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THE KYOTO PROTOCOL AND BEYOND 

Chapter 5 The Kyoto Protocol and beyond 

5.1 Introduction 

Under the Kyoto Protocol industrialized countries commit themselves to reduce 
emissions. Developing countries refuse to carry out any abatement for the time being, 
because they fear that emission abatement may hamper their economic growth. 
Besides, in their view they bear no historical responsibility for the climate change 
problem. But they will be indirectly affected by the Annex I climate policy: the 
international prices of fossil energy and energy-intensive goods will change, and the 
income losses of the Annex 1 countries will affect the world economy. These indirect 
effects are recognized in die Kyoto Protocol and the UN-FCCC (1992), in which 
sections have been devoted to reflect concerns on these matters. The Kyoto Protocol 
states that Annex I countries "... shall strive to implement policies and measures ... in 
such a way as to minimize adverse ... economic impacts on other Parties especially the 
developing countries Parties ....". And Article 4.8 and 4.9 of the UN-FCCC (1992) even 
consider actions on compensation for any induced costs. This chapter will quantify 
the emission reductions by Annex I from their implementation of the Kyoto Protocol 
against the background of the potential future evolvement of the global economy as 
sketched by the IPCC scenarios (extensively described in Chapter 3). The WorldScan 
model will be used to quantify the impact on economic growth of Annex I countries 
and the developing South, and to study changes in comparative (dis-)advantages at 
the sectoral level. 

Countries implementing the Kyoto protocol will do so by fuel-switching and energy 
conservation, thus increasing the cost price of energy-intensive goods and leading to 
a reallocation of inputs to energy-extensive activities. Implementing the Kyoto 
protocol will also result in a shift of energy-intensive activities from the counties 
reducing emissions to countries that do not (from abating tot non-abating countries). 
Reallocation of non-energy production through the so-called trade channel leads to 
carbon leakage, i.e. emissions will be reduced by abating countries and increased by 
non-abating countries. But also, the global fall in the demand for energy, resulting 
from the climate policy, will lead to a fall in energy prices. The declining energy 
prices will again yield a comparative advantage to (energy-intensive) producers in 
non-abating countries, thus enhancing carbon leakage but now through the so-called 
energy channel. 

The carbon leakage rate measures the environmental effectiveness of the Kyoto 
Protocol and is defined as the ratio of (the absolute value of) emission decreases by 
abating countries and emission increases by non-abating countries. If the leakage rate 
is one, the climate policy is ineffective, i.e. efforts in abating countries will be offset 
exactly by emission increases in countries that are not obliged to reduce emissions. 
WorldScan simulations show that the carbon leakage rate is between 5 and 25 
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percent. These outcomes lie in the range of the values that can be found in the 
literature (see for an overview OECD, 1999). The leakage rate increases over time 
because of increased market power of the poor South1 and higher Armington trade 
elasticities. The rising elasticities are assumptions of the WorldScan model, and reflect 
the idea that in the long run consumers are (almost) indifferent with respect to the 
origin of produced goods. The OECD claims that the energy channel dominates 
carbon leakage, though they do not really substantiate this claim. This chapter 
confirms this hypothesis for the non-globalizing A2 scenario (see chapter 3). In this 
scenario the contribution of the energy channel accrues to almost 50 percent of the 
leakage rate. But in the globalizing A1F scenario the leakage rate will more strongly 
depend on the trade channel (at least 75 percent). The reason is that in A2 the energy 
intensity remains much higher than in AIR This implies that in A2 energy is relatively 
more important to the economies, and hence potentially widens the energy to the 
trade channel of carbon leakage. 

The institutional setting is important when analyzing the carbon leakage rate. If the 
former East-bloc countries do not participate in emission trading, then this will 
increase the permit price. The leakage rate will rise, and the contribution of the 
energy channel to leakage will also rise. If the USA, on the other hand, takes the 
responsibility to reduce emissions, then the permit price will also be driven further 
upwards and carbon leakage is likely to increase. But in this case the market share of 
the energy-intensive producers of the non-abating countries will be significantly 
reduced as well as their market power to break into the global market. This will lower 
the scope for carbon leakage. This chapter will show that including the USA to the 
abatement region will on balance lower carbon leakage rate, despite the higher level 
of the permit price. In the climate policy debate the private sector of industrialized 
countries also calls for action (e.g. trade tariffs, exemptions, and subsidies), fearing 
that costs of carbon abatement rise at the expense of foreign producers' economic 
gains. If, for example, governments exempt the energy-intensive industries and the 
trade and transport sector from the carbon policy, then the burden of emission 
abatement will be shifted to the consumers of the abatement countries. This will, on 
the one hand, drive up the permit price, and thus increase the leakage rate. On the 
other hand, the exemptions will concern the energy-intensive producers in abating 
countries, thus restricting carbon leakage to the energy channel, and therefore 
substantially lowering the leakage rate. This chapter will show that in the exemptions 
case the sum of these opposing effects is negative, thus the leakage rate will likely 
decline. 

Carbon leakage is beneficial to the poor South, but goes hand in hand with an 
increase of their emissions, and makes emissions abatement less effective, and raises a 

The gap in income differences between the North and South becomes lower in all scenarios. 
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dilemma for those that care for the climate as well as for global equity. But energy 
exporters such as the Middle East region will be faced by lower exports from a fall in 
the demand for energy. As the demand for energy drops, the international energy 
price declines as well. Thus, energy exporters will experience lower export prices to 
import prices (terms-of-trade losses), thus also generating declining export revenues. 
Energy importers, however, like China and India will experience terms-of-trade gains 
from a lower energy price, if they mainly trade with other non-abatement countries, 
because their import prices will fall (through cheaper energy-intensive goods in the 
non-abatement countries) to their export prices. If however these countries also trade 
with abatement countries, then the terms-of-trade changes are not clear, since these 
countries will also be faced with higher import prices from abatement countries. This 
may in turn lead to a loss in terms-of-trade. Whether countries of the South will gain 
or loose from the carbon policy cannot be predicted at forehand. The model 
simulations presented in this chapter will provide an answer and show if regions may 
be expected to gain or loose. 

To gain in efficiency and equity the developing countries can be included as actors on 
permit markets and compensate their potential losses by allocating them ample 
emissions rights. Equity is served, and an example is the case in which the 
compensatory revenues from the export of emission rights dwarf the potential losses 
of the former Soviet Union and other former East-Bloc countries when they engage in 
emissions trading. But, if the poor South is given more pollution rights this might be 
at the expense of the budget of the Russians and other Eastern-bloc countries. Thus 
there is a trade off between the permit revenues mitigating the losses to the poor 
South and the gains to the former East-Bloc. If on the other hand, the former East-
bloc countries do not participate in emission trading, then this will put pressure on 
the permit price and lower the global energy demand, evolving into larger losses to 
the energy exporters of the poor South. 

Efficiency will also be served when other countries of the South also participate in 
emissions trading. There are two reasons. The first is the reduction of the carbon 
leakage rate. Including more countries to the abatement group will lower the 
number of countries belonging to the non-abatement region, and therefore countries 
have fewer possibilities to reallocate consumption outside the abatement region. And 
the market power of the abatement group is larger, which makes it more difficult for 
countries outside the abatement group to break into the international market of 
energy-intensive goods. The second reason for more efficiency is that the Kyoto 
protocol puts the former Soviet Union in the position of probably being the only 
exporter of permits. Hence they can exert monopolistic power on the permit market. 
The monopolistic nature of the permit market can be made more competitive and 
efficient when more countries of the South are included to the emission abatement 
group. This chapter will explore the importance of a monopolistic permit market. The 
consequences will be analyzed of the former Soviet Union and other former East-Bloc 
countries setting the permit price. Also it will be shown how many permits will be 
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supplied on the permit market during the first budget period2 and how much will be 
banked to the second budget period to maximize intertemporal export revenues from 
permit sales. If the USA also takes the responsibility to reduce emissions, then the 
monopolistic behavior by the former Soviet Union becomes even more pronounced. 
The permit price will be driven further upwards from increased scarcity of the supply 
of permits and thus will likely boost the permit revenues to the former East-bloc 
countries. If the energy-intensive industries and the trade and transport sector are 
exempted from the carbon policy then the burden of emission abatement will be 
restricted to the consumers of the abatement countries. This will also drive up the 
permit price, since the cheap abatement options of the exempted sectors drop out of 
the permit markets, and will thus be a benefit to the former East-bloc countries' 
export revenues of permit sales. 

Chapter 4 discussed the costs to meet the reguirements of the Kyoto Protocol in the 
first budget period. Costs were measured as the price per unit of emission reduction. 
No permit trading was concluded to be very inefficient as opposed to free permit 
trading exploiting "where"-flexibility. Between these extremes are restricted cases, 
such as permit trading with a ceiling on either imports and/or exports of permits. 
Chapter 4 emphasized the danger of carbon leakage when emissions are reduced by 
a limited group of countries, while others have not the obligation to do so. This 
chapter extends the analysis of chapter 4 in two ways. The analysis [1] will also 
include the second budget period, and [2] costs will not just be restricted to the 
marginal costs of emission reduction but includes all impacts on economies, 
including trade3. 

