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SUMMARY 

Summary 

The "Intergovernmental Panel on Climate Change" (IPCC) recognized climate change 
as a significant event to impact the human beings. In the words of the IPCC-Third 
Assessment Report (TAR); "In the light of evidence and taking into account the 
remaining uncertainties, most of the observed warming due to the last 50 years is 
likely to have been due to the increase of greenhouse gas concentrations. Future 
changes in climate are expected to include additional warming, changes in 
precipitation patterns and amounts, sea-level rise, and changes in the frequency and 
intensity of some extreme events". The Kyoto Protocol is a first step of a long term 
strategy aimed to limit the impacts of climate change. This book deals with the 
economic impacts of climate policy, both on the mid-term and the long run based on 
WorldScan, a multi-region multi-sector Applied General Equilibrium (AGE) model. 

This book contains three sections. Section 1 describes the tools necessary for the 
analyses to be presented in the consecutive sections, and presents the WorldScan 
model and IPCC scenarios for global and region-specific emission time profiles. The 
WorldScan model and the IPCC scenarios are used in Sections 2 to analyze die 
economic impacts of the Kyoto Protocol. The costs of any climate policy hinge on a 
number of factors: economic growth, availability of energy technologies, existing 
energy taxes, abatement coalition size, efficiency of the policy instruments to be 
applied. Section 3 Uien focuses on longer-tem issues. On die one hand, there is the 
link between the climate policy and the slowing down of economic growth through a 
decline in the expenditures on Research & Development (R&D). And on the other 
hand this section analyzed the very long-run economic impacts for different regions 
resulting from more stringent climate strategies (stabilization scenarios). 

Chapter 1 is the introduction to this book and precedes Section 1. It presents an 
overview of the issues of economic impacts of policies aiming to mitigate the impacts 
of climate change. It explains the rationale behind the methodology applied 
throughout this book. This chapter elaborates on the model approach, and the weak 
and strong points of the chosen methodology of analysis. The focus of this book is on 
equilibrium aspects of climate policies in a multi-sectoral multi-regional setting. 
What is meant by this? In this approach the supply and demand sides of markets 
match through the equilibrium price. Climate policy will lead to energy savings and 
costs through a reduction on the demand for energy, hence the energy price will rise. 
Also the increase of the energy price will spread out through the rest of the economy, 
and possibly to other countries. Sectors and countries are linked to each other via 
trade and inter-sectoral dependencies. Climate policy will lead to an increase of the 
cost-price of production in energy-intensive sectors, which producers will pass on to 
the consumers. Countries will feel the imposed (emission) restrictions through 
increasing cost prices. In international markets the competitiveness positions of these 
producers could worsen and the possibility of trade may provoke reallocation of their 
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activities to other countries. If this happens, capital and labor will switch to other 
sectors. All these adjustments will lead to costs. Chapter 1 presents the literature on 
economic mechnisms that are relevant to the climate debate and concludes with a 
setup of this book. 

Section 1: The Tools 

Section 1 presents the tools that have been used for the applications of this book. 
Chapter 2 starts with a description of the WorldScan model. WorldScan is a recursive 
dynamic Applied General Equilibrium (AGE) model, which can simulate long-term 
growth and trade of the world economy. It builds on the neoclassical theories of 
growth and trade. WorldScan covers the world and has 12 regions and 11 sectors. 
The energy version has 6 additional sectors: coal, oil, gas, modern biomass, other 
non-fossil fuels, and electricity. The number of regions and sectors is sufficiently 
detailed enough to analyze the macro-economic impacts of climate policies, both for 
the mid-term and the long run. With respect to energy, the sectoral detail level can 
capture in a meaningful way the effects of a carbon tax. The regions in WorldScan 
are chosen in such a way that the model can simulate mid-term and long-run dyna
mic impacts on trade, production and consumption. 

