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EXECUTIVE SUMMARY 

 

After the historic loss by President Obama’s Democratic Party in the midterm election, 

we can no longer count on the USA’s efforts towards dealing with global warming or its 

proactive involvement in international cooperation. Moreover, judging from the results 

of the Fifteenth Conference of the Parties under the United Nations’ Climate Change 

Convention (COP15), held in Copenhagen last year, top-down efforts centred around 

COP negotiations are likely to stagnate. On the other hand, bilateral cooperation 

between pairs of countries or areas, i.e. bottom-up cooperation, will become more and 

more active in the future. Such Free Trade Agreements (FTA) are supplemental to the 

WTO, which is essentially the same as saying that they fill a pivotal role in countries’ 

trade strategies. 

 

In this research, I look at linking Japan with other Asian countries as an option for a  

bottom-up approach and evaluate the benefit of such linkages from economic and 

environmental perspectives by using a dynamic CGE (Computable General 

Equilibrium) model. 

 

 

Key words:  carbon market, link, emission trading
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1. Introduction 

 

In the aftermath of Copenhagen, the UNFCCC and the Kyoto Protocol’s 

consensus-based decision making procedure drew considerable criticism (Dubash and 

Rajamani, 2010). In Copenhagen, consensus among all nations could not be created and 

as a result, the Copenhagen Accord was taken note of, which means the Copenhagen 

Accord is not a legal document. After Copenhagen, discussions on post-Kyoto 

frameworks have become polarized between “top-down” and “bottom-up” frameworks. 

The terms “top-down” and “bottom-up” are used to describe a range of different 

architectural permutations for international climate policy across several dimensions of 

policy (Hare et al., 2010).  

A typical “top-down” framework is the Kyoto Protocol. At the COP, all nations agreed 

with the reduction targets of every individual country under the Kyoto Protocol. On the 

other hand, a typical “bottom-up” framework is that of pledge and review, which needs 

little international coordination. 

 

Greenhouse gas (GHG) reduction targets of Annex countries and Nationally 

Appropriate Mitigation Actions (NAMA) of non-Annex countries being submitted to the 

UNFCCC is not sufficient to meet the goal of a 1.5- to 2-degree increase above 

pre-industrial revolution levels. The gap between the 2–degree increase scenario and 

reduction activities which countries promise under the Copenhagen Accord is called the 

“megatonne gap”. The Copenhagen Accord is a bottom-up approach in which, as 

mentioned above, each individual country pledges its reduction target and actions and 

the outcome is reviewed. A bottom-up approach does not guarantee the reduction of 

enough GHG emissions to stabilise climate change. In addition, a bottom-up approach 

implies a lack of legal accountability, along with weak accounting and reporting rules 

(Hare et al., 2010). 

 

To fill the megatonne gap, a more comprehensive framework than the Kyoto Protocol, 

namely Upstream Global Emission Trading Scheme (UGETS), is proposed (Yasumoto 

and Nishimura, 2009). In order to realise UGETS, the international community must 

agree to accept a stringent long-term global cap on GHG emissions that will lead to an 

accepted level of climate stability. A world-wide system is created with the authority to 

issue allowances in accordance with the stringent cap. In addition, the world-wide 

system provides and initially allocates allowances for free to all countries on the basis of 
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a formula agreed upon globally. Each country can then sell those allowances by auction 

in their domestic market (Yasumoto and Nishimura, 2009).  

 

However, it is doubtful whether an ideal top-down climate regime with adequate 

commitments and strong compliance procedures can be negotiated in the time-scale 

required to meaningfully address climate change (Dubash and Rajamani, 2010).  

Climate change is most likely to be solved when effective change is driven by local 

action driven by achievement of domestic goals (Rayner, 2010). 

 

The first point of consideration for a top-down approach is scientific evidences, for 

example stabilisation below a 2- or 1.5-degree increase from pre-industrial revolution 

levels. A bottom-up approach, however, pays more attention to adjusting for the 

economic and social conditions of each country/region and political negotiability. In this 

research, I look at possible linkages between Japan and other countries, which is a 

hybrid of top-down and bottom-up approaches and is a very realistic option. 

