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INTRODUCTION 

Chapter 1 In t roduct ion 

1.1 Introduction 

With the adoption of the Kyoto Protocol to the United Nations Framework 
Convention on Climate Change (UNFCCC) in 1997, research has been paying 
increased attention to the area of mitigation of climate change. This book is about 
analyzing the economic impacts of climate change policies in a trade perspective, 
which is based on the Applied General Equilibrium (AGE) model called WorldScan. 
Why do we need these analyses? 

Climate change on the agenda 
Climate change has been recognized 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". But what are 
these changes precisely, and how large and important are these changes? And also 
here TAR seems to provide us some guidance. "Impacts can be expected in ocean 
circulation, sea level, the water cycle, carbon and nutrient cycles, air quality, 
agricultural productivity, grazing and timber lands, and geographic behavior, 
abundance, and survival of plant and animal species, including vectors and hosts of 
the human disease". TAR provides us with a historical description of these impacts, 
and also "predicts" how they may change and worsen in the future. Below, Figure 1.1 
illustrates some qualitative findings on impacts. The x-axis shows the temperature 
change compared to the current situation as reported in TAR for different scenarios of 
the towards the end of this century, with the upper bound equal to reported 6°C 
change compared to the global average temperature in the year 2000. At the y-axis 
the scale level is plotted, which can be global, regional, or local. White means there is 
no or little impact, yellow means that there will be moderate impacts, and red stands 
for serious impact. But what drives this temperature increase? 

The use of emission scenarios 
The burning of fuels leads to C02 emissions, which accumulates in the global 
atmosphere, and hence increases the concentration of GHG's in the atmosphere 
increases the global temperature level. The TAR provides us with some insights, based 
on earlier work of the design of emission scenarios. Below Figure 1.2 sketches 
scenarios of the main contributor (C02 emissions) as described in IPCC-Special Report 
of Emission Scenarios (SRES). For example, the A1FI scenario (see Chapter 3 on more 
details) assumes rapid economic growth, leading to higher C02 emission levels and 
also relative rapid improvements of energy efficiency, which tends to depress C02 
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Figure 1.1. Impacts at different changes in global mean temperature 
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emissions. Still, the result of the two opposing trends leads to the highest emission 
profile of the set of scenarios as reported in SRES, which yields the upper range of the 
temperature increase (6°C as shown in figure 1.1). 

Most of these no-policy-scenarios show sharply increasing emissions throughout this 
century. A reduction of emissions implies a cost due to energy conservation or 
reduced production of energy-intensive sectors on the one hand and an 
environmental benefit on the other. Economics science aims to provide climate 
change policy makers with the costs and the benefits emission reduction, and thus 
hopefully assist them in decision making. There are two camps in climate change 
economics science: the first applies the framework of cost-benefit and the second 
cost-effectiveness analysis. 

Cost benefits versus cost-effectiveness 
The cost benefit analysis started to swing in the climate debate in the early eighties. 
This approach aims to balance the costs of any policy inference with the benefits, and 
thus evaluates optimality conditions for specific indices. In the climate change 
debate, the protagonist in this field of research was Nordhaus, who obtained 
analytical expressions for the optimal concentration profile (see Nordhaus, 1980). He 
later detailed his merely qualitative work to numerical models, which were still 
relatively simple but powerful "Mickey Mouse" kind of models: the global one region 
model called DICE (Nordhaus, 1993), and later regionalized versions of it called the 
RICE model (Nordhaus and Yang, 1996). His contributions to the debate started a 
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Figure 1.2. Global €02 Emissions (in Tg C) 
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huge amount of new research questions on the climate change policy issue. 
Refinements were made to the assumptions related to the economic behavioral 
relationships. But more serious criticism came from the groups attacking his 
assumptions on the relation between C02-emissions, GHG concentration levels, and 
monetarizing damages from climate change. I tend to view that for the policy 
making process the cost-benefit criteria cannot be addressed in an integrated way 
with models such as the DICE and RICE because of four reasons. First, there is a vast 
amount of literature on critics related to the physics relations of the D(R)ICE model, 
which is summarized and carefully investigated in Janssen (1996). Secondly, the 
damage estimates are uncertain and have been under permanent review, which can 
be verified in e.g. Cline (1992) and Fankhauser (1995) and Tol (1999). And thirdly, 
suppose the critics on the physics relations on Nordhaus' models are true. The 
optimal concentration profiles result from the complicated interaction between 
production losses and consumption gains (less damages of climate change). And by 
replacing the Nordhaus' assumptions by the critics' set can generate seriously 
different outcomes. Still, I do sympathize with those claiming that Nordhaus' 
contribution to the climate change science and policy debate is one of the most 
important ones. 

At the same time, the other camp of the cost-effectiveness approach - although less 
integrated than cost-benefit approaches - also provided new insights. The main 
streams can be characterized as being either bottom-up or top-down models. Bottom-
up engineering models use more detailed information on energy conservation 
techniques, more sectors, and some models have added general equilibrium features 
to their model approaches. At first this occurred with respect energy prices, but later 
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with respect to other non-energy sectors. A typical example is the ETSAP-MARKAL 
approach; see Kram (1983) and ETSAP (2001). On the other hand top-down economic 
AGE models also refined their approaches, because of increased data-availability on 
sectors and trade flows. For an overview of these improvements, see Weyant (1999)1. 

The cost-effectiveness framework in this book 
The analyses presented in this thesis fall in the category of the cost-effectiveness 
approach. Impacts from climate change are not that large in the short term, and 
regionally diverse. But in the medium to longer term the impacts become more 
serious, and will get a global character, as already highlighted in Figure 1.1. The 
impacts come from higher GHG concentrations due to chemical mixing processes at 
high levels in the atmosphere. These in turn come from emissions of GHG's, that in 
turn result from activities such as fossil-fuel burning. If the marginal cost of emission 
reduction is equal in all regions, then from an economic perspective it is of no 
interest where these reductions actually take place. Overall emission constraints are 
mostly exogenous input to the analyses, and the impacts from emission reductions 
are highlighted in terms of price changes, and production losses of energy and non-
energy sectors. The macro-impact of emission reductions is the sum of sectoral effects 
resulting from complex interactions between sectors, from changes in the supply of 
and demand for goods, and finally regions' possibilities to trade. The equity 
perspective will be the guiding principle for all the analyses. Asymmetric impacts of 
emission reductions are believed to point at possible tensions between negotiating 
parties of UNFCCC, and as such are assumed to be undesirable from central planners' 
view. Hence, they should be avoided when designing a policy package to reduce 
emissions. This book sketches these asymmetric impacts, and its' underlying reasons. 

Instruments 
Emission reductions are exogenous inputs to all the analyses in this book. But what 
are instruments to achieve these reductions? There are two types of instruments: 
market and non-market based instrument. Non market based instruments include 
regulatory standards, including uniform technology and performance standards 
(both command-and-control strategies), voluntary agreements, and product policies, 
industrial reorganization, etc. etc. Market based instruments at the domestic level 
include carbon taxes, tradable carbon or emission reduction rights, recycling 
schemes, and removal energy subsidies. At the international level, it includes 
harmonizing domestic taxes and/or energy subsidies, a uniform international tax, and 
the flexible instruments mentioned in the Kyoto Protocol (tradable permits, JI, CDM, 
banking of permits). The kind of analyses that will be presented here, mainly focus on 
the market-based international instruments, i.e. taxes/subsidies on energy, permit 
trade, removal of energy subsidies. 

1 And in between these bottom-up and top-down approaches was the MERGE model (Manne and Richels. 
1995), which has a bottom-up approaches for energy sectors, includes all other non-energy sectors in their 
model including the trade dimension, and finally also has a climate impact module. 
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Also important to climate change policy debate is the (institutional) design of the 
policy, i.e. how to mature the instruments, which have the potential to efficiently 
combat climate change? For example, the introduction of the instrument tradable 
emission rights only stands a chance of success, if the existence of hot-air does not 
lead to over-supply of permits on this "immature" market. If so, the permit price will 
fall down to zero and there will be no permit trading. Hence, the (institutional) 
design of this permit market will not be able to gradually embrace the necessary tools 
to experiment and later effectively organize that market. Institutional economics is 
not really a topic in this book, but as the examples above illustrates, it may be fruitful 
to point at insights from this branch of economics. A second example concerns the 
discussion on burden sharing when implementing a permit market. Burden sharing is 
the allocations of emission rights to the country or region of the abatement group2. If 
that market does bring together the supply and demand for permits, then the 
marginal cost of abatement will equalize across countries and allocations3. But, given 
the design of the burden sharing rule, the average costs to the whole group and 
certainly to specific countries will differ due to permit transfers. This book enables to 
better understand the impacts of the chosen burden sharing rule. 

