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1. Introduction:
    The Role and Chance for Developing Countries after the Copenhagen Agreement

In spite of decade-long negotiation for a global climate policy regime, the prospect for the agreement on the 
Post-2012 Framework, hopefully based on binding national emission reduction targets (or caps), is clouded. The 
principle of “common but differentiated responsibilities” in the UNFCCC, or the availability of flexible mecha-
nisms in the Kyoto Protocol does not seem to ease international conflicts of interest which accompany the con-
struction of an effective global climate regime. 

The gaming for national economic interests cannot reduce the risk of global climate change while the total 
emission amount of greenhouse gases remains unreduced. If less developed countries suffer disproportionately 
from diseases related to climate change, and if they are less capable of adapting to the changes, it may not be 
a good idea for developing countries to wait for years or decades for other, especially richer, countries to take 
action.

With the Copenhagen Accord, global climate policy reached a new stage. Not only developed but also devel-
oping countries, among others China and India, had submitted their national reduction targets and action plans 
to the UNFCCC, although these are non-binding 2. Such a pledge and review system conforms to the reality of 
the existing international system, but there remain concerns about its effectiveness. Even though the interna-
tional climate policy by 2020 has to be based on the pledged domestic actions of individual countries, the 
actions of each country should make use of the price signal so as to be effective and to pave the way for the 
Green Economy.3  

The policy proposal underlying this report is the environmental tax reform (ETR), that is, to change the structure of 
public revenue from conventional taxes toward carbon tax. If more and more countries implement this reform, 
there will be synergy and more visible “cooling effects”. However, what we emphasize here is the possibility of 
unilateral environmental tax reform for developing countries. We will explain the idea of this policy based on our 
computable general equilibrium model analysis. 

2. Background of our Analysis

2.1. Environmental Tax Reform (ETR) for Developed and Developing Economies

The main cause of environmental problems such as climate change is that ecological goods and services are 
regarded as “free goods”, therefore appropriate pricing is prerequisite. The policy instruments to set the “carbon 
price” are market-based instruments (MBI) such as cap and trade or carbon tax. The former has been animat-
edly discussed among developed countries, including Republic of Korea in this context, and has already been 
realized in the European Union (EU). But this scheme requires a considerable degree of administrative capacity, 
which is often hard to find in less developed countries. Carbon tax, which is in practice no more than a tax 
imposed on energy products, will be far easier to administer. 

The carbon tax that we propose here is by no means an international obligation imposed on a country against 
its will. Each country can introduce its own carbon tax, that is, introduce or raise domestic taxes on fossil energies 
on the basis of their carbon contents. Although it is sure that the environmental effectiveness will be maximized 
and possible economic distortion will be minimized if all countries and regions introduce the carbon tax at the 
same time, this can hardly be expected from the beginning. 

In the near future there must be forerunner countries, including developing countries. Unilateral introduction of 
the carbon tax will not, however, necessarily bring disadvantages to the early mover, as we discuss later in this 
report with the key terms such as “environmental tax reform (ETR)” and the “double dividend”. The shifting of the 
tax burden from conventional tax bases such as labour, capital or consumption to pollution such as carbon emis-
sion, without increasing the total tax burden, can bring about ecological and economic benefits at the same 
time. This policy will – and must – be an important cornerstone of a national Green Growth strategy. In this report, 
we will explain it based on the results from our economic model analysis (CGE). 

According to the experience of developed countries, however, it has been politically difficult to persuade voters 
to accept ETR, especially because of the concern about competitive disadvantages or the so-called carbon 
leakage. If the domestic industry bears a higher carbon tax than foreign competitors, the domestic goods will be 
relatively more expensive and lose their market share, firms may relocate to abroad, and the carbon reduction 
in the homeland will be offset by an increase of emission abroad. Although the actuality of these risks is contro-
versial among specialists because there are more significant factors such as exchange rate, vicinity to the 
market, labour and capital costs, etc., it is not unimportant to remove the public concern. Conceivable instru-
ments for this purpose are special tax treatment, e.g. reduced carbon tax rates on energy intensive industries, 
and border tax adjustment (BTA), which will be explained in section 2.3.

It cannot be disputed that the carbon tax should be implemented in as many economies as possible.  It will also 
help to cultivate the support for this policy in each country. At the same time, it is desirable to coordinate a list of 
taxable objects, minimum tax rates, practices of carbon taxation such as BTA, or rules to limit undesirable tax 
expenditures. However, all these are by no means preconditions for the global society to take a first step towards 
carbon pricing, because any country can start ETR on its own accord.

By the way, it must be emphasized here that this scheme is compatible with both the pledge and review system 
(Copenhagen Accord) and the scheme for obligatory international reduction targets (Kyoto Protocol, etc.), 
because our proposal is based on a domestic policy instrument, a tax, to reduce domestic greenhouse gas 
emissions. And it must also be noted that this scheme will be able to co-exist with other climate policy schemes 
such as internationally linked domestic carbon markets.

Initiatives for an international carbon tax have been unsuccessful so far, beginning with the initiatives of the 
United Nations in the early 1990s, because of a lack of international support at that time. The attempt by the 
European Commission to introduce a common carbon tax in the EU in the mid-1990s also failed because EU 
legislation on public finance (tax) requires unanimity of all member countries, while it requires only a so-called 
qualified majority to introduce the EU-ETS as a common environmental policy measure. Now in Sweden, 
Germany, Ireland, etc. there are, instead, domestic carbon taxes or ETR with special rules for energy intensive 
industries. These special rules, such as exemption or reduced tax rates, may impair the effectiveness of the tax  

1  The opinions expressed in this paper reflect the authors’ own views, not necessarily the position of the organizations to which authors 
belong.
2  See UNFCCC Homepage, Copenhagen Accord, 
 (http://unfccc.int/meetings/cop_15/copenhagen_accord/items/5262.php).
3  ESCAP defines a green economy as an economy where economic prosperity can go hand-in-hand with ecological sustainability, and 
investing in ecological resources and services can be an opportunity for profit, employment and growth.
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but have been introduced to defend the competitiveness and for public support, because it is prohibited to 
apply the BTA at the borders between EU member countries. Nevertheless the progress of ETR in Europe has been 
stagnating instead of attracting a high level of public interest.

Outside the EU, however, any developing and developed country can introduce its own carbon tax as a part of 
ETR together with the BTA as long as it respects the basic principles of world trade rules. Therefore, in the Post-
Copenhagen context, the authors believe that an international climate policy regime based on domestic 
carbon tax is very promising. We will show in this paper the possibility of a carbon tax for economies which adopt 
this policy and give suggestions for designing tax and revenue recycling so as to make it more advantageous.

For the purpose of analysis, we assume several international situations where: 

(1) all economies, except for EU members, will introduce carbon tax (“Worldwide”), or
(2) most of the member countries of UNESCAP will introduce carbon tax (“Asia-Pacific”) , or
(3) a country or region has unilaterally decided to introduce carbon tax (“Unilateral”).

For the Unilateral cases, as it is cumbersome to calculate for all the Asia-Pacific countries and regions, we have 
picked seven economies, namely Japan, Republic of Korea, China, India, Thailand, Malaysia and Cambodia. 
These economies are selected based on the income level and other economic indicators, such as per capita 
GDP and scale of the economy. Japan and Republic of Korea represent the most advanced countries in the 
Asia-Pacific, while China and India are rapidly-growing emerging economies with largest populations in the 
world. Thailand and Malaysia are representatives of middle-sized developing countries with intermediate per 
capita income. Cambodia is chosen because we are interested to see the possibility of a carbon tax in a disad-
vantaged country. The results for these countries, the authors believe, can serve as a reference for other econo-
mies. We will see the effectiveness of the carbon tax, revenue recycling, and BTA in these contexts using our 
model analysis (see section 3).

2.2. The Double Dividend of a Revenue-Neutral Environmental Tax Reform

The idea of Double Dividend can liberate us from the classic trade-off between economy and environment, 
providing a better prospect for Green Growth. This idea is famous among western environmental economists, 
but little-noticed in Asia-Pacific. 

It is argued that if a country introduces a carbon tax as a part of the revenue neutral environmental tax reform 
(ETR), a double dividend will come about. That is, with the reduction of other (economically harmful) taxes using 
the revenue of (environmentally good) carbon tax, you can achieve the first (improved environmental quality) 
and second dividend (better economic performance) at the same time. 

The existing tax structures consist of taxes on “goods” such as labour, capital or consumption. These taxes give 
negative incentive for the supply and demand of labour, capital and products, together with subsidy or reduced 
tax on energy, encouraging more pollution and wasting of resources. Our existing tax structures constrict the 
economic potentials and nip the growth in this way. Conversely, to switch the weight of tax structures redirects 
the way of economic growth towards the Green Economy. For all the opposing views and controversial discus-
sions, in the literature from Europe we can find much supportive evidence for this argument (e.g. Bach et al. 
2002; Bosquet 1999; Andersen et al. 2007). There are some analyses in this context for Asia-Pacific countries 
(Timilsina et al. 2002 for Thailand; Bor et al. 2010 for Taiwan; Shin 2010 for Korea). 

In our economic analysis, we will evaluate the potential of “revenue recycling” to alleviate the negative eco-
nomic effect of carbon tax such as loss of GDP or employment. As we have applied a static model (model with-
out time-horizon) instead of a dynamic model (as described in section 3), it is hard to analyze the economic 
growth or technological innovation, so we concentrate on the change of major economic indicators which 
results from a shift of taxation. Here, we define the first dividend in terms of CO2 emission reduction and the 
second dividend as the increase of GDP, utility or the employment level. 

If a country introduces a carbon tax, its economic indicators are likely to worsen. But this is not because the tax 
is a burdensome policy instrument. Carbon tax, emissions trading or any other regulation which induces (or 
forces) the same carbon reduction in the same pattern will, theoretically, give the same welfare loss. That is, it is 
the limited energy consumption which causes welfare losses, regardless of how the consumption is limited. How-
ever, tax will bring in revenue to the government which can be recycled into the economy 4. Revenue recycling 
via reduction of other taxes on labour or capital, etc., will improve the economic activity so that the welfare 
losses will be partly compensated (weak double dividend) or totally overcompensated (strong double 
dividend).5

2.3. Measures to handle the potential of leakage and competitive disadvantages

Even if the effect of revenue recycling is favourable, there may be overall or sectoral disadvantage caused in a 
country with carbon tax against the background of the present competitive global economy. In particular, 
domestic goods produced in energy-intensive sectors will be more expensive and will be less competitive 
against competing goods from economies without a corresponding carbon tax. The most ideal solution to this 
problem is for all countries to introduce the same level of carbon tax, but this cannot be expected in the near 
future. Even if most of the Asia-Pacific economies could introduce carbon tax together, if they alone were to set 
high enough tax rates to slow down climate change, they would suffer from imports from other regions without 
corresponding policies.

The most promising method, we argue, to create a level playing field while respecting the environmental effec-
tiveness and conformity to world trade rules, is the border tax adjustment (BTA). The BTA which we discuss here 
has to be clearly distinguished from other trade measures which are intended to protect the domestic market 
from imports or to penalize trading partners who are unwilling to take responsibility for global climate policy, as is 
often argued. For example, OECD shows a circumspect position on BTA in the Report Taxation Innovationn and 
the Environment by mentioning that “[w]hile such policies have some intellectual appeal and may be compliant 
with the trading rules of the World Trade Organization, real-world implementation issues make these a highly con-
tentious topic. Because environmental policies within any given country are complex, encompass a wide range 
of policy tools and rely on existing economic structures, comparing them with importing countries and then 
setting a compensating figure for the thousands of import codes poses challenges (potentially also differenti-
ated by firm). It also risks aggravating international dialogues to liberalise trade. As co-ordination grows, these 
measures become significantly less important as carbon leakage drops precipitously” (OECD 2010, p.145). The 
difference of understanding between us and them arises from the fact that we see the BTA as a normal practice 
of indirect tax while they understand it as a measure to make up for the gap in environmental policy level 
between more than two countries, which will be almost impossible in practice. We do not deal with trade meas-
ures such as import restrictions or the countervailing duties against “eco-dumping”, which can arguably be 
regarded as “triggers of trade war”. The BTA, in fact allowed by GATT Art. 3, as we argue, is not a trade measure 
but a regular practice of domestic indirect tax, such as VAT or other consumption taxes including energy tax, to 
impose the same domestic tax on imports and reimburse the same amount for exports.

The practice of BTA will be far simpler if a customs office does not have to know the “environmental policy level” 
of the country of origin. A focal question for the BTA of a carbon tax is whether it is legally possible to impose and 
refund the carbon tax “contained” in the energies consumed in the production process of a final product when 
the final product is exported or similar products are imported. On this question, there has been a long controver-
sial discussion, and finally WTO and UNEP (2009) gave a favourable evaluation for the use of BTA.Therefore it may 
theoretically be possible for a country to calculate the carbon tax “contained” in final products, based on the 
declaration of exporters or importers, or possibly in a very simplified way similar to normal customs procedure  
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ures such as import restrictions or the countervailing duties against “eco-dumping”, which can arguably be 
regarded as “triggers of trade war”. The BTA, in fact allowed by GATT Art. 3, as we argue, is not a trade measure 
but a regular practice of domestic indirect tax, such as VAT or other consumption taxes including energy tax, to 
impose the same domestic tax on imports and reimburse the same amount for exports.

The practice of BTA will be far simpler if a customs office does not have to know the “environmental policy level” 
of the country of origin. A focal question for the BTA of a carbon tax is whether it is legally possible to impose and 
refund the carbon tax “contained” in the energies consumed in the production process of a final product when 
the final product is exported or similar products are imported. On this question, there has been a long controver-
sial discussion, and finally WTO and UNEP (2009) gave a favourable evaluation for the use of BTA.Therefore it may 
theoretically be possible for a country to calculate the carbon tax “contained” in final products, based on the 
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4  The auctioning of emission rights in the case of emissions trading can also bring about government revenue and the double dividend is also 
possible.
5  A recent paper by Giménez and Rodríguez (2010) proposes to define the “first” dividend as the welfare gain from a better environment 
net of welfare cost caused by environmental tax, and the “second” dividend as gain from revenue recycling, so that confusing concepts 
like “weak” and “strong” double dividend will be unnecessary. In spite of the attractiveness of their approach, we apply the rather “classical” 
definition of Goulder (1995) etc., because we are dealing with the problem of international climate policy where the free-rider problem is 
prevalent. The possibility of and conditions for the “strong” double dividend (see below) is still an open question. For a clear-cut explanation 
of this issue, see Sanstad and Wolff (2000).
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based on the “standardized table of carbon tax contents” for goods, especially a limited variety of energy inten-
sive goods. In this way, the BTA can also be practised by the customs services in developing countries. 

It is very important, however, to respect the principle of non-discrimination (most favoured nation and national 
treatment). In this respect, you cannot implement a border adjustment with higher “implicit carbon tax rate” 
than real carbon tax contents in the domestic final products, and you cannot discriminate against a country 
without a corresponding carbon tax or ambitious climate policy. Therefore, a conceivable method is to set the 
implicit carbon tax rate for each commodity based on domesically prevailing or best available production 
tecnology, and to impose same level of import carbon tax on goods basically regardless of emission intensity of 
(foreign) country of origin, except for the cases where detailed data are submitted by importer or foreign 
producer 6. Anyway, a carbon tax with BTA which is based on the destination principle (according to this, goods 
“on board” are tax free and to be taxed in the economy where they will be consumed) will minimize the prob-
lem. That is, if every country with carbon tax practises BTA, there will be a level playing field created in the market 
of final consumption, as is normal practice with most indirect taxes such as value added tax (VAT).

In the model, we assume that BTA is practised by each country for all the traded goods, based on the calculated 
average direct domestic carbon emission in the domestic production process per unit of the domestic final 
product, and regardless of the climate policy or carbon tax rates of foreign trading partner 7.

 
2.4. Other economic gains from the environmental tax reform

There will be other merits brought to the countries which implement the ETR. 

Firstly, there will be other benefits for economies which are highly dependent on imported energy. They will be 
able to cut their energy consumption and improve their energy security, avoiding the outflow of foreign 
exchange at the same time.

Secondly, there will be technological innovation in the area of production and energy consumption initiated by 
higher energy prices. For example, there will be more efficient production methods, household and office appli-
ances, automobiles or housing when carbon tax is applied. These will raise the welfare level with lower energy 
consumption and alleviate the negative impact of carbon tax.

Thirdly, a part of carbon tax revenue can be spent on budget expenditure to realize the Green Economy more 
rapidly. Visible systems of Green Economy such as urban design and planning, the built environment, transport 
systems, energy systems, etc., cannot be developed merely by the carbon pricing. Therefore, governments can 
provide subsidies (including tax benefit) for renewable energies, energy efficiency and clean technologies, and 
to publicly invest in state of the art energy and transportation infrastructures.

However, it should be noted that in many cases subsides are given wastefully and ineffectively, mainly because 
subsidy is politically very easy. For example, the example of “eco-car subsidy” of Japan shows that many people 
have bought larger cars while the consumption of gasoline remains unreduced. Appropriate carbon pricing will 
give a broad swath of economic incentive for energy-saving investment, production and consumption in 
individual level efficiently, that is, minimizing the total investment costs in the economy as a whole. Subsidy can 
hardly give incentives more efficiently than price. Therefore, in the opinion of authors, public spending should be 
clearly targeted to projects with public goods character such as public transportation infrastructure or research 
on basic environmental technology which cannot easily be activated only by carbon pricing, and other remain-
ing market failures should be cleared up by necessary direct regulation.

Anyway, it is not possible to analyze the innovation and technological change with the static CGE model which 
we apply without arbitrariness. It thus requires detailed dynamic modelling which incorporates factors such as 
R&D expenditures or capital accumulation in order to give reliable information. So, we do not integrate the 
second and third points mentioned above into our model. Our results on economic impact, which reflects only 
the shift of choice (substitution) between available resources, may even be rather pessimistic. 

6  The US Superfund Case can serve as a useful reference for a legal possibility of this approach. See. WTO and UNEP (2009), p.102.
7  The term “direct” here means that the “indirect” carbon emission in producing electricity is not eligible for BTA, which, however, can also 
be eligible in practice. The average direct carbon emissions per unit of production are calculated as sectoral domestic CO2 emissions in 2004 
divided by sectoral domestic production value in 2004. This emission intensity is calculated for each sector and each country.
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3. Modelling and data

3.1. The GTAP-EG Model

The GTAP-EG model is a multi-national, multi-sectoral computable general equilibrium (CGE) model developed 
by Rutherford and Paltsev (Rutherford & Paltsev 2000a, 2000b; Paltsev 2001), applying the well-recognized GTAP 
database of the Global Trade Analysis Project (GTAP, Purdue University8). In general, a CGE model is an 
economy-wide simulation model based on microeconomic theory (price theory) using an existing input-output 
table (and/or social account matrix), and, unlike macro econometric models, the parameters of equations 
(such as elasticity of substitution in production functions) are not necessarily estimated statistically as a general 
practice, except for the cases where this is possible based on credible sources. Therefore the authors understand 
this type of model to be not an empirical but a numerical simulation model. The GTAP-EG model is open for 
experts and the structure is relatively simple, therefore it is possible for interested experts to discuss the results 
based on shared understandings (see Appendix III). There have been several analyses of the economic effects 
of climate policies using this model modified for the purpose of each analysis (Babiker and Rutherford 2005; 
Fischer and Fox 2007; Böhringer & Rutherford 2010; Böhringer, Fischer and Rosendahl 2010; Takeda, Arimura, 
Tamechika & Fischer 2011).  

Our model applied here is a modified version of GTAP-EG which is enabled to analyze the effect of carbon tax, 
revenue recycling and the border tax adjustment. The economic and emission data are based on the newest 
available GTAP Database (GTAP-7 including data of year 2004), aggregated into 20 regions and 21 production 
sectors (a sector corresponds to a good), as shown in the Table 1. Values of economic variables for all regions 
are uniformly denominated in US-dollers. This model has GHG emission data only for CO2 from combustion of 
fossil energies and the emission from cement production, etc., and other GHG are not included. Nuclear power 
(nuclear fuel) is not explicitly included in the model as the input for the electricity sector because the Database 
does not involve it as a commodity.

This is a static model without time horizon, so it is not possible to analyze the effect on dynamic technological 
development. Also, as there is only a group of households because of the limitation of data, the effect on differ-
ent income classes cannot be analyzed. But this model allows international capital flows (capital moves across 
the border flexibly so that the rate of return is equalized among all regions), so that it is possible to evaluate the 
(short-term) effect of revenue recycling via the reduction of corporate tax. Anyway, the model is not an empiri-
cal model but a simulation model, working on many assumed (not estimated) economic parameters as men-
tioned above. So, absolute values of results such as CO2 reduction produced by our model are at best rough 
indications. Therefore we will emphasize the comparative merits and demerits of different policy scenarios.

Table 1: Regions and Sectors

Note: CHN includes Hong Kong, and Taiwan is included in RAP, without any political implication by authors. See Appendix 1 for detailed 

explanation. 

* For group regions (RAP, NCA etc.) fiscal data of a proxy country is used: India for RAP, Russia for NCA, Venezuela for MOP, Switzerland for 

ROE, and Argentina for RNO (see Appendix I).

3.2. Data on Public Finance

Although we basically rely on the GTAP-7 database, data about public revenue in the Database (such as tax 
rates for labour, capital and so on) are insufficient (or even unrelyable 9) for the purpose of our analysis. On the 
other hand, it is very hard to obtain sufficient tax rates figures especially for developing countries, and even if 
these tax rates are all available, these tax-rates and tax bases in the model will hardly reproduce real structure 
of public revenues. We therefore use the data of public revenues in the newest IMF Government Finance Statis-
tics (IMF-GFS [CD-ROM] issued in March 2011) and inversely calculated the effective average tax rates for each 
tax base in model 10. Here, we used newest available figures of tax revenues for each country rather than the 
data of year 2004, because newest structure of public finance will be more relevant for policy makers (see 
appendix II; table A-II-1 for original national currency unit, and table A-II-2 for revenues in % of GDP).

8  See GTAP homepage (https://www.gtap.agecon.purdue.edu/).
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* For group regions (RAP, NCA etc.) fiscal data of a proxy country is used: India for RAP, Russia for NCA, Venezuela for MOP, Switzerland for 

ROE, and Argentina for RNO (see Appendix I).

3.2. Data on Public Finance

Although we basically rely on the GTAP-7 database, data about public revenue in the Database (such as tax 
rates for labour, capital and so on) are insufficient (or even unrelyable 9) for the purpose of our analysis. On the 
other hand, it is very hard to obtain sufficient tax rates figures especially for developing countries, and even if 
these tax rates are all available, these tax-rates and tax bases in the model will hardly reproduce real structure 
of public revenues. We therefore use the data of public revenues in the newest IMF Government Finance Statis-
tics (IMF-GFS [CD-ROM] issued in March 2011) and inversely calculated the effective average tax rates for each 
tax base in model 10. Here, we used newest available figures of tax revenues for each country rather than the 
data of year 2004, because newest structure of public finance will be more relevant for policy makers (see 
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9  For example, capital tax rates in GTAP-7 of some regions seems to be underestimated compared to actual corporate tax rates or capital 
income tax rates (Japan 3.1%, EU about 2%). Other tax rates have also problems.
10  This approach is similar to the approach of Implicit Tax Rate (ITR) in the report of Eurostat (2011). 

Regions Production Sectors and Goods  
AUS  “Australia” 
NZL  “New Zealand” 
CHN  “China” 
JPN  “Japan” 
KOR  “Rep. of Korea” 
KHM  “Cambodia” 
IDN  “Indonesia” 
PHL  “Philippines” 
THA  “Thailand”  
IND  “India” 
VNM  “Vietnam” 
MYS  “Malaysia” 
RAP  “Rest of Asia Pacific” 
NCA  “North and Central Asia” 
CAN  “Canada”  
USA  “United States” 
EUR  “EU27” 
MOP  “Major Oil Producers” 
ROE  “Rest of World (OECD)” 
RNO  “Rest of World (non OECD)” 

AGR “Agriculture, forestry and fishery” 
OMN “Mining” 
FPR “Food products” 
TWL  “Textiles-wearing apparel_leather” 
LUM “Wood products” 
PPP  “Paper products - publishing” 
CRP  “Chemical - rubber - plastic products” 
NMM “Mineral products nec” 
I_S “Ferrous metals” 
NFM “Non-ferrous Metals” 
FMP “Metal products” 
MMF “Machinery” 
OMF “Manufactures nec” 
CNS “Construction” 
SER “Services sectors” 
COL  “Coal” 
OIL “Crude oil” 
GAS “Natural gas” 
P_C “Petroleum and coal products” 
ELY “Electricity” 
CGD  “Savings good”  
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Figure 1: Tax Structures of Regions in Model as % of GDP (BAU/Initial Dataset)

Source: table A-II-6 in Appendix II.

* Taxes on goods and services include energy taxes.

We have calculated the revenue from each tax in the model in proportion to GDP (see Figure 1). Here we 
emphasize the difference between corporate tax and capital income tax 11. With these tax shares, we can 
calculate the revenue of each tax for each country in the model by multiplying it with the GDP value in the 
GTAP-7 database. By dividing the revenue of each tax by a corresponding tax base in GTAP-7 database (net of 
tax), we can have the effective average tax rates which we use in the model (Table 2) 12 . The tax system of our 
model consists of 8 categories of taxes, namely labour tax, corporate tax, consumption tax, energy tax, capital 
income tax, import tax, export tax, and other lump-sum taxes. Note that we used the rates in the GTAP-7 data-
base for energy taxes for industries, import taxes and export taxes, because these values in the model is very 
hard to modify due to variety of tax rates according to goods and services. 