This chapter has the following setup. Section 2 discusses the design and the overall 
impacts of the carbon policy. The phenomenon of carbon leakage will come to the 
fore, as well the importance of the channels of trade and energy. Section 3 then 
focuses on the poor South (Non-Annex I region). And section 4 will analyze the 
impacts on the "East" region (Central European Associate countries and the former 
Soviet Union). Robustness of the results will be checked throughout this chapter with 
respect to the policy assumptions (banking, USA ratification, exemptions), and 
uncertainty of future developments of emissions (multiple IPCC scenarios). Finally, 
Section 5 discusses the main results and concludes. 

The first budget period is between 2008-2012. the second between 2013-2017. The analysis will restrict to 
the years 2010 and 2015. 
Energy exporters loose considerably from emission abatement, but these countries belong to the middle 
income countries, and thus impacts hardly reduce the income gap between the rich and the poor. The 
impacts of emission abatement by a few rich OECD countries on these rich counties, and on the poorest 
regions such as Africa and India drive changes in the "global" income gap. 
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5.2 Effects from Full Emission Trading 

This chapter analyzes the impacts of the Kyoto Protocol. The implementation of the 
Kyoto Protocol is not entirely clear yet and surrounded with uncertain factors. Below 
the assumptions will be clarified of the policy scenario that is used as a starting point 
for our analysis. 

5.2.1 Assumptions of the Benchmark policy 

This benchmark policy case limits the carbon emissions of the Annex I group of 
countries and assumes full emission trading between the OECD countries (except for 
the USA) and the Reforming (REF) economies (Central Europe and the former Soviet 
Union). For the first budget period (2008-2012) each Annex I region has targets equal 
to the Assigned Amounts (AA's) as agreed in the Kyoto Protocol (see Table 5.1). The 
time horizon for the policy simulations also extends to the second budget period 
(2013-2017)4. After the first budget period the targets are kept constant at the 2010 
levels. Simulating beyond 2010 is relevant to understand the consequences of 
banking and long-term impacts. The Kyoto Protocol allows for banking, i.e. countries 
have the possibility to save on permits of the first budget period and shift them to the 
second budget period. But countries' emissions are expected to rise as it is expected 
that there will be economic growth, although this also depends on the changes in 
sectoral composition. And since AA's of the second budget period remain constant 
compared to the first budget period, this implies a larger emission reduction for the 
second budget period. And long-term impacts from larger emission reductions may 
sometimes provide insights for the impacts during the first budget period. 

Table 5.1. Kyoto Protocol's Assigned Amounts for Annex I Regions 

Region 

USA 
Japan 
European Union 
Pacific OECD 
Eastern Europe 
Former Soviet Union 

2010 Target 
(% Change from 1990) 

- 3 a 

0 
-8 

+ 15 b 

0 
+4 

a This target equals the USA position before they decided not to ratify the Kyoto protocol. 
b The aggregate is based on targets of Australia, New-Zealand, and Canada. The +15 percent 

may seem large. But Australia got +8 percent compared to their baseyear emission level, and 
their baseyear was chosen such that Üieir target now equals +30 percent compared to the 
1990 emission level. 

Results will only be shown lor the middle years of the 1st and 2n<l budget periods, i.e. 2010 and 2015. 
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5.2.2 A Qualitative Assessment of Emission trading 

Emission trading will lead to a uniform price mark-up added to the current energy 
price based on the carbon content of the specific energy carrier (coal, oil, or gas) in 
those countries that actually abate emissions, and involves 

1. Fuel switching to lower carbon intensive production or consumption 
This includes a shift away from the use of coal to oil and gas or even zero-carbon 
fuels such as biofuels or renewables, and thus implies a cost to the fuel-switching 
countries. 

2. Energy savings towards lower energy-intensive production or consumption 
Production may be changed to energy-extensive processes or consumers may save 
on energy in household appliances or transport services. Both mechanisms will 
also entail costs. 

3. Sector specialization in favor of non-energy and energy-extensive sectors 
Fuel-switching and energy savings will translate into increases of the unit costs of 
production. The absolute change of the price of energy will be the same if the 
countries' carbon content of the demand for energy is the same, but the 
percentage increase of the energy price may differ because of the level of the 
current energy prices. Thus the competitive position of countries' energy-intensive 
industries may be changing. Depending on the international market power of 
these industries some producers may be capable of passing the price increase to 
foreign demanders and gain, whereas other producers may have to close their 
production facilities. This implies that abating countries will reallocate inputs such 
as labor and capital to less energy-intensive sectors, and thus affect the sector-mix 
of production. Countries Üiat are specialized in fossil energy sectors will also 
experience production losses because emission abatement must lead to a decline 
in the demand for energy and hence production. 

4. Permit transfers 
The increase of the energy price will lead to emission reductions that are not 
necessarily egual to the targets, which will either point at countries being an 
emission importer if emissions remain above the targets or an exporter if 
emissions fall below the agreed target level. The assumption of governments 
returning energy tax revenues in lump-sum fashion to households is limited. It 
implies that a country that generates income by exporting allowances on the 
permit market implies that transfers will not lead to production changes, but will 
only affect the income level. 

5. Terms-of-Trade and Capital balance payments 
As emission-abating countries increase the cost price of energy-intensive goods, 
the supply and export price will also increase. At the same time the global 
reduction of the demand for energy will reduce the before-tax international 
energy price, thus depressing the export price of energy and the cost of production 
of non-energy goods in non-abating countries. Thus in abating countries, energy 
exporters will face terms-of-trade (ratio between export and import price) losses 
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and importers gain. In non-abating countries, given that imports mainly originate 
from the abating countries, the energy exporters will experience terms-of-trade 
losses and energy importers will have little to loose from terms-of-trade changes. 
Also the interest rates will reduce because energy-intensive goods are capital 
intensive, and a decline in the production of these goods will likely lead to lower 
investments. Net-lenders will experience a loss and net-borrowers a gain. 

5.2.3 Basic results in A1F 

All these changes go hand in hand with costs, which ultimately lead to welfare losses 
that can be indicated as the compensating income to attain the baseline level of 
utility. These compensations are labeled in economic theory as Hicksian Equivalent 
Variation (HEV). Table 5.2 presents for the first budget period (2010) the effects of the 
benchmark policy case in the A1F scenario (the most stringent IPCC scenario in terms 
of the necessary emission reduction efforts to meet the goals of the Kyoto Protocol). 
Table 5.2 shows the percentage change of emissions, the targets as percentage of the 
baseline emission level, the permit price, effects on welfare (HEV), production (GDP), 
and employment in both the energy-intensive and service sectors for some key 
regions in the world. 

Table 5.2. Results of the benchmark policy in 2010 in the A1F scenario 

Emission Markets 
Carbon Tax 
Targets 
Emissions 

Economic Impacts 
HEV 
GDP 

Employment 
Energy-Intensive 
Services 

European 
Union 

47 
-24 
-12 

-0.3 
-0.3 

-0.3 
0.2 

USA 

-
-
0 

0.0 
0.1 

0.8 
-0.1 

Former 
Soviet Union 

47 

1 

1.0 
0.3 

1.1 
0.1 

Middle 
East 

-
-
1 

-0.2 
0.1 

1.8 
-0.1 

Sub-Saharan 
Africa 

-
-
1 

0.0 
0.1 

1.2 
0.0 

According to table 5.2 illustrates the EU will import permits (mainly from the former 
Soviet Union), and thus limit the impacts on GDP as compared to unilateral emission 
reduction strategies (see Chapter 4). The costs associated with import payments are 
offset by the terms-of-trade gains at the 47 USS/tC permit price being passed on to 
foreign consumers of EU's energy-intensive goods, and hence welfare losses will not be 
larger than the GDP losses. Climate policies may either hurt or benefit open 
economies, because cost price changes compared to foreign competitors may imply 
declining or increasing market shares. However, at the sectoral level losses my be more 
substantial, which is indicated in Table 5.2 by the long-run employment losses in 
energy-intensive sectors going hand in hand with an expansion of extra employment 
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in the service sectors5. Employment losses in emission-abating sectors are less severe 
than the losses in production because these goods will be produced with less energy 
and hence a higher labor-intensity. The welfare losses will be limited for two reasons. 
First, permit trading keeps the marginal cost of abatement low, which has also been 
illustrated by the rise of the marginal cost of abatement when there would be no 
emission trading (see Chapter 3). Second, without the USA participating in emission 
abatement and trading, the demand for permits and hence the marginal costs of 
abatement will be reduced. But the USA producers of the energy-intensive goods will 
benefit from carbon abatement through trade. This is because of a fall of the global 
demand for energy and hence of the energy prices, thus translating into cost-price 
reduction. But they will also face constrained EU competitors with higher cost prices. 
Thus production of energy-intensive goods will expand in the USA accompanied with a 
long-run labor switch to these sectors drawn from the labor force from service sectors. 
As can be seen in Table 5.2 this will yield a small benefit to the USA in macro GDP, but 
is of no importance in terms of income or welfare. 