The setup of this chapter 
Section 2 presents an overview of economic theory on the broad range of options to 
reduce emissions. Section 3 then reduces the options to a realistic set of measures or 
instruments, and then sketches some highlights of the theory in this respect. The 
relevance of the arguments made by economics science is limited, and the policy 
makers use a wide set of arguments outside the domain of economics. But still 
economic theory can provide insights in the consequences of applying the 
instruments to reduce emissions. The next section will then narrow the reasons why 
to apply the kind of analyzing framework that will be the topic of the remainder of 
this book. This analyzing framework restricts to the domain of economic Applied 
General Equilibrium (AGE) models, more specifically the WorldScan model, which is 
developed at the Netherlands Bureau of Economic Policy Analysis (CPB, 1999). 

1.2 What are the options to avoid climate change? 

The previous section highlighted that the global environment calls for C02 emission 
abatement. This section identifies the handles (options) in the real world that actually 
can bring down these emissions. Consecutively, the feasible set of policy measures 
can be narrowed to the ones that survived the economic laughing test, which is 
further explored in Section 3. 

2 The abatement group is the group of countries that decided to actually reduce emissions. 
3 However, the total burden of abatement, i.e. the size of the permit market in terms of emissions has to 

remain the same. 
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The following identity decomposes emissions into different factors (see also de Bruyn, 
1997 + decomposition literature, see later on Schipper): 

r- • • ^ « n W GDp
s Energy* f"elv a c r , 

Emissions = GDPX X —— L ^ — p,, s a Sectors, j e /• mis GDP GDPS Energy, 
(1) 

Below in Table 1.1 the different factors of Equation [1] are listed, and shortly 
characterized. Emissions are caused on the macro level by production. Macro 
production is the outcome from the aggregate of production of different sectors 
(structure of production), which requires energy input per unit of production (energy 
intensity). Within sectors, energy demand is itself the aggregate of the demand of 
different types energy (fuel composition). Finally, emissions are the result of the 
demand of each of these fuel types in the production processes. The transformation 
of energy to emissions is represented by fuel-specific emission coefficients (constant 
over time and uniform over regions). 

Table 1.1. Determinants of emissions 

Perspective Short characterization Equation 1 

Macro Production 
Sector Structure of production 

Energy intensity of production processes 
Energy Fuel composition of energy demand of production processes 

Emission coefficients of the fuels applied in the demand for 
energy of production processes 

GDP 
GDPSI GDP 
Energys / GDPS 

Fuel sj/Energys 

Emission reductions come from different ways, but either explicitly or sometimes 
leading to implicitly taxing C02-intensive fuels, energy-intensive production 
processes, energy-intensive structured economies, or even production. Suppose there 
is a tax on C02. According to equation (1), countries will switch towards less carbon 
intensive and non-energy inputs in production. But because of an increase of the cost-
price, production losses cannot be avoided, and countries will move labor and capital 
energy-intensive to energy-extensive industries, which is non-optimal compared to 
the situation without emission reduction. On the macro-level, countries will 
experience that allocation of inputs and resources will be "distorted". Hence, they 
may suffer from energy-intensive production losses, partly offset by energy-extensive 
production gains. On the macro-level, they will suffer a production loss. This loss will 
be lower, the higher countries' market power, i.e. the capability of its' producers to 
pass on the after-tax cost price to foreign consumers. Summarizing, C02 emission 
reductions are the consequence of a fuel switch, lower energy intensities, a lower 
share of energy-intensive production of total production, and finally lower macro-
production. Any option to reduce C02 emissions can thus be reflected by a reduction 
of one of these factors. But what drives the changes of these factors, how do they 
influence each other, and how large are they? The underlying mechanisms and 
theories on the different factors will be discussed. First the macro-perspective will be 
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presented (production). The sector perspective is reflected by both the structure of 
production and energy intensity4. The energy markets perspective (fuel switch) will 
conclude section 2. 

1.2.1 Macro 

On the macro level, production is the result from economic activities using a number 
of inputs. These inputs are labor, capital, energy, intermediate goods, and resources. 
Technology transforms the inputs to output. More production - ceteris paribus -
implies more demand for energy and results in more emissions, and thus higher costs 
of abatement at constant targets. An energy tax will lead to substitution away from 
energy to the other inputs and to some extent to production losses. One of the key 
forces driving the demand for energy is technology. On the one hand, energy specific 
technological improvements may result in lower energy demand per unit of 
production and possibly to lower energy demand at constant production. But on the 
other hand, overall technological improvements also boost production, and thus 
leads to higher energy demand. It is not clear at forehand whether the demand will 
rise or decrease. Thus it is important to better understand the role of technology in 
economic growth, but also in the climate policy debate. 

An excellent overview is provided by Jaffe et al. (1999) on technological change in the 
perspective of environmental policies. They start by introducing the subject as 
pioneered by Schumpeter (1942). Three important stages for technology development 
can be distinguished, i.e. invention, innovation, and diffusion. Empirically, inventions 
can hardly be distinguished horn innovation, and this also holds for the difference 
between innovation and diffusion. The process of invention, innovation, and diffusion 
leads to changes of the technological front, i.e. it is the set of technology options 
available to the producer to generate output. This frontier can be represented by a 
production function. At the macro-level, as will be the case in the analyses presented in 
further chapters, production can be represented by a constant-elasticity-function (CES) 

GDP = A P^K'+P^'V+p^ 
r, 

(2) 

with A the overall Technology Factor Productivity (TFP) index, p the substitution 
elasticity, the inputs Capital (K), Labor (L), and Energy (E), and Pi the cost share of 
input i in production and es the Autonomous Energy Efficiency Improvement (AEEI)r>. 
The actual implemented technology in production is one of the options of the 
frontier, but also accounts for factor costs (the unit costs of inputs). 

4 Because energy-intensive sectors - contributing significantly to GDP - depend heavily on the availability of 
energy resources, this part is also included in the sector perspective, although I could have chosen to move 
Uiis to the energy markets perspective. 

5 The number of inputs can be changed, and enlarged in any arbitrarily manner, but this format will be 
sufficient for it's illustrative purposes here. 
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Theory deals in different ways with describing and explaining the changes in 
technology (invention and innovation) and it's diffusion. The role of the supply side of 
the economy in the climate debate is very broad, and if we follow the inputs to the 
production function in equation (2), the following topics come to the surface: 

• Production 
- Technology: Research and Development 
- Capital and labor: Rigidities on the capital and labor market 
- Energy: Resource depletion 

But equally important is the progress made by theories capturing the demand side of 

the economy 
• Consumption: climate as an input in utility, optimal taxation, double dividend, 

exhaustibility of the resource and externality of climate change, and lastly 
irreversibilities of investment and damages in the light of uncertainty 

The tension between production and consumption is solved through trade, and as 
such science has brought forward some relevant topics on: 
- Trade: savings from perfect foresight by consumers and producers and distinction 

between physical and financial capital 

Production: Technological growth 
One of the key drivers of the costs of abatement is the growth of the economy, see 
also equation (1). The neo-classical growth model of Solow (1957) geared up the 
debate on the explaining factors of growth. He focussed on capital formation, i.e. he 
claimed there to be a temporary excess of savings more than offsetting depreciation, 
and over time lowering the marginal productivity of capital. This would eventually 
lead to lower savings and in the end investments will equal the depreciated stock. 
This is the steady state with GDP growing at the rate of the population growth rate 
(welfare per capita is thus unaffected). At a later stage, Romer (1989) tried to include 
the possibility of private optimizing sector generating technological change. Firms 
allocate resources to R&D, fostering the productivity of the input labor. He concluded 
that, in the long run, it is not the population growth rate determining economic 
growth, but the stock of human capital. Grossman and Helpman (1993) then provided 
a simple analytic framework to include different aspects of the R&D mechanism such 
as the international interdependence and imperfect competition. Griliches (1991) 
then gave an overview of the empirical literature on the role of R&D in models, and 
concluded that there is evidence that R&D investments occurred, and also indeed 
boosted economic growth. 

As argued before, including R&D mechanism was appealing, the empirical 
economists' branch also showed the relevance of the topic, and the next step in 
theory was to use these models in the field of environmental analyses. One such 
example is provided by Smulders (1997). He concluded that there are three 
investment effects that affect optimal environmental policy. The first concerns the 
burden of the investment effect: if technology mainly results from costly RD, rather 
than resulting from being a free good, then investment pays less, so the optimal level 
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of quality declines. Secondly, there is the substitution effect, i.e. reallocating 
investment in the environment to production. Pollution abatement reduces 
productivity on the one hand, and on the other end increase productivity by 
environmental quality improvements. If the former dominates the latter, then 
investments in the economy become more attractive, and thus reduce the relative 
efforts to clean up the environment. And thirdly, the timing effect shifts abatement to 
the present. In case of endogenous technical change, rates of return in production are 
low for a longer period thereby reducing the opportunity costs of investments in the 
environment, and thus necessitate early investments in a clean environment. Goulder 
and Mathai (1998) also included RD specifically to the energy-input to production. 
They concluded that knowledge accumulation through the presence of R&D lowers 
the optimal tax time-profile, and optimal abatement is shifted from the present to the 
future. If however it is assumed that there is also learning-by-doing as energy 
technology is applied, this does not necessary hold anymore. Finally, on the diffusion 
of technology there is also the argument brought forward by Porter and van de Linde 
(1995) hinging on the international perspective. They claim that properly designed 
environmental regulations can benefit firms compared to foreign competitors. The 
reason is the existence of potential innovation offsets, relying on learning-by-doing of 
pollution improving technologies. 