To sum up, the revenues from each of 4 tax categories (table 2) are consistent with IMF statistics, although the 
calculated tax rates may seem differen from real tax rates. On the other hand, tax rates and revenues of other 
4 categories, which are not relevant for our analysis, can inevitably be different from real data.

Table 2: Calculated tax rates

Note: The rate of the consumption tax may differ from statutory VAT or sales tax rates. 

* These tax rates are calculated based on methods explained in Appendix II. These tax rates are calculated in order to obtain tax revenues 

consistent with IMF’s statisics, therefore some tax rates may differ from real value.

** Note that the tax bases for calculation of those tax rates are all net of tax. The labour tax rate of EU (50.61%) does not contradicts with 

implicit tax rate calculated by Eurostat (33.8%). See footnote 12.

In most Asian developing countries, the revenue from labour taxation (consisting of “taxes on payroll and work-
force”, “social contributions” and a part of “individual” tax in the IMF’s classification) is very low and in some 
cases absent because of administrative difficulty for less developed countries in levying tax on labour or 
individual income. They are usually highly dependent on revenue from taxes on goods and services (including 
taxes on energies). By the way, most developing countries are highly dependent on foreign grants, etc., but this 
is not shown in the figure because it is not relevant for the purpose of this analysis.

As the tax rates on different individual goods such as tobacco or alcohol are hard to integrate into our model 
with coarse differentiation of production sectors and goods, we apply a single general consumption tax rate to 
all goods except for energies, assuming that firms do not bear consumption tax.

3.3. Policy Target and Scenarios

Although our model does not incorporate a time horizon, we envisage the global policy by 2020. But because 
the GTAP-7 database is state of the year 2004, and we are not able to modify it arbitrarily to display the economy 
in 2020, we would like readers to keep in mind that the world economy will have grown regionally unevenly, and 
the share of developed countries, especially China and India, will be larger, but this prospect is not reflected in 
our dataset 13. For all the shortcomings, our analysis has to be based on the data in 2004. 

11  We separate corporate tax and individual capital income tax. In the model, the corporate tax changes the demand for capital, while 
capital income tax does not change the supply of capital. In the case of international investment, corporate tax is levied in the host country, 
while capital income tax is taxed in the country of the capital holder.
12   The calculated labour tax rate (50.61%) in EU may seem very high compared to implicit tax rate (ITR) on labour (33.8% in EU-27 average 
2008; Eurostat (2011). But it is not contradictory in this case, because the tax base of EU’s ITR on labour includes taxes and SSCs, while our tax 
base (total payment for labour) is net of tax and SSC. Denote W as total payment for labour, T as tax on labor incl. SSCs, t as our tax rate (T/W), 
and τ as ITR-EU (T/(W+T)). Then, τ = T/(W+T) = (T/W)/(W/W+T/W) = t/(1+t) = 0.5061/(1+0.5061) = 0.338.

.
.
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13  According to the Asia and World Energy Outlook 2007 and 2010 of Japan’s Energy Data and Modelling Center (EDMC), the share of, 
e. g., China and India in the world economy (in real GDP) rises from 5.1% to 11.0% and from 1.8% to 3.4 % respectively between 2005 and 2020 
(EDMC 2008, p. 348; EDMC 2011, p.336). The authors believe that larger economic scale of a region will give it a rather better prospect for 
the double dividend, but that there will be only slight qualitative and quantitative change in the result of this analysis. 

 Labour tax 
Capital 

income tax 
Corporate tax 

Consumption 
tax 

AUS 13.62% 16.46% 19.43% 7.12% 
NZL 16.97% 21.47% 15.03% 13.34% 

CHN 9.45% 3.74% 11.43% 20.80% 
JPN 32.61% 9.96% 12.40% 6.45% 
KOR 13.59% 8.60% 11.27% 8.20% 
KHM 0.39% 0.39% 2.57% 7.31% 
IDN 4.75% 5.38% 2.88% 6.27% 
PHL 1.83% 1.94% 5.88% 4.62% 
THA 5.85% 2.79% 9.51% 10.11% 
IND 2.49% 2.80% 9.63% 7.76% 

VNM 0.56% 1.62% 23.68% 11.82% 
MYS 2.34% 2.74% 18.70% 8.16% 
RAP 2.50% 2.77% 9.85% 11.08% 
NCA 22.78% 6.55% 8.37% 4.25% 
CAN 29.03% 23.32% 19.42% 8.90% 
USA 21.53% 16.81% 13.16% 4.09% 
EUR 50.61% 12.10% 7.89% 15.36% 

MOP 0.42% 1.73% 14.78% 9.31% 
ROE 26.68% 14.52% 12.66% 5.54% 
RNO 9.51% 5.80% 12.71% 13.06% 
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a) Business as usual (BAU)

 This scenario means the case that happens without the carbon tax proposed in this report. There may be some 
climate policies other than carbon tax (or Cap & Trade in the EU), such as introducing regulation or promotion 
schemes for renewables, but we do not consider these changes for the sake of simplicity; that is, we do not 
change any technological parameter given in the initial dataset. We use the initial dataset (record of the year 
2004) as the business as usual, and calculate the effect of the environmental tax reform as a difference between 
the results of BAU and other scenarios. 

b) Carbon Tax and Lump-sum Recycling

In this scenario we introduce the carbon tax in regions except for the EU. That is, the carbon tax will be intro-
duced unilaterally, in Asia-Pacific, or Worldwide. The carbon tax rate will be set to 10$/tCO2 

14. There is no (and 
need not be any) scientific ground to justify this tax rate, as it is impossible to estimate the real “optimal” tax rate 
in the meaning of the Pigouvian tax 15. Instead, we accept the global temperature goal (plus 2 degrees Celsius) 
and set the carbon tax as the first step towards this goal.

Asia-Pacific includes ESCAP members (AUS, NZL, CHN, JPN, KOR, KHM, IDN, PHL, THA, IND, VNM, MYS, ASI, NCA) 
excluding other regions (CAN, USA, EUR, MOP, ROE, RNO). 

The EU has a clear community-wide GHG reduction target by 2020, so we assume they will reduce CO2 together 
with any ESCAP members in any reduction case, which will give favourable background when any country con-
siders ETR. The strategy of the EU is based on the existing EU-ETS, and the political process in the EU is fairly unfa-
vourable to the introduction of carbon tax and BTA (e.g. unanimity rule combined with some member countries 
against them). We therefore assume that the EU will not apply the carbon tax, but will reduce CO2 emission by 
15% (as its target of 20% below 1990 corresponds to 15% below 2004) by means of the EU-wide ETS (including all 
emission sectors such as households, for the purpose of the analysis). In the real policy, emission allowances will 
be auctioned in principle, but energy-intensive and/or trade-exposed sectors will receive most of the allow-
ances via free allocation, and most of the revenue from auctioning will need to be spent for further climate 
protection. Therefore, we assume EU will not recycle the revenues from ETS via reduction of other existing taxes 
but via lump-sum way in all scenarios. The EU will presumably not introduce a border TAX adjustment (both inside 
EU and towards the outside of the EU). So, we analyze the carbon tax policy with and without BTA, except for the 
case of the EU. 

We assume that if the revenue is not used for tax reduction, it will be given back to the citizens in a lump-sum way 
(LUM). In the model, this revenue recycling is treated as lump-sum expenditure to households without reducing 
other tax revenues, therefore total tax revenue after carbon tax will be higher than other cases. Although there 
is a possibility that the revenue can, e.g.. be spent as subsidies for climate policy purposes, this model cannot 
evaluate the dynamic effect of subsidies. Therefore we do not consider such scenarios 16.

c) Revenue-Neutral Environmental Tax Reform

The Double Dividend, according to the theoretical assumption on which we rely, is possible if the revenue is used 
to reduce other “distorting” taxes. It does not have to be “existing” tax in the context of developing countries. In 
the process of development, developing countries may have to consider introducing any tax for economic and 
social purposes (education, health care, welfare for the aged, etc). If a country can choose carbon tax instead 

of introducing other “normal taxes” such as labour tax, corporate tax or tax on goods, this can also be seen as 
a form of environmental tax reform. 

However, our analysis has to be based on the tax structure in the initial dataset (state in 2004; the revenue struc-
ture of each country is based on newest available data later than 2004). The tax structure in our model includes 
labour tax, corporate tax and tax on goods such as VAT, and so on. Therefore we can have at least three possi-
bilities for revenue recycling, to cut labour tax (LAB), to cut corporate tax (CPR) or to cut the tax on consumption 
(CON). Existing taxes in many developing countries may not be enough to “absorb” the revenue of carbon tax. 
In this case, the tax rate of labour, corporate or consumption tax will be negative; that is, subsidy will be given to 
the corresponding tax base. Note, however, that the revenue neutrality in this model is defined as the neutrality 
of the total revenue. That is, the revenue of carbon tax does not reduce the revenue of another tax (labour, 
corporate and consumption) by the same amount that the total revenue can be changed, but the carbon tax 
revenue is partly used to maintain the total revenue unchanged. This method is often used in existing literatures 
with a similar model because with this definition of revenue neutrality the effect on other variables such as con-
sumption is limited. 

d) BTA and Special treatment for affected industries

We analyze above mentioned policies withOut and With BTA (OB and WB). For the EU, however, we assume there 
will be no BTA and no ETR by means of auction revenues as explained above.

For cases of unilateral ETR, we analyze also scenarios With Special Treatment (WS). A country can introduce 
special treatment (reduced carbon tax rate by 80%) for only 4 energy intensive industries (PPP, CRP, NMM, I_S), 
but no BTA is applicable to any commodity in this case.

Table 3: Carbon tax scenarios

We name these scenarios as the combination of abbreviations shown in the table, such as UTHA -LAB-WB,
standing for the Unilateral Thailand scenario with BTA with revenue recycling via a labour tax reduction.  

14  We do not have to care about exchange rate for calculating the carbon tax rate in each currency in the model because values are 
denominated in US$. If there will be a harmonized carbon tax in reality, we will need to discuss about the exchange rate to be applied 
(market exchange rate, purchasing power parity, or other options).
15   Optimum tax rate of the Pigouvian Tax is set as the tax rate which realizes the emission level where the marginal abatement cost and 
marginal external cost coincide. In reality this indemonstrable condition provides no suggestion for policy making. Instead, we should set and 
adjust the tax rate so as to achieve a widely accepted target (global atmospheric temperature or GHG reduction). 
16   Anyway, it should be emphasized that a subsidy is a “popular” policy instrument confronting almost no resistance, so that it may well be 
poorly designed, resulting in ineffectiveness and wasting of fiscal resources, resulting in an even worse outcome than in the case of lump-sum 
recycling.
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a) Business as usual (BAU)

 This scenario means the case that happens without the carbon tax proposed in this report. There may be some 
climate policies other than carbon tax (or Cap & Trade in the EU), such as introducing regulation or promotion 
schemes for renewables, but we do not consider these changes for the sake of simplicity; that is, we do not 
change any technological parameter given in the initial dataset. We use the initial dataset (record of the year 
2004) as the business as usual, and calculate the effect of the environmental tax reform as a difference between 
the results of BAU and other scenarios. 

b) Carbon Tax and Lump-sum Recycling

In this scenario we introduce the carbon tax in regions except for the EU. That is, the carbon tax will be intro-
duced unilaterally, in Asia-Pacific, or Worldwide. The carbon tax rate will be set to 10$/tCO2 

14. There is no (and 
need not be any) scientific ground to justify this tax rate, as it is impossible to estimate the real “optimal” tax rate 
in the meaning of the Pigouvian tax 15. Instead, we accept the global temperature goal (plus 2 degrees Celsius) 
and set the carbon tax as the first step towards this goal.

Asia-Pacific includes ESCAP members (AUS, NZL, CHN, JPN, KOR, KHM, IDN, PHL, THA, IND, VNM, MYS, ASI, NCA) 
excluding other regions (CAN, USA, EUR, MOP, ROE, RNO). 

The EU has a clear community-wide GHG reduction target by 2020, so we assume they will reduce CO2 together 
with any ESCAP members in any reduction case, which will give favourable background when any country con-
siders ETR. The strategy of the EU is based on the existing EU-ETS, and the political process in the EU is fairly unfa-
vourable to the introduction of carbon tax and BTA (e.g. unanimity rule combined with some member countries 
against them). We therefore assume that the EU will not apply the carbon tax, but will reduce CO2 emission by 
15% (as its target of 20% below 1990 corresponds to 15% below 2004) by means of the EU-wide ETS (including all 
emission sectors such as households, for the purpose of the analysis). In the real policy, emission allowances will 
be auctioned in principle, but energy-intensive and/or trade-exposed sectors will receive most of the allow-
ances via free allocation, and most of the revenue from auctioning will need to be spent for further climate 
protection. Therefore, we assume EU will not recycle the revenues from ETS via reduction of other existing taxes 
but via lump-sum way in all scenarios. The EU will presumably not introduce a border TAX adjustment (both inside 
EU and towards the outside of the EU). So, we analyze the carbon tax policy with and without BTA, except for the 
case of the EU. 

We assume that if the revenue is not used for tax reduction, it will be given back to the citizens in a lump-sum way 
(LUM). In the model, this revenue recycling is treated as lump-sum expenditure to households without reducing 
other tax revenues, therefore total tax revenue after carbon tax will be higher than other cases. Although there 
is a possibility that the revenue can, e.g.. be spent as subsidies for climate policy purposes, this model cannot 
evaluate the dynamic effect of subsidies. Therefore we do not consider such scenarios 16.

c) Revenue-Neutral Environmental Tax Reform

The Double Dividend, according to the theoretical assumption on which we rely, is possible if the revenue is used 
to reduce other “distorting” taxes. It does not have to be “existing” tax in the context of developing countries. In 
the process of development, developing countries may have to consider introducing any tax for economic and 
social purposes (education, health care, welfare for the aged, etc). If a country can choose carbon tax instead 

of introducing other “normal taxes” such as labour tax, corporate tax or tax on goods, this can also be seen as 
a form of environmental tax reform. 

However, our analysis has to be based on the tax structure in the initial dataset (state in 2004; the revenue struc-
ture of each country is based on newest available data later than 2004). The tax structure in our model includes 
labour tax, corporate tax and tax on goods such as VAT, and so on. Therefore we can have at least three possi-
bilities for revenue recycling, to cut labour tax (LAB), to cut corporate tax (CPR) or to cut the tax on consumption 
(CON). Existing taxes in many developing countries may not be enough to “absorb” the revenue of carbon tax. 
In this case, the tax rate of labour, corporate or consumption tax will be negative; that is, subsidy will be given to 
the corresponding tax base. Note, however, that the revenue neutrality in this model is defined as the neutrality 
of the total revenue. That is, the revenue of carbon tax does not reduce the revenue of another tax (labour, 
corporate and consumption) by the same amount that the total revenue can be changed, but the carbon tax 
revenue is partly used to maintain the total revenue unchanged. This method is often used in existing literatures 
with a similar model because with this definition of revenue neutrality the effect on other variables such as con-
sumption is limited. 

d) BTA and Special treatment for affected industries

We analyze above mentioned policies without and With BTA (OB and WB). For the EU, however, we assume there 
will be no BTA and no ETR by means of auction revenues as explained above.

For cases of unilateral ETR, we analyze also scenarios With Special Treatment (WS). A country can introduce 
special treatment (reduced carbon tax rate by 80%) for only 4 energy intensive industries (PPP, CRP, NMM, I_S), 
but no BTA is applicable to any commodity in this case.

Table 3: Carbon tax scenarios

We name these scenarios as the combination of abbreviations shown in the table, such as UTHA -LAB-WB,
standing for the Unilateral Thailand scenario with BTA with revenue recycling via a labour tax reduction.  

 Without BTA (OB) With BTA (WB) With Special Treatment (WS) 
 LUM LAB CPR CON LUM LAB CPR CON LUM LAB CPR CON 

a) Worldwide (WW) * * * * * * * *     
b) Asia-Pacific (AP) * * * * * * * *     
c) Unilateral:             
   Japan (UJPN) * * * * * * * * * * * * 
   R. O. Korea (UKOR) * * * * * * * * * * * * 
   China (UCHN) * * * * * * * * * * * * 
   India (UIND) * * * * * * * * * * * * 
   Thailand (UTHA) * * * * * * * * * * * * 
   Malaysia (UMYS) * * * * * * * * * * * * 
   Cambodia (UKHM) * * * * * * * * * * * * 



Low Carbon Green Growth Roadmap for Asia and the Pacific : Environmental Tax ReformPage 13

4. Calculation and Results

4.1. Worldwide Scenario

This scenario shows the result of an ideal case where all the regions and countries except for the EU introduce a 
carbon tax at a rate of 10 $/tCO2, while the EU reduces CO2 emission by 15% by ETS (corresponding to a 20% cut 
from 1990), and all the regions will recycle the revenue in the same method, such as lump-sum transfer (LUM), 
labour tax reduction (LAB) or corporate tax cut (CPR) and consumption tax reduction (CON) 17. 

Table 4 shows that there will be more than 11% reduction of global CO2 emission, and the method of revenue 
recycling makes a very tiny difference. The same tax rate results in different emission percentages according to 
the revenue recycling methods, where AUS, CHN, IDN, IND, VNM, NCA achieve more than 10% reduction, while 
other countries and regions cut relatively less. In particular, Japan, which is known for world class energy 
efficiency, achieves only 2.3-2.6% reduction. The given carbon tax rate may have very limited effect on CO2 
emission in developed countries with high energy efficiency compared to developing countries.

Table 4: CO2 reduction in % (Worldwide, WW)

Figure 2: Tax Rate and Reduction in IPCC 2007

* Depicted by Authors. Dots shows the combination of GHG reduction (%) and carbon price ($/tCO2) estimated by computer models 

(POLES, IPAC, AIM, GRAPE, MiniCAM, SGM, MERGE, WIAGEM, IMAGE2.2, IMAGE2.3, MESSAGE).  

Source: IPCC (2007) Climate Change 2007, Mitigation of Climate Change, pp.237-238

At first glance, 11% reduction of global CO2 may seem too large a reduction by a relatively low carbon price, 
but it is in fact in line with several authoritative model calculations shown by the IPCC Report (see Figure 2: Tax 
Rate and Reduction in IPCC 2007). Anyway, the absolute value of CO2 reduction which will be induced by any 
carbon tax rate is of slight importance, as it is hard to predict with a CGE simulation model. The question of the 
“necessary” tax rate will always be open until the carbon tax has been effectively introduced in practice. In our 
analysis we should emphasize the relative advantage of each revenue-recycling method. 

Table 5 shows the effect on GDP level. For worldwide average, there will be only a slight loss of GDP compared 
with business as usual (from 0.08 to 0.20%). As there will be a far larger growth of the world economy by 2020, the 
GDP loss induced by this CO2 tax will be negligible.

Table 5: GDP change in % (Worldwide, WW)

* It is assumed that EUR does not recycle the tax revenue via reduction of existing taxes in any case.
17  We assume that the EU always applies lump-sum revenue recycling. Of course, EU members may also apply several different revenue 
recycling methods in reality.

WRD LUM_OB LAB_OB CPR_OB CON_OB LUM_WB LAB_WB CPR_WB CON_WB 
AUS -13.10 -13.03 -13.13 -13.00 -12.93 -12.86 -13.00 -12.83 
NZL -5.79 -5.71 -6.01 -5.70 -5.68 -5.61 -5.91 -5.60 
CHN -20.49 -20.10 -18.15 -19.20 -19.92 -19.52 -17.50 -18.61 
JPN -2.35 -2.33 -2.61 -2.32 -2.35 -2.33 -2.63 -2.33 
KOR -6.84 -6.73 -6.83 -6.63 -6.82 -6.71 -6.82 -6.61 
KHM -9.04 -8.90 -9.01 -8.82 -8.18 -7.99 -7.92 -7.91 
IDN -11.27 -10.96 -10.82 -10.95 -10.86 -10.54 -10.40 -10.53 
PHL -8.09 -7.90 -7.92 -7.94 -9.96 -9.70 -9.61 -9.72 
THA -5.27 -4.98 -4.72 -4.95 -4.99 -4.69 -4.41 -4.67 
IND -16.93 -16.67 -16.32 -16.60 -16.80 -16.53 -16.17 -16.46 
VNM -10.04 -9.66 -8.03 -9.56 -10.01 -9.42 -6.69 -9.24 
MYS -7.56 -7.19 -6.69 -6.48 -7.23 -6.86 -6.38 -6.16 
RAP -7.73 -7.53 -7.26 -7.49 -7.33 -7.14 -6.85 -7.10 
NCA -11.40 -11.01 -10.72 -10.96 -10.66 -10.24 -9.88 -10.19 
CAN -7.70 -7.57 -7.47 -7.51 -8.00 -7.88 -7.86 -7.82 
USA -8.05 -7.94 -7.90 -7.93 -8.01 -7.90 -7.86 -7.89 
EUR -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 
MOP -7.70 -7.51 -7.73 -7.47 -7.28 -7.09 -7.36 -7.05 
ROE -2.32 -2.28 -2.57 -2.25 -3.01 -2.97 -3.27 -2.94 
RNO -9.12 -8.89 -8.64 -8.87 -8.93 -8.71 -8.48 -8.70 
WRD -11.80 -11.60 -11.21 -11.43 -11.56 -11.36 -10.95 -11.18 
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4. Calculation and Results

4.1. Worldwide Scenario

This scenario shows the result of an ideal case where all the regions and countries except for the EU introduce a 
carbon tax at a rate of 10 $/tCO2, while the EU reduces CO2 emission by 15% by ETS (corresponding to a 20% cut 
from 1990), and all the regions will recycle the revenue in the same method, such as lump-sum transfer (LUM), 
labour tax reduction (LAB) or corporate tax cut (CPR) and consumption tax reduction (CON) 17. 

Table 4 shows that there will be more than 11% reduction of global CO2 emission, and the method of revenue 
recycling makes a very tiny difference. The same tax rate results in different emission percentages according to 
the revenue recycling methods, where AUS, CHN, IDN, IND, VNM, NCA achieve more than 10% reduction, while 
other countries and regions cut relatively less. In particular, Japan, which is known for world class energy 
efficiency, achieves only 2.3-2.6% reduction. The given carbon tax rate may have very limited effect on CO2 
emission in developed countries with high energy efficiency compared to developing countries.

Table 4: CO2 reduction in % (Worldwide, WW)

Figure 2: Tax Rate and Reduction in IPCC 2007

* Depicted by Authors. Dots shows the combination of GHG reduction (%) and carbon price ($/tCO2) estimated by computer models 

(POLES, IPAC, AIM, GRAPE, MiniCAM, SGM, MERGE, WIAGEM, IMAGE2.2, IMAGE2.3, MESSAGE).  

Source: IPCC (2007) Climate Change 2007, Mitigation of Climate Change, pp.237-238

At first glance, 11% reduction of global CO2 may seem too large a reduction by a relatively low carbon price, 
but it is in fact in line with several authoritative model calculations shown by the IPCC Report (see Figure 2: Tax 
Rate and Reduction in IPCC 2007). Anyway, the absolute value of CO2 reduction which will be induced by any 
carbon tax rate is of slight importance, as it is hard to predict with a CGE simulation model. The question of the 
“necessary” tax rate will always be open until the carbon tax has been effectively introduced in practice. In our 
analysis we should emphasize the relative advantage of each revenue-recycling method. 

Table 5 shows the effect on GDP level. For worldwide average, there will be only a slight loss of GDP compared 
with business as usual (from 0.08 to 0.20%). As there will be a far larger growth of the world economy by 2020, the 
GDP loss induced by this CO2 tax will be negligible.

Table 5: GDP change in % (Worldwide, WW)

* It is assumed that EUR does not recycle the tax revenue via reduction of existing taxes in any case.