The price of permits as reported in Table 5.2 for the A1F scenario is substantial6. There 
are two reasons for the high permit price. First, on the supply side of the permit market 
the countries of the former East-Bloc are given a surplus of permits compared to die 
expected emission level in 2010, but ttiey are expected to withhold a substantial share 
of permits from the market. This will be more extensively explained in Section V.3. Here 
it suffices to say ttiat tirese countries are given so many permits that they can export 
these permits without actually having to reduce emissions. Because they will be the 
main sellers of permits in the market and allowed to bank permits from the first to the 
second budget period, it is realistic to assume that they will act as a monopolist on the 
permit market. They will drive up tire permit price and choose the amount of permits 
they wish to supply. Second, on the demand side of the permit market especially in the 
A1F scenario, die importing countries will be faced with rapidly growing emissions. 
Thus die supply of permits is limited, and demand is relatively excessive. Hence die 
permit price will be substantial and exports will provide the former Soviet Union with a 
substantial gain. This gain completely overrides the potentially negative impacts of 
terms-of-trade losses, or declining energy-export revenues, as opposed to negative 
effects in the Middle East region. The gain to the former Soviet Union is illustrated by 
the difference between the small gain in GDP as compared to welfare. At the sectoral 
level, employment in energy-intensive sectors will rise for the same reason as with the 
expansion of employment in USA's energy-intensive sector. But contrary to the decline 
of USA's service sectoral employment, in former Soviet Union this sector also expands. 

Employment in the service sector is 4-5 times higher than in the energy-intensive sector, thus changes in 
the service sector will be lower as compared to the energy-intensive sector. 
It is at the same level as reported in recent studies based on similar assumptions as this analysis. Those 
studies claim that the permit price is in the range of 10-60 USS / tC For further reading, see den Elzen el 
al. (2001) and Böhringer et al. (2001). 
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This is because the financial injection via permit flows to former Soviet Union's 
economy causes a switch in consumption to "luxury" services at the expense of primary 
goods (agriculture, coal, and gas). To disentangle the gains from permit trade and the 
negative impacts on energy exports and terms-of-trade losses from trade in non-energy 
goods, the benchmark policy case will also be analyzed but without former East-Bloc 
countries participating in permit trade. 

5.2.4 Basic results in A2 

Table 5.3 shows the effects of the benchmark policy case against the background of 
the A2 scenario. For more details on this scenario, see Chapter 3. The A2 scenario has 
lower growth of energy demand and the global economy lacks any globalization, and 
thus there will be no breakdown of trade tariffs and low substitution elasticities on 
the consumption side reflecting stronger preferences for domestic goods. As can be 
seen, the tax will be 65 percent lower in the A2 scenario (17 versus to 47 USS / tC), 
which follows from lower emissions in the A2 compared to the A1F scenario. Later in 
this chapter results for the other IPCC SRES scenarios will also be reported, because it 
enables a discussion of the magnitude of the impacts on all countries. The reason for 
a lower carbon price comes from the demand side, even though emissions of the 
former East-Bloc countries also decline substantially. But banking behavior by the 
former Soviet Union cannot drive up the price. This result will be explained in section 
3. Thus, the permit price will be about 65 percent lower in the A2 scenario compared 
to the A1F scenario, but the impact on employment in the energy-intensive sector will 
be larger. This can be explained from the lower Armington elasticities in the A2 
scenario. This is a standard result from trade models, since higher elasticities imply 
more substitution between foreign and domestic goods, more trade flow changes, 
and because consumers discriminate less between the substitutes, there will 
subsequently be less impact on real income and utility7. If the Armington elasticities 
would be zero, there would be no changes in trade and thus no income effect, and if 
elasticities would be infinity, then income changes would vanish. It turns out that, 
starting from a zero Armington elasticity, income losses increase, and at some point 
attain their maximum at fixed non-infinity valued elasticity, and then slowly move 
again to zero as the elasticity approaches infinity. WorldScan trade elasticities are 
beyond the value of the largest income effects8. 

The strongly different results presented in Table 5.2 and 5.3 underpin the importance of 
the assessment of climate policies against the background of different scenarios with 
respect to the developments of growth of income, energy demand, and emissions. The 
permit prices have shown to differ across two of the IPCC SRES9 scenarios. In the 

See CPB (1999) for a similar argument in case of the introduction of tariffs. 
The Armington elasticities are fixed as described in Chapter 3. 
For a description of these scenarios the reader is referred to Chapter 3. 
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Table 5.3. Results of the benchmark policy in 2010 in the A2 scenario 

Emission Markets 
Carbon Tax 
Targets 
Emissions 

Economic Impacts 
HEV 
GDP 

Employment 
Energy-Intensive 
Services 

European 
Union 

17 
-15 

-5 

-0.2 
-0.1 

0.1 
0.0 

USA 

-
-
0 

0.0 
0.0 

0.1 
0.0 

Former 
Soviet Union 

17 

0 

0.2 
0.0 

0.1 
0.0 

Middle 
East 

. 
-
0 

-0.1 
0.0 

0.3 
0.0 

Sub-Saharan 
Africa 

. 

. 
0 

-0.1 
0.0 

0.3 
0.0 

remainder of this chapter, the impacts of the climate policy will also be evaluated 
against the background of all tiie IPCC scenarios and thus provide a range of the 
potential effects. Also important is the hypothesis of free emission trading amongst the 
abating countries, see also Chapter 4 on the impacts of no emissions trading. 

5.2.5 Carbon Leakage increases over time 

The carbon policy will lead to emission abatement by a limited group of countries, 
and to emission increases by the countries of the South, the USA and the former 
Soviet Union through trade in energy and non-energy goods. The phenomenon of 
carbon leakage can be decomposed into two channels. Energy-intensive sectors of 
non-abating countries will experience favorable effects on their competitive position, 
because abating countries increase their cost-price relative to non-abatement 
countries. This is called leakage through the trade channel (= trade in non-energy 
goods). The leakage will be magnified by the reduction of the international energy 
price resulting from the fall of the global demand for energy and thus further favors 
the competitiveness of energy-intensive industries in non-abatement countries. This is 
called the leakage through the energy channel (= trade in energy). Favorable effects 
on competitiveness of energy-intensive industries in non-abating countries will 
translate into increased market shares, which will be accompanied with emission 
increases. The carbon leakage rate is defined as the ratio of emission reductions by 
abating-countries and emission increases by non-abating countries. If the leakage 
rate is high then the climate policy is ineffective. 

Figure 5.1 shows the carbon leakage rate for the Is' and 2"d budget period in the A1F 
and A2 scenario. WorldScan simulations show that the carbon leakage rate tends to 
increase over time and lies in the range of 7 to 17 percent. The leakage rate will be 
high, especially in the globalization scenario A1F. Still, it will be 7 percent in the non-
globalization A2 future. The reason for the leakage rate to be relatively high 
compared to OECD (1999) and studies in Weyant (1999) is that the latter assume that 
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Figure 5.1, leakage rate and permit prices in the 1st and 2'"1 budget period in tlie A1F and A2 scenario 

the USA participates in the Kyoto Protocol1011. The policy analysis here excludes the 
USA from permit trading, and thus increases the possibilities for the abatement 
region to maintain utility by changing the origin of consumption of energy-intensive 
goods from the abatement region to a larger non-abatement region, viz. the USA. The 
importance of their decision not to ratify the Kyoto Protocol on the effectiveness of 
the abatement policy will be illustrated by comparing results with a policy case, in 
which they would also participate in emission trading. 

Figure 5.1 also shows that the leakage rate will increase over time. There are two 
reasons. First, there is the increasing ratio of emissions between the non-abating and 
abating countries reflecting the growing importance of the non-abating countries in 
the world economy. This indicates the long run increased market power of the poor 
South. It will result in larger changes of market shares in response to price 
differentials between the prices of the North and the South, and in more chance of 
carbon leakage. All scenarios have this characteristic of the rising emission ratio. 
Second, the Armington trade elasticities increase over time, and therefore in the long 

'" I he OECD (1999) claims a range between 5-25 percent. The upper bound results Irom the outlier-' 
very low supply elasticities. Lower elasticities lead to lower international energy prices, and inure leakage. 
In their base case in the absence of permit trading the carbon leakage rate equals 5 perceui (with a supply 
elasticity <>i -4.r> for coal), and can increase up to 25 percent (with a supply elasticity oi 0.1 for coal). 

1' Kuik and Verbruggen (2002) provide a solid overview on the estimates oi leakage by different modeling 
groups as used in Weyant (1999). Here the focus is on numerically assessing the structure and size ol 
carbon leakage for different scenarios, future years and the size ol coalitions. 

159 



THE KYOTO PROTOCOL AND BEYOND 

run foreign producers can more easily break into domestic markets. The increase of 
the leakage rate will be larger in the A1F than in the A2 scenario, which cannot only 
be explained from the increase of the level of the permit price, because it is actually 
almost the same for the two scenarios12. However, the A1F scenario assumes higher 
absolute increases of the Armington trade elasticities as well as more market power 
of the non-abatement countries relative to the abatement group (see also Chapter 3). 

5.2.6 Carbon Leakage depends on who participates 

This section provides a sensitivity analysis on the carbon leakage rate under 
alternative policy assumptions. Figure 5.2 shows the leakage rate for the 1st and 2nd 

budget period of the benchmark policy case like Figure 5.1, but now also includes the 
following institutional alternatives: 

• Sectoral exemptions 
The private sector of industrialized countries may call for exemptions for the 
sectors that are subject to trade - e.g. the energy-intensive sector - fearing that 
these industries will reallocate their resources to a cheaper and therefore gaining 
region. Reallocation of resources to the non-abatement region implies extra 
carbon leakage. Also, if the exposed energy-intensive sector and trade and 
transport sectors are exempted from the carbon policy then the burden of 
emission abatement will be shifted to the other energy-extensive sectors and 
consumers of the abatement countries. Disregarding the cheap abatement options 
of the energy-intensive sector will thus raise the marginal cost of abatement and 
enhances the leakage rate. But as permit trading would be restricted to the less 
exposed energy-extensive sectors, this might also actually lower leakage since the 
trade channel as a source for leakage will be shut off. It can be seen from Figure 
5.2 that the sectoral exemptions reduce the carbon leakage rate in the A1F 
scenario, although it is hardly affected in the A2 scenario. 

