn ef
tive complement to the Kyoto protocol. Taking into account sombeof
failures described in the last two chapters concerning témntransfer
as well as the theoretical background in chapter one, alylasgé-
conceived technology transfer mechanism will now be introducédel
next chapter.

5 Green Technology Banks
5.1 Introduction

The preceding section showed that the currently two most iemgort
international agreements trying to address the issue of humaredchduc
climate change lack several relevant dimensions in ordee &ffective.
The Kyoto Protocol, while limiting emissions in industrializexlintries,
fails to take into account the problem of insufficient R&D inegre
technology and addresses technology transfer only superfidtaityher-
more, developing countries do presently not face emission limtishw
led to an increase of the compliance cost for developed cesiatsi they

® www.asiapacificpartnership.org/english/about.aspx
" http://unfccc.int/files/press/backgrounders/apgtion/pdf/ghg_fact_sheet.pdf
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could not take advantage of the lower abatement cost in developing coun-
tries via emission permit trade. Without developing countryigiaation

in a climate change agreement, developed countries had anveceoti

to agree on substantial emission cuts then, due to the associated costs.

An important actor concerning the provision and dispersion of green
technology is the private sector. On a global scale they lideein-
centive to increase their efforts in environmental R&D and ke tato
account the effect that this could have in developing countrieso, Al
without the willingness of developing countries to accept bindimds-

sion limits the efforts of developed countries are unlikelgaee a signi-
ficant effect due to the issue of leakage.

The APP is a purely technology-orientated partnership based on-vol
tary participation and contributions. In its founding statementldien is
made that it complements the Kyoto Protocol. As argued above, it i
unlikely to do so. First of all, it is likely to lead to ineses in emissions
due to the working of resource markets. Secondly, its fundingrsis
meager as can be expected from a voluntary agreementidisatotrad-
dress a problem riddled with externality issues. Thirdly, without a techno-
logical ‘pull’ incentive for India and China, by for example bl
emissions limits, adoption of green technology will be limited.

A conceivable first-best solution to the problem of the sub-op{naevi-
sion of R&D could be to stipulate commitments in a new clinchBnge
agreement. Monitoring R&D expenditures of other countries andl-dev
oping global guidelines to do so involve substantial transactiors.cost
Hoel (2005) notes ‘Policies aimed at influencing R&D invesitseby
private firms will be an integrated part of a country’s &gstem and to
some extent other domestic policies. As tax systems and otheregoli
vary significantly across countries, it will in practice digrbe feasible
for a country (or some international agency) to verify all etspef R&D
policies of other countries’ (p.53).

52 GTB
5.2.1 The Basic Ildea

In order to address some of the previously mentioned shortcomintjs | w
now introduce the concept Green Technology Banks (GTB). It is based
on the idea advanced by Barrett (2001) and Benedick (2001;20073) that
more technology-centred approach is necessary to address thefissue
human induced climate change. The operational details are however quite
different. The overriding goal of the proposal is to develop aeniine
compatible mechanism to transfer green technology to developing coun-
tries. This transfer, intended as a side-payment in a newragre, might

be one aspect that can help to increase cooperation in a neateclim
change agreement that includes emission limits for alltdesnTo anal-

yse its potential to do so, game theoretical tools will bel uisehapter

six. As this proposal is largely self-conceived, the proposallghioe

seen as a first step that will not be able to addressoaflecns in the
pages ahead. The goal of this section is then to offer an intimauot

the economic mechanisms that should induce developed and developing
countries to participate.
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5.2.2 Assumptions

Several assumptions are vital for the GTB to be workahist & all, the
assumption is made that technology is a private good that lzag@ of
positive externalities as discussed in the theory and backgrouptécha
Technology here is first and foremost considered to be a tedtappar-
atus. The soft-skills that come with it, such as better techkicatledge,

fall under the category of externalities. Secondly, it is assutimat in the
foreseeable future there will be no global permit marketdiber several
regional permit markets that are imperfectly linked. Furtieee, these
regional permit markets will not be perfect in the sense that not all sector
of the economy will be regulated by emission caps or taxes, akpéci
developing countries. One implication of this is different abaténsost
levels in different regions of the world. Finally, as the GEBo operate
under a climate change agreement that imposes emissiondimitsvel-
oped as well as developing countries, any permit transfers that takes place
will be a zero sum game in terms of global total emissitires transfer
takes place, one country will have to give up emission peimitsder

for the transacting partner to acquire them.

5.2.3 Informational basis and governance

Three major obstacles hinder the spreading of alreadyirexigteen
technology and environmental R&D at sufficient levels takimg iac-
count its global effects. First of all, it is largely produced frivate
companies in developed countries and it is protected by patentsakat

it often unaffordable for governments and entrepreneurs inlajeng
countries. Secondly, developed for condition prevalent in developed
countries, it cannot easily be used in developing countries. In @dditi

this developing countries often do not have the capacity to adapthkhe te
nology to local circumstances. Finally, there is no common arity eas
accessible database or information source that gives aseomeérview
about the developments in the field of green technology and environ-
mental R&D: ‘Technology infrastructure such as data cobectnd
dissemination, and training of scientists and engineers iy liadde seri-
ously underprovided by market incentives alone’. (Jaffe et al. 2005, p.
173). This lack of information combined with the two previous hind-
rances results in a less than optimal adoption of green technwitigy
respect to better known polluting technologies.