WRD LUM_OB LAB_OB CPR_OB CON_OB LUM_WB LAB_WB CPR_WB CON_WB 
AUS -0.29 -0.18 -0.33 -0.19 -0.28 -0.18 -0.35 -0.19 
NZL 0.16 0.26 -0.13 0.25 0.16 0.26 -0.13 0.25 
CHN -1.58 -1.03 1.25 -0.73 -1.52 -0.95 1.38 -0.65 
JPN 0.35 0.40 -0.17 0.39 0.33 0.38 -0.20 0.37 
KOR 0.35 0.49 0.32 0.52 0.34 0.49 0.31 0.51 
KHM -0.01 0.16 -0.18 0.07 -0.13 0.10 -0.01 0.00 
IDN -0.63 -0.25 0.12 -0.41 -0.54 -0.14 0.23 -0.32 
PHL 0.20 0.46 0.57 0.30 -0.03 0.34 0.88 0.13 
THA -0.32 0.04 0.46 -0.09 -0.29 0.08 0.54 -0.06 
IND -0.65 -0.32 0.15 -0.45 -0.59 -0.25 0.23 -0.39 
VNM -1.13 -0.73 1.18 -0.79 -1.38 -0.77 2.43 -0.85 
MYS -0.57 -0.20 0.64 0.05 -0.56 -0.19 0.60 0.05 
RAP -0.10 0.14 0.39 0.09 -0.04 0.20 0.47 0.16 
NCA -1.65 -1.25 -0.81 -1.38 -1.42 -0.99 -0.47 -1.14 
CAN -0.05 0.10 0.18 0.11 -0.07 0.07 0.06 0.08 
USA -0.01 0.12 0.20 0.10 -0.01 0.13 0.21 0.10 
EUR* -0.19 -0.22 -0.82 -0.22 -0.23 -0.26 -0.87 -0.26 
MOP -0.82 -0.61 -0.90 -0.67 -0.74 -0.54 -0.90 -0.60 
ROE 0.53 0.59 0.12 0.60 0.48 0.54 0.05 0.55 
RNO -0.17 0.09 0.31 0.01 -0.11 0.15 0.35 0.07 
WRD -0.20 -0.08 -0.19 -0.09 -0.20 -0.08 -0.19 -0.09 
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If we focus on the result for each region and country, there will be a strong double dividend (positive effect on 
GDP) depending on the methods of revenue recycling. We cannot give a simple explanation why and how it is 
possible for a country to achieve a strong double dividend, because this is the result of a complex world-wide 
general equilibrium simulation. However, we can find a clear tendency that BTA gives better results for most 
developing economies, while the merit of BTA for developed economies is limited (note that the EU does not 
apply BTA). The ranking of preferability of revenue recycling for developing countries is in general 
CPR>LAB>CON>LUM. Revenue recycling via corporate tax reduction has a good effect for developing econo-
mies because many of them impose relatively heavy corporate tax (compared to other taxes) and so it raises a 
higher excess burden, and therefore to reduce it induces a lower excess burden and higher level of capital 
inflow. Lump-sum recycling is the least desirable way of revenue recycling in terms of GDP, because it does not 
alleviate the inefficiency of existing tax. A consumption tax cut is the second worst way of revenue recycling, 
because the tax-base of consumption tax is wide and so the tax rate is often lower than labour or capital tax, 
and reducing it therefore alleviates the inefficiency only to a limited extent 18.

In general, the winners from the world-wide carbon tax, such as JPN and KOR, could be able to have a higher 
tax rate without negatively affecting their economy. Namely, the carbon price calculated in the model for EU in 
this case is three times higher than other regions (33.79 $/t-CO2 in WRD-LUM-OB). 

BTA is not relevant in this case. We can see, however, that it is not evident for all economies that BTA will improve 
their economic performance.

4.2. Asia-Pacific (AP) Scenario

In this scenario, we simulate another ideal situation where Asia-Pacific economies (from AUS up to NCA in table 
6) introduce the ETR with the same revenue recycling method and with a carbon tax rate of 10 $/tCO2, and the 
EU cuts its CO2 emissions by 15%. That is, the “free-riders” are CAN, USA, MOP, ROE and RNO 19.

Table 6: CO2 reduction in % (AP)

Table 7: Carbon Leakage Rate in %

Table 8: GDP change in % (AP)

* It is assumed that EUR does not recycle the tax revenue via reduction of existing taxes in any case.

We see that the world-wide CO2 reduction in this case will be just about two thirds of the WW scenario (7.86 
/11.80 = 0.67 for a comparison between WW-LUM-OB and AP -LUM-OB).

The carbon leakage rate (CLR 20) is about 8%, and CLR will be partly alleviated by BTA. For all the positive effect 
on the pattern of international trade, especially the decrease of imports in the case of BTA in general, however, 
BTA cannot be expected to alleviate all the leakages, because this policy measure cannot block off all the 
channels of leakages such as the decline in world energy prices.

The economic costs in terms of reduced GDP are limited, with the worst values for NCA (-1.67%) and CHN 
(-1.72%) in the case of lump-sum revenue recycling (AP-LUM-OB). These values will be improved depending on 
the method of ETR. There will be a weak double dividend in CON and LAB and strong double dividend in CPR for 
most developing economies (see Table 8). As the positive economic effect arises because of the revenue recy-
cling effect, the CO2 reduction rate also reduces. 

By the way, it should be noted that all economies do not have to adopt the same revenue recycling method. 
LAB is more beneficial for some economies (NZL, JPN), while CPR is best for other economies. As JPN and KOR are 
“winners” from this harmonized carbon tax, they may be able to have a higher tax rate (note that carbon price 
in EU is three times higher than Asia-Pacific economies; 32.24 $/t-CO2 in A_P-LUM-OB). This does not mean, how-
ever, that less developed countries should have a lower tax rate, because this result shows that carbon tax is not 
necessarily harmful for their economies.

BTA is not relevant in this case. We can see, however, that it is not evident for all economies that BTA will improve 
their economic performance.

Other relevant economic indicators such as utility (measure of living standard consisting of consumption and 
leisure), labour, terms of trade, economic structure, etc. will be dealt with in detail in the following sections. 
  

18  The consumption tax is assumed to be uniform like VAT, but in reality, if there are goods which are taxed at a very high tax rate, to reduce 
it may improve the economic efficiency.
19  Some EFTA countries (Switzerland, Iceland, Norway, etc.) are included in ROW and MOP in our model and are assumed not to reduce CO2 
in this scenario, but we know that they will have a role in reality, e.g., by taking part in the EU-ETS scheme.

A_P LUM_OB LAB_OB CPR_OB CON_OB LUM_WB LAB_WB CPR_WB CON_WB 
AUS -13.86 -13.77 -13.48 -13.73 -13.67 -13.58 -13.33 -13.55 
NZL -6.14 -6.06 -6.14 -6.06 -6.02 -5.94 -6.02 -5.94 
CHN -20.74 -20.35 -17.98 -19.48 -20.11 -19.71 -17.28 -18.84 
JPN -2.54 -2.50 -2.67 -2.52 -2.57 -2.53 -2.70 -2.54 
KOR -7.24 -7.13 -7.00 -7.08 -7.22 -7.11 -6.98 -7.05 
KHM -9.65 -9.50 -9.40 -9.48 -8.70 -8.51 -8.24 -8.48 
IDN -11.87 -11.55 -11.26 -11.55 -11.46 -11.12 -10.84 -11.13 
PHL -8.40 -8.20 -8.02 -8.24 -10.25 -9.98 -9.70 -10.01 
THA -5.77 -5.49 -4.85 -5.49 -5.44 -5.15 -4.49 -5.16 
IND -17.23 -16.96 -16.43 -16.88 -17.08 -16.81 -16.26 -16.73 
VNM -10.29 -9.91 -7.87 -9.78 -10.29 -9.70 -6.58 -9.50 
MYS -8.21 -7.82 -7.13 -7.31 -7.86 -7.48 -6.80 -6.98 
RAP -8.35 -8.14 -7.59 -8.11 -7.96 -7.75 -7.20 -7.73 
NCA -12.28 -11.79 -10.93 -11.74 -11.48 -10.96 -10.06 -10.93 
CAN 1.44 1.42 1.11 1.40 1.34 1.32 1.01 1.30 
USA 0.86 0.85 0.76 0.84 0.85 0.83 0.74 0.82 
EUR -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 -15.00 
MOP 2.03 2.01 1.69 1.99 1.99 1.97 1.64 1.95 
ROE 2.59 2.55 2.32 2.53 2.47 2.43 2.19 2.41 
RNO 3.43 3.40 3.12 3.37 3.22 3.19 2.90 3.16 
WRD -7.86 -7.72 -7.25 -7.57 -7.67 -7.53 -7.04 -7.38 
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If we focus on the result for each region and country, there will be a strong double dividend (positive effect on 
GDP) depending on the methods of revenue recycling. We cannot give a simple explanation why and how it is 
possible for a country to achieve a strong double dividend, because this is the result of a complex world-wide 
general equilibrium simulation. However, we can find a clear tendency that BTA gives better results for most 
developing economies, while the merit of BTA for developed economies is limited (note that the EU does not 
apply BTA). The ranking of preferability of revenue recycling for developing countries is in general 
CPR>LAB>CON>LUM. Revenue recycling via corporate tax reduction has a good effect for developing econo-
mies because many of them impose relatively heavy corporate tax (compared to other taxes) and so it raises a 
higher excess burden, and therefore to reduce it induces a lower excess burden and higher level of capital 
inflow. Lump-sum recycling is the least desirable way of revenue recycling in terms of GDP, because it does not 
alleviate the inefficiency of existing tax. A consumption tax cut is the second worst way of revenue recycling, 
because the tax-base of consumption tax is wide and so the tax rate is often lower than labour or capital tax, 
and reducing it therefore alleviates the inefficiency only to a limited extent 18.

In general, the winners from the world-wide carbon tax, such as JPN and KOR, could be able to have a higher 
tax rate without negatively affecting their economy. Namely, the carbon price calculated in the model for EU in 
this case is three times higher than other regions (33.79 $/t-CO2 in WRD-LUM-OB). 

BTA is not relevant in this case. We can see, however, that it is not evident for all economies that BTA will improve 
their economic performance.

4.2. Asia-Pacific (AP) Scenario

In this scenario, we simulate another ideal situation where Asia-Pacific economies (from AUS up to NCA in table 
6) introduce the ETR with the same revenue recycling method and with a carbon tax rate of 10 $/tCO2, and the 
EU cuts its CO2 emissions by 15%. That is, the “free-riders” are CAN, USA, MOP, ROE and RNO 19.

Table 6: CO2 reduction in % (AP)

Table 7: Carbon Leakage Rate in %

Table 8: GDP change in % (AP)

* It is assumed that EUR does not recycle the tax revenue via reduction of existing taxes in any case.

We see that the world-wide CO2 reduction in this case will be just about two thirds of the WW scenario (7.86 
/11.80 = 0.67 for a comparison between WW-LUM-OB and AP -LUM-OB).

The carbon leakage rate (CLR 20) is about 8%, and CLR will be partly alleviated by BTA. For all the positive effect 
on the pattern of international trade, especially the decrease of imports in the case of BTA in general, however, 
BTA cannot be expected to alleviate all the leakages, because this policy measure cannot block off all the 
channels of leakages such as the decline in world energy prices.

The economic costs in terms of reduced GDP are limited, with the worst values for NCA (-1.67%) and CHN 
(-1.72%) in the case of lump-sum revenue recycling (AP-LUM-OB). These values will be improved depending on 
the method of ETR. There will be a weak double dividend in CON and LAB and strong double dividend in CPR for 
most developing economies (see Table 8). As the positive economic effect arises because of the revenue recy-
cling effect, the CO2 reduction rate also reduces. 

By the way, it should be noted that all economies do not have to adopt the same revenue recycling method. 
LAB is more beneficial for some economies (NZL, JPN), while CPR is best for other economies. As JPN and KOR are 
“winners” from this harmonized carbon tax, they may be able to have a higher tax rate (note that carbon price 
in EU is three times higher than Asia-Pacific economies; 32.24 $/t-CO2 in A_P-LUM-OB). This does not mean, how-
ever, that less developed countries should have a lower tax rate, because this result shows that carbon tax is not 
necessarily harmful for their economies.

BTA is not relevant in this case. We can see, however, that it is not evident for all economies that BTA will improve 
their economic performance.

Other relevant economic indicators such as utility (measure of living standard consisting of consumption and 
leisure), labour, terms of trade, economic structure, etc. will be dealt with in detail in the following sections. 
  
20  CLR is defined as the quotient of the increased carbon emission in “free-rider” regions and decreased carbon emission in regions where 
carbon tax or ETS is introduced.

A_P LUM_OB LAB_OB CPR_OB CON_OB LUM_WB LAB_WB CPR_WB CON_WB 
AUS -0.39 -0.27 -0.14 -0.28 -0.36 -0.25 -0.14 -0.25 
NZL 0.04 0.15 0.08 0.13 0.06 0.17 0.09 0.15 
CHN -1.72 -1.18 1.61 -0.89 -1.65 -1.08 1.76 -0.79 
JPN 0.23 0.29 0.02 0.27 0.23 0.28 0.00 0.27 
KOR 0.12 0.27 0.52 0.28 0.13 0.29 0.55 0.29 
KHM -0.19 0.00 0.26 -0.07 -0.29 -0.05 0.45 -0.13 
IDN -0.68 -0.28 0.39 -0.46 -0.56 -0.15 0.53 -0.33 
PHL -0.02 0.26 0.94 0.10 -0.23 0.16 1.26 -0.05 
THA -0.55 -0.18 0.86 -0.32 -0.49 -0.11 0.97 -0.26 
IND -0.78 -0.44 0.28 -0.57 -0.70 -0.36 0.38 -0.48 
VNM -1.19 -0.79 1.60 -0.84 -1.43 -0.83 2.81 -0.90 
MYS -0.71 -0.31 1.08 -0.05 -0.67 -0.28 1.06 -0.02 
RAP -0.23 0.02 0.64 -0.03 -0.16 0.09 0.72 0.04 
NCA -1.67 -1.17 0.09 -1.34 -1.41 -0.88 0.43 -1.07 
CAN 0.26 0.24 -0.11 0.24 0.24 0.22 -0.14 0.21 
USA 0.17 0.16 -0.06 0.15 0.16 0.15 -0.07 0.14 
EUR* -0.29 -0.31 -0.66 -0.31 -0.30 -0.33 -0.69 -0.33 
MOP 0.11 0.10 -0.42 0.09 0.09 0.07 -0.46 0.07 
ROE 0.54 0.52 0.13 0.51 0.49 0.48 0.08 0.47 
RNO 0.38 0.36 0.00 0.35 0.34 0.32 -0.05 0.32 
WRD -0.13 -0.08 -0.13 -0.08 -0.13 -0.08 -0.13 -0.08 

A_P LUM_OB LAB_OB CPR_OB CON_OB LUM_WB LAB_WB CPR_WB CON_WB 
CLR 7.89 7.92 7.50 8.00 7.79 7.82 7.36 7.89 
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4.3. Unilateral Scenarios

4.3.1 Unilateral Japan (UJPN)

This case assumes that the EU reduces its CO2 emission by 15% and only Japan introduces an ETR with carbon tax 
at a rate of 10 $/tCO2. There will be a worldwide CO2 reduction of only about 1.6% (with the contribution of 
Japan about 0.08%), and all regions other than the EU and JPN increase their CO2 emission, with a leakage rate 
(CLR) of up to 29%.

We show the result for Japan in Table 9. We can see that JPN will reduce its carbon emission by about 3%, and 
there will always be a strong double dividend in all scenarios (see GDP, labour utility and consumption). It is, how-
ever, rather because of spillover effects of EU’s carbon reduction than the “pure” double dividend of Japan’s 
ETR 21. Namely, as EU’s climate policy based on emissions trading disadvantages its own exporting industries to 
some extent especially because of higher carbon price, other regions can enjoy competitive advantage 
slightly. The results shown in tables in this section (table 9 – 22) contains this effect.

The positive double dividend in terms of GDP is highest in the case of CPR, while the effect on employment 
(labour), utility and consumption is best in the case of LAB. In the case of CPR where foreign capital inflows (see 
cap.infl.) and the effect on GDP are best, the effect on utility or consumption is sub-optimal, mainly because the 
part of return to foreign direct investment accrues to the capital holder abroad. 

If we focus on export and import, we recognize that the BTA (see WB) supports the export and restricts the import 
slightly and so reduces the unwished leakage effect in this way. Instead of BTA, the special treatment (see WS) 
also alleviates leakage with a similar effect to BTA on export, but, without reducing the import, and the reduction 
of CO2 in WS scenarios is lower in all the revenue recycling scenarios. Considering the lower loss of CO2 reduction 
with similar improvement of leakage rate (CLR) in all cases, we would like to propose BTA rather than the special 
treatment of carbon tax. The terms of trade (T. O. T.) figure, which shows the relative price of exports to imports, 
rises except for the case of CPR.

Table 9: Unilateral Japan (UJPN)

Note: all values are change in %.

 

Table 10: Revenue Structure of Japan (% of GDP)

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

In short, the economic effect of unilateral ETR (together with the EU’s climate policy) in Japan is possibly positive 
against the background of the EU’s climate policy. Different revenue recycling methods have different benefits, 
and we should emphasize here that GDP is only one of the many indicators for a Green Economy. Reducing 
corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other hand, reduc-
ing LAB, CON or lump-sum payments have different benefits such as better employment, utility and consump-
tion. Lump-sum recycling without double dividend can also be a good way to address social equity when it is 
given as benefits for socially disadvantaged groups. Governments can also combine these measures rather 
than making an either-or choice, depending on their national priorities and policy objectives. We could hardly 
take into account the possibility of further technological innovation or effects of capital accumulation in our 
model. These components of economic growth should be also considered for future research.

Table 10 shows the revenue structures in each scenario. We can see that carbon tax at the rate of 10 $/tCO2 
makes up a tax revenue of only 0.14% of GDP. The change of other tax revenue is therefore marginal even if the 
carbon tax revenue is used for reducing existing taxes.  

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 3 and 4). 
Figure 3 shows that the CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 4 shows that the positive double dividend (in the case of CPR-WB) is boosted if the 
carbon tax is higher, but the additional GDP gain will be diminished. At a carbon tax rate of 0 $/tCO2, CO2 reduc-
tion and GDP change are nonzero (+0.12 – 0.16%) because of the indirect impact from outside such as of the 
EU’s unilateral climate policy.

  

21   If we include the EU’s reduction in BAU and calculate the pure effect of Japan’s ETR, there will be slight loss of GDP, Utility or Consumption 
up to 0.1%, except for the GDP rise by 0.08% in cases of UJPN-CPR. The order of superiority of revenue recycling methods does not change.

UJPN 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

CO2 -3.02 -2.97 -2.93 -2.97 -2.99 -2.94 -2.90 -2.94 -2.86 -2.81 -2.78 -2.81 
CLR 29.04 28.99 28.21 28.99 28.93 28.87 28.08 28.88 28.90 28.85 28.13 28.85 
GDP 0.03 0.08 0.20 0.07 0.04 0.09 0.21 0.08 0.05 0.10 0.21 0.09 
Labour -0.03 0.04 0.00 0.03 -0.03 0.04 0.00 0.04 -0.02 0.04 0.00 0.03 
Utility 0.00 0.02 0.01 0.02 0.00 0.02 0.01 0.02 0.01 0.02 0.01 0.02 
Consm. -0.01 0.06 0.01 0.05 -0.01 0.06 0.01 0.05 -0.01 0.06 0.02 0.05 
Export 0.16 0.25 1.14 0.24 0.20 0.29 1.21 0.29 0.30 0.38 1.21 0.37 
Import -0.13 -0.11 -0.32 -0.11 -0.15 -0.13 -0.34 -0.13 -0.11 -0.09 -0.28 -0.09 
T.O.T 0.16 0.14 -0.02 0.15 0.15 0.13 -0.04 0.13 0.13 0.12 -0.03 0.12 
Cap.infl.   0.17 0.20 0.58 0.20 0.20 0.22 0.61 0.22 0.22 0.24 0.59 0.24 
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4.3. Unilateral Scenarios

4.3.1 Unilateral Japan (UJPN)

This case assumes that the EU reduces its CO2 emission by 15% and only Japan introduces an ETR with carbon tax 
at a rate of 10 $/tCO2. There will be a worldwide CO2 reduction of only about 1.6% (with the contribution of 
Japan about 0.08%), and all regions other than the EU and JPN increase their CO2 emission, with a leakage rate 
(CLR) of up to 29%.

We show the result for Japan in Table 9. We can see that JPN will reduce its carbon emission by about 3%, and 
there will always be a strong double dividend in all scenarios (see GDP, labour utility and consumption). It is, how-
ever, rather because of spillover effects of EU’s carbon reduction than the “pure” double dividend of Japan’s 
ETR 21. Namely, as EU’s climate policy based on emissions trading disadvantages its own exporting industries to 
some extent especially because of higher carbon price, other regions can enjoy competitive advantage 
slightly. The results shown in tables in this section (table 9 – 22) contains this effect.

The positive double dividend in terms of GDP is highest in the case of CPR, while the effect on employment 
(labour), utility and consumption is best in the case of LAB. In the case of CPR where foreign capital inflows (see 
cap.infl.) and the effect on GDP are best, the effect on utility or consumption is sub-optimal, mainly because the 
part of return to foreign direct investment accrues to the capital holder abroad. 

If we focus on export and import, we recognize that the BTA (see WB) supports the export and restricts the import 
slightly and so reduces the unwished leakage effect in this way. Instead of BTA, the special treatment (see WS) 
also alleviates leakage with a similar effect to BTA on export, but, without reducing the import, and the reduction 
of CO2 in WS scenarios is lower in all the revenue recycling scenarios. Considering the lower level of CO2 reduc-
tion and higher improvement of leakage rate (CLR) in all cases, we would like to propose BTA rather than the 
special treatment of carbon tax. It can also be said, from comparison of the GDP of CPR-WB and CPR-WS, that 
by using special treatment the government loses revenue and cannot fully exert the potential of a strong double 
dividend. The terms of trade (T. O. T.) figure, which shows the relative price of exports to imports, rises except for 
the case of CPR.

Table 9: Unilateral Japan (UJPN)

Note: all values are change in %.

 

Table 10: Revenue Structure of Japan (% of GDP)

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

In short, the economic effect of unilateral ETR (together with the EU’s climate policy) in Japan is possibly positive 
against the background of the EU’s climate policy. Different revenue recycling methods have different benefits, 
and we should emphasize here that GDP is only one of the many indicators for a Green Economy. Reducing 
corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other hand, reduc-
ing LAB, CON or lump-sum payments have different benefits such as better employment, utility and consump-
tion. Lump-sum recycling without double dividend can also be a good way to address social equity when it is 
given as benefits for socially disadvantaged groups. Governments can also combine these measures rather 
than making an either-or choice, depending on their national priorities and policy objectives. We could hardly 
take into account the possibility of further technological innovation or effects of capital accumulation in our 
model. These components of economic growth should be also considered for future research.

Table 10 shows the revenue structures in each scenario. We can see that carbon tax at the rate of 10 $/tCO2 
makes up a tax revenue of only 0.14% of GDP. The change of other tax revenue is therefore marginal even if the 
carbon tax revenue is used for reducing existing taxes.  

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 3 and 4). 
Figure 3 shows that the CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 4 shows that the positive double dividend (in the case of CPR-WB) is boosted if the 
carbon tax is higher, but the additional GDP gain will be diminished. At a carbon tax rate of 0 $/tCO2, CO2 reduc-
tion and GDP change are nonzero (+0.12 – 0.16%) because of the indirect impact from outside such as of the 
EU’s unilateral climate policy.

  

 Labour 
tax 

Corporate 
tax 

Capital 
income tax 

Tax on goods 
& Services 

Other  
taxes 

Carbon   
tax 

Sum 

BAU 13.23% 4.06% 3.26% 4.40% 3.93%  28.88% 
LUM_OB 13.21% 4.06% 3.25% 4.38% 3.93% 0.14% 28.96% 
LAB_OB 13.10% 4.06% 3.25% 4.38% 3.93% 0.14% 28.85% 
CPR_OB 13.21% 3.92% 3.26% 4.37% 3.93% 0.14% 28.82% 
CON_OB 13.23% 4.06% 3.26% 4.25% 3.94% 0.14% 28.88% 
LUM_WB 13.21% 4.06% 3.25% 4.38% 3.93% 0.14% 28.96% 
LAB_WB 13.10% 4.06% 3.25% 4.38% 3.93% 0.14% 28.85% 
CPR_WB 13.21% 3.92% 3.25% 4.37% 3.93% 0.14% 28.82% 
CON_WB 13.23% 4.06% 3.26% 4.25% 3.94% 0.14% 28.88% 
LUM_WS 13.21% 4.06% 3.25% 4.38% 3.93% 0.12% 28.95% 
LAB_WS 13.11% 4.06% 3.25% 4.38% 3.93% 0.12% 28.85% 
CPR_WS 13.21% 3.93% 3.25% 4.38% 3.93% 0.12% 28.82% 
CON_WS 13.23% 4.06% 3.26% 4.26% 3.93% 0.12% 28.87% 
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Figure 3: CO2 reduction and tax rate                                Figure 4: GDP change and tax rate

4.3.2 Unilateral Republic of Korea (UKOR)

This case assumes that the EU reduces its CO2 emission by 15% and only the Republic of Korea introduces a 
carbon tax at a rate of 10 $/tCO2. There will be a worldwide CO2 reduction of only about 1.6% (with the contribu-
tion of Korea about 0.1%), and all other regions than the EU and KOR increase their CO2 emission, with a leakage 
rate of up to 29%.

We show the result for KOR in Table 11. We can see that KOR will reduce its carbon emission by about 7-9%, and 
the negative economic effect is moderate. This is partly because of the spillover effects of the EU’s carbon 
reduction 22. A positive double dividend in terms of GDP is possible in the case of CPR, while the effect on 
employment (labour), utility and consumption is best in the case of reduction of consumption tax (CON). The 
authors presume that this is because the burden of consumption tax in KOR is relatively high. In the case of CPR 
where foreign capital inflows (see cap.infl.) and the effect on GDP are best, the effect on utility or consumption 
is sub-optimal, mainly because the part of return to foreign direct investment accrues to the capital holder 
abroad. It is, again, remarkable in the case of KOR that the effect on employment (labour) is better with CON 
than by LAB. 

Table 11: Unilateral Republic of Korea (UKOR)

Note: all values are change in %.

Revenues in the model differ from the original data due to the difference of data and re-calculation of the dataset. Other taxes are not 

relevant for simulation.

If we focus on export and import, we recognize that the BTA (see WB) has almost no effect on export while 
restricting the import slightly, and so it reduces the unwanted leakage effect in this way. Instead of BTA, the 
special treatment (see WS) alleviates leakage by increasing export and reducing import slightly. The reduction 
of CO2 in WS scenarios is lower in all revenue recycling scenarios. Considering the lower loss of CO2 reduction 
with similar improvement of leakage rate (CLR) in all cases, we would like to propose BTA rather than the special 
treatment of carbon tax.  The terms of trade (T. O. T.) figure, which shows the relative price of exports to imports, 
rises except for the case of CPR. 