• Inclusion of USA to the abatement group 
There is also the fear amongst some countries (especially in die EU) that the USA's 
decision not to ratify will harm the economies of abatement countries. The reason 
for this fear is that in case of no-ratification by the USA will give their energy-
intensive producers a comparative advantage over the EU competitors that fall 
under the regime of emission abatement. The benchmark policy case excludes the 
USA from the abatement group, and hence by analyzing the impacts when the USA 
does abate emissions, may shed some light on this fear. But there are also 
consequences for the leakage rate. Including the USA to the abatement group will 

The share of the permit price in the demand price of energy is a better indicator than the absolute level 
of the permit price. But if it also holds for the absolute level of the permit price, then because of the 
feedback from price level of permits on energy, then it will certainly hold for the relative importance of 
the shock to the energy price. 
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Figure 5.2. Leakage rate in the 2'"! budget period in the MF and A2 scenario under alternative policy 

assumptions 

Benchmark 

A1F • A2 

Sectoral 
exemptions 

USA ratification Withdrawal former 
East-Bloc 

lead to a higher permit price and hence affect the competitiveness position of the 
energy-intensive producers of the abatement group, but the competitors in the 
non-abatement countries may not be capable of switching resources to these 
activities and break into the international markets and gain a significant market 
share. Figure 5.2 shows that the leakage rate will decline despite the higher permit 
price, because at the global level energy-intensive production comes for more than 
50 percent from the abatement countries. Clearly the other countries in the non-
abatement group lack the market power to gain from the comparative advantage 
given by the climate policy. The USA is clearly the country in the benchmark policy 
case to be able to absorb the potential favorable cost-price differential between the 
abatement and the non-abatement group of countries. 

Exclusion of former East-bloc countries from the abatement group 
Excluding the REF region enables to assess the importance of the trade effects of 
the climate policy on the countries of the former East-Bloc, and point at the 
impacts of emission trading on the countries of the former East-Bloc. But egually 
important is the fact that it may change the carbon leakage rate. The reason is that 
excluding the countries of the former East-Bloc from permit trading will be 
devastating for the effectiveness of the Kyoto Protocol, because the leakage rate 
will go up to 25 percent. Emission abatement efforts will be offset by emission 
increases in especially former East-Bloc countries at higher permit prices. These 
countries are located close to the EU, being one of major regions to reduce 
emissions, and thus can easily break into the EU market. 
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Carbon leakage is fueled by the trade and energy channel. Table 5.4 summarizes the 
driving forces leading to the extent to which ttie trade channel contributes to carbon 
leakage. Most elements have already been used to explain the magnitude of the 
carbon leakage rate, such as the price elasticity, openness, and market power. 

Table 5.4. Major driving forces behind [he contribution of the trade channel to carbon leakage resulting 

from differences between energy sectors and energy-intensive sectors with respect to some elements 

Elements Explanation 

1. price elasticity 

2. openness 

3. the market power of 
the abatement region in 
relation of the 
non-abatement region 

4. Armington elasticities 
of trade 

5. energy content of 
energy-intensive goods 

Global energy demand reductions lead to lower energy prices 
leading to less comparative differences than the imposed 
disadvantages from the climate policy. Hence, the carbon leakage 
rate will be dominated by the trade channel. 
If there is more trade in energy than in energy-intensive goods, then 
the carbon leakage rate will increasingly depend on the energy 
channel. 
If the energy-intensive producers of the abatement group get more 
market power in international markets, then it will be more difficult 
for producers of the non-abatement group to achieve a higher 
market share in case of the climate policy, and as a result the 
contribution of the trade channel will decline. If the energy 
producers achieve more market power, then the energy price will 
attain a lower level in case of the climate policy, and hence there 
will be more carbon leakage and a larger share of the energy 
channel to carbon leakage. 
The long-run Armington elasticities of oil are 16 and 4, coal and gas 
2 and 1, energy-intensive goods 8 and 2, and finally trade and 
transport services 5 and 1 in A1F and A2, respectively. If the trade 
elasticities of energy are really higher than the current set, then 
carbon leakage will more strongly depend on the energy channel. 
If the energy content of energy-intensive goods increase over time, 
then the climate policy will also yield more price differences of 
energy-intensive goods compared to the case without climate policy. 
Therefore, leakage through trade will rise, and increase also the 
contribution of the trade channel to carbon leakage. 

Figure 5.3 shows the contribution of the trade channel to carbon leakage13. The trade 
channel can be seen from Figure 5.3 to be the most important source of carbon 
leakage, especially in A1F. The dominance of the trade channel is less in A2 as 
compared to A1F, and the leakage rate itself is more than 50 percent lower. The lower 
contribution of trade can be accounted by less openness in energy (especially oil and 
gas) as compared to the energy-intensive sectors, a larger gap between the long run 
Armington elasticities of the energy sectors and the energy-intensive sectors, less 
market power of the poor South in especially energy-intensive goods in A2. This is 
despite the fact that all products have a higher energy content of products in A2 that 
especially fuels the trade channel of leakage. 

In other words. Figure 5.3 shows the contribution to the leakage rate in case of (lie energy channel is shut 
off. Shutting off the energy channel is done by region-specific reductions of the TFP growth ol the VA-nest 
in the primary energy sectors in such a way that the regional supply prices of energy of the baseline do 
not deviate from the policy simulation of the baseline. 
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Figure 5.J. Contribution of the trade channel to leakage in the 2nd budget period in A1F and A2 

ml 
Benchmark Sectoral USA ratification Withdrawal former 

exemptions East-Bloc 
• A1F • A2 

• Sectoral exemptions 
In case of the sectoral exemptions the carbon leakage rate declines, because the 
energy content of goods that are subject to climate policies lowers considerably. 
The trade channel is contracted because fewer goods can generate leakage. Also 
the importance of openness declines, because energy-extensive products are less 
tradeable than energy-intensive goods. Moreover, the "weighted average" long run 
Armington elasticity of goods that could generate leakage also declines, since the 
Armington trade elasticity of energy intensive goods is relatively high. But the 
sectoral exemptions also give abatement countries less flexibility to reduce on 
carbon emissions, and hence this will raise the permit price, thus again increasing 
the scope for leakage. Since energy demand remains at the same level, the higher 
permit price thus will open up the trade channel and thus becomes more 
important to leakage. The increasing permit price is the dominant factor 
explaining the increased importance of the trade channel to carbon leakage in 
A1F, although this does not hold for A2. Clearly, in A2 the contractions of the trade 
channel through sectoral exemptions of energy-intensive products, lead to 
reductions in openness14 and tradeablity (Armington) of the imposed good 
categories, which will not be offset by higher permit prices that potentially could 
widen the trade channel. 

14 This stems trom high openness (it energy-intensive sectors relative to the rest ol the economy. 
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• Inclusion of USA to the abatement group 
Figure 5.3 shows that including the USA to the abatement group, has a different 
impact on the importance of the trade channel to leakage for the different 
scenarios. In A1F the contribution of the trade channel rises and in A2 almost 
vanishes. The mechanisms that lead to these changes are as follows. The permit 
price will rise and energy demand will fall further, and widens the trade channel 
over the energy channel. The reduction of USA's energy imports will be lower than 
their reduction of energy-intensive exports. Hence this will open up the energy 
channel above the trade channel. The energy-intensive producers of the 
abatement group get more market power in international markets, then it will be 
more difficult for producers of the non-abatement group to achieve a higher 
market share in case of the climate policy, and as a result the contribution of the 
trade channel will decline. Including the USA enlarges energy-intensive sectors of 
the abatement group more than the energy sectors. Hence this will widen the 
trade over the energy channel. Finally the energy content of energy intensive 
goods of the abatement group will rise, thus allowing for more leakage especially 
through a wider trade channel. Below, Table 5.5 summarizes the impacts of the 
factors that lead to changes in the share of the trade channel to carbon leakage for 
the two scenarios. The different signs of the underlying mechanisms contributing 
to the role of the trade channel to leakage accounts for the "++" and "--" sign in 
A1F and A2, respectively. 

Table 5.5. Effects of mechanisms from USA ratification on the share of the trade channel to carbon leakage 

Mechanism A1F A2 

Price elasticity: permit price higher, energy demand lower +++ + 
Openness energy-intensive sectors lower 
Armington: energy intensive production abatement group enlarges 
Market power abatement group 
Energy content of energy-intensive sectors abatement group -H- + 

Total ++ 

• Exclusion of former East-bloc countries from the abatement group 
Figure 5.3 shows that former East-Bloc countries withdrawing from the abatement 
group, has a different impact on the importance of the trade channel to leakage 
for the different scenarios. In A1F the contribution of the trade channel rises and 
in A2 reduces. The mechanisms that lead to these changes are as follows. The 
permit price will rise and energy demand will fall further, and widens the trade 
channel over the energy channel. The withdrawal of former East-Bloc countries to 
participate in emissions trading lowers energy production of the abatement group 
more than the production of energy-intensive goods. Hence this will widen the 
energy over the trade channel. Finally the energy content of energy intensive 
goods of the abatement group will decline, thus allowing for less leakage 
especially through a contracting trade channel. Below, Table 5.6 summarizes the 
impacts of the factors that lead to changes in the share of the trade channel to 
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carbon leakage for the two scenarios. The different signs of the underlying 
mechanisms contributing to the role of the trade channel to leakage accounts for 
the "+" and "-" sign in A1F and A2, respectively. 