 

Economic modelling exercises on the expected changes in regional welfare will be highly 

desirable. The political dimension will generally be much more difficult to judge in an 

objective manner, and depends on the overall state of climate policy (Flachsland et al., 

2009).  

 

In this research, I perform economic modelling analyses on the links between Japan and 

other Asian countries and evaluate the links from economic and environmental points of 

view in an effort to contribute to political debates on the climate change regime.  

 

2. What is a Link? 

 

Linking means that one system’s allowances or other trading units can be used, directly 

or indirectly, by a participant in another system for compliance. Linking thus creates 

opportunities for inter-system trading; it enlarges the carbon market by connecting 

otherwise isolated domestic emissions trading systems. The inclusion of more 

participants entails a greater diversity of sources and more abatement options. This 

expansion of the market, in turn, would improve market liquidity and hence result in 

more efficient allocation of resources, directing them to least-cost abatement measures 

and thus lowering the overall costs of achieving a given collective level of emission 

reductions. In theory, trading can takes place until carbon prices are equalsed in the 
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linked systems (Grubb, 2009).  

 

When discussing future linkages and barriers to linking emissions trading schemes, it 

is important to be clear about assumptions regarding the policy scenario in which 

linkage occur (Tuerk et al., 2009). If the Kyoto Protocol, which binds absolute targets for 

developed countries, is implemented after the first phase of the Kyoto Protocol, linking 

between developed countries will be done by trading credits, for example, and AAU 

might be linked through offset mechanisms such as CDM (Clean Development 

Mechanism). 

 

In this research, I assume that the Copenhagen Type binds absolute emission reduction 

targets for developed counties and NAMA (Nationally Appropriate Mitigation Actions) 

for developing countries, and that allowances are traded freely amongst countries 

participating in linking. 

 

3. Methodology 

 

In this study, I use the GTAP-E model (Burniaux and Truong 2002), which is the 

standard GTAP model (Hertel 1997), but with energy substitution incorporated into the 

basic production structure (see Figure 5.1). GTAP stands for “Global Trade Analysis 

Project”, and the GTAP model is a global computable general equilibrium (CGE) model, 

developed at the Center for Global Trade Analysis, Purdue University, USA for use in 

global trade analysis. With energy substitution incorporated, the modified GTAP-E 

model is often used for trade-environment analysis. In this paper, I further modify the 

GTAP-E model to allow for the disaggregation of the electricity generation sector into 

various technologies such as ‘coal-fired’, ‘gas-fired’, ‘oil-fired’, ‘hydro’, ‘nuclear’, and 

‘others’. Each technology is assumed to produce a particular type of product 

(coal-electricity (ELYCoal), gas-electricity (ELYGas), etc.) using relatively fixed input 

proportions, and the different electricity outputs are then combined using a 

constant-ratio-of-elasticity-of-substitution-homothetic (CRESH) production structure. 

This approach of disaggregating the production structure of an aggregate commodity 

such as electricity has been referred to as the “technology bundle” approach (Saijo and 

Hamasaki 2009). 
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Figure 1: Standard GTAP-E Production Structure 

 

 

Figure 2: Production Structure for Electricity Sector 

 

This kind of production tree is a convenient way of representing separable, constant 

return-to-scale technologies. Each group of equations refers to one of the branches in 

the production trees. For each branch, substitution amongst inputs within the nest 

follows directly from the CES (Constant Elasticity of Substitution) form of the 

production function for that branch. 

 

For example, value added nest in Figure 1 is describes as follows: 

 

 ),(),,(),(),,( rjpvarjipferjqvarjiqfe VA    

Where  is the percentage change in quantity of endowment commodity i 

demanded by firms in sector j of region r; 

),,( rjiqfe

),( rjqva  is the percentage change in quantity index of value-added in firms of sector j 

in region r; 
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VA  is the substitution elasticity in value-added branch; 

),,( rjipfe  is the percentage change in demand price of endowment commodity i 

supplied to firms in sector j of region r; 

and  is the percentage change in price of value-added in sector j of region r. ),,( rjipva

 

In this study, I use an aggregation of 13 regions and 14 sectors based on the GTAP 

version 7 database. Details of the aggregation are presented in Table 1. 