In short, the economic effect of unilateral ETR in KOR (together with the EU’s climate policy) can be positive 
against the background of the EU’s climate policy. Different revenue recycling methods have different benefits, 
and we should emphasize here that GDP is merely one of the many indicators for a Green Economy. Reducing 
corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other hand, reduc-
ing LAB, CON or lump-sum payments have different benefits such as better employment, utility and consump-
tion. Lump-sum recycling without double dividend can also be a good way to address social equity when it is 
given as benefits for socially disadvantaged groups. Governments can also combine these measures rather 
than making an either-or choice, depending on their national priorities and policy objectives. We could hardly 
take into account the possibility of further technological innovation or effects of capital accumulation in our 
model. These components of economic growth should be also considered for future research.

Table 12 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 
makes up a tax revenue of 0.45% of GDP.

Table 12: Revenue Structure of Republic of Korea 

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

 
  

22   If we include the EU’s reduction in BAU and calculate the pure effect of KOR’s ETR, there will be loss of GDP in worst cases (LUM) of about 
0.45% (LUM-OB) or 0.43% (LUM-WB).

UKOR 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

CO2 -8.64 -8.52 -8.04 -8.46 -8.58 -8.46 -7.96 -8.39 -7.86 -7.75 -7.30 -7.70 
CLR 29.47 29.45 28.96 29.45 29.42 29.40 28.90 29.40 29.40 29.39 28.93 29.39 
GDP -0.22 -0.09 0.69 -0.08 -0.20 -0.06 0.73 -0.05 -0.16 -0.04 0.67 -0.03 
Labour -0.13 0.07 -0.03 0.07 -0.13 0.07 -0.02 0.08 -0.12 0.06 -0.03 0.07 
Utility -0.01 0.03 0.01 0.04 0.00 0.04 0.01 0.04 0.01 0.04 0.02 0.04 
Consm. -0.10 0.09 -0.01 0.10 -0.10 0.10 0.00 0.11 -0.08 0.09 0.01 0.10 
Export -0.65 -0.48 1.77 -0.47 -0.65 -0.48 1.83 -0.46 -0.50 -0.35 1.71 -0.34 
Import -0.31 -0.21 0.24 -0.21 -0.37 -0.27 0.19 -0.26 -0.27 -0.18 0.23 -0.17 
T.O.T 0.30 0.27 -0.11 0.27 0.30 0.27 -0.13 0.26 0.28 0.25 -0.10 0.25 
Cap.infl. -0.15 -0.09 1.79 -0.08 -0.10 -0.03 1.88 -0.03 -0.05 0.01 1.72 0.02 
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Figure 3: CO2 reduction and tax rate                                Figure 4: GDP change and tax rate

4.3.2 Unilateral Republic of Korea (UKOR)

This case assumes that the EU reduces its CO2 emission by 15% and only the Republic of Korea introduces a 
carbon tax at a rate of 10 $/tCO2. There will be a worldwide CO2 reduction of only about 1.6% (with the contribu-
tion of Korea about 0.1%), and all other regions than the EU and KOR increase their CO2 emission, with a leakage 
rate of up to 29%.

We show the result for KOR in Table 11. We can see that KOR will reduce its carbon emission by about 7-9%, and 
the negative economic effect is moderate. This is partly because of the spillover effects of the EU’s carbon 
reduction 22. A positive double dividend in terms of GDP is possible in the case of CPR, while the effect on 
employment (labour), utility and consumption is best in the case of reduction of consumption tax (CON). The 
authors presume that this is because the burden of consumption tax in KOR is relatively high. In the case of CPR 
where foreign capital inflows (see cap.infl.) and the effect on GDP are best, the effect on utility or consumption 
is sub-optimal, mainly because the part of return to foreign direct investment accrues to the capital holder 
abroad. It is, again, remarkable in the case of KOR that the effect on employment (labour) is better with CON 
than by LAB. 

Table 11: Unilateral Republic of Korea (UKOR)

Note: all values are change in %.

Revenues in the model differ from the original data due to the difference of data and re-calculation of the dataset. Other taxes are not 

relevant for simulation.

If we focus on export and import, we recognize that the BTA (see WB) has almost no effect on export while 
restricting the import slightly, and so it reduces the unwanted leakage effect in this way. Instead of BTA, the 
special treatment (see WS) alleviates leakage by increasing export and reducing import slightly. The reduction 
of CO2 in WS scenarios is lower in all revenue recycling scenarios. Considering the lower loss of CO2 reduction 
with similar improvement of leakage rate (CLR) in all cases, we would like to propose BTA rather than the special 
treatment of carbon tax.  The terms of trade (T. O. T.) figure, which shows the relative price of exports to imports, 
rises except for the case of CPR. 

In short, the economic effect of unilateral ETR in KOR (together with the EU’s climate policy) can be positive 
against the background of the EU’s climate policy. Different revenue recycling methods have different benefits, 
and we should emphasize here that GDP is merely one of the many indicators for a Green Economy. Reducing 
corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other hand, reduc-
ing LAB, CON or lump-sum payments have different benefits such as better employment, utility and consump-
tion. Lump-sum recycling without double dividend can also be a good way to address social equity when it is 
given as benefits for socially disadvantaged groups. Governments can also combine these measures rather 
than making an either-or choice, depending on their national priorities and policy objectives. We could hardly 
take into account the possibility of further technological innovation or effects of capital accumulation in our 
model. These components of economic growth should be also considered for future research.

Table 12 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 
makes up a tax revenue of 0.45% of GDP.

Table 12: Revenue Structure of Republic of Korea 

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

 
  

 Labour 
tax 

Corporate 
tax 

Capital 
income tax 

Tax on goods 
& Services 

Other  
taxes 

Carbon   
tax 

Sum 

BAU 5.10% 3.99% 3.05% 5.64% 11.21%  28.99% 
LUM_OB 5.08% 3.97% 3.04% 5.62% 11.13% 0.45% 29.29% 
LAB_OB 4.78% 3.97% 3.03% 5.62% 11.13% 0.45% 28.99% 
CPR_OB 5.07% 3.51% 3.03% 5.59% 11.16% 0.45% 28.80% 
CON_OB 5.11% 3.99% 3.05% 5.23% 11.19% 0.45% 29.02% 
LUM_WB 5.08% 3.97% 3.04% 5.62% 11.14% 0.45% 29.29% 
LAB_WB 4.78% 3.97% 3.03% 5.62% 11.14% 0.45% 28.99% 
CPR_WB 5.07% 3.50% 3.03% 5.59% 11.17% 0.45% 28.80% 
CON_WB 5.11% 4.00% 3.05% 5.22% 11.20% 0.45% 29.02% 
LUM_WS 5.08% 3.98% 3.04% 5.62% 11.13% 0.41% 29.25% 
LAB_WS 4.81% 3.98% 3.03% 5.62% 11.14% 0.41% 28.99% 
CPR_WS 5.07% 3.55% 3.03% 5.59% 11.16% 0.41% 28.81% 
CON_WS 5.11% 4.00% 3.05% 5.26% 11.19% 0.41% 29.02% 
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Figure 5: CO2 reduction and tax rate                                Figure 6: GDP change and tax rate

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 5 and 6). 
Figure 5 shows that CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 6 shows that the positive double dividend (in the case of CPR-WB) is boosted if the 
carbon tax is higher, but the additional GDP gain will be diminished. At a carbon tax rate of 0 $/tCO2, CO2 reduc-
tion and GDP change are nonzero because of the indirect impact of the EU’s unilateral climate policy.

4.3.3. Unilateral China (UCHN)

This case assumes that the EU reduces its CO2 emission by 15% and only China introduces a carbon tax at a rate 
of 10 $/tCO2. There will be worldwide CO2 reduction of only about 5% (the contribution of China is 2.7 – 3.5%), 
and all regions other than the EU and CHN increase their CO2 emission, with a leakage rate of up to 13.7%.

We show the result for CHN in Table 13. We can see that CHN will reduce its carbon emission by about 20%, and 
there would be non-negligible economic loss if it were not for the double dividend. A strong double dividend in 
terms of GDP is possible in the case of CPR (by +1.90 in CPR-WB), while the effect on employment (labour) is posi-
tive with LAB and CON. We can observe only a weak double dividend in terms of utility and consumption. 

The authors presume that the double dividend in employment is better in the case of a consumption tax cut 
rather than a labour tax cut, because the burden of consumption tax in CHN is relatively higher than labour tax. 
In the case of CPR, where there are more foreign capital inflows (see Cap.infl.) and the effect on GDP is best, the 
effect on utility is also best, unlike in other economies. We think this is because the strong GDP effect results from 
capital inflow, together with more leisure induced by lower labour demand, giving a stronger positive effect on 
utility than other cases.

Table 13: Unilateral CHINA (UCHN)

Note: all values are change in %.

 

If we focus on export and import, we recognize that the BTA (see WB) has almost no effect on export (except for 
the case of CPR) while restricting the import slightly, and so it would reduce the leakage effect. But the leakage 
rate (CLR) rises, presumably because of the significantly higher CO2 emission of China induced by the better 
GDP performance because of BTA (compare the cases OB and WB). Instead of BTA, the special treatment (see 
WS) alleviates leakage by increasing export (except for the case of CPR), while keeping import almost 
unchanged. The reduction of CO2 in the WB and WS scenarios is lower in all revenue recycling scenarios. Consid-
ering the lower loss of CO2 reduction in all cases, we would like to propose BTA rather than special treatment of 
carbon tax. The terms of trade (T. O. T.) figure, which shows the relative price of exports to imports, rises except 
for the case of CPR. 

In short, the effect of unilateral ETR in China (together with the EU’s climate policy) can be very strong on its CO2 
emission and can be favourable on GDP. Different revenue recycling methods have different benefits, and we 
should emphasize here that GDP is only one of the many indicators for a Green Economy. Reducing corporate 
taxes seemed to maximize GDP, because this policy induces capital inflow. On the other hand, reducing LAB, 
CON or lump-sum payments have different benefits such as better employment, utility and consumption. Lump-
sum recycling without double dividend can also be a good way to address social equity when it is given as ben-
efits for socially disadvantaged groups. Governments can also combine these measures rather than making an 
either-or choice, depending on their national priorities and policy objectives. We could hardly take into account 
the possibility of further technological innovation or effects of capital accumulation in our model. These compo-
nents of economic growth should be also considered for future research.

Table 14: Revenue Structure of China

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

Table 14 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 
makes up a tax revenue of 1.64% of GDP, and the revenue shift caused by ETR is significant.

As the end of this section, we show the change in CO2 and GDP depending on the tax rates (Figures 7 and 8). 
Figure 7 shows that CO2 reduction differs according to the carbon tax rate. Though there is not much difference 
between the scenarios, the scenarios with a stronger double dividend show higher emission. Figure 8 shows that 
a positive double dividend (in the case of CPR-WB) is no longer boosted by a higher carbon tax rate than 10 
$/tCO2. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because of the indirect 
impact of the EU’s unilateral climate policy.

UCHN 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

CO2 -21.11 -20.72 -18.18 -19.90 -20.43 -20.03 -17.42 -19.20 -18.12 -17.78 -15.59 -17.16 
CLR 12.94 12.99 12.09 13.17 13.31 13.36 12.43 13.55 13.53 13.58 12.81 13.75 
GDP -1.85 -1.31 1.73 -1.04 -1.76 -1.21 1.90 -0.93 -1.53 -1.07 1.49 -0.86 
Labour -0.43 0.37 -0.09 0.65 -0.44 0.38 -0.09 0.67 -0.39 0.28 -0.11 0.52 
Utility -1.07 -0.82 -0.53 -0.68 -1.04 -0.78 -0.50 -0.64 -0.88 -0.67 -0.42 -0.57 
Consm. -1.65 -0.75 -0.73 -0.37 -1.62 -0.69 -0.70 -0.30 -1.39 -0.63 -0.61 -0.32 
Export -3.39 -2.82 5.36 -2.48 -3.37 -2.79 5.60 -2.44 -2.82 -2.34 4.53 -2.07 
Import -0.85 -0.53 0.29 -0.38 -1.04 -0.71 0.13 -0.55 -0.77 -0.50 0.18 -0.38 
T.O.T 0.63 0.52 -1.04 0.45 0.60 0.49 -1.10 0.42 0.54 0.45 -0.86 0.39 
Cap.infl.              -2.79 -2.52 5.47 -2.31 -2.57 -2.30 5.89 -2.08 -2.23 -2.01 4.71 -1.85 
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Figure 5: CO2 reduction and tax rate                                Figure 6: GDP change and tax rate

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 5 and 6). 
Figure 5 shows that CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 6 shows that the positive double dividend (in the case of CPR-WB) is boosted if the 
carbon tax is higher, but the additional GDP gain will be diminished. At a carbon tax rate of 0 $/tCO2, CO2 reduc-
tion and GDP change are nonzero because of the indirect impact of the EU’s unilateral climate policy.

4.3.3. Unilateral China (UCHN)

This case assumes that the EU reduces its CO2 emission by 15% and only China introduces a carbon tax at a rate 
of 10 $/tCO2. There will be worldwide CO2 reduction of only about 5% (the contribution of China is 2.7 – 3.5%), 
and all regions other than the EU and CHN increase their CO2 emission, with a leakage rate of up to 13.7%.

We show the result for CHN in Table 13. We can see that CHN will reduce its carbon emission by about 20%, and 
there would be non-negligible economic loss if it were not for the double dividend. A strong double dividend in 
terms of GDP is possible in the case of CPR (by +1.90 in CPR-WB), while the effect on employment (labour) is posi-
tive with LAB and CON. We can observe only a weak double dividend in terms of utility and consumption. 

The authors presume that the double dividend in employment is better in the case of a consumption tax cut 
rather than a labour tax cut, because the burden of consumption tax in CHN is relatively higher than labour tax. 
In the case of CPR, where there are more foreign capital inflows (see Cap.infl.) and the effect on GDP is best, the 
effect on utility is also best, unlike in other economies. We think this is because the strong GDP effect results from 
capital inflow, together with more leisure induced by lower labour demand, giving a stronger positive effect on 
utility than other cases.

Table 13: Unilateral CHINA (UCHN)

Note: all values are change in %.

 

If we focus on export and import, we recognize that the BTA (see WB) has almost no effect on export (except for 
the case of CPR) while restricting the import slightly, and so it would reduce the leakage effect. But the leakage 
rate (CLR) rises, presumably because of the significantly higher CO2 emission of China induced by the better 
GDP performance because of BTA (compare the cases OB and WB). Instead of BTA, the special treatment (see 
WS) alleviates leakage by increasing export (except for the case of CPR), while keeping import almost 
unchanged. The reduction of CO2 in the WB and WS scenarios is lower in all revenue recycling scenarios. Consid-
ering the lower loss of CO2 reduction in all cases, we would like to propose BTA rather than special treatment of 
carbon tax. The terms of trade (T. O. T.) figure, which shows the relative price of exports to imports, rises except 
for the case of CPR. 

In short, the effect of unilateral ETR in China (together with the EU’s climate policy) can be very strong on its CO2 
emission and can be favourable on GDP. Different revenue recycling methods have different benefits, and we 
should emphasize here that GDP is only one of the many indicators for a Green Economy. Reducing corporate 
taxes seemed to maximize GDP, because this policy induces capital inflow. On the other hand, reducing LAB, 
CON or lump-sum payments have different benefits such as better employment, utility and consumption. Lump-
sum recycling without double dividend can also be a good way to address social equity when it is given as ben-
efits for socially disadvantaged groups. Governments can also combine these measures rather than making an 
either-or choice, depending on their national priorities and policy objectives. We could hardly take into account 
the possibility of further technological innovation or effects of capital accumulation in our model. These compo-
nents of economic growth should be also considered for future research.

Table 14: Revenue Structure of China

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

Table 14 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 
makes up a tax revenue of 1.64% of GDP, and the revenue shift caused by ETR is significant.

As the end of this section, we show the change in CO2 and GDP depending on the tax rates (Figures 7 and 8). 
Figure 7 shows that CO2 reduction differs according to the carbon tax rate. Though there is not much difference 
between the scenarios, the scenarios with a stronger double dividend show higher emission. Figure 8 shows that 
a positive double dividend (in the case of CPR-WB) is no longer boosted by a higher carbon tax rate than 10 
$/tCO2. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because of the indirect 
impact of the EU’s unilateral climate policy.

 Labour 
tax 

Corporate 
tax 

Capital 
income tax 

Tax on goods 
& Services 

Other  
taxes 

Carbon   
tax 

Sum 

BAU 3.36% 3.55% 1.16% 8.32% 13.80%  30.19% 
LUM_OB 3.31% 3.48% 1.17% 8.33% 13.74% 1.64% 31.67% 
LAB_OB 2.11% 3.48% 1.17% 8.36% 13.74% 1.64% 30.50% 
CPR_OB 3.28% 1.53% 1.16% 8.16% 13.91% 1.65% 29.68% 
CON_OB 3.40% 3.57% 1.20% 6.45% 14.11% 1.62% 30.35% 
LUM_WB 3.31% 3.48% 1.17% 8.33% 13.75% 1.65% 31.69% 
LAB_WB 2.07% 3.48% 1.16% 8.36% 13.75% 1.65% 30.47% 
CPR_WB 3.28% 1.48% 1.15% 8.15% 13.92% 1.66% 29.65% 
CON_WB 3.40% 3.57% 1.19% 6.39% 14.13% 1.64% 30.33% 
LUM_WS 3.32% 3.49% 1.17% 8.33% 13.75% 1.39% 31.45% 
LAB_WS 2.31% 3.49% 1.16% 8.36% 13.74% 1.39% 30.47% 
CPR_WS 3.29% 1.85% 1.16% 8.19% 13.89% 1.40% 29.78% 
CON_WS 3.39% 3.57% 1.19% 6.76% 14.06% 1.38% 30.35% 
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Figure 7: CO2 reduction and tax rate                                Figure 8: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

4.3.4. Unilateral India (UIND)

This case assumes that the EU reduces its CO2 emission by 15% and only India introduces a carbon tax at a rate 
of 10 $/tCO2. There will be worldwide CO2 reduction of only about 2.2% (the contribution of India is about 0.7%), 
and all regions other than the EU and IND increase their CO2 emission, with a leakage rate of up to about 23%.

Table 15: Unilateral INDIA (UIND) 

Note: all values are change in %. 

*Rate of and revenue from the tax on labour are negative in this case.

We show the result for IND in Table 15. We can see that IND will reduce its carbon emission by 15 -18%, and there 
would be a GDP loss of up to about 1% if it were not for the double dividend. The strong double dividend in terms 
of GDP is possible in the case of CPR (by +0.62 in CPR-WB), while the effect on employment (labour) is positive 
with LAB or CON (note that rate of and revenue from the tax on labour are negative in the case of LAB). In the 
case of CPR, the expanded foreign capital inflow (see cap.infl.) boosts exports and GDP. 

We can observe only a weak double dividend in terms of utility and consumption. In particular, utility in the CPR 
case will be lower than lump-sum recycling in spite of the strong double dividend on GDP, presumably because 
of expanded export and reduced import, together with longer working hours.

If we focus on export and import, we recognize that the BTA (see WB) has a significant effect on export, while 
pushing down the import only slightly, and so it reduces the leakage effect slightly. Unlike the results for China, 
special treatments (see WS) will expand the leakage, because of better economic performance combined with 
the almost unchanged effect on import and only slightly positive effect on export. The reduction of CO2 in the 

WB and WS scenarios is lower in all revenue recycling scenarios. Considering the lower loss of CO2 reduction and 
higher improvement of leakage rate (CLR) in all cases, we would like to propose BTA rather than the special 
treatment of carbon tax. It can also be said, from comparison of the GDP of CPR-WB and CPR-WS, that by using 
special treatment the government loses revenue and cannot fully exert the potential of the strong double 
dividend. The terms of trade (T. O. T.) figure, which shows the relative price of exports to imports, rises except for 
the case of CPR. 

Table 16: Revenue Structure of India

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

In short, the effect of unilateral ETR in India (together with the EU’s climate policy) can be very strong on its CO2 
emission and can be favourable on GDP. Different revenue recycling methods have different benefits, and we 
should emphasize here that GDP is only one of the many indicators for a Green Economy. Reducing corporate 
taxes seemed to maximize GDP, because this policy induces capital inflow. On the other hand, reducing LAB, 
CON or lump-sum payments have different benefits such as better employment, utility and consumption. Lump-
sum recycling without double dividend can also be a good way to address social equity when it is given as ben-
efits for socially disadvantaged groups. Governments can also combine these measures rather than making an 
either-or choice, depending on their national priorities and policy objectives. We could hardly take into account 
the possibility of further technological innovation or effects of capital accumulation in our model. These compo-
nents of economic growth should be also considered for future research.

Table 16 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 
makes up a tax revenue of 1.33% of GDP, and the revenue shift caused by ETR is significant. In the case of a 
labour tax reduction, the labour tax rate becomes negative, because the initial labour tax revenue is so low that 
it cannot “absorb” the carbon tax revenue.

As the end of this section, we show the change in CO2 and GDP depending on the tax rates (Figures 9 and 10). 
Figure 9 shows that CO2 reduction differs according to the carbon tax rate. Though there is not much difference 
between the scenarios, scenarios with a stronger double dividend show higher emission. Figure 10 shows that the 
positive double dividend (in the case of CPR-WB) is no longer boosted when the carbon tax rate is higher than 
10 $/tCO2. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because of the 
indirect impact of the EU’s unilateral climate policy.

 

UIND 
LUM 
OB 

LAB* 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB* 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

CO2 -17.77 -17.49 -16.71 -17.41 -17.60 -17.31 -16.50 -17.23 -16.03 -15.78 -15.04 -15.71 
CLR 22.87 22.92 22.62 22.95 22.82 22.87 22.56 22.90 23.26 23.30 23.03 23.33 
GDP -0.94 -0.60 0.48 -0.72 -0.86 -0.50 0.62 -0.62 -0.79 -0.48 0.50 -0.59 
Labour -0.32 0.30 -0.15 0.06 -0.32 0.32 -0.14 0.08 -0.30 0.26 -0.14 0.05 
Utility -0.32 -0.28 -0.34 -0.29 -0.33 -0.28 -0.35 -0.29 -0.29 -0.25 -0.31 -0.26 
Consm. -0.59 -0.18 -0.51 -0.33 -0.59 -0.16 -0.52 -0.32 -0.53 -0.16 -0.47 -0.30 
Export -4.38 -3.81 3.21 -3.97 -3.89 -3.30 3.97 -3.46 -3.62 -3.10 3.26 -3.25 
Import -0.75 -0.59 -1.47 -0.65 -0.79 -0.63 -1.52 -0.69 -0.73 -0.58 -1.36 -0.63 
T.O.T 1.00 0.89 -0.42 0.92 0.87 0.75 -0.59 0.78 0.87 0.77 -0.41 0.80 
Cap.infl. -1.19 -1.06 1.96 -1.09 -0.99 -0.86 2.25 -0.89 -0.91 -0.79 1.93 -0.82 
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Figure 7: CO2 reduction and tax rate                                Figure 8: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

4.3.4. Unilateral India (UIND)

This case assumes that the EU reduces its CO2 emission by 15% and only India introduces a carbon tax at a rate 
of 10 $/tCO2. There will be worldwide CO2 reduction of only about 2.2% (the contribution of India is about 0.7%), 
and all regions other than the EU and IND increase their CO2 emission, with a leakage rate of up to about 23%.

Table 15: Unilateral INDIA (UIND) 

Note: all values are change in %. 

*Rate of and revenue from the tax on labour are negative in this case.

We show the result for IND in Table 15. We can see that IND will reduce its carbon emission by 15 -18%, and there 
would be a GDP loss of up to about 1% if it were not for the double dividend. The strong double dividend in terms 
of GDP is possible in the case of CPR (by +0.62 in CPR-WB), while the effect on employment (labour) is positive 
with LAB or CON (note that rate of and revenue from the tax on labour are negative in the case of LAB). In the 
case of CPR, the expanded foreign capital inflow (see cap.infl.) boosts exports and GDP. 

We can observe only a weak double dividend in terms of utility and consumption. In particular, utility in the CPR 
case will be lower than lump-sum recycling in spite of the strong double dividend on GDP, presumably because 
of expanded export and reduced import, together with longer working hours.

If we focus on export and import, we recognize that the BTA (see WB) has a significant effect on export, while 
pushing down the import only slightly, and so it reduces the leakage effect slightly. Unlike the results for China, 
special treatments (see WS) will expand the leakage, because of better economic performance combined with 
the almost unchanged effect on import and only slightly positive effect on export. The reduction of CO2 in the 

WB and WS scenarios is lower in all revenue recycling scenarios. Considering the lower loss of CO2 reduction and 
higher improvement of leakage rate (CLR) in all cases, we would like to propose BTA rather than the special 
treatment of carbon tax. It can also be said, from comparison of the GDP of CPR-WB and CPR-WS, that by using 
special treatment the government loses revenue and cannot fully exert the potential of the strong double 
dividend. The terms of trade (T. O. T.) figure, which shows the relative price of exports to imports, rises except for 
the case of CPR. 