Under the GTB, developed countries are to establish a dataithse-w
formation about green-technologies available from the public hed t
private sector in developed and developing countries. Infasmaitibout
the availability of green technology would become accessikkengally
for free but the actual construction plans would still be ptete by
patents. The database would be a sales catalogue and osdusstill
have to pay for acquiring the actual technology. The goal of tiadakse

is to create a common platform that is widely known and aatdpte
order to provide up-to-date technological information in the fieldeéig
technologies to reduce the search costs for the private and padibic is
both developed and developing countries. Developed countries should
bear the financial responsibility for setting up the operatitublic and
private research institutes as well as firms and governnfients both
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developing and developed countries can contribute to the database. As
argued above, most of the green technology is developed in ttaepri
sector of rich democratic countries. Most of the input to the dedalvil

come from there but it can be expected that technology fromagengl
countries will play an increasingly important role over time.

As this will be an international body both developed and developing
countries should be part of the governance structure with influeoice
attached to financial commitments but rather as equals. Exjpents
developing and developed countries should be responsible for keeping the
database up to date and approaching both the public and the private sector
for contributions. Developing country expertise will be cruaaldentify
technology that has the potential to be successfully traadfeto
developing countries or that has the potential to be adopteddabdon-

ditions (MacDonald 1992).

5.2.4 The incentive mechanism to focus more on green technology R&D

Under the GTB, developed country firms would receive extra @niss
permits if a transfer of technology takes place. How nanigsion cred-
its are transferred depends on the evaluation of the amount sdiens
that have been avoided compared to the Business-As-Usual ¢sldi (B
An exact determination of how many emissions were avoided could be
carried out by similar institutions as the ones that arestiyrresponsi-
ble for this task under the CDM. The emission permits couldole in

the regional market where the developed country company operdtes or
used to lower the required abatement effort. The opportunityltersed-
sion credits in the regional permit market is crucial adatal developed
country companies that are not regulated by emission capsntdrga
increasing R&D into green technology. Both types of companiesvieec
then effectively a subsidy for technology transfer. The oveaall df this
in-kind reward is to increase R&D in green technology thalsis appli-
cable in developing countries.

The developed country government would buy emission credits from the
government of the company that receives the technology. Theerform
then transfers these emission credits to the developed cawmyany
involved in the project. The developing country government eithes buy
the emission rights from the participating company if it is subject to emis-
sion caps, or buys them in the regional emission market if a cgnipa

not subject to emission caps. Companies in developing countriesisubj
to tradable emission caps do not receive a direct subsidy buiosan
obtain technology at a lower price than before. This is due tstdnelard
tax/subsidy incidence as shown in Figure 5.1 (see next page), adopted
from Schotter (2001).

The initial market price, Pis defined by the intersection of the curves
labelled D and S.The subsidy to the developed country firm shifts the
supply curve of technology down to the right. This increases the tuanti
of technology supplied, from Qo Q, and decreases the price consumers
of technology have to pay, in this case developing country firrmsnA

the standard analysis, how much of the subsidy accrues to congunders
how much to suppliers depends on the elasticity of the two curvése |
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figure above, the area from © R, below the demand curve accrues to
the consumer, developing country firms. The argR, Rbove the supply
curve S accrues to developed country firms supplying the technology.
Due to the permit transfer the price of permits in the regjioaeket in
developing countries will increase, since supply is reduced. Haywthe
assumption is made here that the level of the price increélseot be
substantial enough to offset the benefit of a decreased priceseh g
technology.

Figure 5.1 Effect of a subsidy for developed country firms on the
price and quantity of green technology

Source: Schotter 2001

Companies in developing countries that are not subject to emiszdsN
receive an actual subsidy besides the decrease in theopteshnology.

The money paid by the developed country government for the emission
credits obtained by the developing country government will drester-

red to them. Since non-regulated companies do not have the same ‘pull’
incentive (Lawrence 2007) to adopt green technology as their tegula
peers, an additional incentive to do so is important.

Under this transfer scheme the global amount of emissions does not
change. Figures 5.2 and 5.3 (on next page) illustrate the workirng of t
mechanism for companies that are regulated by emission caps and
companies that are not regulated by emission caps.

The assumption is made here that if regional permit markerts estab-
lished in developing countries, the market price of permits woalgub-
stantially lower than in a developed country market.. Thizged on the
assessment of various studies that abatement costs aritodevelop-

ing countries (Ellerman et al. 1998; Nordhaus and Boyer 1998; Barret
2007). The technology-transfer mechanism would then lead to more
equal marginal abatement costs in the two regions.
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Figure 5.2 Technology Transfer among companies subject to
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Figure 5.3 Technology Transfer among companies not subject to
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The eligibility of firms in developing countries to receivéeahnology-
transfer subsidy should be based on the chances of successdioceativ
technology in that country. Such success criteria could for exabaple
based on the level of corruption, higher education, rule of lawiemids
institutional indicators as argued above

Finally, a regular evaluation should take place if the emissiedit
transfer alone is enough to induce sufficient R&D in greehrtelogy. If

this is not the case, then the developed country government should
evaluate to provide subsidies in addition to emission credits.