Production: Capital stock and wage rigidities 
Now, return to equation (1). Technology is one the arguments to production and as 
pointed out above there is a clear connection between technology and economic 
growth. Thus we can also expect interactions between technology and economic 
growth on the one hand and environmental policies on the other hand. As we move 
to the other inputs (capital and labor) to production, the issue of rigidities with 
respect to capital and labor markets is worth mentioning here. 

With respect to the capital stock it is important to recognize that investment 
decisions have short term impacts pertaining in the long run. Power plants 
installations last up to 30 years. Agents respond to significant emission reductions by 
either retrofitting current installations or replacing them by better equipped capital 
(in terms of energy performance) is very expensive. Thus emission reduction policies 
should balance the short-term environmental benefit and economic costs of rapid 
reduction of C02 emissions. Several models - mostly large numerical models - assume 
either one vintage (flexible) or more vintages (with older vintages being less flexible). 
The latter assumption allows for more realistic description of the adaptation behavior 
of producers to the announcement of the climate policy, see Jacoby and Wing (1999). 
They claim that older vintages are less flexible, and hence more difficult to retrofit. 
However, they also state that it's highly uncertain to which vintages this actually 
applies. But by parameterizing and changing the assumption of the number of non-
retrofittable vintages, they show that the marginal costs of the maximum compared 
to their minimum case are 250 percent higher. 
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With respect to rigidities on the labor market the following can be said. Most studies 
assume that wages adjust flexibly to policy shocks and there is hardly any 
unemployment. But OECD (1999) points out that for the medium term labor markets 
are probably better characterized by the assumption of wage rigidity. This means that 
the emission reduction policies lead to higher costs of production of energy-intensive 
products. This will lead to production losses, and instead of labor switching from high 
cost energy-intensive sectors to relative low-cost energy-extensive sectors, laborers 
may temporarily get unemployed. Their conclusion is that on the mid-term, costs of 
climate change policies could be 3-4 times higher due to higher unemployment 
effects. Most of the analyses presented in this book refrain from short-run 
unemployment and thus the presented impacts can only be interpreted as long-term 
impacts. 

Production: Energy 
The last input of equation (1) consists of energy. The most straightforward way to 
reduce emissions is to lower energy demand, by decreasing the energy intensity 
(E/GDP). This can be done by raising the pre-tax energy price, which leads to 
substitution from energy top the other inputs, as well a volume effect on production. 
However, it is important to understand how prices react on energy markets. If energy 
suppliers react to the tax by lowering their supply price, the post-tax energy price 
may not be different from the pre-tax energy price, and thus emission reductions will 
be partly mitigated. Still, energy suppliers can only up to a certain extent influence 
the post-tax energy price. But fossil resources will also deplete in the long run. 
Meadows et al. (1972) pointed out this phenomenon of the tension between climate 
change and the depletion of renewable and non-renewable fossil reserves with the 
system dynamics WORLD model. Disregarding the welfare impacts of climate change, 
Hotelling (1931) already pointed at the optimal depletion path of non-renewable 
resources, i.e. the price increase of the depleted resource should equal the interest 
rate. Krautkraemer (1998) later extended the neoclassical Hotelling model with 
mechanisms on discoveries of new deposits and better extraction technologies. He 
still could not fully explain the observed prices of the non-renewable resources, but 
made abundantly clear that these mechanisms mitigated the impacts of economic 
sacrifices due to depletion of the available resources. Anyway, these dynamics are 
still poorly understood, and adding environmental changes as an argument to 
welfare, will have to revise the Hotelling rule in just another way. 

Consumption 
As soon as economic theory includes climate as an argument in utility, this occurs at 
either small theoretical models or the larger numerical models such as those from 
Nordhaus and Yang (1996), and Tol (1999). As mentioned before, the ecologically 
biased scientists with the argument of oversimplified physical relations oppose these 
numerical models. But instead here we focus on small theoretical models that 
provide us with interesting insights. Examples of general theories of optimal 
environmental taxation can be found in Bovenberg and Goulder (2001) and de Mooij 
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(1999). Ulph and Ulph (1994) looked in the case of the climate change issue at the 
interaction between exhaustibility of the resource and the stock externality. Pindyck 
(1999) and Ha-Duong et al. (1997) investigated the balance between the 
irreversibilities of investment and damages in the light of uncertainty. 

Bovenberg and Goulder (2001) investigated the role of optimal environmental 
taxation in both a first-best and second-best world setting. Environmental taxes tend 
to compound the pre-existing distortions. Therefor, the optimal tax rate in a second 
best world is lower than in a first-best setting. The total effect can be decomposed in a 
tax-interaction effect and a revenue-recycling effect. The negative tax-interaction 
effects dominate the impacts of environmental taxes in a second-best world 
compared to the first-best world. This also leads to the conclusion that the double 
dividend does not exist, although the authors immediately put a caveat on this claim 
in case of highly ineffective tax systems (outside the environmental arena). 

More details on environmental taxes can be found in de Mooij (1999). He extensively 
modified the Pigou result of optimal environmental taxes in a first-best setting, 
extending it to a second-best setting as also dealt with in Bovenberg and Goulder 
(2001), and found different arguments why the double-dividend hypotheses does not 
work. One argument that works against it is the international setting. Environmental 
taxes work as indirect taxes on factor cost of production and as such to higher prices, 
which may be passed onto foreign consumers if these producers can exert market 
power. 

Ulph and Ulph (1994) start with model with standard stock externalities, and extent 
this kind of analysis to exhaustibility of both the resource and the stock of pollutants. 
In absence of discounting and pollutant decay, the carbon tax would have to fall over 
time at a rate equal to the marginal damages. However, if there is pollutant decay, 
then it seems that the carbon tax would have to rise when the stock of pollutant is 
small, and by the end of the resource's lifetime the tax would have to fall. The 
existence of discounting even enhances the previous argument. For policy makers the 
news is that not only the level of the tax is important, but also the time profile. 

Pindyck (1999): Standard benefit-cost framework does not apply. There are three 
reasons: [1] uncertainty over future costs and benefits of policies, [2] irreversibilities of 
environmental policies (both environmental damages impose sunk costs, as well as 
sunk benefits of the policies), and [3] existing possibilities of wait-and-see (as opposed 
to now-or-never). Optimal reduction policies depend on the importance of the costs 
and benefits of the options, but also the extent of uncertainty (economically and 
environmentally). Conclusion: "An increase in uncertainty leads to higher threshold 
of policy adoption. This is because policy adoption involves a sunk cost associated 
with a discrete reduction in the entire trajectory of future emissions, whereas inaction 
over any small time interval only involves continue emissions over that interval". 
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Ha-Duong et al. (1997): cost-benefit analysis tends to favor to delay actions of 
emission reduction. The option value equals the opportunity cost of not-learning or 
giving-up of future information and is mostly positive when disregarding risk-
aversion and/or dependent learning. This supports the view that there is a benefit 
from purchasing insurance by early action. They conclude that minimizing costs to 
avoid negative climate change impacts is one objective, but equally important it is to 
aim for preserved flexibility. 

Trade 
From a macro-economic perspective there is production and consumption. But there 
are also investments and savings (difference between income and consumption). It is 
thus important to understand how theory deals with behavior with respect to 
investments and savings. A relevant assumption on the macro level is to do witii the 
extent of forward looking behavior. Pioneers in this field of research were Ramsey 
(1928) and Koopmans (1965). One of the key issues were discounting and 
maximization of utility over infinite time horizon. Later, van de Ploeg and Withagen 
(1996) used the Ramsey framework to calculate optimal emission charges in a 
dynamic pollution problem. Their conclusion was that the golden rule - economic 
growth being equal to the growth of the capital stock - does not hold in case of a 
government intervening to account for the environmental stock externality. 
According to their analysis the capital stock grows at a lower pace, and so does 
consumption6. 