Table 16: Revenue Structure of India

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

In short, the effect of unilateral ETR in India (together with the EU’s climate policy) can be very strong on its CO2 
emission and can be favourable on GDP. Different revenue recycling methods have different benefits, and we 
should emphasize here that GDP is only one of the many indicators for a Green Economy. Reducing corporate 
taxes seemed to maximize GDP, because this policy induces capital inflow. On the other hand, reducing LAB, 
CON or lump-sum payments have different benefits such as better employment, utility and consumption. Lump-
sum recycling without double dividend can also be a good way to address social equity when it is given as ben-
efits for socially disadvantaged groups. Governments can also combine these measures rather than making an 
either-or choice, depending on their national priorities and policy objectives. We could hardly take into account 
the possibility of further technological innovation or effects of capital accumulation in our model. These compo-
nents of economic growth should be also considered for future research.

Table 16 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 
makes up a tax revenue of 1.33% of GDP, and the revenue shift caused by ETR is significant. In the case of a 
labour tax reduction, the labour tax rate becomes negative, because the initial labour tax revenue is so low that 
it cannot “absorb” the carbon tax revenue.

As the end of this section, we show the change in CO2 and GDP depending on the tax rates (Figures 9 and 10). 
Figure 9 shows that CO2 reduction differs according to the carbon tax rate. Though there is not much difference 
between the scenarios, scenarios with a stronger double dividend show higher emission. Figure 10 shows that the 
positive double dividend (in the case of CPR-WB) is no longer boosted when the carbon tax rate is higher than 
10 $/tCO2. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because of the 
indirect impact of the EU’s unilateral climate policy.

 

 Labour 
tax 

Corporate 
tax 

Capital 
income tax 

Tax on goods 
& Services 

Other  
taxes 

Carbon   
tax 

Sum 

BAU 0.99% 3.48% 1.01% 7.76% 4.86%  18.10% 
LUM_OB 0.98% 3.43% 1.01% 7.61% 4.80% 1.33% 19.16% 
LAB_OB -0.04% 3.43% 1.01% 7.62% 4.80% 1.33% 18.14% 
CPR_OB 0.97% 2.22% 1.01% 7.60% 4.83% 1.34% 17.97% 
CON_OB 0.99% 3.47% 1.02% 6.61% 4.86% 1.33% 18.29% 
LUM_WB 0.98% 3.43% 1.01% 7.61% 4.82% 1.33% 19.18% 
LAB_WB -0.08% 3.43% 1.00% 7.62% 4.81% 1.34% 18.13% 
CPR_WB 0.97% 2.18% 1.01% 7.61% 4.84% 1.34% 17.95% 
CON_WB 0.99% 3.48% 1.02% 6.59% 4.88% 1.33% 18.29% 
LUM_WS 0.98% 3.44% 1.01% 7.61% 4.80% 1.21% 19.04% 
LAB_WS 0.06% 3.43% 1.01% 7.62% 4.80% 1.21% 18.12% 
CPR_WS 0.98% 2.34% 1.01% 7.61% 4.83% 1.21% 17.97% 
CON_WS 0.99% 3.48% 1.02% 6.72% 4.86% 1.21% 18.26% 



Low Carbon Green Growth Roadmap for Asia and the Pacific : Environmental Tax ReformPage 25

Figure 9: CO2 reduction and tax rate                                Figure 10: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

4.3.5. Unilateral Thailand (UTHA)

This case assumes that the EU reduces its CO2 emission by 15% and only Thailand introduces a carbon tax at a 
rate of 10 $/tCO2. There will be worldwide CO2 reduction of about 1.6% (the contribution of Thailand is about 
0.05%), and all regions other than the EU and THA increase their CO2 emission, with a leakage rate of up to about 
29%.

We show the result for THA in Table 17. We can see that THA will reduce its carbon emission by about 4-7%, and 
there would be a GDP loss of less than 0.9% if it were not for the double dividend. The strong double dividend in 
terms of GDP is possible in the case of CPR (by +1.57 in CPR-WB), while the effect on employment (labour), utility 
and consumption is positive with LAB and CON. In particular, utility in the CPR case will be lower than lump-sum 
recycling in spite of the strong double dividend on GDP, presumably because of expanded export and reduced 
import together with longer working hours. Besides, the spillover effect of the EU’s climate policy has a slightly 
positive effect on Thailand, as seen in the utility in the case of LUM-OB.

Table 17: Unilateral Thailand (UTHA)

Note: all values are change in %.

If we focus on export and import, we recognize that the BTA (see WB) has a slightly negative effect on export 
(except for the case of CPR), while reducing the import more significantly, and alleviating the leakage effect 
slightly. Special treatments (see WS) will keep the leakage rate almost unchanged, especially because of 
reduced carbon reduction. The reduction of CO2 in the WB and WS scenarios is lower in all revenue recycling 
scenarios. In the case of Thailand, unlike other economies, we cannot give a clear preference about the perfor-
mance of anti-leakage measures (compare CO2 and CLR between WB and WS). The terms of trade (T. O. T.) 
figure which shows the relative price of exports to imports, rises except for the case of CPR. 

In short, the effect of unilateral ETR in Thailand (together with the EU’s climate policy) can be strong on its CO2 
emission and can be favourable on GDP, utility or employment. Different revenue recycling methods have differ-
ent benefits, and we should emphasize here that GDP is only one of the many indicators for a Green Economy. 
Reducing corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other 
hand, reducing LAB, CON or lump-sum payments have different benefits such as better employment, utility and 
consumption. Lump-sum recycling without double dividend can also be a good way to address social equity 
when it is given as benefits for socially disadvantaged groups. Governments can also combine these measures 
rather than making an either-or choice, depending on their national priorities and policy objectives. We could 
hardly take into account the possibility of further technological innovation or effects of capital accumulation in 
our model. These components of economic growth should be also considered for future research.

Table 18 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 bring 
in a tax revenue of 1.21% of GDP, and the revenue shift caused by ETR is significant. 

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 11 and 12). 
Figure 11 shows that CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 12 shows that the positive double dividend (in the case of CPR-WB) is boosted if 
the carbon tax is higher. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because 
of the indirect impact of the EU’s unilateral climate policy.

Table 18: Revenue Structure of Thailand

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

UTHA 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

CO2 -6.79 -6.50 -5.40 -6.49 -6.32 -6.02 -4.88 -6.02 -5.02 -4.78 -3.81 -4.79 
CLR 29.54 29.55 29.41 29.53 29.44 29.45 29.30 29.44 29.50 29.51 29.39 29.49 
GDP -0.81 -0.44 1.44 -0.57 -0.75 -0.37 1.57 -0.50 -0.63 -0.32 1.29 -0.44 
Labour -0.36 0.52 -0.04 0.16 -0.37 0.54 -0.04 0.17 -0.32 0.44 -0.04 0.13 
Utility -0.02 0.05 -0.15 0.03 -0.05 0.01 -0.19 -0.01 -0.02 0.03 -0.14 0.01 
Consm. -0.17 0.27 -0.20 0.10 -0.21 0.24 -0.25 0.06 -0.16 0.22 -0.19 0.07 
Export -1.70 -1.31 2.81 -1.43 -1.82 -1.42 2.83 -1.54 -1.29 -0.96 2.57 -1.06 
Import -0.82 -0.56 0.79 -0.64 -1.08 -0.80 0.58 -0.89 -0.61 -0.39 0.77 -0.47 
T.O.T 0.43 0.36 -0.35 0.38 0.41 0.34 -0.39 0.36 0.35 0.29 -0.31 0.31 
Cap.infl. -0.91 -0.75 2.82 -0.79 -0.76 -0.59 3.09 -0.64 -0.65 -0.52 2.54 -0.56 
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Figure 9: CO2 reduction and tax rate                                Figure 10: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

4.3.5. Unilateral Thailand (UTHA)

This case assumes that the EU reduces its CO2 emission by 15% and only Thailand introduces a carbon tax at a 
rate of 10 $/tCO2. There will be worldwide CO2 reduction of about 1.6% (the contribution of Thailand is about 
0.05%), and all regions other than the EU and THA increase their CO2 emission, with a leakage rate of up to about 
29%.

We show the result for THA in Table 17. We can see that THA will reduce its carbon emission by about 4-7%, and 
there would be a GDP loss of less than 0.9% if it were not for the double dividend. The strong double dividend in 
terms of GDP is possible in the case of CPR (by +1.57 in CPR-WB), while the effect on employment (labour), utility 
and consumption is positive with LAB and CON. In particular, utility in the CPR case will be lower than lump-sum 
recycling in spite of the strong double dividend on GDP, presumably because of expanded export and reduced 
import together with longer working hours. Besides, the spillover effect of the EU’s climate policy has a slightly 
positive effect on Thailand, as seen in the utility in the case of LUM-OB.

Table 17: Unilateral Thailand (UTHA)

Note: all values are change in %.

If we focus on export and import, we recognize that the BTA (see WB) has a slightly negative effect on export 
(except for the case of CPR), while reducing the import more significantly, and alleviating the leakage effect 
slightly. Special treatments (see WS) will keep the leakage rate almost unchanged, especially because of 
reduced carbon reduction. The reduction of CO2 in the WB and WS scenarios is lower in all revenue recycling 
scenarios. In the case of Thailand, unlike other economies, we cannot give a clear preference about the perfor-
mance of anti-leakage measures (compare CO2 and CLR between WB and WS). The terms of trade (T. O. T.) 
figure which shows the relative price of exports to imports, rises except for the case of CPR. 

In short, the effect of unilateral ETR in Thailand (together with the EU’s climate policy) can be strong on its CO2 
emission and can be favourable on GDP, utility or employment. Different revenue recycling methods have differ-
ent benefits, and we should emphasize here that GDP is only one of the many indicators for a Green Economy. 
Reducing corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other 
hand, reducing LAB, CON or lump-sum payments have different benefits such as better employment, utility and 
consumption. Lump-sum recycling without double dividend can also be a good way to address social equity 
when it is given as benefits for socially disadvantaged groups. Governments can also combine these measures 
rather than making an either-or choice, depending on their national priorities and policy objectives. We could 
hardly take into account the possibility of further technological innovation or effects of capital accumulation in 
our model. These components of economic growth should be also considered for future research.

Table 18 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 bring 
in a tax revenue of 1.21% of GDP, and the revenue shift caused by ETR is significant. 

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 11 and 12). 
Figure 11 shows that CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 12 shows that the positive double dividend (in the case of CPR-WB) is boosted if 
the carbon tax is higher. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because 
of the indirect impact of the EU’s unilateral climate policy.

Table 18: Revenue Structure of Thailand

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

 Labour 
tax 

Corporate 
tax 

Capital 
income tax 

Tax on goods 
& Services 

Other  
taxes 

Carbon   
tax 

Sum 

BAU 1.39% 4.54% 1.33% 6.56% 15.63%  29.45% 
LUM_OB 1.37% 4.49% 1.33% 6.52% 15.45% 1.21% 30.38% 
LAB_OB 0.51% 4.49% 1.33% 6.53% 15.46% 1.21% 29.53% 
CPR_OB 1.37% 3.22% 1.32% 6.44% 15.54% 1.21% 29.09% 
CON_OB 1.40% 4.55% 1.35% 5.39% 15.69% 1.20% 29.58% 
LUM_WB 1.37% 4.49% 1.33% 6.53% 15.49% 1.21% 30.43% 
LAB_WB 0.48% 4.48% 1.33% 6.54% 15.50% 1.21% 29.54% 
CPR_WB 1.37% 3.17% 1.32% 6.44% 15.58% 1.21% 29.09% 
CON_WB 1.39% 4.55% 1.35% 5.36% 15.73% 1.21% 29.59% 
LUM_WS 1.38% 4.50% 1.33% 6.52% 15.46% 1.07% 30.25% 
LAB_WS 0.64% 4.49% 1.33% 6.53% 15.47% 1.07% 29.52% 
CPR_WS 1.37% 3.41% 1.32% 6.45% 15.53% 1.07% 29.14% 
CON_WS 1.39% 4.55% 1.35% 5.55% 15.66% 1.06% 29.57% 
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Figure 11: CO2 reduction and tax rate                               Figure 12: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

4.3.6. Unilateral Malaysia (UMYS)

This case assumes that the EU reduces its CO2 emission by 15% and only Malaysia introduces a carbon tax at a 
rate on 10 $/tCO2. There will be a worldwide CO2 reduction of about 1.6% (the contribution of Malaysia is about 
0.05%), and all regions other than the EU and MYS increase their CO2 emission, with a leakage rate of about 29%.

We show the result for MYS in Table 19. We can see that MYS will reduce its carbon emission by 7.2-9.4%, and there 
would be a GDP loss of less than 0.9% if it were not for the double dividend. The strong double dividend in terms 
of GDP is possible in the case of CPR (by +1.45% in CPR-WB), while the effect on employment (labour), utility and 
consumption is positive with LAB and CON. In particular, utility in the case of CPR will be as low as with lump-sum 
recycling in spite of the strong double dividend on GDP, presumably because of expanded export together with 
longer working hours. Besides, the spillover effect of the EU’s climate policy has a slightly positive effect on Malay-
sia, as seen in the utility in the case of LUM-OB.

Table 19: Unilateral Malaysia (UMYS)

Note: all values are change in %.

If we focus on export and import, we recognize that the BTA (see WB) has a slightly negative effect on export, 
while reducing the import more significantly, and alleviating the leakage effect slightly. Special treatments (see 
WS) will keep the leakage rate almost unchanged, especially because of the insignificant change of export and 
import. The reduction of CO2 in the WB and WS scenarios is lower in all revenue recycling scenarios. In the case 
of Malaysia, unlike other economies, we cannot give a clear preference about the performance of anti-
leakage measures (compare CO2 and CLR between WB and WS). Namely, these measures do not have a 
clearly positive effect on indicators such as GDP. The terms of trade (T. O. T.) figure, which shows the relative price 
of exports to imports, rises except for the case of CPR. 

In short, the effect of unilateral ETR in Malaysia (together with the EU’s climate policy) can be strong on its CO2 
emission and can be favourable on GDP, utility or employment. Different revenue recycling methods have differ-
ent benefits, and we should emphasize here that GDP is only one of the many indicators for a Green Economy. 
Reducing corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other 
hand, reducing LAB, CON or lump-sum payments have different benefits such as better employment, utility and 
consumption. Lump-sum recycling without double dividend can also be a good way to address social equity 
when it is given as benefits for socially disadvantaged groups. Governments can also combine these measures 
rather than making an either-or choice, depending on their national priorities and policy objectives. We could 
hardly take into account the possibility of further technological innovation or effects of capital accumulation in 
our model. These components of economic growth should be also considered for future research.

Table 20: Revenue Structure of Malaysia

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

Figure 13: CO2 reduction and tax rate                               Figure 14: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

UMYS 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
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LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

CO2 -9.36 -8.97 -8.04 -8.47 -8.92 -8.54 -7.63 -8.05 -8.50 -8.13 -7.24 -7.67 
CLR 29.58 29.59 29.62 29.59 29.55 29.56 29.60 29.57 29.54 29.55 29.59 29.56 
GDP -0.82 -0.42 1.46 -0.16 -0.76 -0.38 1.45 -0.13 -0.74 -0.37 1.40 -0.13 
Labour -0.52 0.06 -0.12 0.42 -0.52 0.04 -0.14 0.40 -0.49 0.06 -0.12 0.40 
Utility 0.20 0.16 -0.26 0.12 0.16 0.12 -0.29 0.09 0.19 0.15 -0.25 0.11 
Consm. -0.42 0.28 -0.49 0.70 -0.47 0.21 -0.54 0.62 -0.40 0.25 -0.46 0.65 
Export -0.89 -0.51 1.93 -0.25 -1.01 -0.64 1.74 -0.38 -0.82 -0.47 1.83 -0.23 
Import -0.55 -0.18 1.02 0.07 -0.79 -0.42 0.74 -0.18 -0.53 -0.18 0.95 0.05 
T.O.T 0.21 0.15 -0.23 0.10 0.19 0.13 -0.24 0.09 0.19 0.13 -0.22 0.09 
Cap.infl. -1.15 -0.92 3.62 -0.75 -1.03 -0.81 3.62 -0.64 -1.03 -0.81 3.46 -0.65 
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Figure 11: CO2 reduction and tax rate                               Figure 12: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

4.3.6. Unilateral Malaysia (UMYS)

This case assumes that the EU reduces its CO2 emission by 15% and only Malaysia introduces a carbon tax at a 
rate on 10 $/tCO2. There will be a worldwide CO2 reduction of about 1.6% (the contribution of Malaysia is about 
0.05%), and all regions other than the EU and MYS increase their CO2 emission, with a leakage rate of about 29%.

We show the result for MYS in Table 19. We can see that MYS will reduce its carbon emission by 7.2-9.4%, and there 
would be a GDP loss of less than 0.9% if it were not for the double dividend. The strong double dividend in terms 
of GDP is possible in the case of CPR (by +1.45% in CPR-WB), while the effect on employment (labour), utility and 
consumption is positive with LAB and CON. In particular, utility in the case of CPR will be as low as with lump-sum 
recycling in spite of the strong double dividend on GDP, presumably because of expanded export together with 
longer working hours. Besides, the spillover effect of the EU’s climate policy has a slightly positive effect on Malay-
sia, as seen in the utility in the case of LUM-OB.

Table 19: Unilateral Malaysia (UMYS)

Note: all values are change in %.

If we focus on export and import, we recognize that the BTA (see WB) has a slightly negative effect on export, 
while reducing the import more significantly, and alleviating the leakage effect slightly. Special treatments (see 
WS) will keep the leakage rate almost unchanged, especially because of the insignificant change of export and 
import. The reduction of CO2 in the WB and WS scenarios is lower in all revenue recycling scenarios. In the case 
of Malaysia, unlike other economies, we cannot give a clear preference about the performance of anti-
leakage measures (compare CO2 and CLR between WB and WS). Namely, these measures do not have a 
clearly positive effect on indicators such as GDP. The terms of trade (T. O. T.) figure, which shows the relative price 
of exports to imports, rises except for the case of CPR. 

In short, the effect of unilateral ETR in Malaysia (together with the EU’s climate policy) can be strong on its CO2 
emission and can be favourable on GDP, utility or employment. Different revenue recycling methods have differ-
ent benefits, and we should emphasize here that GDP is only one of the many indicators for a Green Economy. 
Reducing corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other 
hand, reducing LAB, CON or lump-sum payments have different benefits such as better employment, utility and 
consumption. Lump-sum recycling without double dividend can also be a good way to address social equity 
when it is given as benefits for socially disadvantaged groups. Governments can also combine these measures 
rather than making an either-or choice, depending on their national priorities and policy objectives. We could 
hardly take into account the possibility of further technological innovation or effects of capital accumulation in 
our model. These components of economic growth should be also considered for future research.

Table 20: Revenue Structure of Malaysia

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

Figure 13: CO2 reduction and tax rate                               Figure 14: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

 Labour 
tax 

Corporate 
tax 

Capital 
income tax 

Tax on goods 
& Services 

Other  
taxes 

Carbon   
tax 

Sum 

BAU 1.07% 6.96% 1.02% 2.71% 4.98%  16.75% 
LUM_OB 1.06% 6.88% 1.02% 2.71% 4.96% 1.17% 17.80% 
LAB_OB 0.08% 6.87% 1.02% 2.72% 4.97% 1.17% 16.83% 
CPR_OB 1.06% 5.72% 1.01% 2.66% 4.97% 1.17% 16.58% 
CON_OB 1.08% 6.98% 1.03% 1.54% 5.05% 1.16% 16.85% 
LUM_WB 1.06% 6.88% 1.02% 2.71% 4.96% 1.18% 17.81% 
LAB_WB 0.10% 6.87% 1.02% 2.72% 4.97% 1.18% 16.86% 
CPR_WB 1.06% 5.75% 1.01% 2.66% 4.96% 1.18% 16.62% 
CON_WB 1.08% 6.98% 1.03% 1.57% 5.05% 1.16% 16.87% 
LUM_WS 1.06% 6.88% 1.02% 2.71% 4.96% 1.11% 17.74% 
LAB_WS 0.14% 6.88% 1.02% 2.72% 4.97% 1.11% 16.83% 
CPR_WS 1.06% 5.80% 1.01% 2.66% 4.96% 1.11% 16.60% 
CON_WS 1.08% 6.98% 1.03% 1.61% 5.04% 1.10% 16.84% 
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Table 20 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 brings 
in tax revenue of 1.17% of GDP, and the revenue shift caused by ETR will be significant. As the initial labour tax 
rate is low, there will be almost no labour tax revenue in cases of LAB. 

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 13 and 14). 
Figure 13 shows that CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 14 shows that the positive double dividend (in the case of CPR-WB) is boosted if 
the carbon tax is higher. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because 
of the indirect impact of the EU’s unilateral climate policy.

4.3.7. Unilateral Cambodia (UKHM)

This case assumes that the EU reduces its CO2 emission by 15% and only Cambodia introduces a carbon tax at 
a rate of 10 $/tCO2. There will be a worldwide CO2 reduction of about 1.5% (the contribution of Cambodia is 
about 0.001%), and all regions other than the EU and KHM increase their CO2 emission, with a leakage rate of 
about 29.83%. The leakage rate does not change according to KHM’s policy, due to the small scale of this
country.

We show the result for KHM in Table 21. We can see that KHM will reduce its carbon emission by 9 to 11%, and 
there would be a GDP loss of less than 0.39% if it were not for the double dividend. A strong double dividend in 
terms of GDP is possible in the case of CPR (by +1.01% in CPR-WB), while the effect on employment (labour) and 
consumption is positive with LAB and CON. In particular, utility in the case of CPR will be lower than the lump-sum 
recycling, in spite of the strong double dividend on GDP, presumably because of expanded export together with 
longer working hours. Besides, the spillover effect of the EU’s climate policy has a slightly positive effect on Cam-
bodia, as seen in the utility in the case of LUM-OB.

Table 21: Unilateral Cambodia (UKHM)

Note: all values are change in %. 

If we focus on export and import, we recognize that the BTA (see WB) may have a negative effect on export and 
import. Special treatments (see WS) also seem to give no significant improvement. The reduction of CO2 in the 
WB and WS scenarios is lower in all revenue recycling scenarios. In the case of Cambodia, anti-leakage meas-
ures do not seem necessary at this stage because Table 21shows no significant merit in this policy. The terms of 
trade (T. O. T.) figure, which shows the relative price of exports to imports, rises except for the case of CPR. 

In short, the effect of unilateral ETR in Cambodia (together with the EU’s climate policy) can be strong on its CO2 
emission and can be favourable on GDP, utility or employment. Different revenue recycling methods have differ-
ent benefits, and we should emphasize here that GDP is only one of the many indicators for a Green Economy. 
Reducing corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other 
hand, reducing LAB, CON or lump-sum payments have different benefits such as better employment, utility and 
consumption. Lump-sum recycling without double dividend can also be a good way to address social equity 
when it is given as benefits for socially disadvantaged groups. Governments can also combine these measures 
rather than making an either-or choice, depending on their national priorities and policy objectives. We could 
hardly take into account the possibility of further technological innovation or effects of capital accumulation in 

our model. These components of economic growth should be also considered for future research.

Table 22: Revenue Structure of Cambodia

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

Table 22 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 
makes up tax revenue of 0.65% of GDP, and the revenue shift caused by ETR is significant. In the case of labour 
tax reduction, the labour tax rate becomes negative, because the initial labour tax revenue is so low that it 
cannot “absorb” the carbon tax revenue. 

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 15 and 16). 
Figure 15 shows that CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 14 shows that the positive double dividend (in the case of CPR-WB) is boosted if 
the carbon tax is higher. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because 
of the indirect impact of the EU’s unilateral climate policy.

Figure 15: CO2 reduction and tax rate                    Figure 16: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

UKHM 
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OB 

LAB 
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CPR 
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CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

CO2 -10.86 -10.70 -10.32 -10.65 -9.75 -9.54 -9.07 -9.50 -9.09 -8.94 -8.60 -8.91 
CLR 29.78 29.79 29.78 29.79 29.78 29.78 29.78 29.78 29.78 29.78 29.78 29.78 
GDP -0.27 -0.06 0.88 -0.13 -0.39 -0.14 1.01 -0.22 -0.20 -0.01 0.81 -0.07 
Labour -0.20 0.24 0.04 0.10 -0.27 0.26 0.02 0.09 -0.18 0.20 0.03 0.08 
Utility 0.04 0.03 -0.28 0.03 0.07 0.07 -0.31 0.07 0.04 0.04 -0.23 0.04 
Consm. -0.07 0.18 -0.32 0.10 -0.07 0.24 -0.38 0.14 -0.05 0.17 -0.28 0.10 
Export -0.34 -0.08 1.96 -0.16 -0.78 -0.46 2.03 -0.55 -0.27 -0.03 1.77 -0.10 
Import -0.10 0.12 0.94 0.05 -0.46 -0.19 0.81 -0.27 -0.10 0.10 0.83 0.04 
T.O.T 0.07 0.03 -0.30 0.05 0.13 0.07 -0.33 0.09 0.07 0.04 -0.26 0.05 
Cap.infl. -0.30 -0.20 1.85 -0.23 -0.51 -0.39 2.12 -0.42 -0.19 -0.10 1.71 -0.12 
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Table 20 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 brings 
in tax revenue of 1.17% of GDP, and the revenue shift caused by ETR will be significant. As the initial labour tax 
rate is low, there will be almost no labour tax revenue in cases of LAB. 

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 13 and 14). 
Figure 13 shows that CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 14 shows that the positive double dividend (in the case of CPR-WB) is boosted if 
the carbon tax is higher. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because 
of the indirect impact of the EU’s unilateral climate policy.