 

Table 1: Aggregation of Database 

Country/Region Sector 

China Agriculture 

India Coal 

Indonesia Oil 

Japan Gas 

Korea Oil and Gas Products 

US Electricity 

Canada Non-ferrous Metal 

Brazil Mineral Products 

EU27 Iron and Steel 

Russia Paper, Pulp and Publishing 

Australia Chemical, Rubber and Plastic 

Other Annex Other Manufacturing 

Rest of the World Transportation 

 Service 
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4. Is extending the Kyoto Protocol not the right answer? 

 

The most glaring weakness in the Kyoto Protocol is that China and India do not have 

quantitative emission targets and Russia’s commitment is quite generous. In addition, 

the largest greenhouse gases contributor, the United States, has not ratified the Kyoto 

Protocol. The Kyoto Protocol imposes costs on sources in countries which have 

committed, but no costs on sources outside these industrialized countries. The 

difference in costs across countries can also cause emission leakage. The leakage can 

further reduce the efficiency and environmental benefits of the Kyoto Protocol (Aldy and 

Stavins 2007a). Leakage of emissions could come about by relocation of carbon-intensive 

industries from countries with emission commitments to non-participating countries, or 

by increased consumption of fossil fuels by non-participating countries in response to 

declines in world oil and coal prices. An authoritative survey concludes that “Leakage 

rates in the range of 5 to 20 percent are common” (IPCC 2001). Article 3 of the UNFCCC 

defines the principle of common but differentiated responsibilities (CBDR). However, a 

generally agreed upon definition does not exist. Under the existing Kyoto Protocol, the 

principle of CBDR has been translated in practice into a set of specific, quantitative 

emission reduction obligations for industrialised countries and no emission reduction 

obligations for developing countries (Aldy and Stavins 2007b). In this analysis, I 

evaluate this Kyoto-type framework, which sets GHG emission reduction targets for 

developed countries and but not for developing countries. For this simulation, I assume 

that developed countries which ratified the Kyoto Protocol will meet their abatement 

targets in 2020. Figure 3 shows deviation of global carbon emissions from the baseline 

and climate change stabilization scenarios of 450ppm and 550ppm. According to this 

Kyoto scenario, emissions will decrease by only 5.3% below the BAU scenario in 2020 if 

developed countries achieve their emission targets. 
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Figure 3: Comparison of Global Emissions Based on Different Scenarios 
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Note: The Kyoto scenario assumes that Annex countries which ratified the Kyoto 

Protocol reduce their emissions as pledged. 

 

Table 2 shows marginal abatement costs and GDP changes relative to the baseline. The 

marginal abatement cost of Japan is the highest, which means that Japan has the most 

energy efficient economy and has very little room to reduce emissions using cheap 

options. Looking at GDP, those of countries which reduce emissions decrease relative to 

the baseline while those of countries without emission reduction targets increase 

against the baseline. 

 

9 
 



 

Table 2: Marginal Abatement Costs and GDP Changes (2020) 

Country/Region Marginal Abatement Cost 

(US$/tonne of carbon) 

GDP Change (%) 

China 0.0 0.0 

India 0.0 0.2 

Indonesia 0.0 0.1 

Japan 766.1 -1.8 

Korea 0.0 0.2 

US 0.0 0.1 

Canada 238.6 -1.7 

Brazil 0.0 0.3 

EU27 566.1 -2.1 

Russia 141.7 -2.4 

Australia 262.5 -0.9 

Source: Author’s own calculations 

 

5. Benefits of Linking 

 

Promoting participation may be the greatest challenge for the design of climate policy 

architecture. No policy architecture can be successful without the United States, Russia, 

China, and India taking meaningful action to slow their greenhouse gas emission 

growth and eventually reduce their emissions (Aldy and Stavins 2007b). Developing 

countries will be sources of large increases in emissions in the coming years according to 

the business-as-usual path. However, developing countries point out that it was 

industrialized countries that created the problem of global climate change, and 

developing countries should not be asked to limit their economic development to pay for 

it. At the COP16 held in Cancun, Mexico, BASIC1 held a joint conference and unveiled 

their proposals on MRV (Measureable, Reportable and Verifiable), and it is a very 

important step that developing countries set forward more transparent mitigation 

actions. 