The macro-economic costs of a climate policy in WorldScan occur through 
imposed restrictions on energy demand by means of an energy tax. The energy price 
(after taxes) rises and demand will fall short to supply, and hence depresses the 
international energy price (before taxes). This will lead to a comparative advantage 
for countries that do not implement any climate policy. Also the increase of the 
energy price will spread out through the rest of the economy. Adjustments in pro
duction through energy savings will yield costs. Moreover, the worsening competiti
veness position of energy-intensive producers will yield a reallocation of energy-
intensive activities to other countries, going hand in hand with sectoral shifts in the 
economy and a reallocation of labor and capital to other sectors. On the macro-level 
the result will be lower economic growth in countries that implement climate policy. 
The energy-exporting countries will be confronted with declining income revenues 
as the demand for energy declines. The energy importing countries that do not 
implement a climate policy on the other hand will be able to transform their compa
rative advantage through relocation of energy-intensive activities of countries with a 
climate policy within their borders and thus turn the policy of others in a gain. 

The costs of climate policies depend on future economic growth. The costs of abate
ment will increase - at a given level of the emission target - as economic growth 
turns out to be higher. Future economic growth is uncertain, both for the mid-term 
and certainly for the long run. Chapter 3 describes a set scenarios for economic 
growth and energy demand, as developed by the IPCC. The description of these sce
narios is the concluding chapter of the tools section to be used in the consecutive 
chapter of this thesis. These scenarios span the wide range of potential future deve
lopments. The qualitative storylines and quantification of the IPCC scenarios have a 
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rough character but they do cover the world. Chapter 3 describes the IPCC methodo
logy to quantify the qualitative storylines. The implementation of these scenarios in 
the WorldScan model offer more detail (regions and sectors) than reported by the 
IPCC. The chapter describes the assumptions to translate the storylines consistently 
to exogenous variables and parameters of WorldScan. Chapter 3 concludes with a 
description of the WorldScan simulations, focusing on the variables expressed in the 
Kaya-identity. This identity describes emissions as the product of population, GDP 
per capita, and the energy and carbon intensity. In all these scenarios - as in storyli
nes of the IPCC - no climate policies are assumed. These quantified no-climate policy 
scenarios have been used as a starting for the other chapters in this book. 

Part 2: The Kyoto Protocol 

The second part (chapter 4 and 5) presents the numerical impacts of the Kyoto 
Protocol. The implementation of the Kyoto Protocol reduces the emissions of 
greenhouse gases of a large part of the industrial countries. Climate policies, leading 
to emission reductions, will go hand in hand with costs, which are driven by direct 
and indirect effects. The direct effects are associated with substitution: through fuel-
mix changes in the energy system to cleaner fuels (gas and green energy), through 
energy savings and through structural changes from energy-intensive to energy-
extensive sectors and. The Protocol also allows for flexibility to countries to partly 
lower (increase) their emission reduction effort by the costs (profits) of the purchase 
(sale) of emission reductions (increases) in odier countries. This is emissions trading. 

The indirect effects are carbon leakages, and changes in the terms-of-trade 
and financial transfers from interest payments resulting from the net-debt position of 
a country. Carbon leakage occurs if emissions increase in countries that do not have to 
abate emissions. The production price of energy-intensive goods will increase in 
countries with a climate policy compared to countries without a climate policy. This 
comparative disadvantage will lead to higher emissions in countries without any 
climate policies, and hence the climate policy leaks away through the trade in non-
energy goods. Moreover, the demand for energy will decline, thus lowering also the 
international energy price (before taxes). This will enhance the comparative 
disadvantage, and thus further magnifies carbon leakage. This magnifying effect on 
leakage will come from trade in energy. Terms-of-trade changes occur if the climate 
policy-induced energy tax is passed onto non-energy goods, which may alter the 
price of exports to imports. Interest payments will change if the demand for 
investment and the interest rate declines. Net-debt countries thus will lower their 
interest payments, and the other countries receive fewer payments. 

The WorldScan simulations show that in 2010 the costs to the European Union can 
increase up to 0.3 percent of their National Income, as compared to a scenario in 
which there is no climate policy. These calculations are based on unrestricted 
emissions trading. If the restrictions on emissions trading are imposed, which might 
fully hamper the scope for emissions trading, and thus leaving countries with only 
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the domestic options to reduce emissions, then the costs of abatement could double! 
Limiting the restrictions on emissions trading will improve the efficiency of the 
climate policy. When the United States were still fully participating in the 
negotiations on the implementation of the Kyoto Protocol, they were - driven by 
efficiency - the advocates for unlimited emissions trading. However, the European 
Union wanted to impose restrictions on emissions trading. Their reasoning was that 
the Russians were given ample emission rights. And the European Union feared that 
unrestricted emissions trading would lead to a bargain sale of emission rights that 
would lead to a situation, in which there would be no reduction of the aggregate 
emissions of all participating countries. Then the environment would not benefit. But 
there was also plain political resistance against emissions trading, enabling countries 
to purchase emission reductions outside their own borders (without actually having 
to reduce their own emissions). Finally, also opponents argued that emissions trading 
would limit innovation and diffusion of energy savings technologies that are believed 
to reduce the long-term costs of abatement. 