Table 5.6. Effects of mechanisms from former East-bloc countries' withdrawal from abatement on the share 

of the trade channel to carbon leakage 

Mechanism Al F A2 

Price elasticity: permit price higher, energy demand lower ++ + 
Openness energy sectors higher 0 
Energy content of energy-intensive sectors abatement group 

Total + 

Summarizing, the trade channel is more important than the energy channel for 
leakage. But when the institutional setting changes (plus USA, or minus former East-
Bloc countries) the trade channel becomes more important in A1F, and less important 
in A2. The major reason for this scenario-dependent outcome is the lower permit 
price in A2 compared to A1F, and the institutional changes tend to have a smaller 
impact on the permit price. The institutional changes therefore do not widen the 
trade channel as much as they do in A1F, and the other factors (openness of energy 
versus energy-intensive sectors, and energy content of energy intensive sectors in the 
abatement group) that widen the energy over the trade channel will dominate the 
overall outcome. 

5.3 South 

Carbon leakage is one of the means to the non-abatement countries to combat the 
negative impacts of the climate policy by the abatement countries. Carbon leakage is 
an economic benefit to the poor South, and makes emissions abatement less effective, 
and thus raises a dilemma for those that care for the climate as well as for global 
equity. 

The Non Annex I countries will not reduce any emissions, thus they will only feel the 
consequences of the climate policy via trade in energy and non-energy products. The 
changes in income will derive from the same factors as for the former Soviet Union, 
i.e. sector specialization, energy revenues, changes in the terms-of-trade, and finally 
the changes in net-debt positions because of interest rate changes. All countries that 
do not reduce any emissions will experience a competitive gain to those countries 
that actually abate emissions. Thus non-abatement countries will specialize in energy-
intensive production and expand production, and thus shift resources towards these 
activities possibly at the expense of energy-extensive production. The final result will 
be a stimulus on macro-production. It is of course important whether the region is a 
net-exporter or net-importer of energy. Energy exporters will experience a decline in 
export revenues because of the fall in the demand for energy. On top of that, they will 
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also experience terms-of-trade losses, because energy-exports are likely to constitute a 
significant part of the countries' total exports. The export price of energy will drop 
because of the drop in energy demand and thus the costs of energy-intensive goods 
will also fall. Thus the prices of the goods of an energy-exporting economy in the 
nominator of the terms-of-trade eguation will fall. The prices of the imports will rise 
under the assumption that most of imports stem from the expensive North. Hence a 
terms-of-trade loss will be the result for the non-Annex I countries. Energy importers 
will have a slightly different position than the energy exporters, because they import 
cheaper energy, and thus will face declining import prices. The higher the energy 
intensity will be, the stronger the reduction of the price of exports. But in energy-
importing countries it is reasonable to assume that the imports will have higher 
energy content than the exports, and thus prices of exports will decline less 
compared to the import prices. Therefore these countries will experience a gain in 
terms-of-trade. Finally, most of the non-abatement countries have a financial debt 
and a declining interest rate will thus lead to a gain. Alternatively, if an expansion of 
production goes hand in hand with more investments and thus a higher interest rate, 
then these debtors will experience an extra loss. These mechanisms were also 
confirmed in Tables 5.2 and 5.3 and showed the income losses of the abatement 
group of countries to be larger than those of the non-abatement group. Keeping in 
mind that because of emission abatement of climate policy there is an equal 
environmental benefit to each country, this must lead to the conclusion that the 
climate policy will have a favorable effect on the welfare gap between the North and 
the South. Also we have seen that monopolistic behavior of the former Soviet Union 
will drive the permit price up. And the higher permit price will have additional 
impacts on the non-abatement region. Hence, the behavior of former Soviet Union 
and tiius gains from permit trading, but also affects the income losses of the poor 
South. 

5.3.1 Equity versus Efficiency 

The trade off between efficiency and equity will be sustained by the model 
simulations, mainly because the direct impacts of emission abatement will be born by 
the rich North, and all countries will feel the indirect impacts through international 
trade. Thus increasing the efficiency of the abatement policy, i.e. attaining the same 
environmental benefit at lower direct costs will also lead to lower indirect impacts. 
Hence, more efficiency goes hand in hand with a larger income gap between the 
North and the South. 

The faith of the South is illustrated by the impacts of the carbon policy on the energy-
exporting economies in the Middle East region and the energy-importer and poorest 
region of the world (Sub-Saharan Africa). Table 5.7 shows the macro-impacts for the 
2nd budget period of the benchmark policy and the institutional alternatives of USA 
joining the emission abatement group or the former East-Bloc withdrawing from it. 
The impacts mentioned in Table 5.7 concern the global emissions, the permit price 
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and National Income, sector specialization indicated by GDP, changes in the terms-of-
trade, and interest payments. 

Table 5.7 shows that there is a trade-off between efficiency and equity. If the USA also 
decides to participate in emissions trading, then this will reduce the global emissions 
thus slightly improving the environmental benefits from the climate policy. The 
carbon leakage rate will decline with 30 percent (16.4 to 11.6 percent). However, the 
marginal costs will almost triple from 58 to 141 USS/tC and the losses of North's GNI 
(including the USA and REF) will rise from 0.1 to 0.4, thus lowering the effectiveness 
of emission abatement. The gains to the former East-Bloc will rise from 1 percent to 
2.4 percent from extra permit export revenues. Also the gains from changes in 
specialization (carbon leakage) to the poorer South region will rise, despite the larger 
terms-of-trade losses. Thus the little environmental benefit goes hand in hand with 
larger overall costs, but can be regarded as a more equitable outcome because the 
costs of the policy are born by the rich abatement countries and the gains accrue to 
the East-Bloc countries and the countries of the poor South. 

Table 5.7. Decomposing macro-economic impacts on the Middle East region and Sub-Saharan African 

region lor institutional alternatives in 2015 in theAlF scenario 

Global Emissions (Tg C) 
Permit Price in USS / Tg C 

North 
Former East-Bloc 

South 

Middle East 

Sub-Saharan Africa 

GNI (SB) 
GNI (%) 

GNI (%) 

GNI (%) 
GDP (%) 
Terms-of-Trade (%} 
Interest Payments 

GNI (%) 
GDP (%) 
Terms-of-Trade (%) 
Interest Payments 

8ASE 

10.1 
58 

-0.1 
1.0 

0.1 

0.03 
0.18 
0.19 
0.02 

0.10 
0.18 
0.04 
0.04 

USA 
ratification 

9.4 
141 

-0.4 
2.4 

0.2 

-0.02 
0.69 

-0.59 
-0.12 

0.40 
0.70 

-0.14 
-0.16 

Withdrawal 
former 

East-Bloc 

10.0 
146 

-0.3 
0.6 

0.2 

-0.01 
0.42 

-0.37 
-0.05 

0.25 
0.43 

-0.09 
-0.09 

Another alternative policy is when the former East-Bloc countries decide not to 
participate in emissions trading15. This alternative also supports the hypothesis of the 
trade-off between efficiency and equity. In case of the alternative, the global 
emissions will remain at the same level and the carbon price will rise, but now the 

In this case the Kyoto Protocol cannot get in to force, but still it is interesting lo analyze this hypothetical 
case because it will enable a decomposition of the gains to the former East-Bloc countries of changes in 
specialization and the permit revenues. 
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leakage rate will increase by 40 percent (see Figure 5.2). And the costs to the North 
will rise to 0.4 percent (a factor 4). Hence the effectiveness of this alternative is 
significantly lower. The gains to the former East Bloc countries will decline 40 percent 
(from 1 to 0.6 percent), mainly through the loss of the export revenues of emissions 
trading. Still the gains in the poor South will rise from 0.1 to 0.2 percent. Overall, the 
income gap between the rich North and the poor Soutti will be lowered. 

Thus it can be concluded that the different policy assumptions show that there is a 
trade-off between eguity - measured by the income gap between the North and the 
South - and efficiency, i.e. the net costs of abatement. Not shown here but worth 
emphasizing is that the calculations for the 1st and 2nd budget period show that the 
trade-off between efficiency and equity is stronger in the second than in the first 
budget period and also stronger in A1F compared to the A2 scenario. The reason is 
that lower Armington elasticities prevail in the short run compared to longer run and 
in the A1F compared to the A2 scenario, which implies lower gains to the non-Annex 
I region. Table 5.7 further shows that the faith of the South will be connected to the 
former East Bloc countries 

Sector specialization will result from a reduction of the global demand for energy, 
and hence declining production and export-revenues of energy, thus leading to input 
reallocations to non-energy sectors. The input reallocation is already pointed by the 
changes of sectoral employment presented for the 1st budget period in Table 5.2 for 
the A1F scenario (and to a lesser extent in Table 5.3 for the A2 scenario). It can also be 
seen from that the countries of the South experience large employment changes in 
energy-intensive sectors compared to the non-abating USA, although production 
increases are much smaller. The reason is that there is an abundance of labor, which 
will be attracted to the energy-intensive sector, but does not translate it into 
increased production. And this comes from the fact that these non-abatement 
countries have only a small share at the international market, and hence lack the 
market power to break into the global market of energy-intensive goods. But there 
will also be production increases from comparative advantages of energy-intensive 
sectors relative to competitors in emission-abating countries as energy prices in 
abatement countries rise and in non-abatement countries fall. 