In the case of trade, it is important to realize that countries can run trade deficits or 
surpluses, so that investments do not have to equal savings. These deficits and 
surpluses affect the net-foreign debt position of countries. The MS-MRT model by 
Bernstein et al. (1999) is a multi-country multi-sector model that assumes perfect 
foresight of producers and consumers. Thus agents respond in advance to e.g. climate 
change policies. Typical results of these types of models will be discussed later on in 
the section on the overview of model results of the Energy Modeling Forum (see also 
Weyant, 1999). The forward-looking approach is also applied in the G-Cubed model 
(see Mckibbin et al., 1999), but extended with a financial module that also tracks all 
international financial flows. G-cubed assumes trade imbalances to be financed by 
flows of assets between countries. Financial capital is perfectly mobile across 
countries, whereas physical capital is not. This means that climate change policies, 
which tend to production losses, will in the short run not affect the physical capital 
stock, only it's return on the investment. Because of the "linkage" between physical 
and financial capital, adjustment costs associated with physical capital reallocation 
will also incur a cost to the investors. This assumption implies that - in case of permit 

6 Ulph and Ulph (1994) and Pindyck (1999) also use a Ramsey kind of Iramework. as van de Ploeg and 
Withagen (1996). but extend it with resource depletion. 
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trade - it is expected to generate financial flows out of high abatement cost regions, 
that may also lead to exchange rate depreciation, increased exports, and thus greater 
GDP losses. This will also come back when discussing EMF-models. 

1.2.2 Sectors (GDPS / GDP) 

The small theoretical serve their purpose of explaining the key mechanisms at work 
in the case of reducing emissions, but reality is more complicated. The economies are 
a mix of sectoral activities, with each sector linked to all other sectors by each sector 
using inputs from (all) other sectors. The sectors include primary, secondary and 
tertiary sectors. Each of these subcategories consists again of a set of sub-industries 
that are linked to each other. The primary sector consists of energy companies, oil 
refineries, coal mining, and gas distribution, as well as ferrous and non-ferrous 
industries. Secondary industries include chemical, paper, ferrous, and non-ferrous 
companies, which depend on energy-intensive production processes. The tertiary 
sector includes the government, electricity utilities, and service sub-sectors. Beside 
the electricity sector, the tertiary sector is energy-extensive. In terms of equation (1), 
climate change policies may focus on altering the structure of the economy, by 
reallocating labor and capital from energy-intensive primary and secondary 
production to tertiary production. 

Production: sectoral TFP, multi-sector linkages and R&D 
But since emissions and costs of abatement are driven mainly driven by production 
growth of energy-intensive industries, it is also important to understand reasons for 
this growth. Again one of the important reasons is technological growth. Since 
interactions between sectors are important, we here have to rely on the numerical 
multi-sector multi-regional models. Restricting to energy-economy models, examples 
are ABARE (Tulpulé et al., 1999), G-Cubed (McKibbin et al., 1999), GREEN (OECD, 
1999), MIT-EPPA (Babiker et al., 2001), and WorldScan (CPB, 1999). Most of these 
models assume fixed exogenous labor productivity growth rates, and these are 
region-specific to arrive at pre-specified GDP growth rates. One step further is the 
setup of G-Cubed model simulations, which growth assumptions differ across sectors, 
see Bagnoli et al. (1996). More details on the methodology to derive sectoral growth 
assumptions of the WorldScan simulations can be found in chapter 3 on 
implementation of the IPCC scenarios. The main message is that the numerical 
energy-economy models have increased the realism with respect to simulations on 
the interactions between sectors, and improved on the description of sectoral inputs 
such capital accumulation, labor skill patterns, etc. But sectoral technological 
developments are still poorly understood, and therefore consistently fixed and 
exogenous to match "ideas" on GDP growth patterns. 

However, Goulder and Schneider (1998) have tried to endogenize technology at the 
sectoral level, built upon the work by Goulder and Mathai (1998). In Goulder and 
Schneider (1998), producers in different sectors can invest in RD to increase their 
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production performance. Externalities consist of knowledge spillovers accruing from 
one sector RD investments to other sectors in a closed US-economy setting. The 
carbon tax stimulates RD investments in alternative energy sectors, but lowers in non-
energy and carbon-based industries. The impacts of a carbon tax are thus divergent. 
Learning-by-doing is positively affected in alternative energy sectors, but output of 
energy-intensive industries is reduced. And as a consequence their ability to learn is 
under pressure. The interaction between the carbon tax and unambiguous impacts 
on RD are unclear, and thus also on the macro-level of the ability to learn, and hence 
on production and GDP. But the mechanism seems realistic and added to the debate 
on endogenous technological change and climate change policies. 

Consumption: Preferences 
The availability and application of new production technologies are important 
sources for economic growth and the structural changes, leading to changes in 
emissions. At least as important are consumers' preferences for energy and energy-
intensive products. Climate policy options on the consumption side to reduce 
emissions are "taxes" on the energy content of products or services. These distortions 
will lead to a substitution effect (away from energy and energy intensive goods) and 
an income effect (the loss due to the existence of another constraint on the disposable 
income). The income effect will on the macro level the long run is followed by lower 
production levels, and the substitution effect by structural changes in production. 
On the macro-level the benefits of emission reduction strategies on climate change is 
the most important issue. As mentioned before there is a large debate on this school of 
analyses on small theoretical model applications. Later climate change effects have 
been monetarized in larger numerical models by Nordhaus and others. But least as 
important for the climate debate is the sectoral dimension. Does the distinction of 
varieties and different products on the consumption side change our views on potential 
impacts of climate policies? Perhaps not qualitatively, but it does improve the realism 
of the magnitude of mechanisms at play when analyzing climate change policies7. 

Trade and specialization 
With more sectors on the production side and good categories on the consumption 
side, it is important to recognize that that on the macro-level countries can borrow 
from other countries and temporarily run deficits on their current account. For more 
details on theories on savings behavior, see the macro section before. On the sectoral 
level countries are faced with relative prices and market power of competitors at 
international markets, which determines the specialization patterns. One of the key 
components driving emissions is the demand for energy by energy-intensive 
industries, i.e. structural change. Besides overall and energy-specific technology, 
countries exert monopoly power at international markets and intensify the 
production of e.g. energy-intensive products. Trade theory aims to give insights on 

7 The relevant literature is the same as before, i.e. the set of numerical energy-economy models. 
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the explanation of observed specialization pattern. The literature is large and several 
lines of thinking on specialization patterns come to the floor. Ricardian theories (for a 
description, see Samuelson, 1964) explain trade patterns on labor productivity 
differences between regions/countries. The Heckscher-Ohlin theory offered another 
explanation of trade by looking at relative abundant factor availability in a country. 
The Armington assumption introduced varieties, and explained the trade flows by 
substitution on the consumption side between foreign and domestically produced 
goods In the Armington approach the number of varieties of a specific good equal 
the number of regions. Later (endogenous) variety modeling came fully to swing in 
the Dixit-Stiglitz (1977) kind of models. 

Climate change policy interventions affect the allocation of domestic resources. But 
there is also the interaction between trade and climate change policies. These 
policies lead international price changes, and thus affect competitiveness of 
industries. Thus domestic policies spill over to other countries since they suffer or 
gain from the actions of other countries. Böhringer and Rutherford (2000a) 
decompose impacts of policy intervention effects in their relatively small but multi-
regional trade model into a domestic and international component. They estimate 
the impact of trade (in both in energy and energy-intensive products) to be in the 
range of 5-110 percent of the total effect8. Their analysis is based on a static model 
along the lines of the Armington assumption. Concluding, by applying the 
assumption of spillovers from trade in the analysis of climate change policies yielded 
important new insights. And the different lines of thinking as mentioned above 
should be incorporated in this kind of analysis to offer us the potential range of the 
importance of the interaction between trade and climate change policies. 

1.2.3 Energy 

Economic growth and the structure of production are important driving forces of the 
growth of emissions, and as such provide also handles to reduce emissions. Improving 
our understanding of these two factors is beneficial and an overview is given of our 
scientific understanding in the light of climate change policies. The discussion above 
sometimes has been broadened to more general theories on economic growth and 
trade to bear the fruit of scientific debates on other economic issues, but now more 
details on the energy dimension seems appropriate. Energy is an input to production 
processes or directly or indirectly delivers specific services to households. The energy-
economy models distinguish different energy carriers with specific carbon content. 
Fossil fuels often consist of coal, oil, and gas. Electricity is generated from both fossil 
and non-fossil fuels, and the non-fossil fuels mainly concern renewables, nuclear 

8 Although their analysis focuses on implementation of the Kyoto protocol with all Annex-B countries 
(including the USA) unilaterally reducing their emissions, which is not realistic. But the argument of 
spillover effects from domestic policies to abroad remains valid, regardless the lack of realism of die policy 
assumption. 
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power, hydro-power, and modern biomass. The aim to reduce greenhouse gas 
emissions from production process leads for each process to a switch from relatively 
high carbon fuels to lower or zero-carbon based fuels (substitution effect) or to lower 
energy use per unit of production (income effect). 