Next to emissions trading the Clean Development Mechanism (CDM) was introduced 
as a means to further increase the flexibility and efficiency of the Protocol. The 
difference with emissions trading is that in the case of CDM, countries get the 
opportunity to reduce emissions (and pay for it) in countries that are not subject to an 
emission target. The poor South has a huge amount of cheap abatement options. But 
CDM also has a few disadvantages that will put a limit on the widespread adoption. 
These are known from the literature (definition of the business-as-usual emissions and 
strategic behavior), but Chapter 4 also shows that carbon leakage will be very strong 
through production increases that are not subject to any emission abatement. There 
are three reasons. Firstly, CDM will lower the production costs in the host country 
(selling emission rights). Secondly, CDM will be sold at marginal costs of abatement to 
donor countries (buying emission rights). The average costs of emission reduction will 
be lower than the price the host-countries receive for it. Hence there will be 
production expansions. Thirdly, the existence of local energy markets - coal is 
inelastic - will lead to sharp reduction of the coal price in the host country, and thus 
further increase the leakage rate of CDM projects. Concluding, lower energy-
intensities in the host countries will likely go hand in hand with a higher demand for 
energy, and hence undermines the potential efficiency gain of the instrument. Time 
will tell whether the limited potential of CDM will come from a low efficiency of this 
instrument (a voluntary restriction) or an imposed restriction, (based on the same 
arguments against emissions trading). 

Russia is expected to be the dominant supplier of emission rights, and monopolistic 
power may provoke voluntary restrictions on emissions trading. The Kyoto Protocol 
allows countries to shift emission rights from the lsl budget period (2008-2012) to the 
2nd budget period (2013-2017). This is called banking. Russia can limit the supply of 
emission rights during the Is' budget period, and thus can set the emission price as to 
maximize the revenues from emissions trading. Simulations - against the background 
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of a high economic growth scenario and a high fossil energy demand - show that the 
price of emission rights would drop from 47 to 24 1997 USS / tC, if Russia were not to 
sustain their market power on the emission market. This would also lower the costs of 
the European Union substantially, because there will be a larger supply of emission 
reduction options on the market1. 

Emissions trading and CDM are instruments that could increase the flexibility and 
efficiency of the Kyoto Protocol. In the case of CDM there are serious doubts on the 
efficiency of this instrument. Possibly these doubts may lead to either voluntary or 
imposed restrictions on the use of this instrument. Also, there may be restrictions on 
emissions trading. Whether the imposed restrictions on emissions trading are binding 
on the supply or the demand side of the market determines the burden of the costs 
on countries of these restrictions. Import restrictions lower the demand for permits 
and thus also the permit price. Importing countries will have to increase domestic 
emission reduction efforts at higher marginal costs but also will be confronted with 
lower expenditures on the import of emission rights. Some countries, significantly 
exporting permits with unrestricted emissions trading, now faced restrictions on the 
import - can actually gain from a declining trade price and lower marginal costs of 
domestic abatement. If restrictions are imposed on the supply side of the market, 
then there will be a shift of the burden from the selling to the buyers. Supply is 
limited, and the trade price will rise. The importers will loose. Exporters can sell less 
at a higher price. The total effect is unclear. 