The layout of the GTB and the incentives to develop more gesdn
nology is in some respects similar to a proposal for a techyolognted

CDM (tCDM) by Teng et al. (2008). Their tCDM will only graat
transfer of emission rights, if the transfer of technologinifine with

goals of the developing country government, such as ‘installatfon
transferred technology, or a cost reduction goal, or a local rtogbal’.

(Teng et al. 2008, p.11). To fulfil the additionality criterion, adistech-
nologies would be created that are not available in the hostrgount
similar to the GTB database. Projects using technologyadaiin the
developing country would not be eligible for such a credit transiso,

the government of the developing country can receive part of ¢lagscr

if it provided a facilitating environment for the transfetd&e place. The
most crucial difference between the tCDM and the GTB is the Iyirupr
assumption that developing countries do not face emission ceilings under
the tCDM. Both mechanisms can then be regarded as options for different
scenarios based on the outcome of future climate change negotiations.

5.2.5 Access to the database and incentives for developing country actors

The information provided in the database can be accessed Isy fem
search institutions and governments from both developed and developing
countries for free. These actors can use the information tdifiden
technologies that are suitable for projects they are aboundertake. If
entrepreneurs of developing countries who are members to elineate
change agreement have identified a technology that they woelddik
use, they and the providing company from the developed country engage
in the transfer described in the previous section. Mostly dpedl coun-

tries will be responsible for financing the transfer mecharbaised on

the pattern of green technology development discussed in chapter two.

The transfer scheme does not extend to technology outside the GTB data-
base. Green technologies under the GTB are evaluated by experts fo
their potential effectiveness and stand for a certain qualitghmtennot

be assured for technologies outside the agreement. Actors in non-
participating countries to the new climate change agreemehistiliil

have access to the database, but will not receive subsidiesckorolo-

gies acquired via the GTB. Entrepreneurs in developing cosirinieuld
therefore have an interest in pressuring their respectvergment to

join the agreement in order to gain access to green technol@yB,

as it reduces their cost of operation and offers them techntiiagynight
otherwise be hard to come by. An important consideration in thisxtonte
pertains to secondary benefits derived from technology trar&bene of
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them, such as higher economic growth and more reliable energy inf
structure, were laid out in chapter two. Additional benefitauatally the
reduction of other pollutants with a local impact (Ekin 1996), better
health (Kunzli 2001), and increased technical skill of employeesseThe
secondary benefits represent then an additional incentive Yetogéng
countries and firms to participate in the GTB. The relativeliness of
abstention for developing countries in terms of potential accessl-
sidized green technology should increase the more developed countries
are part to a new treaty as the likelihood increases thataeng coun-

try actors could find a feasible technology for their pr@gedthout hav-

ing to incur higher costs.

5.2.6 Incentives for developed country actors to join and provide R&D

In order to increase the involvement of the private sectaeireloped
countries in green technology R&D and dispersion private firmsivec
subsidies in form of emission credits from their governmenttefdmol-

ogy transferred under the GTB. These can then be sold on the regional
permit market or used to reduce obligatory abatement effors. r€pie-
sents a ‘push’ and ‘pull’ incentive (Jaffe et al. 2005) favaie firms and
research institutions in developed countries to take into actuaieffect

that their technology can have in developing countries. Firms diral-

oped countries can comply with emission limits imposed on them at a
lower cost. The abatement that they undertake in developing countries via
their technology transfer is likely to be cheaper than it would have been a
home. If they are not subject to emission caps, they can seirission
permits in the marketplace. An extensive analysis ifehesentives are
sufficient is not part of this report but would be a valuabieension if

data is available.

The setup of the GTB is similar to the one that drives thé1CGidd
transactions occurring under this mechanism are rapidly ineged3ut

any mechanism that has the goal of transferring technology dewel-
oped and developing countries and aims to be incentive compatible will
run into these costs Once again, a definitive analysis ofrdinsaction
costs of the CDM and GTB mechanism are not part of this report but
would be valuable extensions.

An additional incentive is dependent on the level of usage and pidpula
of the GTB. The more known the GTB is in developing countries, the
more beneficial will participating in it be as developing andetiged
country entrepreneurs will use it as a standard tool to &olnblogies
that are necessary for their projects. This has the potémtiatuce mar-
keting costs for developed country firms.

5.2.7 Technical assistance

In addition to financial assistance, technical assistanté&needed as
well in order to train personnel to maintain the technology arfdrther

its distribution in the economy from a local basis. This capareof the
GTB transfer if the company providing the technology also has tsxper
available that can help to implement technology locally. Otlserwauc-
tions should be held to find the best offer for technical assistaMany
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development agencies around the world have technical departinants t
would be well equipped to cater to this need.