4.3.7. Unilateral Cambodia (UKHM)

This case assumes that the EU reduces its CO2 emission by 15% and only Cambodia introduces a carbon tax at 
a rate of 10 $/tCO2. There will be a worldwide CO2 reduction of about 1.5% (the contribution of Cambodia is 
about 0.001%), and all regions other than the EU and KHM increase their CO2 emission, with a leakage rate of 
about 29.83%. The leakage rate does not change according to KHM’s policy, due to the small scale of this
country.

We show the result for KHM in Table 15. We can see that KHM will reduce its carbon emission by 9 to 11%, and 
there would be a GDP loss of less than 0.39% if it were not for the double dividend. A strong double dividend in 
terms of GDP is possible in the case of CPR (by +1.01% in CPR-WB), while the effect on employment (labour) and 
consumption is positive with LAB and CON. In particular, utility in the case of CPR will be lower than the lump-sum 
recycling, in spite of the strong double dividend on GDP, presumably because of expanded export together with 
longer working hours. Besides, the spillover effect of the EU’s climate policy has a slightly positive effect on Cam-
bodia, as seen in the utility in the case of LUM-OB.

Table 21: Unilateral Cambodia (UKHM)

Note: all values are change in %. 

If we focus on export and import, we recognize that the BTA (see WB) may have a negative effect on export and 
import. Special treatments (see WS) also seem to give no significant improvement. The reduction of CO2 in the 
WB and WS scenarios is lower in all revenue recycling scenarios. In the case of Cambodia, anti-leakage meas-
ures do not seem necessary at this stage because Table 21shows no significant merit in this policy. The terms of 
trade (T. O. T.) figure, which shows the relative price of exports to imports, rises except for the case of CPR. 

In short, the effect of unilateral ETR in Cambodia (together with the EU’s climate policy) can be strong on its CO2 
emission and can be favourable on GDP, utility or employment. Different revenue recycling methods have differ-
ent benefits, and we should emphasize here that GDP is only one of the many indicators for a Green Economy. 
Reducing corporate taxes seemed to maximize GDP, because this policy induces capital inflow. On the other 
hand, reducing LAB, CON or lump-sum payments have different benefits such as better employment, utility and 
consumption. Lump-sum recycling without double dividend can also be a good way to address social equity 
when it is given as benefits for socially disadvantaged groups. Governments can also combine these measures 
rather than making an either-or choice, depending on their national priorities and policy objectives. We could 
hardly take into account the possibility of further technological innovation or effects of capital accumulation in 

our model. These components of economic growth should be also considered for future research.

Table 22: Revenue Structure of Cambodia

Notes: Revenues in the model nay differ from the original data of IMF-GFS for several reasons (see Appendix II). Tax on goods and services 

consists of consumption tax and energy tax and Other taxes consists of import tax, export tax, and other lump-sum taxes.

* Note that although revenues in LUM is higher than other cases, the revenue of carbon tax is recycled through lump-sum recycling so that 

the tax burden of economy is unchanged.

Table 22 shows the revenue structures in each scenario. We can see that carbon tax at a rate of 10 $/tCO2 
makes up tax revenue of 0.65% of GDP, and the revenue shift caused by ETR is significant. In the case of labour 
tax reduction, the labour tax rate becomes negative, because the initial labour tax revenue is so low that it 
cannot “absorb” the carbon tax revenue. 

As the end of this section, we show the change of CO2 and GDP depending on the tax rates (Figures 15 and 16). 
Figure 15 shows that CO2 reduction differs according to the carbon tax rate, but there is not much difference 
between the scenarios. Figure 14 shows that the positive double dividend (in the case of CPR-WB) is boosted if 
the carbon tax is higher. At a carbon tax rate of 0 $/tCO2, CO2 reduction and GDP change are nonzero because 
of the indirect impact of the EU’s unilateral climate policy.

Figure 15: CO2 reduction and tax rate                    Figure 16: GDP change and tax rate

Note: some cases with higher carbon tax rates are omitted due to the negative tax rate.

 Labour 
tax 

Corporate 
tax 

Capital 
income tax 

Tax on goods & 
Services 

Other  
taxes 

Carbon   
tax Sum 

BAU 0.13% 1.25% 0.19% 4.42% 10.28%  16.28% 
LUM_OB 0.13% 1.24% 0.19% 4.40% 10.26% 0.65% 16.88% 
LAB_OB -0.47% 1.24% 0.19% 4.41% 10.27% 0.65% 16.28% 
CPR_OB 0.13% 0.52% 0.19% 4.37% 10.30% 0.65% 16.15% 
CON_OB 0.14% 1.25% 0.19% 3.77% 10.35% 0.64% 16.34% 
LUM_WB 0.13% 1.24% 0.19% 4.42% 10.42% 0.66% 17.06% 
LAB_WB -0.61% 1.24% 0.19% 4.43% 10.42% 0.66% 16.33% 
CPR_WB 0.13% 0.35% 0.19% 4.38% 10.47% 0.65% 16.17% 
CON_WB 0.14% 1.25% 0.19% 3.64% 10.52% 0.65% 16.40% 
LUM_WS 0.13% 1.24% 0.19% 4.41% 10.25% 0.57% 16.81% 
LAB_WS -0.40% 1.24% 0.19% 4.41% 10.26% 0.57% 16.28% 
CPR_WS 0.13% 0.60% 0.19% 4.38% 10.29% 0.57% 16.17% 
CON_WS 0.14% 1.25% 0.19% 3.85% 10.33% 0.57% 16.33% 
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4.4. Discussion　

4.4.1. CO2 reduction and leakage

According to the results shown above, a carbon tax at the rate of 10 $/tCO2 will achieve about an 11- 12% 
reduction of global carbon emission if introduced worldwide (scenario WW). This result is in line with the model 
calculations shown in IPCC Report 2007. In this "ideal" calculation, the globally uniform CO2 tax rate results in the 
maximum CO2 reduction with minimum total abatement cost (World GDP loss of only 0.08-0.20%), as the equal-
ized marginal abatement cost is a condition of optimality. In this case, countries and regions with lower energy 
efficiency will reduce their emission more than efficient countries such as JPN. In most cases, however, the eco-
nomic loss is marginal or the economic gain is possible because of the (weak or strong) double dividend of the 
ETR. Therefore we do not necessarily need economic transfer as a "compensation for economic sacrifice" which 
accompanies the global climate action. Of course, transfer of technology and know-how of any sort is 
welcomed, and it may also improve the result further, but the effect is beyond the focus of this analysis. By the 
way, the 15% reduction by the EU is achieved with a carbon price three times higher than elsewhere (about 34 
$/tCO2 according to the result). It is conceivable, therefore, that other developed countries such as Japan 
should set the tax rate at about this level. 

In another "ideal" case where ESCAP member countries introduce the ETR along with the EU's climate policy 
(scenario AP), the reduction is about two thirds of the case of global harmonization (scenario WW). The reduc-
tion of each economy is barely different from the case of WW. In this case, there is a risk of leakage should other 
economies not introduce the carbon tax. But this leakage will not cancel out the reduction by Asia-Pacific coun-
tries and the EU. The carbon leakage rate (CLR) is only about 8%. The border tax adjustment (BTA) will improve 
the figure by about 0.2%. This improvement may seem insignificant. However, we should note that no border 
measure can fully alleviate the leakage, because the leakage effect is also exercised through other channels 
such as the decline in world energy prices caused by climate protection. Besides, the EU in this model does not 
introduce BTA. The contribution of the BTA in making equal trade conditions is by no means negligible.

In more "realistic" cases where any ESCAP member country introduces ETR together with the EU's 15% reduction 
(unilateral scenarios), the reduction of the relevant economy is only slightly higher than in the case of WW.

In cases of unilateral ETR, the CO2 reduction of each country and global CO2 reduction differs according to 
which country introduces ETR. Note that in these unilateral ETR scenarios it is assumed that the EU also takes its 
own climate policy to reduce CO2 by 15%, which has a significant effect on the results.

Large developing countries such as China and India can make a stronger contribution to global CO2 reduction 
than other economies, especially smaller developing countries (0.05% by Thailand or Malaysia). Remarkably, the 
contribution of Japan can be lower than Korea at the carbon tax rate of 10 $/tCO2, because of the lower CO2 
Reduction range of the country.

Table 23: CO2 Reduction and Carbon Leakage in Unilateral Scenarios

Table 23 shows the CO2 reductions in each aspect and carbon leakage rates. Global CO2 Reduction (with EU) 
means the reduction of the EU and any Asian country in question combined, while Global CO2 Reduction 
(without EU) is the contribution of the Asian country in question to the global CO2 reduction, calculated in 
another run 23. We can see that the contribution of the EU is about 1.5%.

Large developing countries such as China and India can make a stronger contribution to global CO2 reduction 
than other economies, especially smaller developing countries (0.05% by Thailand or 　0.04% by Malaysia). 
Remarkably, the contribution of Japan can be lower than Korea at the carbon tax rate of 10 $/tCO2, because 
of the lower CO2 Reduction range of the country (3.02% vs. 8.64%, LUM-OB).

Carbon Leakage Rate (with EU) means the rate of leakage from the EU plus the Asian country in question, while 
the CLR (without EU) shows the leakage rate from the appropriate Asian country. It is clear that the CLR (with EU) 
is significantly lower for China or India, while CLR for Korea, Thailand and Malaysia is as high as 0.3, where leak-
age of the EU’s climate policy is also about 30%. Focusing on the CLR (without EU), we can see the effect of BTA 
or special tax treatment on the leakage rate (compare LUM-OB, LUM-WB and LUM-WS). In most cases, BTA or 
lower carbon tax can partly mitigate the leakage. But in the case of China, BTA increases the leakage rate 
because of the complex interaction in the model. Overall, the leakage rate is at most about 0.3, and therefore 
unilateral carbon reduction is by no means meaningless.

4.4.2. Possibility of the Double Dividend

For Worldwide and Asia-Pacific scenarios, we show the double dividend of ETR only in terms of GDP (Tables 5 and 
8). The double dividend in other aspects (such as employment or utility) will be considered in unilateral scenarios. 
Worldwide and Asia-Pacific show ideal cases of international carbon tax, so the results can be reference points 
for interpreting the results of unilateral environmental tax reform.

Worldwide Scenario

In the case of worldwide carbon tax with lump-sum revenue recycling with BTA (WW-LUM-WB), several econo-
mies such as NZL, JPN, KOR and PHL gain from global carbon taxation even without reducing other taxes. This is 
because of the complex interaction of factors in the model, such as “leakage” from the EU’s stronger climate 
policy or a relative improvement of competitiveness in relatively energy-efficient countries. Therefore, it can be 
proposed that these countries should have a higher carbon tax rate. There is the possibility of a strong double 
dividend for most countries 24, as shown in Table 5. The “best” option of reducing another tax (labour tax, corpo-
rate tax, or consumption tax) differs for each country. In general, the possibility of a stronger double dividend is 
higher if the existing rate of tax to be reduced is high and its tax base is narrow. The results of the analysis show 
that CPR is the best option for developing countries such as CHN, PHL, THA, VNM, MYS and RAP, because the 
reduction of corporate tax rate will induce capital inflow. However, if all the regions (except for the EU) cut their 
corporate tax, the effect on each region is not clear-cut. On the other hand, LAB can also be a better option for 
some other countries such as JPN or KOR 25.

Asia-Pacific Scenario

In the case of Asia-Pacific carbon tax with lump-sum revenue recycling with BTA (AP-LUM-WB), the GDP effect 
on Asia-Pacific economies is slightly worse than in WW-LUM-WB, while CAN, USA, MOP, and RNO which have not 
introduced a carbon tax are better off. There are several economies such as NZL, JPN, KOR which gain from 
global carbon taxation even without reducing other taxes, and therefore they may be able to set a higher 
carbon tax rate.

There is the possibility of a strong double dividend for most countries 26 as shown in Table 5. The “best” option of 
reducing another tax (labour tax, corporate tax, or consumption tax) differs for each country. In general, the 
stronger double dividend is possible if the existing rate of tax to be reduced is high and its tax base is narrow. The 
results of the analysis show that CPR is the best option for CHN, KOR, KHM, IDN, PHL, THA, IND, VNM, MYS and RAP. 
This positive GDP effect is caused by capital inflow, which will then help the accumulation of physical capital 
and help economic growth. However, a positive GDP effect does not simply mean higher living standards, at 
least in the short term. We discuss this in the following sections. 
 

23  Here, “without EU” means another run (calculation) where the effect of EU climate policy is included in BAU to see the “pure” effect of the 
ETR of each country.

in % Scenario UJPN UKOR UCHN UIND UTHA UMYS 
Global CO2 Reduction (with EU) LUM-OB 1.58 1.60 4.98 2.24 1.55 1.55 
Global CO2 Reduction (without EU) LUM-OB 0.08 0.09 3.52 0.75 0.05 0.04 
Own CO2 Reduction (with EU)  LUM-OB 3.02 8.64 21.11 17.77 6.79 10.86
Carbon Leakage Rate (with EU) LUM-OB 29.04 29.47 12.94 22.87 29.49 29.58 
CLR (without EU)  LUM-OB 17.07 29.06 4.92 5.91 25.39 27.65 
CLR (without EU) LUM-WB 14.10 28.24 5.24 5.55 21.55 26.76 
CLR (without EU)  LUM-WS 12.69 27.80 4.60 5.65 22.54 26.21 
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4.4. Discussion　

4.4.1. CO2 reduction and leakage

According to the results shown above, a carbon tax at the rate of 10 $/tCO2 will achieve about an 11- 12% 
reduction of global carbon emission if introduced worldwide (scenario WW). This result is in line with the model 
calculations shown in IPCC Report 2007. In this "ideal" calculation, the globally uniform CO2 tax rate results in the 
maximum CO2 reduction with minimum total abatement cost (World GDP loss of only 0.08-0.20%), as the equal-
ized marginal abatement cost is a condition of optimality. In this case, countries and regions with lower energy 
efficiency will reduce their emission more than efficient countries such as JPN. In most cases, however, the eco-
nomic loss is marginal or the economic gain is possible because of the (weak or strong) double dividend of the 
ETR. Therefore we do not necessarily need economic transfer as a "compensation for economic sacrifice" which 
accompanies the global climate action. Of course, transfer of technology and know-how of any sort is 
welcomed, and it may also improve the result further, but the effect is beyond the focus of this analysis. By the 
way, the 15% reduction by the EU is achieved with a carbon price three times higher than elsewhere (about 34 
$/tCO2 according to the result). It is conceivable, therefore, that other developed countries such as Japan 
should set the tax rate at about this level. 

In another "ideal" case where ESCAP member countries introduce the ETR along with the EU's climate policy 
(scenario AP), the reduction is about two thirds of the case of global harmonization (scenario WW). The reduc-
tion of each economy is barely different from the case of WW. In this case, there is a risk of leakage should other 
economies not introduce the carbon tax. But this leakage will not cancel out the reduction by Asia-Pacific coun-
tries and the EU. The carbon leakage rate (CLR) is only about 8%. The border tax adjustment (BTA) will improve 
the figure by about 0.2%. This improvement may seem insignificant. However, we should note that no border 
measure can fully alleviate the leakage, because this effect is also exercised through other channels such as the 
decline in world energy prices caused by climate protection. Besides, the EU in this model does not introduce 
BTA. The contribution of the BTA in making equal trade conditions is by no means negligible.

In more "realistic" cases where any ESCAP member country introduces ETR together with the EU's 15% reduction 
(unilateral scenarios), the reduction of the relevant economy is only slightly higher than in the case of WW.

In cases of unilateral ETR, the CO2 reduction of each country and global CO2 reduction differs according to 
which country introduces ETR. Note that in these unilateral ETR scenarios it is assumed that the EU also takes its 
own climate policy to reduce CO2 by 15%, which has a significant effect on the results.

Large developing countries such as China and India can make a stronger contribution to global CO2 reduction 
than other economies, especially smaller developing countries (0.05% by Thailand or Malaysia). Remarkably, the 
contribution of Japan can be lower than Korea at the carbon tax rate of 10 $/tCO2, because of the lower CO2 
Reduction range of the country.

Table 23: CO2 Reduction and Carbon Leakage in Unilateral Scenarios

Table 23 shows the CO2 reductions in each aspect and carbon leakage rates. Global CO2 Reduction (with EU) 
means the reduction of the EU and any Asian country in question combined, while Global CO2 Reduction 
(without EU) is the contribution of the Asian country in question to the global CO2 reduction, calculated in 
another run 23. We can see that the contribution of the EU is about 1.5%.

Large developing countries such as China and India can make a stronger contribution to global CO2 reduction 
than other economies, especially smaller developing countries (0.05% by Thailand or 　0.04% by Malaysia). 
Remarkably, the contribution of Japan can be lower than Korea at the carbon tax rate of 10 $/tCO2, because 
of the lower CO2 Reduction range of the country (3.02% vs. 8.64%, LUM-OB).

Carbon Leakage Rate (with EU) means the rate of leakage from the EU plus the Asian country in question, while 
the CLR (without EU) shows the leakage rate from the appropriate Asian country. It is clear that the CLR (with EU) 
is significantly lower for China or India, while CLR for Korea, Thailand and Malaysia is as high as 0.3, where leak-
age of the EU’s climate policy is also about 30%. Focusing on the CLR (without EU), we can see the effect of BTA 
or special tax treatment on the leakage rate (compare LUM-OB, LUM-WB and LUM-WS). In most cases, BTA or 
lower carbon tax can partly mitigate the leakage. But in the case of China, BTA increases the leakage rate 
because of the complex interaction in the model. Overall, the leakage rate is at most about 0.3, and therefore 
unilateral carbon reduction is by no means meaningless.

4.4.2. Possibility of the Double Dividend

For Worldwide and Asia-Pacific scenarios, we show the double dividend of ETR only in terms of GDP (Tables 5 and 
8). The double dividend in other aspects (such as employment or utility) will be considered in unilateral scenarios. 
Worldwide and Asia-Pacific show ideal cases of international carbon tax, so the results can be reference points 
for interpreting the results of unilateral environmental tax reform.

Worldwide Scenario

In the case of worldwide carbon tax with lump-sum revenue recycling with BTA (WW-LUM-WB), several econo-
mies such as NZL, JPN, KOR and PHL gain from global carbon taxation even without reducing other taxes. This is 
because of the complex interaction of factors in the model, such as “leakage” from the EU’s stronger climate 
policy or a relative improvement of competitiveness in relatively energy-efficient countries. Therefore, it can be 
proposed that these countries should have a higher carbon tax rate. There is the possibility of a strong double 
dividend for most countries 24, as shown in Table 5. The “best” option of reducing another tax (labour tax, corpo-
rate tax, or consumption tax) differs for each country. In general, the possibility of a stronger double dividend is 
higher if the existing rate of tax to be reduced is high and its tax base is narrow. The results of the analysis show 
that CPR is the best option for developing countries such as CHN, PHL, THA, VNM, MYS and RAP, because the 
reduction of corporate tax rate will induce capital inflow. However, if all the regions (except for the EU) cut their 
corporate tax, the effect on each region is not clear-cut. On the other hand, LAB can also be a better option for 
some other countries such as JPN or KOR 25.

Asia-Pacific Scenario

In the case of Asia-Pacific carbon tax with lump-sum revenue recycling with BTA (AP-LUM-WB), the GDP effect 
on Asia-Pacific economies is slightly worse than in WW-LUM-WB, while CAN, USA, MOP, and RNO which have not 
introduced a carbon tax are better off. There are several economies such as NZL, JPN, KOR which gain from 
global carbon taxation even without reducing other taxes, and therefore they may be able to set a higher 
carbon tax rate.

There is the possibility of a strong double dividend for most countries 26 as shown in Table 5. The “best” option of 
reducing another tax (labour tax, corporate tax, or consumption tax) differs for each country. In general, the 
stronger double dividend is possible if the existing rate of tax to be reduced is high and its tax base is narrow. The 
results of the analysis show that CPR is the best option for CHN, KOR, KHM, IDN, PHL, THA, IND, VNM, MYS and RAP. 
This positive GDP effect is caused by capital inflow, which will then help the accumulation of physical capital 
and help economic growth. However, a positive GDP effect does not simply mean higher living standards, at 
least in the short term. We discuss this in the following sections. 
 
24  Note that the EU does not recycle the revenue via tax reduction.
25  The result for Cambodia (KHM) is hard to interpret, as it has a very low existing labour tax rate. This must be the result of complex interaction. 
In the case of Asia-Pacific, the result for KHM is as expected.
26  Note that the EU does not recycle the revenue via tax reduction.
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On the other hand, LAB can also be a better option for some other countries such as NZL or JPN. The double 
dividend caused in the case of CON is generally weaker than other options, as the tax base of consumption tax 
is wide and the tax rate is relatively lower than labour or corporate tax.

Unilateral Scenarios

In cases of unilateral ETR, we contemplated several economic indicators such as GDP, employment, utility, con-
sumption and so on. As shown, the increase of GDP is most clearly seen for each country in the case of corporate 
tax cut (CPR). But it does not necessarily lead to higher employment, utility or consumption. Although the interna-
tional capital inflow helps the production and improves the potential for growth, some of the value added is 
paid to foreign capital holders, which does not benefit domestic households, at least in the short term. On the 
other hand, the reduction of labour tax (LAB) often materializes the employment double dividend, but it does 
not promise an increase of utility, because longer working hours mean disutility for households in this model. In 
some cases (UCHN and UMYS), the effect on employment, utility and consumption of the reduction of consump-
tion tax (COM) is better than labour tax, because in these countries the consumption tax rate is far higher than 
the labour tax rate. 

It should be noted, however, that differences of income classes and of socio-economic classes (labourer or 
capitalist) are not included, and there is no involuntary unemployment in our CGE model. These aspects should 
be analyzed in detail in other analytical settings.

The effect of BTA on import is always negative, and on export it is mostly positive in the cases of the seven repre-
sentative countries. The effect of BTA on GDP, employment, utility and consumption is almost always positive or 
non-negative, even in the case of China where the impact of BTA on carbon leakage is unfavourable.

The effect of special treatment for heavy industries (20% of normal carbon tax rate) is almost negligible on 
import, while its effect on export is mostly positive. The effect of special treatment on carbon leakage rate and 
economic indicators is no better than in the case of BTA, while the effect on carbon reduction is negative. There-
fore, the authors prefer BTA to reduced carbon tax rate.

The share of carbon tax revenue is small for developed countries such as Japan, where the effect of tax shift is 
insignificant at the rate of 10 $/tCO2. But the same carbon tax brings in significant revenue for developing coun-
ties compared to existing labour, corporate or consumption taxes. Therefore, the environmental tax reform can 
have a more significant impact on the tax structure of developing countries.

5. Conclusion

The Green Growth strategy is a practical implementation strategy for sustainable development, of which the 
environmental tax reform (ETR) is one of the most important cornerstones. The concept of Green Growth empha-
sizes the new paradigm of “quality of growth” that focuses on economic, social and environmental qualities. In 
our analysis of the “double dividend” of ETR, however, we have concentrated on the (rather conventional) eco-
nomic advantage of the ETR in terms CO2 reduction, GDP, employment and so on. 

Environmental tax reform is a concept to make the price signal ecologically correct without raising the tax 
burden. In our international general equilibrium model, the revenue from carbon tax will be recycled to citizens 
via direct (lump-sum) transfer, or reduction of taxes on labour, corporate income or consumption.

It is ideal that all economies in the world introduce the same carbon tax together, or at least it is advantageous 
for several countries to cooperate. However, even in cases of unilateral implementation by a country, the eco-
nomic loss is less than 2% even in the worst cases (in cases of lump-sum recycling). Note that the “unilateral” 
carbon tax is in fact by no means “going a lonely road” because of the EU’s climate policy and positive spillover 
from the EU is non-negligible. 

The case of China shows worse results than other countries, with a GDP loss of about 1.9% from business as usual 
(BAU). However, in real-life business as usual, the scale of the Chinese economy (real GDP) will have been dou-
bled if annual growth of 8% continues 9 years, therefore 1.9% loss of GDP is marginal even in the worst scenario 
(see Figure 15). 

Figure 15: The economic loss in the “worst” and “best” case (China, LUM_OB and CPR_WB)

On the other hand, the effect on the economy can even be positive if the revenue is recycled via reduction of 
taxes on labour, corporate income or consumption. For example, as the best case, Chinese GDP will gain 1.91% 
in the case of corporate tax reduction with BTA (UCHN_CPR_WB). This is also true for other economies such as 
Japan, Republic of Korea, India, Thailand, Cambodia and Malaysia. Namely, in our model capital is assumed to 
move flexibly across the border so that the reduction of corporate tax will induce capital inflow. As an implica-
tion, the governments of developing countries should ensure and promote foreign direct investment. It should 
also be emphasized, however, that adequate regulation of foreign capital flow will be necessary so as to avoid 
recurrence of a currency crisis.

In Table 24 -- 26, we have summarized main results and our suggestion for each economy. For unilateral 
scenarios, we focus not only on GDP but also employment and utility. The reduction of corporate tax, the best 
option for raising GDP, will not necessarily materialize the strong double dividend in terms of employment, utility 
or consumption, because a part of the value added may accrue to foreign capital holders depending on
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On the other hand, LAB can also be a better option for some other countries such as NZL or JPN. The double 
dividend caused in the case of CON is generally weaker than other options, as the tax base of consumption tax 
is wide and the tax rate is relatively lower than labour or corporate tax.