The removal of imposed constraints on emissions trading system will lower the 
permit price, and increase the efficiency of the policy. Differences in competitiveness 
will be smaller and thus lowers carbon leakage, which is a gain for the environment. 
Emissions trading solves for the possible tension between efficiency and leakage. But 
sometimes there is a trade-off between efficiency and carbon leakage. On the one 
hand, imposed restrictions can limit trade in emission rights yielding a higher overall 
efficiency through lower exports of excessive permits by Russia. On the other hand 
carbon leakage will increase. The carbon leakage rate is defined as the increase of 
emissions of countries without a policy divided by the reduction of emissions by the 
countries with a policy. The leakage rate will be in the range of 5-15 percent. The 
trade channel (i.e. trade in non-energy goods) dominates carbon leakage. Next to 
trade, also the energy channel will account for leakage. The importance of the 
different channels is quantified. The trade channel is more important than the energy 
channel. The leakage rate will be higher in cases where the market power of energy-
intensive producers outside the umbrella of the climate policy increases. The reason is 
that market shares of those producers will more easily grow for their increasing 

1 However, lower economic growth scenarios may - if Russia cannot exert monopoly power in emission 
markets by withholding permits then the supply of permits will be larger than the demand -yield emission 
prices going to zero. Hence without imposed restrictions on trading will result in the danger of a 
collapsing emissions trading system. 
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competitiveness position. Hence the leakage rate will also be larger in cases in which 
developing countries develop at a higher economic growth rate. If in the future the 
globalization process stops and the consumer preference for foreign varieties over 
domestic products declines, then the trade channel will drop out of the equation, and 
the leakage rate will decline. 

There will be three effects on leakage when the United States do decide to 
ratify the Kyoto protocol. First, the market power of the energy-intensive producers -
not subject to the climate policy - will be lower. Currently the USA and the European 
Union have an 80 percent market share of the global production. The absorption 
capacity of the leakage countries to expand their production will be much lower 
despite the larger comparative advantage of the production of energy-intensive goods. 
Secondly, the emission price will rise considerably, and increase die cost of production 
of energy-intensive goods. This will worsen the competitiveness of energy-intensive 
producers fallen under the climate policy and thus opens the trade channel of leakage. 
Thirdly, the global demand for energy will drop, thus lowering the energy price and 
opens up the energy channel of leakage. Concluding, the leakage rate will decline 
because of a declining market power of producers not subject to the climate policy. And 
the leakage rate will increase from higher emission prices and lower international 
energy prices (before taxes). The former effect will dominate the latter, and thus the 
leakage rate will decline. 

The leakage rate also depends on the climate policy design. In the Netherlands 
and other countries it is often claimed that it is especially the energy-intensive sector is 
subject to trade and international competition. This is why it is argued to exempt this 
sector from die climate policy. If this is done. tiien the leakage rate will on die one hand 
tend to rise as the permit price will rise from less supply options to reduce emissions. 
On the other hand, leakage will be lowered because it is Uien restricted to energy-
extensive trade. The total effect will be a decline in die leakage rate. 

Another issue is die trade-off between efficiency of die policy and equity - measured by 
the income gap between the North and die South. If the North abates emissions, the 
Soutii can gain trough a reallocation of energy-intensive acdvides from the North to die 
South. But as the North will gain as it implements the policy more efficiently, this will 
lower the potential gains in the South. Hence, the income gap between die North and 
the Soutii will widen. Sdll the potendal losses from the climate policy to tiie South 
and/or die energy exporters can be mitigated by a favorable allocation of emission 
rights. Bui this will only hold for cases in which tiiey also participate in emissions 
trading. The example case of the gains to Russia in Chapter 5 illustrates this argument. 
Concluding, efficiency can be improved by participation of die South, and equity can be 
served by giving the South ample and the North little emissions rights. Moreover, if 
odier countries also join in an emissions trading scheme then tiiere will be more permit 
suppliers, and hence the monopolistic behavior by die Russians can be avoided and 
transforms die emission market in a competitive one. This again will reduce die permit 
price, and further restores efficiency. Equity and efficiency can go hand in hand. 
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Part 3: Technology en stabilization scenarios 

The last part of this book analyzes economic issues of climate change policies beyond 
the time horizon of the Kyoto Protocol and contains two new topics. Chapter 6 
analyzes the consequences of climate policy after the 1st budget period with 
additional assumptions in WorldScan on partly endogenizing technological growth 
through accumulating stocks of knowledge driven by expenditures on Research & 
Development (R&D). Finally, the last chapter focuses on the very long run (2100) 
economic consequences for regions in cases of very stringent climate policies that 
stabilize the concentration of greenhouse gases in the atmosphere. 