The changes in the energy intensity (energy demand per of unit of production) and 
the carbon intensity (C02 emissions per unit of primary energy use) are key factors 
explaining emissions9. According to Schipper et al. (2001) in the 1974-1995 period, at 
the macro-level the energy intensity fell 1 to 2.5 percent annually and carbon 
intensity increased at 0.5 to 2 percent annually. Below these numbers lie detailed 
technology representations of energy intensities of production processes at the 
physical activity level, which are correlated to sectoral GDP. Energy is also split into 
primary, secondary and final energy demand10. The approach here thus deepens 
equation (1), and as such very detailed but also limited, because of its' very 
descriptive character as opposed to being explanatory. 

Bottom-up versus top down models (E/Y and e/E) 
This brings us to the debate between scientists of bottom-up (BU) and top-down (TD) 
models11. Three important differences arise from differing technology representations 
of the two approaches and boil down to the assessment of costs of emission reduction. 
First, there is the conceptual difference with respect to the measurements of costs. One 
can measure the costs in terms of losses of welfare, GDP, direct abatement costs that 
are either private or public. BU approaches by definition start with the direct costs and 
then translate these to GDP losses, sometimes including feedbacks to other sectors. BU 
models can however hardly deal with consumption or welfare losses, because 
pioneering scientists simply started from a different angle in the climate policy debate. 
Second, in practice the marginal cost of abatement differs between the two 
approaches. The BU-approach often includes a number of energy conservation 
techniques that have lower investment costs than the reduction of the energy bill. 
Thus these "no-regret" energy conservation measures do not entail a cost, but a gain12. 
This often only holds for the lower end of the marginal cost curve. In a static setting, 
TD models' energy technology is represented by input "purchase" share of energy in 
production and tire costs of abatement relies heavily on the substitution elasticity 
between energy and tiie other inputs used for production. Both BU and TD models 
assume convexity of the marginal abatement curve. If in addition, the functional form 
of a TD production function is setup flexibly enough (sufficient nesting levels), then the 

9 More details on the importance ol these factors in scenarios can be found in chapter 3 section 4.5. 
Structure of the economy is extended with argument physical activity per unit GDP at the sectoral level. 

111 Knergy per unit of GDP is replaced by three arguments: final energy per unit of activity, secondary energy 
use per unit final energy use, and primary energy use per unit of secondary energy use. See also the models 
by Schipper et al (1997). Schipper et al (1999), and the IMAGE-TIMER model by de Vries et al. (2001) 

11 See also IPCC TAR. Working group 111, chaprer 7. and Kram (1998). 
12 But more recent applications with BU optimization models do no have any no-regret options. See IEA's 

ETSAP network on MARKAL models (http://www.ecn.nl/unit_bs/etsap/). 
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substitution elasticity can be used to "duplicate" the marginal costs of abatement for a 

large share of the bottom-up cost function range. Finally, the BU approach is very 

detailed and abatement cost curves use at the most detailed level engineering 

information and as such has an empirical appeal to reality. Especially when analyzing 

more significant abatement regimes, the issue of inertia of the capita stock becomes 

important. If capacity becomes redundant because of a low energy policy, the pre-

policy investments in the capital stock entail an opportunity loss to the producers, and 

thus extremely high costs. Thus, BU models, including a vintage approach of the 

production capacity and relying on data of scrapping rates of investments project of 

the current capital stock, can account for the heterogeneous nature of investments. 

This can hardly be captured by the homogeneous assumptions of multi-sectoral TD 

models - even these models include a vintage approach for each production sector 

(MIT-EPPA, GREEN-OECD). 

Energy technologies (E/Y) 

BU models such as developed by Nakicenovic (1996), Grübler et al. (1999), and de 

Vries et al. (2000) include learning by doing, and learning-by-learning dynamics that 

reduce the costs of abatement over time. These dynamic processes are often 

implemented by improving the technological performance by the cumulation of 

knowledge or the rate change of the cumulation of knowledge. Thus by assumption, 

these mechanisms lead to technological lock-ins, which implies early optimal 

abatement if C02 emissions are to be significantly reduced in the long run. 

More recent modeling frameworks try to account for the BU notions of energy 

conservation, and the TD feedbacks from energy reduction to the rest of the economy 

by combining these two elements in one framework. Examples are the GEM-E3/POLES 

modeling framework by Capros (1996), the MARKAL-MACRO framework by ETSAP 

(2001). The MERGE model by Manne and Richels (1995) is one of the most advanced 

analysis tools, because it also links the generation of emissions in an integrated way 

to GHG concentrations. The MERGE model includes perfect foresight of the agents, 

both on the consumption as well as on the production side of the economies. Typical 

conclusions from MERGE model' simulations point at the optimal emission reduction 

profiles as opposed to Kyoto kind of strategies. The analyses with MERGE indicate that 

least-cost strategies (immediate global emissions trading) are less costly compared to 

the implementation of the Kyoto protocol, followed by global emissions trading in 

the long run. This conclusion depends however, strongly on the baseline assumptions 

and the model assumption with respect to resource availability and/or back-stop 

technologies. 

Availability of energy resources - ranked according to availability in decreasing order 

- coal, oil, gas13, and non-energy factor endowments of capital, labor and other 

13 see Mensbrugghe (1994) and Edmonds et al. (1985). 
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intermediate inputs, and finally the technology transforming primary into secondary 
energy, determine the price development of the specific energy carrier. 

One of the critical assumptions concerns the extent to which back-stop technologies 
and other non-fossil fuels play a role in the long run in non-policy baseline scenarios. 
Backstop technologies are those that kick-in the applied fuel-mix at threshold prices 
of competing energy sources14. These threshold prices, however, lack an empirical 
basis, and thus multi-scenario analyses are applied to properly analyze their role. 

Most of the energy-economy models have multiple fossil energy sectors, and the trade 
models amongst them often apply the Armington assumption. This means that -
because of finite substitution elasticities between foreign and domestic varieties -
specific energy sectors can exert monopoly power and extract sizable economic rents. 
Moreover, in the case permit trade (a possible instrument of the Kyoto protocol), some 
countries are potentially exporters of permits (low marginal cost of abatement 
countries). And if the number of permit-exporting countries is small, then they can 
"agree" by cartel formations to have generated an extra rent when selling their 
permits to the needy permit-importing countries. In modeling terms, this behavioral 
pattern can be mimicked by a transactional component in the permit price. Of 
course, the empirical basis for these kinds of assumptions is none, and highly 
speculative. But with the lack of any knowledge on these kind of market instruments 
an allowable research strategy can be formulated by determining the range of the 
impacts of permit trade given a set of fixed percentage of transaction costs of the unit 
cost price (when selling permits to importing countries). It is hopefully without any 
doubt clear to the reader that, when analyzing impacts from any emission reduction 
strategy, the choice of the instrument is a critical argument in the analysis. The next 
section will briefly highlight the theories and insights on the potential instruments to 
reduce emissions - this against the background of the energy-economy model-
instruments that have been illustrated and mentioned before. 

1.3 What are the instruments to avoid climate change? 

The previous section highlighted in general terms what drives emissions, and 
identified in theoretical terms the options and handles to reduce emissions. These 
options have in a general set in die context of economics science. In this section we 
move one step further from options to. First a sketch will be given on the types, 
distinction, and criteria of instruments. Next, some attention will be given on the 
flexibility mechanisms that have been introduced to save the Kyoto Protocol. Finally, 

OECD-GREEN model assumes fixed marginal costs of the backstop. For the conventional fossil fuels are 
carbon-based and carbon-free back-stops defined, for electricity only the carbon-tree backstop technology 
applies. M1T-EPPA. which is based on the OECD GREEN model, assumes a production function of these back
stop sectors with a non-zero input fixed factor share in production. Thus EPPA includes part of the 
characteristic elements of a backstop, but has not fully fixed the prices of the backstop because of the 
decreasing-returns-to scale assumption. 
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with the Kyoto Protocol coming to a success, there still remain problems such as free-
riding and other arguments from game-theory, which will be highlighted in the last 
part of this section. 

Instruments 
There are several instruments to reduce emissions. They can be categorized in 
different ways. The most common way is the following: 
1] non-market based instruments (uniform technology and performance standards 

are command-and-control strategies, voluntary agreements, and product policies), 
and 

2] market based instruments at 
- national level (carbon tax, tradable carbon rights, tradable certified emission 

reduction units, and removal energy subsidies), and 
- international level (harmonized domestic taxes, uniform international tax, 

tradable permits, JI, CDM). 

These instruments can be simultaneously applied by nations to meet the obligations 
of the Kyoto Protocol. The United Nations can agree upon international instruments, 
but it is up to the different nations to translate internationally agreed strategies to 
national policies and actually implement them. Historically, contributions of nations 
to act on climate change issues were a byproduct from other policy issues or goals, 
and strongly hinged on non-market based instruments. More recently, governments 
tend to rationalize their actions and die market instruments entered the "policy 
discussion arena". Underlying this development is the applied criteria for assessing 
the potential of instruments. Two criteria came into swing, and lead to the popularity 
of the market instruments; efficiency and cost-effectiveness15. Efficiency is the 
phenomenon of governments aiming to maximize the net-benefits - the balance 
between benefits and costs - of any policy. But as stated before, this is very difficult in 
the case of global warming, especially because of the uncertainties of the impacts, 
and thus also the benefits of lower C02 emissions. Thus the less elegant criterion of 
cost-effectiveness seems to be die way out to argue for certain policy instruments, 
although this book will also show how cumbersome this path can be. 