5.2.8 Green technology and Non-Members to a new climate change
agreement

Should countries part to a new climate change agreement adtarelyer

the access to green technology to non-participants? One walkiich w
developed countries benefit from the deployment of green-technologies
in developing countries is the reduction of abatement effort at .home
Clarke et al. (2008), by employing the MiniCAM integratedeasment
model, show that the cost of compliance for the US when techndogy i
also available in developing countries is considerably lowepeoed to

the scenario where the technology is only available in theBdSides
attaining a leading position in a field of technology that has igiom
prospects, this re-enforcing argument should be factored in theoglecisi
on the level of investment into green technology and how to delal wit
non-participants to the GTB. Trying to block usage of green teacgyol

by countries not part to a new climate change agreement is ipthyent
harmful to them. Golombek and Hoel (20@%jestigate a situation where
there is a ‘clean’ country that is concerned with the enwrent and per-
forms R&D and a ‘dirty’ country that is little concerned witle gnviron-
ment and performs no R&D. There is no agreement concerning limiting
emissions between the two actors. Technological spilloversr anca
linear fashion. It is shown that if abatement is increasedenctean
country via more R&D that lowers abatement costs, technologji
overs lead to more abatement in the dirty country as wedikifdamage
function is linear, otherwise the effect is not clear. One coulgeattrat it

is important to have a threat in place in order to encouragermsutd

join a new climate change agreement. But since it would befibeh for

the developer of a technology to allow for spillovers to takeefreely
given that technology is already developed, it is unlikely thiatwill be

a useful tool.

5.2.9 GTB in comparison to CDM

The GTB mechanism is in some respects similar to the C2khanism
in place now. It offers governments or firms from developechic@ms an
opportunity to achieve abatement at a lower cost in developingresunt
Emission reductions must be certified which implies similandactions
cost issues as for the CDM. Yet any mechanism that wangsotmote
transfers of this kind will be subject to these issues.

As mentioned before, a definite comparison of transaction costedret
CDM and GTB is not part of this report. However, compared to CDM the
GTB offers a different incentive structure to resolve thspatity of
worldwide green technology distribution. First of all, it estddaisan in-
formational base that was previously not available. Secondly gweeln-
nology transfer came more as a by-product in the CDM casetheis
overriding goal in the GTB case. Finally, developed countisidize
green technology transfer to developing country companies by buying
emission permits from their respective government which tteersfers

the money back to them. The CDM mechanism does not have a similar
provision (Seres 2007).
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5.3 Summary

The GTB is a side-payment mechanism that has the goal sag®ico-
operation in a new climate change agreement that entailsi@miissits

for both developed and developing countries. The assumption of an en-
compassing climate change agreement is a substantial busargcese

for the GTB to work. Otherwise, the working of resource markiets
scribed above would probably lead to more emissions globally. More
importantly, the emission credit transfer mechanism develaede
would not work. Another crucial assumption is the non-existence of a
global permit market. Furthermore, within the regional permitketa

not all sectors are regulated by emission caps.

The GTB is designed to offer benefits to both developed andogéveg
countries while raising the cost of non-participation in a mémate
change agreement. First and foremost it addresses the problem
formation flow between the developed and developing world on the issue
of green-technologies. Too little information about what techryoleg
available in the developed world and too little interest inp#idg this
technology to circumstances in the developing world are préséay.

The private sector plays an important role in this context,ginhal
mechanisms reflect this only to a minor degree. To rediify; firms in
developed countries are offered several incentives. They ecesiva
emission permits depending on how many emissions have been avoided
in a developing country due to their technology. These permitshean

be sold in the regional market or be used to reduce thematdy
abatement effort. This should be an incentive for both regulatedrand u
regulated companies to participate. If this incentive turristaupe in-
sufficient to induce environmental R&D at a high enough level, Ideve
oped country governments should consider direct subsidies inoadiditi

the transfer of emission permits.

Firms in developing countries have an interest in pressuringgbeern-
ments to gain access to the GTB, as they profit from lowekeharices
from technology and potential secondary benefits from techndtagg-

fer, if they are regulated by emission caps. Unregulated aueypae-
ceive a direct monetary subsidy in addition to a lower gaceéechnolo-

gy. This subsidy is equivalent to the amount of emissions avoided
compared to the BAU-case times the price of permits in thmmel
market. The underlying reason for the extra subsidy for unredulate
companies is that they do not have a similar ‘pull’ incentivadopt
cleaner technology as regulated companies. Developed countryngover
ments would shoulder most of the financial burden of the GTBesinc
companies from developed countries are by and large responsilthe for
R&D of green-technologies.

In conclusion, by establishing GTB developed country governments can
potentially increase the likelihood of developing country partimpain
global abatement efforts, which is a pre-requisite for avoidragtic cli-

mate change based on current emission projections. In ordesessdhe
viability of the GTB to do so, the next section will employ non-
cooperative game theory to see if it can strengthen thesrsfelfeing
nature that a global climate change agreement must have.
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6 The GTB Game

6.1 The Asymmetric Prisoner’'s Dilemma Game

To analyze whether the GTB idea has the potential to incoeegeera-

tion in a post-Kyoto climate change agreement this sectiordveill on
results from non-cooperative game theory. The choice to use non-
cooperative theory is based on the discussion in section 2.2 abfeut sel
enforcing agreements. Countries are unlikely to reach aemgnt in a
cooperative setting as long as it is not in their self-intesmssidering

the actions of other participants out of their control. They twén only
adhere to agreements if they derive a positive payoff from doing so, while
taking the actions of others as given. The analysis it sut by setting

the prisoner’s dilemma (PD) situation into the context of dén@nange
negotiations. It will then proceed by including the technology teans
scheme described above as a strategy in order to see ¢hthiselp to
reach and sustain the cooperative outcome. A further adjuistmié be

the introduction of asymmetries between the two players.