Changes in terms-of-trade will occur because of export prices lagging behind import 
prices. Especially energy exporters such as the Middle East will face this problem 
because of the dropping international energy price with energy being an important 
export product, and the imported products from the abating countries (mainly the 
EU) will become more expensive. For the energy importers the effects will be less 
severe, because they face a much smaller price fall of their exports. 

The Middle East region will experience a small reduction in GN1, mainly driven by the 
terms-of-trade losses, i.e. the export price of oil will decline compared to import 
prices. Moreover, the oil sector will experience a decline in output and export 
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revenues. However, part of the demand for oil will switch from the abatement 
countries to the South and the USA. Sub-Saharan Africa will be able to increase GNI, 
because the terms-of-trade losses are less severe as compared to the Middle East 
region. The macro-production will expand for the same reason as in the Middle East 
region. Both regions will face slightly deteriorating net-debt positions because of an 
increase of the interest rate, which will be driven by the production expansion 
triggering in turn the demand for capital. 

5.4 East 

Thus more efficiency (especially to be favored by the abatement countries) will 
depress an equitable outcome (especially advocated by the poor South region or non-
abatement countries). One of the ways to escape this dead-lock is to invite the 
countries of the poor South in emissions trading, and more than compensate them 
for losses by allocating sufficient emission rights. In this way efficiency can be 
substantially improved, and since the allocations of emission rights is more or less 
independent from the efficiency level, equity considerations can be separately 
addressed. The analogy can be found in the case of the former East-Bloc countries. 
The negotiations on targets and timetables already took place in the 90's, and targets 
have been formulated in terms of the 1990 emission levels. Since then, the former 
Soviet Union has been switching from being a centrally planned economy to a market 
economy, and experienced a heavy recession. This resulted in a significant decline in 
their emissions, and thus these countries have been assigned targets that were far 
above their baseline emission level. The difference between the baseline emission 
level and the target is referred to as "hot-air". Not illustrated here, but crucial for the 
outcomes of the benchmark policy for the first and second budget period is that all 
IPCC scenarios exhibit the phenomenon of "hot-air" (see also Chapter 3). Figure 5.4 
shows the emissions of the former Soviet Union, and it clearly illustrates that hot-air 
permits make up 20-35 percent of the AA in 2010 (almost 400 Mt C), and then will 
evaporate only in the A1F scenario by the end of the second budget period. These 
"hot-air" permits are likely to be sold on the permit market and generate export 
revenues. But, as will be argued below, the former Soviet Union is the sole exporter 
on this permit market, and all other countries will be net-importers. Hence, the 
former Soviet Union has the ability to exert monopolistic power on the permit 
market, and set the permit price in an emissions trading system, of which the 
economic consequences also will be more extensively explained below. If some or all 
countries of the poor South can be persuaded to join the abatement countries, then 
the monopoly power of the former Soviet Union will be broken and competitiveness 
of supply and demand will prevail on these permit markets further enhance the 
effectiveness of the climate policy. Of course, this will be a loss to the former Soviet 
Union, but van Vuuren et al, (2003), and many others show that many allocation rules 
can be designed tiiat makes both the former Soviet Union and poor Southern 
countries generate export revenues from permit trading. 
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Figure 5.4. Emissions and AA oi the former Soviet Union in all scenarios between 2010-2015 
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5.4.1 Banking 

The existence of "hot-air" permits will depress the permit price with the danger of it 
going down to zero, and hence lower the effectiveness of the Kyoto Protocol. This will 
reduce any emission abatement effort and because of the lack of permit trade also 
block the institutional design of a permit system. But the Kyoto Protocol allows for the 
possibility of banking, which will increase the permit price above zero. Banking is the 
option of countries to withhold or extract permits from the market during a budget 
period, and shift them to the consecutive period. In case of the benchmark policy with 
permit trading, it is a realistic option that coordinated action by the main permit 
sellers of the former Soviet Union will occur. The former Soviet Union can exert 
monopoly power on the permit markets by banking. This will drive up the emission 
price in the first budget period with conseguences for the permit revenues of this 
region. Thus the benchmark policy case assumes that the former Soviet Union 
coordinates their supply of permits and not actually reduces any emissions. The former 
Soviet Union countries sell a limited amount of permits to the emission market at zero-
costs and could aim to maximize permit revenues by shifting permits to the second 
budget period. Figure 5.5 shows the permit revenues to the former Soviet Union as 
they apply banking. Figure 5.5 plots the percentage of banking on the x-axis, and the 
revenues of the permit sales on y-axis. It can be seen that lower supply of permits at 
the low range of banking percentages increases the revenues. This means that the 
permit price increase exceeds the lower export volume, but banking beyond 25 
percent of the total amount of "hot-air", leads to lower revenues from the permit sales. 
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Figure 5.5. Permit exports revenues in 2010 in the A1F scenario of former Soviet Union 
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But maximal permit revenues during the first budget period may turn out to be non-
optimal when considering also the second budget period and other consecutive 
budget periods. Hotelling (1931) derived a rule for the optimal depletion path of non
renewable resources, i.e. the price increase of the depleted resource should equal the 
interest rate16. In the climate debate, this implies that for the former Soviet Union die 
permit price should grow at their interest rate. Table 5.7 presents results of die 
benchmark policy for die A1F scenario. Table 5.7 shows die impacts on permit 
revenues and prices for both the first and the second budget period given the 
different banking percentages that the former Soviet Union can choose. The banking 
percentages during the first budget period are in the range of 10-60 percent, and no 
banking in the second budget period. The reason is that the likely event of other 
countries entering the emission abatement countries of the 1st and 2nd budget period, 
will likely lower the permit price (e.g. China). The rows with respect to the first 
budget period match the results of Figure 5.5. But now the results in Table 5.7 of the 
first budget period link to those of the second budget period. It can be seen that more 
banking by the former Soviet Union leads to a lower permit price in the second 
budget period if there is no banking during that period. 

The principal derived by Hotelling is based on a model without any of the distortions in the WorldScan 
model. Also the externalities from trade (with over time increasing Armington elasticities) are not included 
in Hotellings' analysis, and therefore the rule is not strictly optimal to the simulations presented in this 
chapter. Still it has been decided to apply the Hotelling rule as a rule-of-thumb to the monopolistic-permit-
selling countries of the FSU. 
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The last row shows the permit price according to the Hotelling rule, i.e. a permit price 
growing between the two budget periods at the average interest rate price prevailing 
in the former Soviet Union. At 50 percent banking in the lsl budget period (to the 
right of the maximum reported in Figure 5.5), the permit price at zero banking 
during the 2nd budget period will be 62 USS / tC. This lies above the Hotelling price of 
57 USS / tC, which implies an overexploitation of the "permit-resource" during the 1st 

budget period, and thus leading to a permit price in the 2nd budget period that lies 
above the optimal one. It means that the alternative of permit exploitation i.e. 
investing in the rest of the economy will bring more rates of return, which points at 
an inefficient allocation of resources by tlie former Soviet Union. 

Table 5.7 shows that it is better to bank more than the percentage that generates 
maximal revenues for the 1st budget period. When the former Soviet Union bank 55 
percent of their permits during the lsl budget period they will generate 4.4 bn USS of 
permit revenues at a higher permit price of 47 USS / tC. And without banking during 
the 2nd budget period they will generate more revenues (10.9 bn US$) at 58 USS / tC, 
which will be equal to the "optimal" Hotelling price. Thus the former Soviet Union 
then exploits the permits in such a way that the alternative of investments provides 
the same rate of return. 

Table 5.7. Banking by the former Soviet Union in the Al F scenario 

1st budget period (2010) 
Banking (percentage) 
Revenues (bn USS) 
Permit price (US S / tC) 

2n d budget period (2015) 
Banking (percentage) 
Revenues (bn USS) 
Permit price (US S / tC) 
Hotelling-price (US S / tC) at 4.7 % interest rate 

Table 5.8 refers to Table 5.7 and provides the banking rates consistent with the 
Hotelling rule for all scenarios. For the non-zero entries in the second budget period 
of all scenarios (except for A1F), it has been assumed that the revenues are fixed at 
banking percentages that generate maximal revenues during the first budget period. 
The banking percentages of the second budget period are fixed at levels that 
generate a yearly increase of the permit price between the 1st and 2nd budget period 
equal to the prevailing interest rate. The banking percentages of the 2nd budget 
period lie close to ones that maximize the revenues during that period, but do not 
match completely. This can be checked by analyzing the difference between the two 
rows of banking percentages, the first with respect to maximized revenues, and the 
second according to the Hotelling rule. The benchmark policy cases reported in this 
chapter fix the banking percentages according to the Hotelling rule. 