Unilateral Scenarios

In cases of unilateral ETR, we contemplated several economic indicators such as GDP, employment, utility, con-
sumption and so on. As shown, the increase of GDP is most clearly seen for each country in the case of corporate 
tax cut (CPR). But it does not necessarily lead to higher employment, utility or consumption. Although the interna-
tional capital inflow helps the production and improves the potential for growth, some of the value added is 
paid to foreign capital holders, which does not benefit domestic households, at least in the short term. On the 
other hand, the reduction of labour tax (LAB) often materializes the employment double dividend, but it does 
not promise an increase of utility, because longer working hours mean disutility for households in this model. In 
some cases (UCHN and UMYS), the effect on employment, utility and consumption of the reduction of consump-
tion tax (COM) is better than labour tax, because in these countries the consumption tax rate is far higher than 
the labour tax rate. 

It should be noted, however, that differences of income classes and of socio-economic classes (labourer or 
capitalist) are not included, and there is no involuntary unemployment in our CGE model. These aspects should 
be analyzed in detail in other analytical settings.

The effect of BTA on import is always negative, and on export it is mostly positive in the cases of the seven repre-
sentative countries. The effect of BTA on GDP, employment, utility and consumption is almost always positive or 
non-negative, even in the case of China where the impact of BTA on carbon leakage is unfavourable.

The effect of special treatment for heavy industries (20% of normal carbon tax rate) is almost negligible on 
import, while its effect on export is mostly positive. The effect of special treatment on carbon leakage rate and 
economic indicators is no better than in the case of BTA, while the effect on carbon reduction is negative. There-
fore, the authors prefer BTA to reduced carbon tax rate.

The share of carbon tax revenue is small for developed countries such as Japan, where the effect of tax shift is 
insignificant at the rate of 10 $/tCO2. But the same carbon tax brings in significant revenue for developing coun-
ties compared to existing labour, corporate or consumption taxes. Therefore, the environmental tax reform can 
have a more significant impact on the tax structure of developing countries.

5. Conclusion

The Green Growth strategy is a practical implementation strategy for sustainable development, of which the 
environmental tax reform (ETR) is one of the most important cornerstones. The concept of Green Growth empha-
sizes the new paradigm of “quality of growth” that focuses on economic, social and environmental qualities. In 
our analysis of the “double dividend” of ETR, however, we have concentrated on the (rather conventional) eco-
nomic advantage of the ETR in terms CO2 reduction, GDP, employment and so on. 

Environmental tax reform is a concept to make the price signal ecologically correct without raising the tax 
burden. In our international general equilibrium model, the revenue from carbon tax will be recycled to citizens 
via direct (lump-sum) transfer, or reduction of taxes on labour, corporate income or consumption.

It is ideal that all economies in the world introduce the same carbon tax together, or at least it is advantageous 
for several countries to cooperate. However, even in cases of unilateral implementation by a country, the eco-
nomic loss is less than 2% even in the worst cases (in cases of lump-sum recycling). Note that the “unilateral” 
carbon tax is in fact by no means “going a lonely road” because of the EU’s climate policy and positive spillover 
from the EU is non-negligible. 

The case of China shows worse results than other countries, with a GDP loss of about 1.9% from business as usual 
(BAU). However, in real-life business as usual, the scale of the Chinese economy (real GDP) will have been dou-
bled if annual growth of 8% continues 9 years, therefore 1.9% loss of GDP is marginal even in the worst scenario 
(see Figure 15). 

Figure 15: The economic loss in the “worst” and “best” case (China, LUM_OB and CPR_WB)

On the other hand, the effect on the economy can even be positive if the revenue is recycled via reduction of 
taxes on labour, corporate income or consumption. For example, as the best case, Chinese GDP will gain 1.91% 
in the case of corporate tax reduction with BTA (UCHN_CPR_WB). This is also true for other economies such as 
Japan, Republic of Korea, India, Thailand, Cambodia and Malaysia. Namely, in our model capital is assumed to 
move flexibly across the border so that the reduction of corporate tax will induce capital inflow. As an implica-
tion, the governments of developing countries should ensure and promote foreign direct investment. It should 
also be emphasized, however, that adequate regulation of foreign capital flow will be necessary so as to avoid 
recurrence of a currency crisis.

In Table 24 -- 26, we have summarized main results and our suggestion for each economy. For unilateral 
scenarios, we focus not only on GDP but also employment and utility. The reduction of corporate tax, the best 
option for raising GDP, will not necessarily materialize the strong double dividend in terms of employment, utility 
or consumption, because a part of the value added may accrue to foreign capital holders depending on
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foreign capital or regulation about it. Another way of revenue recycling such as reduction of tax on labour or 
consumption can have a better effect on different indicators. The priority of revenue recycling methods varies 
with country, especially depending on the tax structure in place.

Table 24: Summary of this report (Worldwide, WW)

Table 25: Summary of this report (Asia-Pacific, AP)

Table 26: Summary of this report (Unilateral Scenarios)

The effect of BTA and a reduced carbon tax rate is also analyzed. Besides, we have argued that border tax 
adjustment (BTA) is not an instrument of trade policy to neutralize the gap in environmental policy levels between 
countries, but it should be a normal practice of carbon tax as an indirect tax. The effect of BTA on the carbon 
leakage rate (CLR) may seem unremarkable in absolute terms, but the improvement is actually significant con-
sidering other channels of leakage such as the decrease in global fossil energy prices. Only in the case of China, 
BTA results in a higher carbon leakage rate as a result of complex interaction in the model. The effect of BTA on 
import is always negative, and on export it is mostly positive for the cases of the seven representative countries. 
And the effect of BTA on GDP, employment, utility and consumption is almost always positive or non-negative. 
Overall, our analysis has shown that there is a clear tendency that BTA gives better results for most developing 
economies, while the merit of BTA for developed economies is limited. While, gain of BTA actually seems insignifi-
cant for some countries (such as Malaysia or Cambodia). In these cases, these countries do not have to apply 
this practice, which might be administratively burdensome for them. 

The effect of special treatment for heavy industries (20% of normal carbon tax rate) is almost negligible on 
import, while the effect on export is mostly positive. The effect of special treatment on the carbon leakage rate 

and economic indicators is no better than in the case of BTA, while the effect on carbon reduction is negative. 
Therefore, the authors prefer BTA to reduced carbon tax rate.

In our model, there is no “miracle” double dividend by which all the economic indicators show a positive 
change. A government have to choose any of revenue recycling options (including public spending) or com-
bine them according to its policy goals such as GDP, living standard, social equality and, last but not least, the 
environmental effectiveness. Anyway, we do not have to  exclude the possibility of ETR being favourable for the 
environment, economy and society at the same time. ETR will provide a strong potential for Green Growth in 
most developed, developing and least developed countries if the policy is properly designed and comple-
mented by other fiscal and regulative measures.

The fact that many of developing countries do not have enough labour tax revenue to “absorb” the carbon tax 
revene means they do not have much ineffecient tax on labour so far. Therefore, they can construct a tax 
system in line with the Green Growth concept from the very beginning. On the other hand, developing countries 
have remarkably lower energy efficiency and higher greenhouse gas emission intensity compared to devel-
oped countries such as Japan. However, if developing countries apply the ETR which is stagnating in developed 
countries, carbon pricing and shift of fiscal structure gives clear signal to apply state-of-the-art energy technolo-
gies rather than older and cheaper “hand-me-down” ones, so that the efficiency of their economy can even 
overtake Japan or Europe.

It is to be noted that the results of the numerical CGE analysis cannot be seen as predictive and the absolute 
values of results such as CO2 reduction are merely rough estimations. The CGE model itself is an abstract of com-
plex real economy based on assumptions such as general market equilbrium or free international flow of goods 
and capital. Besides, our static international CGE model does not fully illustrate all the economic aspects of ETR’s 
effects which may be of immediate interest to policymakers. For example, it requires dynamic model techniques 
with knowledge of more detailed empirical researches to analyze technological innovation, improvement of 
energy efficiency, other possible ways of revenue spending such as construction of infrastructure for the Green 
Economy (better energy and transportation infrastructure, etc.), subsidy for environmentally friendly goods and 
installations, etc. Besides, the analysis of the effect of ETR on different income and socio-economic classes 
requires detailed differentiation of population with a variety of fine economic statistics which are still hard to find 
in developing countries. Furthermore, we have not yet succeeded in obtaining accurate statistics on the energy 
tax rates and revenues of many countries, especially non-OECD countries, so we rely on digest statistics pub-
lished by authoritative international organizations such as OECD, IMF or IEA. 

Therefore, there needs to be further work to define the whole picture of environmental tax reform with other eco-
nomic models and more accurate statistics. The other models do not have to be more complex and advanced. 
Instead of the international CGE model, a single-economy model (CGE or econometric model, or even an 
Input-Output approach) may be able to draw a more detailed picture of unilateral ETR. 

For all the limits of this analysis, the authors hope that the results in this report can offer insights into environmental 
tax reform in the context of today’s global economy, and that interested policy-makers and specialists will take 
part in the quest for the knowledge on fiscal instruments for the Green Economy. 
 

% CO2 reduction GDP impacts employment suggested tax to be cut for  
GDP         employment         utility 

JPN -3.01, -2.78 +0.03, +0.21 -0.03, +0.04 CPR LAB LAB or CON 

KOR -8.64, -7.30 -0.22, +0.73 -0.13, +0.08 CPR LAB or CON CON 

CHN -21.11, -15.59 -1.85, +1.90 -0.44, +0.67 CPR CON CPR 
IND -17.77, -15.04 -0.94, +0.62 -0.32, +0.32 CPR CON CON 

THA -6.79, -3.81 -0.81, +1.57 -0.37, +0.54 CPR LAB LAB 

MYS -9.36, -7.24 -0.82, +1.45 -0.52, +0.42 CPR CON LAB 

KHM -10.86, -8.60 -0.39, +1.01 -0.27, +0.26 CPR LAB LAB or CON 

% CO2 reduction GDP impacts suggested tax to be cut 

JPN -2.70, -2.50 +0.00, +0.29 LAB or CON 

KOR -7.24, -6.98 +0.12, +0.55 CPR 

CHN -20.74, -17.28 -1.72, +1.76 CPR 
IND -17.23, -16.26 -0.78, +0.38 CPR 

THA -5.77, -4.49 -0.55, +0.97 CPR 

MYS -8.21, -6.80 -0.71, +1.08  CPR 

KHM -9.65, -8.24 -0.29, +0.45 CPR 

% CO2 reduction GDP impacts suggested tax to be cut 

JPN -2.63, -2.33 -0.20, +0.40 LAB or CON 

KOR -6.83, -6.61 +0.31, +0.52 LAB or CON 

CHN -20.49, -17.50 -1.58, +1.38 CPR 
IND -16.93, -16.17 -0.65, +0.23 CPR 

THA -5.27, -4.41 -0.32, +0.54 CPR 

MYS -7.56, -6.16 -0.57, +0.64 CPR 

KHM -9.04, -7.91 -0.18, +0.16 LAB 
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foreign capital or regulation about it. Another way of revenue recycling such as reduction of tax on labour or 
consumption can have a better effect on different indicators. The priority of revenue recycling methods varies 
with country, especially depending on the tax structure in place.

Table 24: Summary of this report (Worldwide, WW)

Table 25: Summary of this report (Asia-Pacific, AP)

Table 26: Summary of this report (Unilateral Scenarios)

The effect of BTA and a reduced carbon tax rate is also analyzed. Besides, we have argued that border tax 
adjustment (BTA) is not an instrument of trade policy to neutralize the gap in environmental policy levels between 
countries, but it should be a normal practice of carbon tax as an indirect tax. The effect of BTA on the carbon 
leakage rate (CLR) may seem unremarkable in absolute terms, but the improvement is actually significant con-
sidering other channels of leakage such as the decrease in global fossil energy prices. Only in the case of China, 
BTA results in a higher carbon leakage rate as a result of complex interaction in the model. The effect of BTA on 
import is always negative, and on export it is mostly positive for the cases of the seven representative countries. 
And the effect of BTA on GDP, employment, utility and consumption is almost always positive or non-negative. 
Overall, our analysis has shown that there is a clear tendency that BTA gives better results for most developing 
economies, while the merit of BTA for developed economies is limited. While, gain of BTA actually seems insignifi-
cant for some countries (such as Malaysia or Cambodia). In these cases, these countries do not have to apply 
this practice, which might be administratively burdensome for them. 

The effect of special treatment for heavy industries (20% of normal carbon tax rate) is almost negligible on 
import, while the effect on export is mostly positive. The effect of special treatment on the carbon leakage rate 

and economic indicators is no better than in the case of BTA, while the effect on carbon reduction is negative. 
Therefore, the authors prefer BTA to reduced carbon tax rate.

In our model, there is no “miracle” double dividend by which all the economic indicators show a positive 
change. A government have to choose any of revenue recycling options (including public spending) or com-
bine them according to its policy goals such as GDP, living standard, social equality and, last but not least, the 
environmental effectiveness. Anyway, we do not have to  exclude the possibility of ETR being favourable for the 
environment, economy and society at the same time. ETR will provide a strong potential for Green Growth in 
most developed, developing and least developed countries if the policy is properly designed and comple-
mented by other fiscal and regulative measures.

The fact that many of developing countries do not have enough labour tax revenue to “absorb” the carbon tax 
revene means they do not have much ineffecient tax on labour so far. Therefore, they can construct a tax 
system in line with the Green Growth concept from the very beginning. On the other hand, developing countries 
have remarkably lower energy efficiency and higher greenhouse gas emission intensity compared to devel-
oped countries such as Japan. However, if developing countries apply the ETR which is stagnating in developed 
countries, carbon pricing and shift of fiscal structure gives clear signal to apply state-of-the-art energy technolo-
gies rather than older and cheaper “hand-me-down” ones, so that the efficiency of their economy can even 
overtake Japan or Europe.

It is to be noted that the results of the numerical CGE analysis cannot be seen as predictive and the absolute 
values of results such as CO2 reduction are merely rough estimations. The CGE model itself is an abstract of com-
plex real economy based on assumptions such as general market equilbrium or free international flow of goods 
and capital. Besides, our static international CGE model does not fully illustrate all the economic aspects of ETR’s 
effects which may be of immediate interest to policymakers. For example, it requires dynamic model techniques 
with knowledge of more detailed empirical researches to analyze technological innovation, improvement of 
energy efficiency, other possible ways of revenue spending such as construction of infrastructure for the Green 
Economy (better energy and transportation infrastructure, etc.), subsidy for environmentally friendly goods and 
installations, etc. Besides, the analysis of the effect of ETR on different income and socio-economic classes 
requires detailed differentiation of population with a variety of fine economic statistics which are still hard to find 
in developing countries. Furthermore, we have not yet succeeded in obtaining accurate statistics on the energy 
tax rates and revenues of many countries, especially non-OECD countries, so we rely on digest statistics pub-
lished by authoritative international organizations such as OECD, IMF or IEA. 

Therefore, there needs to be further work to define the whole picture of environmental tax reform with other eco-
nomic models and more accurate statistics. The other models do not have to be more complex and advanced. 
Instead of the international CGE model, a single-economy model (CGE or econometric model, or even an 
Input-Output approach) may be able to draw a more detailed picture of unilateral ETR. 

For all the limits of this analysis, the authors hope that the results in this report can offer insights into environmental 
tax reform in the context of today’s global economy, and that interested policy-makers and specialists will take 
part in the quest for the knowledge on fiscal instruments for the Green Economy. 
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Appendix I: Regions in the Model

The regional classification applied in our model is based on the GTAP-7 Database 27. While some major countries 
and economies, especially of ESCAP members, are treated as a single economic unit, the vast majority of 
economies, especially of non ESCAP members, are included in a group. For a country groups except for EU27, 
fiscal data of a proxy country is used, because data for minor counties are very hard to obtain. The proxy country 
for group regions are: India for Rest of Asia Pacific (RAP) 28, Russia for North and Central Asia (NCA), Venezuela 
for Major Oil Producers (MOP), Switzerland for Rest of World OECD (ROE), and Argentina for Rest of World non 
OECD (RNO). Alhough this solution is unsatisfactory, we believe this procedure could be justified because these 
group countries are not main focus of this analysis. 

See the following tables for a detailed understanding of the classification. 

Table A-I-1: Regions in the model.

* Major Oil Producers are up to rank 25 of oil producing countries and regions, except for ESCAP members, European Union, Anglo-

America and other countries explicitly separated. See: CIA the World Factbook,

Country Comparison :

Oil Production, https://www.cia.gov/library/publications/the-world-factbook/rankorder/2173rank.html

Table A-I-2: Classification of Regions 

27  See the GTAP homepage of Purdue University: https://www.gtap.agecon.purdue.edu/databases/regions.asp?Version=7.211
28  Although India does not belong to RAP, authors believe that the diversity of fiscal situation in RAP regions which ranges from Singapore or 
Taiwan to Bangladesh or Fiji could well be covered by fiscal statistics of India.

Code Region Note 

AUS Australia  

NZL New Zealand  

CHN China incl. Hong-Kong  

JPN Japan  

KOR Republic of Korea without D. P. R. Korea 

KHM Cambodia  

IDN Indonesia  

PHL Philippines  

THA Thailand  

IND India  

VNM Vietnam  

MYS Malaysia  

RAP Rest of East Asia and Pacific Other ESCAP members in East Asia and Pacific. India as proxy. 

NCA North and Central Asia Other ESCAP members in North and Central Asia. Russia as proxy. 

CAN Canada  

USA United States  

EUR EU27 Members of European Union (in 2011) 

MOP Major Oil Producers Up to rank 25 of oil producing economies*, Venezuela as proxy 

ROE Rest of World (OECD) Other economies with OECD membership, Switzerland as proxy 

RNO Rest of World (non OECD) Other economies without OECD membership, Argentina as proxy. 
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Appendix I: Regions in the Model

The regional classification applied in our model is based on the GTAP-7 Database 27. While some major countries 
and economies, especially of ESCAP members, are treated as a single economic unit, the vast majority of 
economies, especially of non ESCAP members, are included in a group. For a country groups except for EU27, 
fiscal data of a proxy country is used, because data for minor counties are very hard to obtain. The proxy country 
for group regions are: India for Rest of Asia Pacific (RAP) 28, Russia for North and Central Asia (NCA), Venezuela 
for Major Oil Producers (MOP), Switzerland for Rest of World OECD (ROE), and Argentina for Rest of World non 
OECD (RNO). Alhough this solution is unsatisfactory, we believe this procedure could be justified because these 
group countries are not main focus of this analysis. 

See the following tables for a detailed understanding of the classification. 

Table A-I-1: Regions in the model.

* Major Oil Producers are up to rank 25 of oil producing countries and regions, except for ESCAP members, European Union, Anglo-

America and other countries explicitly separated. See: CIA the World Factbook,

Country Comparison :

Oil Production, https://www.cia.gov/library/publications/the-world-factbook/rankorder/2173rank.html

Table A-I-2: Classification of Regions 

No. Code in 
GTAP 

Description ESCAP Region in Model Code in 
Model 

1 AUS - Australia 1 Australia AUS 
2 NZL - New Zealand 1 New Zealand NZL 
3 XOC Rest of Oceania    

  - American Samoa 1 Rest of East Asia Pacific RAP 
  - Cook Islands 1 Rest of East Asia Pacific RAP 
  - Fiji 1 Rest of East Asia Pacific RAP 
  - French Polynesia 1 Rest of East Asia Pacific RAP 
  - Guam 1 Rest of East Asia Pacific RAP 
  - Island of Wallis and Futuna 0 Rest of East Asia Pacific RAP 
  - Kiribati 1 Rest of East Asia Pacific RAP 
  - Marshall Islands 1 Rest of East Asia Pacific RAP 
  - Micronesia, Federated States of 1 Rest of East Asia Pacific RAP 
  - Nauru 1 Rest of East Asia Pacific RAP 
  - New Caledonia 1 Rest of East Asia Pacific RAP 
  - Niue 1 Rest of East Asia Pacific RAP 
  - Norfolk Island 0 Rest of East Asia Pacific RAP 
  - Northern Mariana Islands 1 Rest of East Asia Pacific RAP 
  - Palau 1 Rest of East Asia Pacific RAP 
  - Papua New Guinea 1 Rest of East Asia Pacific RAP 
  - Samoa 1 Rest of East Asia Pacific RAP 
  - Solomon Islands 1 Rest of East Asia Pacific RAP 
  - Tokelau 0 Rest of East Asia Pacific RAP 
  - Tonga 1 Rest of East Asia Pacific RAP 
  - Tuvalu 1 Rest of East Asia Pacific RAP 
  - Vanuatu 1 Rest of East Asia Pacific RAP 
      

4 CHN - China 1 China CHN 
5 HKG - Hong Kong 1 China CHN 
6 JPN - Japan 1 Japan JPN 
7 KOR - Korea 1 Rep. of Korea ROK 
8 TWN - Taiwan 0 Rest of East Asia Pacific RAP 
9 XEA Rest of East Asia    

  - Korea, Democratic Republic of 1 Rest of East Asia Pacific RAP 
  - Macau 1 Rest of East Asia Pacific RAP 
  - Mongolia 1 Rest of East Asia Pacific RAP 
      

10 KHM - Cambodia 1 Cambodia KHM 
11 IDN - Indonesia 1 Indonesia IDN 
12 LAO - Lao People's Democratic Republic 1 Rest of East Asia Pacific RAP 
13 MMR - Myanmar 1 Rest of East Asia Pacific RAP 
14 MYS - Malaysia 1 Malaysia MYS 
15 PHL - Philippines 1 Philippines PHL 
16 SGP - Singapore 1 Rest of East Asia Pacific RAP 
17 THA - Thailand 1 Thailand THA 
18 VNM - Vietnam 1 Viet Nam VNM 
19 XSE Rest of Southeast Asia    

  - Brunei Darussalam 1 Rest of East Asia Pacific RAP 
  - Timor-Leste 1 Rest of East Asia Pacific RAP 
      

20 BGD - Bangladesh 1 Rest of East Asia Pacific RAP 
21 IND - India 1 India IND 
22 PAK - Pakistan 1 Rest of East Asia Pacific RAP 
23 LKA - Sri Lanka 1 Rest of East Asia Pacific RAP 
24 XSA Rest of South Asia    

  - Afghanistan 1 Rest of East Asia Pacific RAP 
  - Bhutan 1 Rest of East Asia Pacific RAP 
  - Maldives 1 Rest of East Asia Pacific RAP 



Low Carbon Green Growth Roadmap for Asia and the Pacific : Environmental Tax ReformPage 39

  - Nepal 1 Rest of East Asia Pacific RAP 
      

25 CAN - Canada 0 Canada CAN 
26 USA - United States of America 0 United States USA 
27 MEX - Mexico 0 Major Oil Producers MOP 
28 XNA Rest of North America    

  - Bermuda 0 Rest of World (non OECD) RNO 
  - Greenland 0 Rest of World (non OECD) RNO 
  - Saint Pierre and Miquelon 0 Rest of World (non OECD) RNO 
      

29 ARG - Argentina 0 Rest of World (non OECD) RNO 
30 BOL - Bolivia 0 Rest of World (non OECD) RNO 
31 BRA - Brazil 0 Rest of World (non OECD) RNO 
32 CHL - Chile 0 Rest of World (OECD) ROE 
33 COL - Colombia 0 Rest of World (non OECD) RNO 
34 ECU - Ecuador 0 Rest of World (non OECD) RNO 
35 PRY - Paraguay 0 Rest of World (non OECD) RNO 
36 PER - Peru 0 Rest of World (non OECD) RNO 
37 URY - Uruguay 0 Rest of World (non OECD) RNO 
38 VEN - Venezuela 0 Major Oil Producers MOP 
39 XSM Rest of South America    

  - Falkland Islands (Malvinas) 0 Rest of World (non OECD) RNO 
  - French Guiana 0 Rest of World (non OECD) RNO 
  - Guyana 0 Rest of World (non OECD) RNO 
  - Suriname 0 Rest of World (non OECD) RNO 
      

40 CRI - Costa Rica 0 Rest of World (non OECD) RNO 
41 GTM - Guatemala 0 Rest of World (non OECD) RNO 
42 NIC - Nicaragua 0 Rest of World (non OECD) RNO 
43 PAN - Panama 0 Rest of World (non OECD) RNO 
44 XCA Rest of Central America    

  - Belize 0 Rest of World (non OECD) RNO 
  - El Salvador 0 Rest of World (non OECD) RNO 
  - Honduras 0 Rest of World (non OECD) RNO 
      

45 XCB - Caribbean    
  - Anguilla 0 Rest of World (non OECD) RNO 
  - Antigua & Barbuda 0 Rest of World (non OECD) RNO 
  - Aruba 0 Rest of World (non OECD) RNO 
  - Bahamas 0 Rest of World (non OECD) RNO 
  - Barbados 0 Rest of World (non OECD) RNO 
  - Cayman Islands 0 Rest of World (non OECD) RNO 
  - Cuba 0 Rest of World (non OECD) RNO 
  - Dominica 0 Rest of World (non OECD) RNO 
  - Dominican Republic 0 Rest of World (non OECD) RNO 
 - Grenada 0 Rest of World (non OECD) RNO 
  - Guadeloupe 0 Rest of World (non OECD) RNO 
  - Haiti 0 Rest of World (non OECD) RNO 
  - Jamaica 0 Rest of World (non OECD) RNO 
  - Martinique 0 Rest of World (non OECD) RNO 
  - Montserrat 0 Rest of World (non OECD) RNO 
  - Netherlands Antilles 0 Rest of World (non OECD) RNO 
  - Puerto Rico 0 Rest of World (non OECD) RNO 
  - Saint Kitts and Nevis 0 Rest of World (non OECD) RNO 
  - Saint Lucia 0 Rest of World (non OECD) RNO 
  - Saint Vincent and the Grenadines 0 Rest of World (non OECD) RNO 
  - Trinidad and Tobago 0 Rest of World (non OECD) RNO 
  - Turks and Caicos 0 Rest of World (non OECD) RNO 
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  - Virgin Islands, British 0 Rest of World (non OECD) RNO 
  - Virgin Islands, U.S. 0 Rest of World (non OECD) RNO 
      