Illustrative is also another distinction of climate policy instruments: i.e. the discussion 
between protagonists on the one hand for the price instrument versus on the other 
hand the camp in favor of the quantity instrument. Price instruments (such as a fixed 
carbon tax) generate uncertainty on the quantitative outcome, versus quantity 
instruments leading to uncertain price outcomes (permit trade). Using the DICE 
model (Nordhaus, 1994), Pizer (1997) estimates that tax policies constitutes only 20% 

]5 Equity is also very important, but is difficult to take as stating point due to the heterogeneity of the actors 
when dealing twit the issue of climate change. However, we can assess whether policy strategies improve 
circumstances in terms of equitable standards. 
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of the welfare losses associated with permit systems. However, this result strongly 
depends on the assumption of the rather flat part of the damage curves, going hand 
in hand with low benefits (discounted) in the medium term. Rather - in the 
perspective of price and guantity controls and national and international policies -
one could choose for a hybrid price-guantity system, as described by the Wilcoxen-
Mckibbin proposal (see Wilcoxen and Mckibbin, 1999). The proposal consists of two 
domestic markets with one internationally agreed permit price, and one emissions 
endowment system with a flexible price. The assets that can be traded on these 
markets concern emission permits (that allow the owner to emit a fixed amount per 
year) and emission endowments (that allow the owners an emission permit every year 
forever). In this way the "long-term-uncertain-benefits" argument is imbedded by the 
fixation of the endowment price. And at the same time, because of the relatively low 
constraint of the endowment price when the system is initiated, one could guarantee 
the guantity by the permit market. One of the main arguments for this approach 
depends on where-flexibility. 

Climate change is a global problem and the location of emissions has hardly any 
effect on the impacts of climate change. Thus it seems optimal for the global 
community to reduce emissions at the locations wherever, whatever GHG-substance, 
whenever possible, and however implemented. Emission reduction strategies should 
reckon with different forms of flexibility: 

1] Where (regions/countries) 3] When (timing) 
2] What: (substance) 4] How (instrument) 

Where flexibility 
This argument has been put forward from a huge amount of articles in the literature. 
Countries differ with respect to the possibilities to reduce emissions, i.e. the marginal 
costs of abatement is region/country-specific. The design of the policy as described in 
the Kyoto Protocol, allows countries to pay for the reductions in countries where the 
marginal costs are lower. Thus means that the donor countries, which import 
emission reductions, gain simply because they can lower their marginal costs. The 
host country gains because of the income flow of exported emission reductions at a 
price egual to the marginal cost being higher than the average costs of abatement. 
Different instruments can be applied according to the Kyoto Protocol, and can use 
the advantages of where-flexibility: Joint Implementation (JI), Clean Development 
Mechanism (CDM), and Tradable Emission Rights (TER)16. 

The where flexibility mechanisms score in terms of the cost-effectiveness criterion, 
but they also have some drawbacks compared to unilateral domestic actions. These 

|f' The instruments differ with respect to the allowed trading partners and the time frame. CDM can start 
from 2000 onwards, and concern the rich Annex- B countries buying emission reductions from the poor 
non-Annex-B countries. TER and |l only concern the Annex-B countries and may start at the beginning of 
the so called first budget period (2008-2012). 
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can be summarized as follows. First the cost effectiveness improvements can be 
substantially lower than believed, because the global community has experience in 
using them because of transaction costs associate with permit transfers. Second, there 
will be large international permit trade flows (compared to the current financial 
capital flows) when TER markets are established. This may cause the poor South to 
"permitize" their economies and thus - as some economists claim - may suffer from 
the Dutch disease. Third, the United Nations creating another market may also 
introduce another source of monopoly power that may not be beneficial to the global 
community. For example, a powerful but small number of participants exporting 
permits on the TER market can agree to limit the supply of permits on these markets, 
or agree to add a mark-up on the marginal cost level. Fourth, many scientists fear 
that because of hot-air permits - resulted from countries getting more permits than 
emissions in the negotiations when designing the Kyoto Protocol - will reduce the 
environmental performance of the Kyoto Protocol17. Fifth, there are likely also 
transaction costs involved when setting up a system of permit trade, that may also 
mitigate (partly) the advantages of this system. The question remains the magnitude, 
and whether they are higher than the transaction costs accompanying any other 
instrument. Finally, once the targets are fixed there still remains argument of the 
uncertainty of costs (see above). 

But the gains from using where flexibility seem to be very promising, as also 
illustrated by the Energy-Economy model comparison exercise designed by the 
Energy Modeling Forum (see Weyant, 1999). Different analyses show that the 
marginal costs of abatement can be lowered by 30-90% by moving from multi-
unilateral emission reduction strategies to free TER in Annex I18. 

TER scores well in terms of cost-efficiency, but can also be a driving vehicle for equity 
considerations. The reason is - and this point is made many times in economic theory 
- that TER can be setup with any distribution of the permits and always maintain the 
same efficient outcome, see Koutstaal (1996) for detailed discussions on this subject 
and appropriate references. Thus TER disentangles efficiency from equity, and can be 
used to formulate and strive for the equitable solution. 

What: (substance) 
Another way to reduce the costs of abatement is to apply what flexibility. The 
problem of climate change is not only caused by the combustion of energy and C02 

emissions, but also by other greenhouse gases19. The gasses include C02, CH4, N-,0, 
HFC's, PFC's, and finally SF6. Gielen et al. (2000) calculate for the EU that in 2000, non-

17 This may be true, but will be more extensively addressed in chapter 4 and 5. 
10 The total costs associated by this reduction of MC's can be estimated to be in the same range. 
19 Widening the scope of flexibility by other GHG's, also including sinks further relaxed the stringency of the 

Kyoto Protocol. In practice this means relaxing the targets, if countries have set out reforestation projects 
and carbon sequestration projects, and thus improved on the take-up of CO., from the atmosphere. 
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CO? gases account for 21 percent of the total GHG emissions. They also calculate for 
the EU in order to achieve the goals of the Kyoto Protocol, that the optimal share of 
C02 emission reductions constitute 75% of the total reduction effort, and thus 
lowering the marginal costs of abatement compared to the case where there is only 
C02 abatement. The approach of Gielen et al. (2000) is based on a methodology with 
region-gas-specific abatement cost curves. More recently Babiker et al. (2002) used 
the EPPA model by Babiker et al. (2001), and calculated the C02 emission reduction 
share of the total reduction effort. They distinguish three cases: no permit trade (with 
USA), full permit trade (with USA), and full permit trade without USA (and sink 
provisions as made during the negotiations in Bonn at COP-7). The C02 emission 
reduction shares are egual to 55, 30, and 4 percent respectively, and goes hand in 
hand with considerable reductions of the marginal cost of abatement, also compared 
to cases in which there would be only the C02 emission reduction option. 

When (timing) 
As mentioned before, the timing of abatement is an important issue in the climate 
debate. The discussion can be viewed as a long-term issue, and as such it in general 
terms described by de Groot (2001)20. For the short to medium term, the Kyoto 
Protocol enhances the flexibility for countries to meet the goals of the Kyoto Protocol, 
and included the topic of when-flexibility by means of the issue of banking (see den 
Elzen et al., 2001, and Manne et al., 2001). And as so often in reality, there also 
emerged an opposing trend to ensure immediate action again in the Kyoto Protocol's 
flexible setup with respect to timing by introducing the use of restoration rates. 

Banking is the possibility of countries to transfer emission reduction efforts from the 
first (2008-2012) to the second budget period (2013-2018). The issue of banking is 
significant, especially in the light of the existence of hot-air21. The simulations with 
the MERGE model by Manne et al. (2001) show that banking reduces the marginal 
costs of abatement. It thus reduces the value of the export sales of permits from EE 
and FSU. It is therefore in their interest to postpone the export of permits to the 
second budget period, and get a higher price for it. This mechanism plays an 
important role when thinking of USA's decision not to ratify the Kyoto Protocol. The 
advantage of USA' non-ratification to the other OECD members is partly mitigated 
because of the capability of EE and FSU to exert the power in favor of their interests, 
as described above. 