 

This research focuses on linking in Asian regions and focuses on four scenarios. 

Scenario 1 assumes that all countries achieve their reduction targets by themselves. 

Scenarios 2, 3 and 4 assume linkage between Japan and other Asian countries: in 
                                                  
1 Brazil, South Africa, India, and China 
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Scenario 2, Japan links with Korea; in Scenario 3, with Korea and China; and in 

Scenario 4, with Korea, China and India. This simulation assumes that carbon 

abatement will be equalised amongst linked countries. 

 

Table 3: Simulation Scenarios 

  Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Japan ✔ ✔ ✔ ✔ 

Korea   ✔ ✔ ✔ 

China     ✔ ✔ 

India       ✔ 

Note: ✔ represents countries which link with Japan to reduce carbon emissions 

 

Marginal abatement costs in 2020 are shown in Table 4. In Scenario 1, Brazil is the 

country with the highest abatement cost. However, as shown in Figure 4, most of the 

GHG emissions in Brazil come from Land-use Change and Forestry2 and most of the 

carbon abatement will be done through Land-use Change and Forestry. In this study, I 

consider only carbon dioxide produced from fossil fuel combustion, and hence, the 

abatement cost of Brazil is overestimated in this simulation. 

Japan is the country with the second highest carbon abatement cost (862 US$/tonne-C 

in 2020), and EU27 is third (620 US$/tonne-C in 2020). The abatement costs of the US 

and Canada are 272 and 278 US$/tonne-C in 2020, respectively, which are less than 

those of Japan and EU27. The abatement costs of China and India are much less than 

those of developed countries at 99 and 40 US$/tonne-C, respectively. 

In Scenario 2, Japan links with Korea. Korea’s marginal abatement cost is high in 

Scenario 1, at 467 US$/tonne-C in 2020.  Furthermore, Korea is not a big market, and 

so the drop in Japan’s carbon abatement cost will be limited, from 862 US$/tonne-C in 

Scenario 1 to 708 US$/tonne-C in Scenario 2. 

In Scenario 3, Japan links with Korea and China, and its carbon abatement cost drops 

sharply to 112 US$/tonne-C. In Scenario 4, linking among Japan, Korea, China and 

India causes the abatement costs in these four countries to equalize at 104 

US$/tonne-C. 

 

                                                  
2 60.6% of GHG emissions came from Land-use Change and Forestry in 2005 in Brazil. 
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Table 4: Marginal Abatement Costs (2020) 

(US$/tonne of carbon) 

  Scenario 1 Scenario 2 Scenario 3 Scenario 4 

China 99  99 112 104 

India 40  40 40 104 

Indonesia 257  257 249 250 

Japan 862  708 112 104 

Korea 467  708 112 104 

US 272  272 267 267 

Canada 278  279 274 274 

Brazil 1,110  1,110 1,099 1,100 

EU27 620  621 605 607 

Russia 156  156 151 152 

Australia 298  298 297 297 

Source: Author’s own calculations 

 

Figure 4: Annual Greenhouse Gas Emissions in Brazil 

(Gg CO2 equivalent) 
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Source: UNFCCC GHG Database 

 

In Scenario 1, only India increases its GDP relative to the baseline, because its 

marginal abatement cost is 40US$/tonne-C, the lowest of all, which means that India 

12 
 



increases its international competitiveness. By increasing the number of linking 

partner countries, Japan’s GDP change relative to the baseline improves from -1.8% in 

Scenario 1 to -1.4% in Scenario 2, 0.1% in Scenario 3 and 0.1% in Scenario 4. 