6.1.1 Players and bargaining

There are two players, a coalition of developed countries G awali-

tion of developing countries A. This is a simplification as pamad to

the situation in chapter five were at least four partiesevinvolved, an
aggregate of firms and the government in developed and developing
countries. Coalition members will adhere to the policy decigezh for

the whole coalition. Internal bargaining problems due to anamelis-
tribution of benefits which might require compensatory transfees a
assumed away.

6.1.2 The payoff function and the business as usual case

The payoff function presented in this section adopted from Wagner
(2001) will be modeled in terms of abatement only. This is as$tionee

the only action variable for both players. All strategiesdléo different
levels of abatement. The payoff function for player Chentdefined as
follows:

P c(9c,0,4) = B:(q) - c(ac) 1)

g=0xtdc, stands for abatement effort and subscripts C and A for the a-
batement effort of the respective play&(q) is the benefit function for
each individual player with the following properties:

1B (g +q;)/Tq, >0,1°B (g, +q,)/1q,” <0 i=C,A.

The benefit function is concave and increasing in abatement affahg

two players. The benefit of abatement is the avoidance of dsnihgt
would occur otherwisec(q.) is the cost function of abatement with the
following properties:

fle(ae )/ T > 0,9°¢(a. )/ fa”
In other words, the cost function is increasing and convex in owe-aba

ment effort. Both functions start at the origg(0) =0,c(0) =0.
Maximizing (1) with respect to the variable that the playantrol, their
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own abatement effort, yields the individual country’s’ optimationdi-
tion:

ﬂP(:(QC’CIA) — ﬂBc(q) ) ﬂC(qC) -0 (2)
Tac Tdc Tac
1B (a) _ fe(ac) 3)
flac [
1BA(9a.ac) _ Tc(ga) @
9, 9,

Marginal benefits of abatement for each country should eqaedinal

cost of abatement for each country in absence of any agreement
specifying abatement levels, provided the other coalitiotvategyy is
considered fixed. This case will be referred to as the bissasessual
case, representing the fully non-cooperative case in the PD{gelme

since both coalitions optimize their abatement only according io the
own benefit.

6.1.3 Asymmetries

The two players in the PD-game are assumed to be asymnigiro
factors define the asymmetry in this game. First ofgalien a total level

of abatement g=gqc, Ba(g) will always be higher than d8g) .This
asymmetry is introduced since the most recent reports omiteect of
human induced climate change indicate that developing countries wil
suffer most from climate change and especially so singelihee less
financial means to adapt (Stern 2007; IPCC 2008a). Secondly, the level
of abatement to be undertaken if one of the players or loothecate is
unequal. Player C, if cooperating, will be obliged to abate deresbly

more than player A. This assumption is based on the notion thdt deve
oped countries are responsible for most of the emissions iatine-
sphere today and therefore should carry most of the burden to achieve
world-wide abatement. If a player decides to cooperate his adyatem
choice becomes discrete, as he will be bound by treaty obligalfidves.
chooses not to cooperate his decision will still be based on equéjons
and (4)

6.1.4 Strategy space and the game in normal form

The strategy space for player C3 ={CP, NC} and the strategy space

for player AisS, ={CP,NC} . If the cooperative strategy CP is played,

a player has to abate an exogenously given amount which is assumed
be larger as compared to what each player would have abateditain
agreement. Specifying abatement obligations in this fashion safow
the usage of the continuous benefit function to analyze the pagpaif fr
strategies, even if they represent discrete choices gindaterest lies in
the overall payoff which is defined by equation (2). Under stralQy
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both players choose their abatement levels according to equg)aarsd
(4). Situations where one player cooperates while the othert defede
considered as a situation with partial climate change agreemdretre
only one region abates. The full cooperative situation {CP,CBgisva-
lent to a global climate change agreement being in placeewltth
developed and developing countries decrease their emissionsaifiee g
then looks as follows:

Figure 6.1 The PD-Game

A
C CP NC
CP 4,7 -3,8
NC 6,-1 0,0

6.1.5 Payoff analysis and the Nash-equilibrium

Payoffs on the left accrue to player C, payoffs on the tighglayer A.
Payoffs here are modeled to be consistent with the assumptiaes ma
above. The result would not change with different numbers, as long as the
relative difference between them is maintained. The NastiliBrium in

the one-shot situation considered here is {NC,NC} as in the sthufda

game since both players have an incentive to deviate from the cooperative
outcome as they can gain as long as the other player contincesper-

ate. Knowing this, rational players will choose not to abate ascHiayot

rely on the cooperation of the other. The payoff in this situation fibr bo
players is {0,0}. Payoffs for both players are zero asdhige represents

the BAU-scenario and no benefits or losses accrue to the plagypoad

what they would have done when strictly maximizing their own fitene
Due to the asymmetries the payoffs differ from the standardnsyric
PD-situation. The following cell by cell analysis should giwveoverview

of how they affect the payoffs.