10% 
4.9 
26 

0% 
7.3 
87 
33 

20% 
5.1 
30 

0% 
8.5 
80 
38 

50% 
4.6 
45 

0% 
10.7 
62 
57 

55% 
4.4 
47 

0% 
10.9 
58 
58 

60% 
4.1 
50 

0% 
11.0 
56 
63 
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Table 5.8. Banking by the countries of the former East-Bloc countries in all scenarios 

A1F A2 A1B B2 

55% 
4.1 
47 

0% 
0% 

10.9 
59 

70% 
1.3 
17 

75% 
75% 
1.9 
21 

75% 
0.7 
8 

75% 
85% 
1.1 
10 

70% 
1.0 
10 

80% 
78% 
1.2 
12 

1st budget period (2010) 
Banking (percentage) 
Revenues (bn USS) 
Permit price (US S / tC) 

2nd budget period (2015) 
Banking (%) at max. revenues of 2nd budget period 
Banking (%) with Hotelling rule 
Revenues (bn USS) with Hotelling rule 
permit price (US S / tC) with Hotelling rule 

Banking percentages during the 1st budget period will be lower when the level of 
emissions of abatement countries will be higher. The reason is that the demand for 
permits from the former East-Bloc countries will be larger when emissions will 
increasingly exceed the AA. Thus the low emission scenarios AIT and Bl will amount 
to high banking percentages to at least have the former East-Bloc countries raise the 
permit price sufficiently to generate substantial permit export revenues. The lowest 
banking percentages will occur in scenarios with the sharpest increase of emissions 
by abatement countries, i.e. the A1F and A2 scenario. And Table 5.8 clearly illustrated 
that banking would even be much lower if the former Soviet Union would only 
maximize for the permit revenues to be maximal during the 1st budget period. But 
considering also the revenues of the 2nd budget period, they can better choose not to 
overexploit their assigned permits and bank more. The result will be a banking 
percentage that lies close to the A2 scenario. 

5.4.2 Permit trade will be a significant gain 

Table 5.9 shows for 2010 and 2015 the GNI (Gross National Income) changes of the 
countries of the former-East-Bloc due to the benchmark policy in the A1F and A2 
scenarios. The effects on GNI result from permit exports, GDP changes from sector 
specialization, terms-of-trade losses from changing energy prices, and finally altering 
interest rates leading to changes in interest payments. 

The most dominant source of any change in National Income of the former East-Bloc 
countries is from permit trading. Permit trading pays to all the countries of the 
former East-Bloc, but there is a distinction between those countries that sell permits 
and actually reduce emissions, and those that only sell "hot-air" permits without any 
abatement efforts. The countries belonging to the Central European region will by 
2010 emit close to the agreed emission targets of the Kyoto Protocol, whereas the 
former Russian countries remain well below their emission target level. Moreover, the 
former Soviet Union will behave as a monopolist on the permit market, and sell 
relatively few "hot-air" permits as opposed to Central Europe that will likely benefit 
from actually reducing emissions to enlarge the revenues from permit exports. It can 

173 



THE KYOTO PROTOCOL AND BEYOND 

be seen that permit export revenues will be substantial, amounting to, for example, 
0.9 percent of former Soviet Union's GNI. And this in turn will also affect the 
specialization pattern. It is important to realize that the Central European countries 
are energy importers, and the former Soviet Union energy exporters. Thus emission 
reductions by the abatement countries will depress the demand for energy, and 
hence energy sectors will be faced with smaller export markets, i.e. the former Soviet 
Union. The non-energy sectors in the former Soviet Union will not increase their 
energy demand prices, and expand production stemming from the sources of carbon 
leakage. But die Central European countries will stimulate energy savings, and 
thereby incur costs of abatement and thus increase the cost price of energy-intensive 
goods. Whether they will retain production and pass on the increasing supply price 
to the consumers is an issue that can be resolved by the simulation results. But, 
macro-production of the former Soviet Union economy will depend on increases in 
production by non-energy sectors and reductions by energy sectors. And the Central 
European countries will likely reduce production in non-energy sectors, if they lack 
the market power to pass these prices onto the consumers. Table 5.9 shows for 
Central European countries a decline in GDP in the A1F scenario, and a slight increase 
in A2. The reason for these opposite effects is twofold. Firstly, the 1-world 
economies'7 will adjust flexibly to the shocks, i.e. production of goods will reallocate 
at a larger scale across borders. Secondly, the smaller policy shock and lower 
Armington elasticities of the A2 scenario enables Central European producers to pass 
on price increases of energy-intensive goods to foreign consumers. The former Soviet 
Union will be faced with two opposite effects that clearly work in favor of these 
countries in the 1-worlds, and have the same order of magnitude tiius zero impact on 
production in the A2 world. The changes are also region-specific. The emission 
abating countries generally increase export prices, and thus generate a terms-of-trade 
gain Üiat will vanish in the A2 world due to the lower price shock on energy. This is 
contrary to the former Soviet Union, being an energy exporter and not abating any 
emissions, to be faced with lower energy prices and export prices and generate a 
terms-of-trade loss, which also vanishes in the A2 scenario due to the lower policy 
shock. The Central European region has and will remain having foreign debts, and 
since the interest rates decline, the interest payments will decline, and thus have a 
positive effect on National income. 

The differences in the results between 2010 and 2015 follow from changes in the 
emissions of the baseline, and higher Armington elasticities, especially in the 
globalizing 1-worlds. The positive effects on GNI increase during the 2nd budget 
period, except for the Central European region in the A1F world. The general result 
derives from permit trading, i.e. emission increases will drive up die price of the 
permits, to a larger extent than the decline of the export of permits. Thus permit 
revenues will grow over time, provided the assumptions of constant target levels and 
no expansion of the abatement group with other non-Annex I countries or the USA. 

17 In 1-worlds border tariffs on goods are removed whereas in 2-worlds they remain intact, and the 
Armington elasticities are doubled as compared to the 2-worlds, see chapter 3 for more details. 
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The lower positive impacts on Central Europe in the A1F scenario result from lower 

permit revenues because of rapidly diminishing opportunities to reduce emission 

compared to the targets, and an enforced negative impact in production as 

compared to the 1st budget period, partly offset by less interest payments. The former 

Soviet Union will always gain more and more over time, despite rapidly increasing 

emissions and hot-air permits remaining an option, especially coming from banking 

during the I s ' budget period. GDP will be positively affected because Armington 

elasticities increase over time, and enable the former Soviet Union to further increase 

production in energy-intensive goods as earlier explained by the two trade channels 

leading to carbon leakage. The terms-of-trade losses will not differ between the ls l 

and 2 n d budget period. The diverging results of the two scenarios are driven by 

differences in emission profiles, and the breakdown of tariff walls combined with 

higher Armington elasticities. For example, the same policy shock (i.e. the tax quote 

in energy prices) would result in larger GDP changes in the A1F scenario, but lower 

income changes. But because the emissions tend to rise more rapidly in the A1F 

scenario, the permit revenues will be higher. And this effect will add to the initial low 

GN1 losses resulting from flexible international markets. This is underpinned by the 

larger positive effects from permit trading. 

Table 5.9. Effects on macro-indicators in A1F and A2 scenario 

Cent ra l Europe 

F o r m e r Soviet Union 

GNI 
GDP 
Terms-of-Trade 
Permit Trade 
Interest Payments 

GNI 
GDP 
Terms-of-Trade 
Permit Trade 
Interest Payments 

A1F 
2010 

0.6 
-0.4 
0.2 
0.7 
0.1 

0.7 
0.3 

-0.1 
0.5 
0.0 

A2 
2010 

0.2 
-0.1 
0.1 
0.2 
0.0 

0.2 
0.0 
0.0 
0.2 
0.0 

A1B 
2015 

0.4 
-0.5 
0.2 
0.4 
0.2 

1.4 
0.6 

-0.1 
0.9 
0.0 

B2 
2015 

0.3 
0.0 
0.1 
0.2 
0.0 

0.2 
0.0 
0.0 
0.2 
0.0 

Let us turn back to the sectoral impacts from the benchmark policy case. If the 

Armington elasticity is high (A1F compared A2), the trade flow changes will also be 

higher, and hence sectoral production changes will be higher, but losses in real 

income and thus also GDP will be lower. But the emission reduction in the A1F 

compared to the A2 scenario will also be higher, and thus increase the changes on 

real income. But the ratio between macro impacts and sectoral changes of 

employment will be lower in the A1F scenario as compared to the A2 scenario. 

Another observation is that the inability of the former Soviet Union to raise the 

permit price goes hand in hand with a limited decline in the global energy demand. 

And this in turn leads to the result that the energy exporters' faith of the poor South 

is connected to the gains of the countries of the former Soviet Union, i.e. declining 

permit revenues will lead to higher energy-export revenues. The energy importers' 
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losses increase as former Soviet Union's gains become smaller. Whether this results 
from the shock in the energy markets or the non-energy markets can be analyzed by 
also analyzing an alternative policy of the former East-Bloc countries not 
participating in emission trading. 

Table 5.10 shows the sensitivity of these results, i.e. it presents the effects on 
indicators as presented in Table 5.9 but limits now to the former Soviet Union and 
also shows the impacts on die permit price. The alternative cases are derived under 
the assumption of the same banking percentages as reported in Table 5.8, and hence 
they do not assume the former Soviet Union's to alter their behavior in response to 
the different context of the policy shock. 