Restoration rates come to the floor when thinking of compliance. Will countries 
actually reduce emissions? Restoration rates are the fines for a country, expressed as 

See also Ha-Duong et al. (1998). Wigley et al. (1996). Nordhaus and Boyer (1999), and Tol (1999), 
as mentioned before, in the consumption paragraph of the macro section. 
Hot-air is given to Eastern European (EE) countries and the Former Soviet Union (FSU). It is equal to the 
difference between the no-policy baseline emissions and the amount of emission rights actually given in 
the negotiations leading to die KP. 
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additional emission reduction requirements for the second budget period, in addition 
to the emission reductions that were not achieved in the first budget period. Manders 
(2001) concludes that in the light of the mid-range of uncertain no-policy baseline 
scenarios, the restoration rate of 1.5 will effectively eliminate all the incentives of the 
EU to postpone emission reductions to the second budget period. 

How (instrument choice) 
Finally as mentioned before, there are several national and international instruments 
to reduce emissions. There are hardly any guidelines, criteria, or rules as to how 
countries should meet the requirements of the Kyoto Protocol. And the instrument 
choice becomes more important as the moment of implementation comes closer to 
the start of the first budget period. Further research on detailed implementation 
issues are underway, but beyond the scope of this book. Issues in the EU are for 
example, liberalization of the electricity market, exemption of any limits on energy 
intensive industries, domestic trade in emission reduction units. 

The OECD (1999) analyzed in this context also the removal of energy subsidies in 
especially EE and FSU. They conclude - based on simulations with the GREEN model -
that in case of full competitive permit trade the gains mainly are exported to other 
Annex-B countries. The removal of subsidies does not lead to lower total demand for 
permits in Annex-B, but does increase the supply of permits by EE and FSU. The 
supply increases, but the permit price drops, and thus lowers the revenues from 
permit sales. Thus it lowers the cost to e.g. the EU, but does not imply an 
improvement to EE and the FSU. Thus in case of permit trading, which itself improves 
the cost-efficiency of the Kyoto Protocol considerably, does not stimulate EE and the 
FSU to also remove their remaining energy subsidies. However, by doing nothing to 
energy subsidies, they still will effectively be removed by the higher marginal 
abatement costs on the permit market. 

Carbon leakage 
One could say, that economic theory argues to maximize flexibility in order to 
enhance cost-efficiency. Unfortunately reality is more complicated and this argument 
is only partly followed in the negotiation process after the design of the Kyoto 
Protocol. Either policy fails short to embrace the insights from economic theory, or 
economic theory cannot yet provide answers to the policy reality. Despite the fact 
that climate change is a global problem, still only few countries decided to actually 
reduce emissions. 

With the help of AGE-trade models, it is shown that carbon abatement by the rich 
North will also have trade spillovers on the poor South22. These trade spillovers also 

22 See also Weyant (1999), IPCC (2000), Ellerman et al (1998), Rutherford et al. (1998a). Tulpulé et al. (1999), 
and McKibbin et al. (1999). and Oliveira-Martins et al. (1992). 
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cause carbon leakage, undermining the effectiveness of the Kyoto Protocol. There are 
at least three reasons for leakage. First, as a result of reduced energy demand in 
Annex-B the producer prices of energy in all regions will decline. Cheaper energy in 
countries that do not adopt mitigation policies will stimulate domestic energy 
demand. Secondly, energy taxes in Annex-B countries may provoke relocation of 
energy-intensive production to countries that do not impose energy taxes. Thirdly, 
income effects in non-complying countries may change their domestic energy 
demand. According to Bollen et al. (1999a) and Bollen et al. (1999b) the leakage rate 
to non-Annex B turns out to be in the range of 8-20 percent. The range is derived 
from different analyses, and depends on different factors. Firstly, the development of 
no-policy baseline emission ratio of Annex I to non-Annex I is crucial, since it 
determines to a large extent the market power of the two regions. The larger the 
emissions of the poor south, the stronger their market power, and thus the higher the 
larger the possibilities of relocation of energy-intensive industries to the South. In this 
respect it is also worth mentioning the USA non-ratification, also will push the 
leakage because a powerful energy-intensive sector will withdraw from the 
abatement regime. Secondly, the policy instrument is very important. Suppose we 
compare unilateral versus coordinated action such as permit trade. This will lead to 
the same emission level by Annex I23, but at lower marginal costs. Thus the need to 
reallocate energy-intensive production will be less, thus lowering leakage by the 
second channel. Thirdly, extent of the globalization process can be characterized by 
the reduction of trade barriers on different markets. The lower the trade barriers, the 
easier reallocation of energy intensive industries from Annex I to non-Annex I will 
occur, thus pushing leakage24. Still, there is a lot of uncertainty on this topic, and 
further research will have to be done, to better understand the magnitude of this 
effect. 

More recently, Copeland and Taylor (2000) claim that domestic and foreign emissions 
can be complements instead of substitutes. The reason lies in the trade dimension, 
and the authors need the Heckscher-Ohlin assumption to come to their conclusion. 
This means that carbon leakage may be negative, and that TER may be efficient, 
because of the cooperative solution, but not the cost-effective instrument to attain the 
pre-specified environmental goal. This means that in their assumed world, unilateral 
cutbacks are not efficient, but cost-effective, since cutbacks in one part of the world, 
leads to reductions in the other part of the world. The Heckscher-Ohlin assumption is 
very unrealistic, but still the analysis may point out that long-term tendency of 
specialization, makes a stronger case for unilateral actions, because the terms-of-trade 
mechanisms in the long run will depress carbon leakage, and even may flip to the 
other side. But the analysis in this book follows the more traditional Armington 
assumption, and thus leads to the traditional argument of Annex I emission cuts 

This may not be true due to hot-air, but this will come back in chapter 4 and 5. 
The Armington elasticities and substitution elasticities in the production function are also crucial, but will 
also be discussed in more detail in chapter 4 and 5. 
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being partly offset by carbon leakage to Non-Annex I. And thus also subscribing the 
conclusion that TER lowers carbon leakage. 

Free riding and game theory 
Another concern is the stability of the coalition of countries that actually reduce 
emissions. Bollen et al. (1998) concluded that extending Annex I with non-Annex I 
countries would incur serious losses for the EE and the FSU. In the first and second 
budget period, these regions export permits to the other members of the carbon 
coalition. But as other countries enter the abatement coalition, e.g. China or India, 
the number of cheap emission reduction measures will increase rapidly, and EE and 
FSU will face fierce competition of other potential permit suppliers. Thus the gains 
from permit trade vanish, and they simply loose from reducing emission. But what is 
then their strategic response when balancing the benefits and the costs of action? 
Will they oppose to other countries joining the abatement coalition, or will they step 
out of Annex I? 

One of the incentives to join the abatement coalition is the expectation to gain from 
cooperation. But as the abatement group becomes larger, then the incentive to step 
out also becomes also stronger, because of free-riding. Free-riding behavior may 
occur, because the benefits of other countries tackling the climate change issue will 
be incurred anyway. This problem of the dynamical stability of the coalition is also a 
topic in economic game theory. Although very theoretical, it can describe for the 
climate problem the conditions under which coalitions are stable, and when they fall 
apart. One of the most important researchers is Barret (1994), and he concluded that 
under different model specifications that coalitions will always be very small when 
the difference of the net-benefits between the cooperative and non-cooperative 
solutions is large. Only larger coalitions can result when the difference is very small. 
But it remains to be seen whether in the latter case, the non-cooperative solution 
wouldn't occur anyway. Hence the achievements of the cooperative outcome are very 
low, and Barret (1994) claims this to be the case with the Montreal Protocol. This 
leads to the uncomfortable feeling that the treaties concerning the case of global 
warming, which have a larger difference between the net-benefits cooperative and 
non-cooperative solution, may also have large difficulties in evolving into a 
worldwide coalition. The conclusion is the agreement cannot be regarded as self-
enforcing, and other legal rules have to be added to make the global change treaties 
work. 

However, the assumptions underlying these kind of analyses are extremely 
simplifying, e.g. the equal size of the countries and the costs and benefits of emission 
reductions. Thus, assumptions leading to more heterogeneity in the model, and thus 
moving towards a description that covers in a better way the reality, will need to be 
performed to improve the relevance of these kind of analyses. Hopefully, these 
analyses can describe the circumstances under which coalition steadily move to a 
global treaty, which can effectively tackle the problem of climate change. 
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1.4 How does this thesis add to our knowledge? 

The aim of this book is to analyze the economic impacts of climate change policies in 
a trade and sectoral perspective. The approach falls in the category of cost-
effectiveness analyses, and sketches the consequences of climate change policies for 
the economy. The analyses keep in mind the equitable principles that imbued the 
climate change policy process. The energy version of the WorldScan model is the tool 
that will be used throughout the chapters of this book. The energy version adds 
energy details to the core version of WorldScan, which is described in CPB (1999). 
WorldScan is a recursive, multi-region, multi-sector, and applied general equilibrium 
(AGE) model, which can simulate long-term growth and trade in the world economy. 
It builds on the neoclassical theories of growth and trade. WorldScan covers the 
world and has twelve regions25 and eleven sectors. The energy version has six 
additional sectors: coal, oil, gas, modern biomass, other non-fossil fuels, and 
electricity. 