{NC,NC} to {NC,CP}

Player A has now specific abatement obligations, which ssanaed to

be higher than what he would have abated without an agreement. This
implies an increase in cost, but also increased benefits. IDvensever,

the increase in cost should outweigh the increase in benefits lags to
deviate from his non-cooperative optimal choice and no abatement from
C takes place. Benefits for C increase as he profits A@mrabatement
while he does not have to incur extra cost.

{NC,NC} to {CP,NC}

Costs for C are substantially higher due to the obligatdrgtement
which is large relative to A’s obligations. Benefits @increase as well,
but he has to deviate from the optimality condition which leadsto a
overall negative outcome. Benefits for player A increaslike consid-
erably due to player C's abatement while he bears no extisisiose he
does not cooperate.
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{NC,NC} to {CP,CP}

Benefits increase for both players due to the abatementaltext place,
relatively more for player A due to the asymmetry of the fiefc-

tions. Costs increase for both players as well since boththaaary-out
obligatory abatement above what they would do in the absence of an
international agreement. For player C the costs increadéveblamore
since he has more abatement to carry out. Therefore, C’'s obvenefit

is less than that of player A.

The outcome in real world terms is that no global or parti@hatk
change agreement is in place that would lead to abatement. Sisatee

gy space available is similar to the one that was up for ia¢igot when

the Kyoto Protocol was agreed upon, the outcome of the negotiations
may seem similar to the situation where player C coopesatgsA de-
fects. Why would developed countries still cooperate? As destri
above some developed countries did in fact not join the protocot, mos
prominently the US. In many cases it is uncertain if abatemdigaeb
tions under the protocol will be fulfilled. The tendency of countsiese

the Protocol has been active seems to have been a move tthveands-
cooperative Nash-Equilibrium. It seems therefore likely that Kyoto
Protocol did not provide sufficient incentives to sustain coojoerat-
mong developed players or offer sufficient incentives for dapied
countries to join. In the following section a game with the GTRroff

new strategic choices will be considered to find out if thighmaism
could provide incentives to sustain a cooperative outcome.

6.2 The GTB Game

6.2.1 Cost/Benefit functions and the GTB

The benefit function and the conditions that apply to it alletls same

as in the PD-game, but changes occur to the cost function once he GT
is introduced. A general benefit that is assumed to accrbettoplayers
when the GTB mechanism is setup is lower marginal abatemetst cos
The GTB encourages environmental R&D and the simplifying assump-
tion is made here that more R&D leads to lower abatement costs thus:

fice 6s(dc) < ficc (9c) and fIcaca(da) < fica(da)
flac floc laa f1aa

where C/GTB and A/GTB stand for the marginal cost for higex and
developing countries respectively with GTB. Player C gadditianally

if the GTB is set up since he obtains emission permits frayeplA for
transferring technology which means that he has to carry ssitaleate-
ment. Abatement cost for player A increase since the owladiation of
permits does not change and a reduction in his emission pernissttea
more abatement obligations and higher cost. Transactions casts th
would most certainly occur under any such emission permit transfer
mechanism are assumed away here. However, as player t0 hhate
substantially more than player A when cooperating, a decreasstims

an important channel through which his willingness to cooperate can be
furthered.
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6.2.2 Players and strategy space

The players taking part in the GTB game are the same asebef
coalition of developed countries C and a coalition of developing countries

A. The strategy space for player C & ={CP- TS NC,CP} and

S, ={CP,NC} for A. CP-TS for player C implies that he faces obliga-

tory abatement requirements as in the CP case described aizbteat

the GTB mechanism will be setup by player C. CP-TS is oslyadegic
option for player C as the assumption is made that green techrislogy
pre-dominantly researched and developed in the countries thaisare
sumed to be part to such a collation, Germany, US, Japan and France for
example. CP for both C and A implies that both have to carrgldiga-

tory abatement but no GTB mechanism is setup. NC implies thiat bot
players will abate according to (3) and (4). The payoffdterstrategy
combinations from the PD-game are unchanged. The normal form of the
game then looks as follows

Figure 6.2 The GTB-Game

A
C CP NC
CP-TS Cl1,Al11 C21,A21
CP 4,7 -2,8
NC 6,1 0,0

6.2.3 Payoffs, GTB and Nash-Equilibrium

The goal of the following analysis is to find out what payoffs éfisc
{CP-TS,CP} and {CP-TS,NC} would have to be to constitute asiN
Equilibrium. For {CP-TS,CP} to be a Nash-equilibrium, deviation tmas
yield a lower payoff for both players than cooperation. Thisigspghat
C11>6, the payoff from cooperation for player C including GTB has to
be higher than the payoff from playing NC while A continues to ceoper
ate. Furthermore, A11>A21, the payoff for player A has to bleehithan

the payoff from defecting while C continues to cooperate.

Does the GTB offer sufficient incentives to fulfill thesenditions? The
following discussion is kept at an informal level. A defirgtivonclusion
can only be reached with further specification of the cost anéfibe
functions. The results obtained below should serve as an iodidat
the reader where the most crucial frictions are.