 

Table 5: GDP Changes 

(%) 

  Scenario 1 Scenario 2 Scenario 3 Scenario 4 

China -1.7  -1.7 -2.1 -1.9 

India 0.3  0.3 0.3 -0.3 

Indonesia -1.3  -1.3 -1.3 -1.3 

Japan -1.8  -1.4 0.1 0.1 

Korea -1.4  -2.6 0.2 0.2 

US -0.8  -0.8 -0.9 -0.9 

Canada -1.8  -1.8 -1.8 -1.8 

Brazil -5.9  -5.9 -6.0 -6.0 

EU27 -1.8  -1.8 -1.9 -1.9 

Russia -1.5  -1.5 -1.2 -1.3 

Australia -0.8  -0.8 -0.9 -0.9 

Note: Deviations from the baseline 

Source: Author’s own calculations 

 

Table 6 shows emission changes by country/region. By increasing the number of linking 

partners, Japan’s carbon reduction will in fact decrease sharply. In Scenario 1, Japan 

reduces emissions by 36% of 2004 levels in 2020. In Scenario 4, Japan’s carbon 

emissions increase by 20.2% relative to 2004 levels. In Scenarios 2, 3 and 4, Japan is a 

net buyer of credits from linking partners. 

 

13 
 



 

Table 6: Emissions Changes 

(%) 

  Scenario 1 Scenario 2 Scenario 3 Scenario 4 

China 154.1  154.1 136.5 153.6 

India 101.3  101.4 100.9 76.8 

Indonesia 65.3  65.3 65.3 65.3 

Japan -36.0  -31.3 18.4 20.2 

Korea 7.8  -5.0 54.9 57.0 

US -18.8  -18.8 -18.8 -18.8 

Canada -16.2  -16.2 -16.2 -16.2 

Brazil -9.0  -9.0 -9.0 -9.0 

EU27 -29.1  -29.1 -29.1 -29.1 

Russia 11.6  11.6 11.6 11.6 

Australia -23.6  -23.6 -23.6 -23.6 

Source: Author’s own calculations 

Note: % change from 2004 levels 

 

6. Conclusions 

 

After the historic loss by President Obama’s Democratic Party in the midterm election, 

we can no longer count on the USA’s efforts towards dealing with global warming or its 

proactive involvement in international cooperation. Moreover, judging from the results 

of the Fifteenth Conference of the Parties under the United Nations’ Climate Change 

Convention (COP15), held in Copenhagen last year, top-down efforts centered around 

COP negotiations are likely to stagnate. On the other hand, cooperation between pairs 

of countries or areas, i.e. bottom-up cooperation, will become more and more active in 

the future. Such Free Trade Agreements (FTA) are supplemental to the WTO, which is 

essentially the same as saying that they fill a pivotal role in countries’ trade strategies. 

 

Japan is backward-facing when it comes to the Trans-Pacific Strategic Economic 

Partnership or global trade liberalisation, and this hinders the survival of its industry 

as a result.  Taking this lesson to heart, and also for the sake of anti-global-warming 

efforts, Japan must hammer out two-country and inter-regional cooperation agreements 

and increase the places that Japanese companies’ cutting edge technology can be 

utilised. 
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Extension of the Kyoto Protocol will have very little effect on global carbon emission 

reductions, but at the same time, the extension will have huge impacts on the economies 

of developed countries which ratified the Kyoto Protocol. The principle of common but 

differentiated responsibilities, which is employed under the Kyoto Protocol, sets carbon 

reduction targets for developed countries only, and not developing countries. Most 

emission increases will occur over several decades in developing countries, and there is 

huge potential for reductions by cheap methods in these countries. In short, the Kyoto 

Protocol is an expensive option for reducing emissions globally. 

 

Increasing the number of participants in carbon reduction activities is the very first 

step to achieving the stabilisation of the average global temperature. The next step is to 

create links amongst countries to equalize carbon abatement costs across countries, 

which will lead to increased economic efficiency in reducing carbon emissions globally, 

while at the same time minimising carbon leakages. 

 

Creating links between Japan and other Asian countries, especially China and India, 

will have huge benefits for Japan in reducing carbon abatement costs and minimising 

economic impacts. In China and India, there are tremendous opportunities for reducing 

carbon through inexpensive methods. China and India are two major sources of global 

carbon emissions, but they also have huge potential for cheap carbon reduction.  
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