Table 5.10. Sensitivity ol eilects an macro-indicators in the tanner Soviet Union region in the A1F scenario 

2010 Permit Price in USS / tC 
GNI (%) 
GDP (%) 
Terms-of-Trade (%) 
Permit Trade {%) 
Interest Payments [%) 

2015 Permit Price in US$ / tC 
GNI {%) 
GDP [%) 
Terms-of-Trade (%) 
Permit Trade (%) 
Interest Payments [%) 

BASE 

47 
0.7 
0.3 

-0.1 
0.5 
0.0 

58 
1.4 
0.6 

-0.1 
0.9 
0.0 

Sectoral 
Exemptions 

65 
1.0 
0.4 
0.0 
0.7 
0.0 

80 
1.9 
0.8 

-0.1 
1.2 
0.0 

USA 
ratification 

115 
1.6 
0.8 

-0.2 
1.1 

-0.1 

141 
2.8 
1.3 

-0.2 
1.9 

-0.1 

Withdrawal 
former 

East-Bloc 

102 
0.4 
0.6 

-0.1 
0.0 
0.0 

146 
0.6 
0.8 

-0.2 
0.0 
0.0 

The changes on the former Soviet Union's GNI again will be dominated by the 
impacts of permit trade. The exemptions case will reduce the number of energy 
savings options and thus increase the permit price at the emission market. This 
means that the permit revenues will go up, especially when the former Soviet Union 
retains the same behavior with respect to banking and thus will increase the permit 
revenues accruing to the former Soviet Union economy. This is illustrated by the 40 
percent increase of the positive effects of permit trade to GNI. This holds of course for 
both budget periods. The increase of GDP is also understandable, keeping in mind 
that the reasons why expansion of macro production will occur in the base case 
remain the same. Keeping total energy demand the same, the energy-export 
revenues will not necessarily fall. But the burden of abatement of the former Soviet 
Union competitors on all sectors except for the exempted ones will be more severe, 
thus enabling die former Soviet Union to further expand in production in the non-
exempted sectors. The sectoral exemptions case shows a GDP increase in the former 
Soviet Union, illustrating that the exposed sectors are not die only ones subject to 
trade. Changes in terms-of-trade and interest payments do not differ from the base 
case. 
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Including the USA to the emission abatement group increases the demand for 
permits considerably, and because of their dominant role at international market, 
this will lower the total global demand for energy and C02 emissions (and thus 
improve the quality of the environment). The more than doubling of the permit price 
will also increase the revenues of permit exports by more than 100 percent. In the 1st 

budget period, the income revenues accrue up to 1 percent of GNI, and thus will 
increase to almost 2 percent of GNI. The net debt of the former Soviet Union is small, 
and thus there will be little changes to GNI due to changes of the interest payments, 
despite the fact that interest rates will change considerably. However, the changes in 
production are also considerably attributing to the GNI changes, but it is of less 
importance than the gains from permit trading. The reason is that the USA 
ratification case will set limits on emissions to most of the foreign producers, and thus 
this must affect the competitiveness position of former Russian companies compared 
to the rest of the world. Finally, it can also be seen that permit trading by the former 
Soviet Union will push their macro-production. By getting involved in emission 
trading, the former Soviet Union will get the gains from exporting permits, but by 
doing so they at the same time push their competitors in bad position, i.e. the cost 
price of production will relatively decline compared to their competitors. Concluding, 
permit trading will be a gain to the former Soviet Union, and also will enable them to 
improve their competitive position, and thus to compensate for the declining energy-
export revenues of die climate policy. 

5.5 Conclusion 

This chapter focused on the economic impacts of energy reductions to comply with 
the Kyoto Protocol. There are several impacts. First, there are the direct effects from 
emission abatement, i.e. costs associated with energy savings and fuel switching. 
Second, since all policies assume emission trading, there will be regions that either 
will import or export emission permits leading to a loss or gain in GNI compared to 
GDP. But because the economies of countries are linked to each other, it turned out 
that it is equally important to account for the indirect impacts of the emission 
abatement. The indirect impacts of abatement are specialization due to the changes 
in the competitive positions of industries associated with the asymmetric policy shock 
of some regions having to abate emissions and others not. Third, there will be the 
changes in terms-of-trade through changes in either export or import prices. Fourth, 
there will be changes in the interest rates leading to changes in the net-foreign debt 
position. These direct and indirect impacts have been the subject of this chapter. 

Carbon leakage is the way of the poor South countries to mitigate the negative 
indirect effects of the climate policy. This will persist as long as some countries will 
not have to limit their emissions. It undermines the effectiveness of the Kyoto 
Protocol, and it is channeled through trade in energy and non-energy-goods. Trade in 
non-energy goods will cause countries to alleviate the pain of energy savings and fuel 
switching and partly reallocate energy-intensive production to cheaper regions. 
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Especially the USA will benefit from this. Trade in energy will also be a cause for 
leakage, because if there is to be a successful reduction of the demand for energy 
then the international energy price will go down. This will further increase the 
competitiveness of industries in non-abatement countries, and thus magnify the 
effects of leakage through trade in non-energy goods. It turns out that leakage 
through trade in energy will be less important than trade in non-energy goods. 
However in the non-globalizing scenarios die leakage through trade in energy is 
more dominant, especially in the scenarios in which emission abatement entails low 
costs and mainly occurring through fuel switching. 

Also the robustness of the carbon leakage rate has been tested for alternative 
institutional assumptions. First, there is the case in which the USA instead of non-
ratifying the Kyoto Protocol instead will choose to comply with the targets agreed in 
Kyoto. This will reduce the leakage rate, because almost all energy-intensive 
producers fall under the regime of emission abatement, and competitors outside 
abatement region have little market power and cannot break into international 
market of energy-intensive goods. Second, there could be the case in which the 
energy-intensive sectors do not have to abate emissions and put a heavier burden on 
the other sectors. The leakage rate will again decline, because the important channel 
of carbon leakage through trade in energy-intensive goods is shut off. And finally, if 
the former East-Bloc countries not to engage in emission trading, then the leakage 
rate will rise considerably, because the permit price will rise, thus increasing the 
burden of the carbon policy on abatement countries. 

The macro-impacts are region-specific. This is due to a variety of reasons. There are 
regional differences with respect to the energy-intensity, level of current energy 
taxes, the extent to which emissions have already been reduced, the stringency of the 
agreed emission target, technological developments with respect to energy-demand 
technologies, as well as production technologies. But the impacts will be limited, 
provided that a system of emission trading will be put in place. The only exception 
will probably be the former-East Bloc countries, which can gain considerably from 
permit exports in emission trading. The sectoral impacts can become more serious 
especially for the energy-intensive industries. And the non-abatement countries will 
feel the impacts from emission abatement through the indirect effects. Energy 
importers will specialize in energy-intensive goods, and will also experience a gain in 
terms-of-trade, because the import price through a drop in the international energy 
price will fall, provided that the demand for energy drops considerably. On the other 
end, the energy-exporters will loose energy-export revenues, and even more seriously 
they will also feel the pain of substantial terms-of-trade losses, because their export 
prices will fall significantly. But part of these losses can be mitigated if these countries 
have the possibility to reallocate their resources to switch towards energy-intensive 
production and break into the international markets. This mechanism turned out to 
be important when analyzing the impacts for the region Sub-Saharan Africa. 
However, the energy-exporters will still face larger losses in income. 
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Finally, the trade linkages illustrate the dependency of countries' actions on other 
countries. The results of the simulations clearly show that there will be trade-off 
between efficiency and equity. In other words, if the abatement countries can solve 
for emission abatement more efficiently, then the income gap between the North and 
the South will be larger. Further, the faith of the South depends on the behavior of 
the countries of the former East-Bloc countries. If the former East-Bloc countries drive 
up the permit price, then this will be felt certainly by the energy-exporters of the non-
Annex I region. 

Another way to create efficiency and serve equity, is to have the countries of the poor 
South join the system of emissions trading and give them sufficient emission rights as 
to gain from the climate policy. The example is the former Soviet Union which has 
been given a surplus of emission rights. The role of these "hot-air" permits has been 
analyzed in detail. Emission trading may lead to strategic behavior by the former 
Soviet Union, if they have the power to coordinate the supply of permits on the 
market. This seems likely to occur as they are the sole supplier of permits. However, if 
other countries also join in an emissions trading scheme then there will be more 
permit suppliers, and hence the monopolistic market will move to a competitive one. 
This again will reduce the permit price, and further restores efficiency. Equity and 
efficiency can go hand in hand. 

The Kyoto Protocol allows for banking, i.e. to withdraw permits from the emission 
market during the 1st to the next budget period. It has been shown that prices of 
permits can even increase further beyond the point of maximal revenues as to retain 
sufficient revenues for the consecutive budget period. Of course, there are 
uncertainties as to whether other countries will also join the abatement group. For 
example, if this would to occur only beyond the 2nd budget period, then the former 
Soviet Union can set the price optimally to remain in line with the Hotelling rule. 
Thus they can have the permit price (equal to the shadow price of the climate 
policies) rise at a rate equal to the interest rate. This chapter showed that banking 
behavior will differ considerably from simple non-temporal optimized behavior. 
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