The GTB reduces compliance cost for player C as his marginal abatement
costs are lowered due to more environmental R&D. In addition he re-
ceives some of A’'s emission permits for the technology transfesre-

fore, he has to carry out less abatement and his costs anetbvCom-
pared to {CP,CP} player C should then have a higher paydifsasosts
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are reduced while benefits stay at the same level sincel glbatement
does not change under the GTB. If the reduction in cost is isuffic
large, the GTB has the potential to make CP-TS the dominategstriar
player C when A plays CP.

Concerning player A, a first step is to analyze how his paywhges
when moving from {CP,CP} to {CP-TS, CP}. Compliance costs are
lowered as player A profits from more environmental R&D. Haavev
costs also increase as player A transfers emissionitpetanplayer C
which increase compliance cost. Whether his payoff increasealloige
therefore ambiguous. What about {CP,NC} in comparison to {CP-
TS,NC}? {CP-TS,NC} should have the exact same payoffs forsA a
{CP,NC} since the GTB cannot work without obligatory abateméotte

for player A. Thus A21=8.

In summary, the discussion for player A seems to indicateNGas the
dominant strategy when C plays CP-TS. Since the payoff to pyer
when A does not cooperate is equal with or without the GTB, -2 in the
matrix above, his dominant strategy if A plays NC is NC. TlashN
equilibrium would then be {NC,NC}.

6.2.4 Secondary benefits

The main market failure that the GTB tries to addresisadack of envi-
ronmental R&D worldwide. More R&D, and the following transfeyrm
developed to developing countries, will most likely not only aeel
brown technology; it will also lead to some potentially sub&hsec-
ondary benefits. As mentioned in chapter one and five, thesexdade
higher economic growth, a more reliable energy infrastructureethe-
tion of other pollutants with a local impadietter health and the in-
creased technical skills of employees. These potential bersgd not
part of the simple payoff function above since they do not etnaiglate
into abatement. If they would be modelled, the payoff to player A is
likely to increase which might establish the fully cooperative smiuds a
new Nash-Equilibrium {CP-TS,CP}. But a caveat is in order lsemee
this result depends crucially on the exact modelling of the segonda
benefits, which is not done here.

6.3 Conclusion

The results obtained in this section are tentative and should beehf

with a formal analysis which was not feasible given the fimits of this
report. However, an important result is that with the asgtries as-
sumed here, a difference in benefits of abatement and a diffeirence
abatement obligations, the GTB mechanism as introduced inaimie

not likely to help establish a Nash-equilibrium in a game@rnational
cooperation on a new climate change agreement. The GTB lowers the
cost of compliance for the developed country coalition while dseilt

for the developing country coalition is ambiguous. Important factors lef
out in the previous analysis are secondary benefits. Their @dtposi-

tive impact could lead to the establishment of the fully coaipe out-

come as a new Nash-equilibrium. Further issues that should be consid-
ered in a more elaborate model, indicating the need for furthearcese

will now be addressed in the concluding section.
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7 Summary

This report has investigated if a technology transfernaeism, different
from currently operating ones, could help to increase coopenatider a
new climate change agreement. A new agreement should be adyglobal
encompassing as possible to avoid emission leakage via thengvarki
resource markets and would therefore include emission lfimit®oth
developed and developing countries. The motivation for evaludtieg
issue from this perspective stems from the insight thatptbblem of
human induced climate change faces two separate market Sailure
largely unincorporated externality from greenhouse gases on the one hand
and a lack of environmental R&D due to inconsideration of its ¢loba
effects on the other hand. A priori, a technology transfer seherder a
global climate change agreement seems to have the potentidtiress
both problems.

The analysis started out by evaluating current mechanisnsirisfer
technology, operating under the Kyoto Protocol and the APP. A result
that emerged in the case of the Kyoto Protocol was thatdthanisms
address technology transfer between developed and developing countries
in a rather indirect fashion. Additionally, they do not fulfill tiopality
conditions when considering the two market failures mentioned above.
The CDM suffers from bad incentives that lead to too higbidead
emission claims from participating parties. Permit tradinghtnlead to
more R&D but probably not at a sufficient level and more impostantl
does not address the issue of technology transfer. Since th® Kyot
Protocol does not encompass all countries and furthermore does not cover
all sectors in Annex | countries, emission reductions in one se&pr
lead to an increase in emissions elsewhere in the economytinidie
frame of the Protocol is most likely too short to induce longrtigvest-
ment needed for some essential green-technologies to reachedahbizrk
status. Emission cuts for Annex | countries are also far froncisuff to
avoid a high probability of drastic climate change, which has bé&en
tributed to the consensus-treaty nature of the agreement. Hoveexer
should not forget that the Kyoto Protocol represents the first sexifors

to address the issue of human induced climate change and vhas it
clear from the outset that the result would not be perfeds hever-
theless crucial to realize these short-comings when designingw
agreement.