Chapter 6 assumes that sectors' R&D expenditures will grow at the same rate as 
production. Thus knowledge will accumulate, and partly drives technological growth. 
But at the same time, knowledge spills over as an externality to other sectors and 
regions. Diffusion of knowledge spreads out over the whole economy and also to 
foreign countries. Empirical estimates on the relationship between R&D expenditures 
and technological growth show that the indirect domestic spillovers to other sectors 
are more important than the direct effect of accumulating knowledge on the sectors' 
own technological growth. The international spillovers also prove to be smaller 
compared to the indirect sectoral spillovers. However, this empirical result depends 
on the chosen aggregation level of sectors and regions (or countries). If sectors and 
regions were chosen at a more detailed level, then the international spillovers would 
become more important at die expense of the indirect sectoral spillovers. 

The energy-intensive sectors have a relatively high R&D intensity (ratio between 
expenditures and output). If, at the sectoral level, R&D is linearly connected to output, 
then as the climate policy leads to a decline in energy-intensive production, then this 
will also lower the R&D expenditures, and thus the accumulation of knowledge in this 
sector will be lower, which in turn will restrain the spillovers to other sectors and 
countries. Hence, technological progress could decline. But the climate policy will call 
for re-allocation of labor and capital to energy-extensive sectors, and expand 
production. Capital is energy-extensive and the most R&D-intensive. The decay of 
knowledge in the energy-intensive could be compensated by the higher R&D 
expenditures of the expanding capital goods sector. This is an empirical issue. 
WorldScan simulations solves this issue and shows that the macro-economic impacts 
of the climate policy will be magnified by 5-10 percent, compared to simulations in 
which the described R&D mechanisms are not included to the model. This result is 
region-specific, changes over time and the policy design. The regional differences 
come from region-specific R&D intensities. Time is important, because knowledge 
accumulates, and lags increasingly behind through increased policy efforts (the 
difference between emissions with and without the policy increases over time). 

The policy design also matters. If emissions trading is used, then energy savings will 
occur in regions that are inefficient in energy use, but which are also relatively R&D-
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extensive (Russia and the former East-bloc countries). This implies that the 
magnifying impact of the R&D mechanism will be lower if the policy design is more 
efficient. Hence, the efficiency argument as put forward in Chapters 4 and 5 of using 
emissions trading is again reinforced in this chapter. 

Finally, chapter 7 shows the economic impacts of more stringent emission levels as to 
stabilize long-term concentration levels in the atmosphere. WorldScan is adjusted as 
to be able simulate till the year 2100. Two long-term stabilization levels have been 
analyzed (450 en 550 ppmv C02). And two alternative strategies have been followed 
to achieve these long-term goals. The first strategy is a sharp decline in global 
emissions in the coming twenty years, followed by a more moderate decline in global 
emissions in the long run. The other strategy is a wait-and-see option, and allows for 
little to no emission reduction effort for the coming twenty years, followed by more 
stringent reductions in the long run. These two strategies have been analyzed against 
the background of all IPCC scenarios. It is also assumed that there are no restrictions 
on emissioas trading. Emission rights are assigned to regions on the basis of equal per 
capita levels. 

The most important conclusion of Chapter 7 in Section 3 is that in order to stabilize 
the concentration of greenhouse gases the countries of the south must decide to 
reduce emissions as well, and join the abatement coalition. The North cannot 
physically pursue stabilization goals by themselves. It is very likely that the Kyoto 
countries will gradually expand with countries from the South. The consequence is 
that only step-by-step countries will join the abatement coalition. This probably will 
be the countries that have the cheap emission abatement options. Chapter 7 shows 
that the accession of inefficient economies to the abatement coalition may provoke 
fluctuations in the permit price. From an economist' point of view this is inefficient. 
Producers, belonging to the group of countries with climate policies, will be faced 
with declining cost-price factors once energy-inefficient countries join emissions 
trading. This argument becomes even more pronounced in the strategies that reduce 
emissions in the coming twenty years, as emission markets with sharper targets for 
the coming twenty years will also show larger fluctuations in the permit price (passed 
on to the producer prices). An instable permit market also will lead to winners in one 
setting, and then becoming the losers in another. For example, Russia will gain from 
the Kyoto protocol, but this gain will evaporate and Russia will even loose once China 
joins the abatement coalition and participate in emissions trading. Hence it seems 
more efficient to significantly reduce the global emissions, once all countries have 
joined the abatement coalition, or at least include a number of large polluters to the 
group of countries currently reducing emissions according to the Kyoto Protocol. 
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