The heterogeneity of actors in the model with respect to sectors and countries adds to 
the realism of the analyses26. The methodology falls in the category of top-down 
analyses. Although bottom-up studies have their value in the policy debate, they tend 
to produce lower costs estimates of emission reductions. The first reason is that they 
include energy conservation options in their analysis that result in a gain instead of a 
cost. And secondly, they disregard any feedbacks on energy prices, and in that sense 
their analysis is very partial. But more recent work (ETSAP, 2001) aims to counter 
these drawbacks, and so these kind analyses enrich our insights in potential impacts 
of emission reduction strategies. Still they lack the details of the trade dimension. The 
Stanford Energy Modeling Forum (EMF) brought together the most advanced energy-
economy models and tailored down the assumptions of the reduction policies to be 
analyzed the different modeling teams. Both the top-down and integrated (also 
bottom-up) approaches found their way in the organized model comparison, called 
EMF 16. Results have been reported in a Special Issue of the Energy Journal edited by 
John Weyant. WorldScan model analyses were part of this EMF-16 round and results 
are reported in chapter 4. 

The focus in this book will be on the equilibrium aspects. The WorldScan model links 
all sectors and regions to each other. Trade links regions to each otTier and within 
country, input-output tables link sectors to each other (data are compiled and 
reported by the GTAP consortium27). Hence, the direct impact of climate change 
policies to energy sectors, consumers and energy-intensive sectors will also be felt in 

25 Relevant for the analysis of climate change policy is the distinction between industrialized countries and 
countries in transition (Annex B) and developing countries (non-Annex B). Quite often, like in Bollen, 
Manders and Timmer (2000). a four-region version of the model is used, in Which the OECD. Eastern Europe 
and the Former Soviet Union (EEFSU). Asia (ASIA) and the Rest of the world (ROW) are distinguished. 

26 For example, region-specific energy intensities lead to asymmetric impacts from climate change policies. 
27 See Hertel (1997) 
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the rest of the economy. General equilibrium effects are important to the analysis of 
emission reductions, also according to Bovenberg and Goulder (2000). This becomes 
even more pronounced, since there are interactions between the impacts of 
environmental policies and the stating point of pre-existing distortionary taxes (as 
provided by GTAP). Environmental policies affect the regulated sector (implicit 
taxation effect, i.e. costs of production rise relative to prices of factors), but also the 
other non-targeted sectors (compounding distortions posed by pre-existing factor 
taxes). 

The other important contribution of the approach in this book concerns die dynamics 
of the analyses. Here we mention three aspects. First, dynamics constitute the 
converging consumption preferences in the long run. WorldScan includes time-
dependent consumption preferences, which converge to the USA preferences. And it 
can describe the economies' transition from being an energy-intensive to energy-
extensive. Second, there is the accumulation of capital and the role of international 
financial markets. Third, the specialization patterns moving from low-Armington 
trade to H-0 (law of one price), which improves realism of spillover effects of climate 
change policies between regions. 

Below follows more details on the setup of this book. 

1.5 Setup of this book 

Chapter 2 explains the model and will focus on describing energy and the key 
mechanisms driving the costs of climate change policy impacts. First, the model is 
explained step-by-step, and thus the reader gets a better feeling for the mechanisms 
of WorldScan. Then the most important data will be presented and procedures 
explained, that are used to calibrate the parameters and time-path of the model. 
Then a section will elaborate on the supply and demand elasticities with respect to 
energy, and also relate the model to other important models in the arena of 
numerical models to assess the impacts of climate change policies. Finally, this 
chapter will be concluded with a comparison of the production losses of climate 
policies as simulated with WorldScan and a simple analytical model. This will help 
the reader to better understand the reasons why WorldScan simulations are useful 
when analyzing the costs of climate change. 

Chapter 3 is entitled "The IPCC Emission Scenarios". As mentioned before, no-policy 
baselines are one of the key assumptions for the cost assessments of emission 
reduction strategies. This is also recognized by the IPCC, which started in 1997 the 
development of multiple scenarios wit world coverage. The development process 
started with the formulation of the qualitative scenario characteristics in form of 
narrative storylines, followed by the quantification of these scenarios for emissions, 
energy, and the economy by different modeling teams. WorldScan was used in tiiis 
process by the RIVM and CPB for the development of one of the scenarios, i.e. the Bl 
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marker scenario (see de Vries et al, 2000). All the scenarios are reported in the Special 
Report on Emission Scenarios (SRES). The chapter starts with a section on the general 
overview of the SRES approach, followed by a rough sketch on the translation 
procedure of the main characteristics of the SRES scenarios to the setup of the 
scenario simulations of the WorldScan model. Next, a section follows with a more 
detailed explanation of the calibration procedure of the model. The consecutive 
section will present the basic simulation results of the different SRES baseline 
scenarios as simulated with the WorldScan model. Also a decomposition of the 
scenarios will be presented, based on combined sets of exogenous driving forces of 
different narratives. Finally, this chapter will be concluded by the main findings. 
These scenarios are the input to chapter 5, 6, and 728. 

Chapter 4 is entitled "Kyoto Protocol: Clubs, Ceilings, and CDM". The focus will be on 
restrictions on trade in emission permits among Annex 1 regions and extensions of 
trade to countries outside Annex I. In the analysis of restrictions both ceilings and 
trade within restricted clubs will be discussed. Special attentions will be given on the 
impact of restrictions on burden sharing among Annex I countries. In the discussion 
of extensions of trade, the certification of reductions resulting from CDM projects is a 
central issue, because non-Annex I countries do not have overall emission targets. 
Therefore, in that analysis the focus will be on carbon leakage and global emissions. It 
also provides a general analysis of clubs, ceilings and CDM, followed by the results of 
the model simulations and finalized with main conclusions from the outcomes. 

Chapter 5 is called "Kyoto Protocol and beyond" and widens and deepens the analysis 
of chapter 4 to the macro-economic aspects of the Kyoto Protocol. In chapter 4 
asymmetric effects to abating countries were analyzed in the light of restrictions on 
permit trade. We will focus here on the behavioral reactions in sectors and regions as 
the Annex I aims for an emission reduction in line with the Kyoto Protocol. This 
chapter will show how the reduction strategy leads to different impacts on GDP, GNP 
and consumption. The focus will be on the trade relations between Annex I and non-
Annex I, and show how Annex I's action potentially affects non-Annex I. Finally, we 
also show the environmental effects of the Kyoto Protocol policy, which spill over as a 
result from trade linkages between Annex I and non-Annex I (carbon leakage). It will 
also decompose the carbon leakage effect, derive equitable compensations due to 
trade-spillovers. 

Chapter 6 deals with policy-induced technological changes of carbon-abatement. This 
version of WorldScan (12-regions and 12-sectors) partly endogenizes technological 
growth. The investments in R&D are assumed to grow at the same rate as production, 
and the resulting knowledge stock accumulates over time. However, the sectoral 

28 Chapter 4 is based on Bollen et. al. (1999). As mentioned before, the analysis in that chapter is based on an 
earlier version of the model and another scenario. 
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knowledge stock is also positively affected by spillovers from R&D investments of 
other industries within the region due to sectoral linkages, and from foreign sectors 
because of trade relations. Thus, climate policies affect regions quite differently from 
the reference case, in which technology is assumed to be exogenous. In this paper we 
estimate the magnitude of the R&D externality on the total impact of carbon 
abatement, and decompose it with respect to the different sources. The model 
experiments indicate that R&D investments account up to 20 percent of the GDP 
growth. The sectoral spillovers are the most important factor of the accumulation of 
the knowledge stock. The existence of R&D investments magnifies the GNP losses of 
the Kyoto protocol with exogenous technology assumptions by up to 30 percent. Not 
surprising, sectoral spillovers turn out to be the dominant factor of the magnified 
R&D impact of abatement. Finally, the unrestricted use of the flexibility mechanisms 
does not necessarily turn out to be the cost-effective instrument to meet the goals of 
the Kyoto Protocol. 

Finally, chapter 7 (Stabilizing Greenhouse Gases in the Atmosphere) takes the long-
term perspective. Both macro economic impacts and effects on energy markets are 
analyzed. The policy assumes on the medium term Annex I region (OECD regions and 
Economies in Transition) undertaking the abatement effort and comply with the 
Kyoto protocol. For the longer term all non-Annex I countries gradually, based on a 
welfare trigger, will join the Annex I group of countries, and all aim for stabilization 
of concentrations at 550 ppmv. Specific burden sharing rules yield different regional 
target profiles, depending on whether the global policy calls for an early action or a 
delayed response. It is shown that by applying a system of tradable permits to achieve 
a global constraint, new partners can be attracted to join the abatement coalition. 
But it is also shown that some countries within the abatement coalition might be 
against entry of any new partners. Also we will illustrate that the evolution of permit 
markets will be less stable in a situation of early action than with a delayed response. 
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