By employing recent results from resource economic theorgecoimg
the influence of the price of green-technologies on the didrapath of
non-renewable resource relevant for the green-house effectgtimaeart
was made that the APP does not address the issue of humandinduce
climate change effectively. Without binding emission linfdsits mem-
bers it may actually worsen the situation and incentivexctually apply
new green technology are low. This is due to the likely price development
of non-renewable resources when green-technologies are introduced
which might actually lead to more greenhouse gas emissionsette-
al approach concerning the development and transfer of technologies
deserves credit and can serve as an input for the developmemarke
effective technology transfer scheme. A vital actor ttah lithe Kyoto
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Protocol and the APP fail to include through economic incentives at
sufficient scale is the private sector. Without includinig sector and its
R&D capacity in an effective manner, it is unlikely thatfiignt transfer

of technology will ever take place.

To address the short-comings with respect to technologyferatisat

both agreements have, the GTB concept was introduced. Theofitsbfg

the scheme is to address the lack of information about thialailiey of
green-technologies. For the GTB to be workable certain assumpti®ens
vital: First of all, the overall amount of emission permitsridwide
should not change under this arrangement. Secondly, | assume that ther
is a global permit market, but an imperfect one. The GTB ffezen-
tives for both developed and developing country actors to engage in the
transfer of technology, with technology suitable to conditionsirelbp-

ing countries. Realizing that the directionality of the transtins from
North to South is crucial. The underlying reason for this pattern8af R
concerning green-technologies has been established in chamter tw
There, the conclusion was reached that environmental R&D kgkasd
large place in rich and democratic countries. Developed coaetors

can gain since they receive emission permits, which caroldeirs the

local permit market or used to reduce abatement obligationgldpeng
country actors not regulated by emission caps receive bemefitene-

tary form since their governments would buy emission crediserding

to the amount of emissions avoided in the local permit market. Thése wi
then be bought by the developed country government and the funds
would be transferred to the developing country entrepreneur. A benefit
that accrues to both regulated and non-regulated actors in tHepiege
country is a decrease in the price of green technology. Thisveolirom

the working of market mechanisms if a subsidy is paid teldeed
country actors in the form of emission permits. Finally, éheme potenti-

ally significant secondary benefits that accrue to the develaingtry
actors such as higher economic growth, a more reliable eimérggtruc-

ture, the reduction of other pollutants with a local imphaetter health

and the increased technical skills of employees. Since | dismbve

prior evaluation of exactly such a proposal during my rebedéine goal

of the analysis carried out here was to introduce the readéetbasic
incentives that underlie the GTB and show were the most important
frictions lay. Undoubtedly, there are still a variety ofuiss that need
further investigation. For example the issue of product piracy, jpatent
negative effects of technology, the political feasibilitysoth a scheme
and how to integrate such an approach with official developmerfaid
forts.

Finally, a simple game theoretic analysis was carried odetermine if

the GTB could potentially increase cooperation in a new clirtlaé@ge
agreement. In the games analyzed two players participated/iaon of
developed countries, player C, and a coalition of developing cesntri
player A. A further assumption was the asymmetry of playérsy are
assumed to derive different benefits from abatement asage#ceiving
differing amounts of emission permits. The latter assumptiors léad
different abatement costs and makes side-payments a viable foption
which both sides can profit. The analysis started with theamtric PD-
situation where payoffs were modeled and based on the assumptions
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made. As in the standard one-shot PD-game the non-cooperative outcome
was the Nash-equilibrium. In the following game, the GTB gjsateas
added to the developed country coalition’s strategy space. In order to
determine if this could help to achieve and sustain a coopesativion
between the two players, an informal discussion about the raugrite

of the payoffs in order to make cooperation a dominant strategy wa
presented. For player C the result emerged that a suffi@dattion in
costs due to the GTB could make cooperation with the GTB mechanism
in place the dominant strategy. For player A the result wdsgaious
since costs decrease on the one hand due to more environmeital R&
but increase on the other hand due to transfer of emissions p&ymits
player C. Since benefits do not change for player A when he nroras

the non-cooperative strategy without the GTB to the one that ircitide
the discussion pointed towards dominance of the non-cooperative
strategy for player A. Given A’s strategic choice, a rational respfmom
player C would be to not cooperate, re-establishing the non-cooperativ
outcome as a Nash-Equilibrium as in the PD-game. In conclusion, the
GTB game as modeled in chapter six was unlikely to helfplesdiang a
cooperative solution under a new climate change treaty witlyabtiy
abatement for developing and developed countries.

Future research on this issue could address several conceshsf @il,
the secondary benefits that could potentially accrue to playshen a
technology transfer takes place are not part of the payofftifum It
solely depends on abatement effort of the two players. Tadogndary
effects into account could substantially increase theiliketl of player

A to cooperate. Secondly, bargaining between firms and governments
could be introduced before the negotiations between governnadats t
place. This would make it a two-level game. Introducing this cispe
might be more in line what can be expected in actual negotiaiioeces s
companies are likely to do what they can to reduce abatement, eff
exerting strong lobbying pressure at the national and internateved.
Thirdly, a numerical analysis specifying cost and benefit fanstmight
be carried out. In this analysis the number of players shoultcbeased,
specifying individual countries and their characteristidds Bhould help
determine the size of the cooperating coalition. Finally, furtdsym-
metries could be introduced such as the ability of differemeldping
countries to adopt green-technologies, which can have an imp#ation
benefit function
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