46 AUT - Austria 0 European Union EUR 
47 BEL - Belgium 0 European Union EUR 
48 CYP - Cyprus 0 European Union EUR 
49 CZE - Czech Republic 0 European Union EUR 
50 DNK - Denmark 0 European Union EUR 
51 EST - Estonia 0 European Union EUR 
52 FIN - Finland 0 European Union EUR 
53 FRA - France 0 European Union EUR 
54 DEU - Germany 0 European Union EUR 
55 GRC - Greece 0 European Union EUR 
56 HUN - Hungary 0 European Union EUR 
57 IRL - Ireland 0 European Union EUR 
58 ITA - Italy 0 European Union EUR 
59 LVA - Latvia 0 European Union EUR 
60 LTU - Lithuania 0 European Union EUR 
61 LUX - Luxembourg 0 European Union EUR 
62 MLT - Malta 0 European Union EUR 
63 NLD - Netherlands 0 European Union EUR 
64 POL - Poland 0 European Union EUR 
65 PRT - Portugal 0 European Union EUR 
66 SVK - Slovakia 0 European Union EUR 
67 SVN - Slovenia 0 European Union EUR 
68 ESP - Spain 0 European Union EUR 
69 SWE - Sweden 0 European Union EUR 
70 GBR - United Kingdom 0 European Union EUR 
71 CHE - Switzerland 0 Rest of World (OECD) ROE 
72 NOR - Norway 0 Major Oil Producers MOP 
73 XEF Rest of EFTA    

  - Iceland 0 Rest of World (OECD) ROE 
  - Liechtenstein 0 Rest of World (OECD) ROE 
      

74 ALB - Albania 0 Rest of World (non OECD) RNO 
75 BGR - Bulgaria 0 European Union EUR 
76 BLR - Belarus 0 Rest of World (non OECD) RNO 
77 HRV - Croatia 0 Rest of World (non OECD) RNO 
78 ROU - Romania 0 European Union EUR 
79 RUS - Russian Federation 1 North and Central Asia NCA 
80 UKR - Ukraine  0 Rest of World (non OECD) RNO 
81 XEE Rest of Eastern Europe    

  - Moldova, Republic of 0 Rest of World (non OECD) RNO 
      

82 XER Rest of Europe    
  - Andorra 0 Rest of World (non OECD) RNO 
  - Bosnia and Herzegovina 0 Rest of World (non OECD) RNO 
  - Faroe Islands 0 Rest of World (non OECD) RNO 
  - Gibraltar 0 Rest of World (non OECD) RNO 
  - Macedonia, the former Yugoslav 

Republic of 0 Rest of World (non OECD) RNO 

  - Monaco 0 Rest of World (non OECD) RNO 
  - San Marino 0 Rest of World (non OECD) RNO 
  - Serbia and Montenegro 0 Rest of World (non OECD) RNO 
      

83 KAZ - Kazakhstan 1 North and Central Asia NCA 
84 KGZ - Kyrgyzstan 1 North and Central Asia NCA 
85 XSU Rest of Former Soviet Union    

  - Tajikistan 1 North and Central Asia NCA 
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  - Turkmenistan 1 North and Central Asia NCA 
  - Uzbekistan 1 North and Central Asia NCA 
      

86 ARM - Armenia 1 North and Central Asia NCA 
87 AZE - Azerbaijan 1 North and Central Asia NCA 
88 GEO - Georgia 1 North and Central Asia NCA 
89 IRN - Iran, Islamic Republic of 1 North and Central Asia NCA 
90 TUR - Turkey 1 North and Central Asia NCA 
91 XWS Rest of Western Asia    

  - Bahrain 0 Rest of World (non OECD) RNO 
  - Iraq 0 Major Oil Producers MOP 
  - Israel 0 Rest of World (OECD) ROE 
  - Jordan 0 Rest of World (non OECD) RNO 
  - Kuwait 0 Major Oil Producers MOP 
  - Lebanon 0 Rest of World (non OECD) RNO 
  - Oman 0 Major Oil Producers MOP 
  - Palestinian Territory, Occupied 0 Rest of World (non OECD) RNO 
  - Qatar 0 Major Oil Producers MOP 
  - Saudi Arabia 0 Major Oil Producers MOP 
  - Syrian Arab Republic 0 Rest of World (non OECD) RNO 
  - United Arab Emirates 0 Major Oil Producers MOP 
  - Yemen 0 Rest of World (non OECD) RNO 
      

92 EGY - Egypt 0 Rest of World (non OECD) RNO 
93 MAR - Morocco 0 Rest of World (non OECD) RNO 
94 TUN - Tunisia 0 Rest of World (non OECD) RNO 
95 XNF Rest of North Africa    

  - Algeria 0 Major Oil Producers MOP 
  - Libyan Arab Jamahiriya 0 Major Oil Producers MOP 
      

96 NGA - Nigeria 0 Major Oil Producers MOP 
97 SEN - Senegal 0 Rest of World (non OECD) RNO 
98 XWF Rest of Western Africa    

  - Benin 0 Rest of World (non OECD) RNO 
  - Burkina Faso 0 Rest of World (non OECD) RNO 
  - Cape Verde 0 Rest of World (non OECD) RNO 
  - Cote d'Ivoire 0 Rest of World (non OECD) RNO 
  - Gambia 0 Rest of World (non OECD) RNO 
  - Ghana 0 Rest of World (non OECD) RNO 
  - Guinea 0 Rest of World (non OECD) RNO 
  - Guinea-Bissau 0 Rest of World (non OECD) RNO 
  - Liberia 0 Rest of World (non OECD) RNO 
  - Mali 0 Rest of World (non OECD) RNO 
  - Mauritania 0 Rest of World (non OECD) RNO 
  - Niger 0 Rest of World (non OECD) RNO 
  - Saint Helena 0 Rest of World (non OECD) RNO 
  - Sierra Leone 0 Rest of World (non OECD) RNO 
  - Togo 0 Rest of World (non OECD) RNO 
      

99 XCF Rest of Central Africa    
  - Cameroon 0 Rest of World (non OECD) RNO 
  - Central African Republic 0 Rest of World (non OECD) RNO 
  - Chad 0 Rest of World (non OECD) RNO 
  - Congo 0 Rest of World (non OECD) RNO 
  - Equatorial Guinea 0 Rest of World (non OECD) RNO 
  - Gabon 0 Rest of World (non OECD) RNO 
  - Sao Tome and Principe 0 Rest of World (non OECD) RNO 
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100 XAC Rest of South Central Africa    
  - Angola 0 Major Oil Producers MOP 
  - Congo, Democratic Republic of the 0 Major Oil Producers MOP 
      

101 ETH - Ethiopia 0 Rest of World (non OECD) RNO 
102 MDG - Madagascar 0 Rest of World (non OECD) RNO 
103 MWI - Malawi 0 Rest of World (non OECD) RNO 
104 MUS - Mauritius 0 Rest of World (non OECD) RNO 
105 MOZ - Mozambique 0 Rest of World (non OECD) RNO 
106 TZA - Tanzania 0 Rest of World (non OECD) RNO 
107 UGA - Uganda 0 Rest of World (non OECD) RNO 
108 ZMB - Zambia 0 Rest of World (non OECD) RNO 
109 ZWE - Zimbabwe 0 Rest of World (non OECD) RNO 
110 XEC Rest of Eastern Africa    

  - Burundi 0 Rest of World (non OECD) RNO 
  - Comoros 0 Rest of World (non OECD) RNO 
  - Djibouti 0 Rest of World (non OECD) RNO 
  - Eritrea 0 Rest of World (non OECD) RNO 
  - Kenya 0 Rest of World (non OECD) RNO 
  - Mayotte 0 Rest of World (non OECD) RNO 
  - Reunion 0 Rest of World (non OECD) RNO 
  - Rwanda 0 Rest of World (non OECD) RNO 
  - Seychelles 0 Rest of World (non OECD) RNO 
  - Somalia 0 Rest of World (non OECD) RNO 
  - Sudan 0 Rest of World (non OECD) RNO 
      

111 BWA - Botswana 0 Rest of World (non OECD) RNO 
112 ZAF - South Africa 0 Rest of World (non OECD) RNO 
113 XSC     
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Appendix II: Tax Revenue Structure - Data source and its modelling

Table A-II-1: Tax and Social Security Revenue from the IMF-GFS

Notes: Gen. Govt = General Government, B. C. Govt = Budgetary Central Government. 

Proxy for combined regions: India for RAP, Russia for NCA, Venezuela for MOP, Switzerland for ROE, and Argentina for RNO. Source: IMF 

Govenment Finance Statistics, CD-ROM, March 2011

We have collected the data on government revenue from the International Monetary Fund’s Government 
Finance Statistics (IMF-GFS, CD-ROM version, issued in March 2011). This database presents detailed fiscal statis-
tics of more than 100 economies including developing countries in mutually comparable format. We have 
picked the newest values of government revenues from tax and social security contributions (SSC) for each 
region and summarized them in Table A-II-1 29. These values are divided by nominal GDP 30 of the appropriate 
year so that the values of tax and SSC revenues as % of GDP are obtained (Table AII-2). For EU27, we used the 
values in Eurostat’s Taxation Trend in European Union (issued in 2010) and classified each revenue item accord-
ing to its IMF classification. 

Table A-II-2: Taxes and SSC Revenue as % of GDP

From the values in table A-II-2, we calculate the rate of seven taxes (other than carbon tax) applied in the model 
(see Table A-II-3). All these taxes are modelled as ad-valorem tax (%). In general, we multiply the values in A-II-2 
with the GDP values of the GTAP-7 dataset (stand 2004) to obtain the revenue amounts, and then divide them 
with the value of each tax base in the GTAP-7 dataset. As the individual income tax includes tax on labour 
income and capital income, we separate these using the labour share and capital share under the assumption 
of proportionality of revenue and labour/capital share (total payment for labour / GDP, total payment for capi-
tal / GDP).

Table A-II-3: How to calculate the tax rates in the model.

Notes: LS = labour share, LP = total payment for labor, KP = total payment for capital, CH = consumption of households, CG = consumption 

of government, KS = capital share. 

29 The IMF’s value of income tax for Indonesia and Japan is not complete for our purpose. For Indonesia, we assume that the ratio of 
individual income tax to corporate income tax is 8:2. For Japan, we calculated the values based on the information of the Ministry of
International Affairs and Communications: ( http://www.03trade.com/mailmaga/tomaru/sti_091113_01.html). 

 AUS NZL CHN JPN KOR KHM IDN PHL THA IND 
Year 2009 2007 2008 2009 2009 2009 2009 2009 2009 2007 

unit mill. 
Dollars 

mill. 
Dollars bill. Yuan bill.  

JPY 
bill. 
WON 

bill.  
CFR fr. 

bill. 
Rupiah 

bill. 
Pesos 

bill.  
Bhat 

bill. 
Rupies 

Taxes + SSC 338,882 59,641 6,922 160,155 249,747 4,163 640,830 982 1,565 9,368 
Income Tax on 
individuals  127,610 27,228 373 28,212 41,975 167 254,122 137 178 1,118 

Income Tax 
corporations and 
other enterprises  

71,982 10,093 1,126 17,087 35,251 577 63,530 254 461 1,929 

Unallocable 1,774 0 0  0 0 0 44 0 71 
Taxes on payroll 
and workforce 16,779 0 0 0 0 0 0 0 0 0 

Taxes on property 27,837 2,972 464 8,815 28,284 0 30,736 0 28 41 
Taxes on goods 
and services 86,611 17,411 3,630 27,619 74,658 2,348 271,300 326 725 4,426 

Taxes on int'l. 
trade and 
transactions  

6,289 1,836 179 864 9,169 1,064 18,106 220 77 1,041 

Other taxes 0 0 78 22,052 20,189 7 3,036 0 14 734 
Social 
contributions 0 101 1,072 55,506 40,220 0 0 0 83 8 

Grants 11 0 0 0 0 1,829 1,150 0 2 27 
Category of 
Government 

Gen. 
Govt. 

Gen. 
Govt. 

Gen. 
Govt. 

Gen. 
Govt. 

Gen. 
Govt. 

B. C. 
Govt.  

B. C. 
Govt.  

B. C. 
Govt.  

Gen. 
Govt. 

Gen. 
Govt. 

Nominal GDP 
(nat. currency) 

1,299,96
3 181,259 30,686 474,307 1,063,05

9 44,696 5,613,44
2 7,679 9,048 49,479 

           

 VNM MYS RAP NCA CAN USA EUR MOP ROE RNO 

Year 2004 2009 2007 2009 2007 2009 2008 2005 2009 2004 

unit bill. 
Dong 

mill. 
Ringgit 

bill. 
Rupies 

bill. 
Rubles 

bill. 
Dollars 

bill. 
Dollars 

% of 
GDP 

bill. 
Bolivares 

mill. 
Francs 

mill 
Pesos 

Taxes + SSC 153,472 106,504 9,368 11,140 533 3,410 39.5 47 158,764 115,978 

Income Tax on 
individuals  3,521 15,590 1,118 1,659 193 1,125 9.5 1 49,389 7,062 

Income Tax 
corporations and 
other enterprises  

55,290 57,431 1,929 1,331 66 231 2.7 18 17,785 16,090 

Unallocable 0 0 71 85 7 0 1.3 0 8,056 0 
Taxes on payroll 
and workforce 

0 0 0 0 10 0  0 0 349 

Taxes on property 3,688 0 41 509 52 458  3 11,739 11,810 
Taxes on goods 
and services 69,391 24,863 4,426 2,603 119 597 13.4 21 29,151 49,079 

Taxes on int'l. 
trade and 
transactions  

21,582 3,266 1,041 2,599 4 23 0.0 4 6,239 12,865 

Other taxes 0 5,355 734 -0 2 0 0.0 0 0 5,242 

Social 
contributions 0 0 8 2,355 80 975 12.6 0 36,405 13,481 

Grants 2,314 0 27 0 0 0 0.0 0 98 0 
Category of 
Government 

Gen. 
Govt. 

B. C. 
Govt. 

Gen. 
Govt. 

Gen. 
Govt. 

Gen. 
Govt. 

Gen. 
Govt. 

B. C. 
Govt. 

Gen. 
Govt. 

Gen. 
Govt. 

Nominal GDP 
(nat. currency) 715,307 674,434 49,479 39,064 1,530 14,119  304 535,282 447,643 
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Appendix II: Tax Revenue Structure - Data source and its modelling

Table A-II-1: Tax and Social Security Revenue from the IMF-GFS

Notes: Gen. Govt = General Government, B. C. Govt = Budgetary Central Government. 

Proxy for combined regions: India for RAP, Russia for NCA, Venezuela for MOP, Switzerland for ROE, and Argentina for RNO. Source: IMF 

Govenment Finance Statistics, CD-ROM, March 2011

We have collected the data on government revenue from the International Monetary Fund’s Government 
Finance Statistics (IMF-GFS, CD-ROM version, issued in March 2011). This database presents detailed fiscal statis-
tics of more than 100 economies including developing countries in mutually comparable format. We have 
picked the newest values of government revenues from tax and social security contributions (SSC) for each 
region and summarized them in Table A-II-1 29. These values are divided by nominal GDP 30 of the appropriate 
year so that the values of tax and SSC revenues as % of GDP are obtained (Table AII-2). For EU27, we used the 
values in Eurostat’s Taxation Trend in European Union (issued in 2010) and classified each revenue item accord-
ing to its IMF classification. 

Table A-II-2: Taxes and SSC Revenue as % of GDP

From the values in table A-II-2, we calculate the rate of seven taxes (other than carbon tax) applied in the model 
(see Table A-II-3). All these taxes are modelled as ad-valorem tax (%). In general, we multiply the values in A-II-2 
with the GDP values of the GTAP-7 dataset (stand 2004) to obtain the revenue amounts, and then divide them 
with the value of each tax base in the GTAP-7 dataset. As the individual income tax includes tax on labour 
income and capital income, we separate these using the labour share and capital share under the assumption 
of proportionality of revenue and labour/capital share (total payment for labour / GDP, total payment for capi-
tal / GDP).

Table A-II-3: How to calculate the tax rates in the model.

Notes: LS = labour share, LP = total payment for labor, KP = total payment for capital, CH = consumption of households, CG = consumption 

of government, KS = capital share. 

30 United Nations National Accounts Main Aggregates Database (http://unstats.un.org/unsd/snaama/selbasicFast.asp)

  AUS NZL CHN JPN KOR KHM IDN PHL THA IND 
 Year 2009 2007 2008 2009 2009 2009 2009 2009 2009 2007 
 Taxes + SSC 26.07% 32.90% 22.56% 33.77% 23.49% 9.31% 11.42% 12.78% 17.29% 18.93% 

A Income tax on 
individuals  9.82% 15.02% 1.22% 5.95% 3.95% 0.37% 4.53% 1.78% 1.97% 2.26% 

B Income tax on 
corporations  5.54% 5.57% 3.67% 3.60% 3.32% 1.29% 1.13% 3.31% 5.09% 3.90% 

C Unallocable direct 
tax 0.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.58% 0.00% 0.14% 

D Taxes on payroll and 
workforce 1.29% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

E Taxes on property 2.14% 1.64% 1.51% 1.86% 2.66% 0.00% 0.55% 0.00% 0.31% 0.08% 

F Taxes on goods and 
services (incl.energy) 6.66% 9.61% 11.83% 5.82% 7.02% 5.25% 4.83% 4.24% 8.01% 8.95% 

G Taxes on int'l. trade 
and transactions  0.48% 1.01% 0.58% 0.18% 0.86% 2.38% 0.32% 2.87% 0.85% 2.10% 

H Other taxes 0.00% 0.00% 0.25% 4.65% 1.90% 0.02% 0.05% 0.00% 0.15% 1.48% 
I Social contributions 0.00% 0.06% 3.49% 11.70% 3.78% 0.00% 0.00% 0.00% 0.91% 0.02% 

            

  VNM MYS RAP NCA CAN USA EUR MOP ROE RNO 

 Year 2004 2009 2007 2009 2007 2009 2008 2005 2009 2004 
 Taxes + SSC 21.46% 15.79% 18.93% 28.52% 34.84% 24.15% 39.50% 15.52% 29.66% 25.91% 

A Income tax on 
individuals  0.49% 2.31% 2.26% 4.25% 12.62% 7.97% 9.50% 0.30% 9.23% 1.58% 

B Income tax on 
corporations 7.73% 8.52% 3.90% 3.41% 4.32% 1.64% 2.70% 5.77% 3.32% 3.59% 

C Unallocable direct 
tax 0.00% 0.00% 0.14% 0.22% 0.45% 0.00% 1.30% 0.00% 1.50% 0.00% 

D Taxes on payroll and 
workforce 0.00% 0.00% 0.00% 0.00% 0.68% 0.00% 0.00% 0.00% 0.00% 0.08% 

E Taxes on property 0.52% 0.00% 0.08% 1.30% 3.38% 3.24% 0.00% 0.96% 2.19% 2.64% 

F Taxes on goods and 
services (incl.energy) 3.69% 8.95% 6.66% 7.81% 4.23% 13.40% 13.40% 5.45% 10.96% 3.69% 

G Taxes on int'l. trade 
and transactions  3.02% 0.48% 2.10% 6.65% 0.24% 0.16% 0.00% 1.40% 1.17% 2.87% 

H Other taxes 0.00% 0.79% 1.48% 0.00% 0.11% 0.00% 0.00% 0.04% 0.00% 1.17% 
I Social contributions 0.00% 0.00% 0.02% 6.03% 5.23% 6.91% 12.60% 0.00% 6.80% 3.01% 

Name of tax  Calculation of tax rate 
labour tax (A x LS + D + I)/LP 
corporate tax  (B + 0.5 x E) / KP  
consumption tax  (F net of energy tax revenues)/(CH + CG) 
energy tax tax rates given in GTAP-7 database (net of VAT rates) 
import tax tax rates given in GTAP-7 database 
export tax tax rates given in GTAP-7 database 
capital income tax (A x KS + 0.5 x E) / KP 
other lump-sum tax no tax rate is required.  
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The labour tax includes tax on labour income [A x LS], tax on payroll and workforce [D] and social security contri-
butions [I]. We assume that all the social security contribution is levied on labour for simplicity. We divide the sum 
of the above-mentioned taxes by the total payment for labour (net of tax) to obtain the labour tax rate.

The corporate tax consists of income tax on corporations [B] and half of the tax on property [E]. We thus assume 
that half of the national property is held by corporations (that is, the other half belongs to households), and the 
tax on corporate property affects its profitability. This corporate tax is assumed to be borne by capital holders. 
We divide B + 0.5 x E by the total payment for capital [KP] to obtain the corporate tax rate. 

The tax on goods and services [F] consists of all the tax on goods and services including energy products, 
namely, general tax on goods and services (such as VAT or general sales tax) and specific taxes (excises) on 
goods (such as taxes on tobacco, alcohol and energy products, etc.). The rough classification of goods and 
services renders detailed classification of specific taxes almost meaningless, therefore we only separate [F] into 
the consumption tax (a compound of all the taxes except for energy taxes) and energy taxes. 

The tax rates differ according to the products and to the sector in which they are consumed (COL, OIL, GAS, 
P_C, ELY). We use the energy tax rates for industrial use in the GTAP-7 database as it is hard to modify. For the 
energy tax rates for final consumption, which is hard to obtain reliable officai data, we use the assumed tax 
rates. These tax rates are the authors’ own calculation based on the IEA’s Energy Taxes and Prices 2011 31. We 
subtract statutory VAT rates from these energy tax rates in the statistics, which includes VAT or sales tax, to obtain 
energy tax rates before VAT or sales tax (in table A-II-4), and then calculate the energy tax revenue (without VAT) 
in the model, and subtract it from [F] to obtain the revenue of the consumption tax. Then we divide the con-
sumption tax revenue by the value of consumption to obtain the average effective rate of the consumption tax 
(including not only VAT or sales tax but also excices on goods and services). This consumption tax is also levied 
on energy products for final consumption. By the way, the revenue of energy tax and consumption tax calcu-
lated this way may differ from the actual value, but the sum always corresponds to [F].

Table A-II-4: Assumed energy tax rates on final consumption (before VAT, % of pre-tax price)

Source: Author's own calculation based on IEA Energy Taxes and Prices 2011 (pp. 320-334, 283-285).

Notes: Figures are based on values for housholds in 2004. Tax rate on P_C is average of light fuel oil, diesel oil, and gasoline, tax rate on GAS 

is average of LPG and gas. Tax rates as share of pre-tax prices [Y] is calculated from percentage of taxes in after-tax prices [X], Y=X/(100-X). 

These tax-rate values include VAT. We use only available values in the statistic book, Therefore tax rates for regions missing in statistic book are 

asuumed to be zero.

The import and export tax are very complex and differ according to products in the model, so we apply the 
initially given tax rates in the GTAP-7 database instead of using the value of [G]. Therefore, the revenue which 
results from the model may differ from [G].

The capital income tax in the model includes not only the individual tax on capital income [A] but also the half 
of the tax on property [E]. We thus assume that half of the national property is held by households (that is, the 
other half belongs to corporations). As the value of total payment for capital and pre-tax capital income in an 
economy (in the initial dataset) is the same, we divide [B] by total payment for capital [KP] to obtain the corpo-
rate tax rate.

Here we give a short note on the difference between corporate tax and capital income tax. While the corpo-
rate tax is taxed at the stage of production in the “host” country, the capital income tax is levied on capital 
revenues in the country of the capital holders. Therefore, the corporate tax rate affects the demand of capital 
and the international capital flow more directly. As the amount of capital is fixed in our static model, that is, capi-
tal holders do not change the amount of capital supply according to change of capital return, we assume that 
the capital income tax gives no direct disincentive on the supply and demand of capital. By the way, in the 
model we do not apply any mechanism for international adjustment of taxation on dividend income, so there 
may be “double taxation” on capital.

Finally, the other lump-sum tax consists of other taxes such as unallocable direct taxes [C] and other taxes [H]. 
Although there may be some tax which gives negative incentive for economic decisions included, we treat 
them as lump-sum transfer (that is, a fixed amount is transferred) from household to government in the model. 
Therefore, we do not need to calculate the tax rate or tax base for this tax.

Table A-II-5: Calculated tax rates for model

Note: The rate of the consumption tax may differ from statutory VAT or sales tax rates.

* The calculated labour tax rate (50.61%) in EU may seem very high, but it is not contradictory. See the footnote 12.

31 See the IEA’s statistical book, pp. 320-334 for developed countries, pp. 283-285 for Switzerland (proxy for ROE). Tax rates for developing 
countries are assumed to be zero.

2004 COL OIL GAS P_C ELY 
AUS    0.81 
NZL    0.36 -0.03 
CHN   0.13 0.17 0.13 
JPN   0.10 0.59 0.02 
KOR   0.53 1.08  
KHM      
IDN      
PHL      
THA      
IND     

VNM      
MYS      
RAP      
NCA     
CAN   0.02 0.31 0.06 
USA    0.22  
EUR   0.12 1.03 0.06 
MOP      
ROE    0.94 
RNO      
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The labour tax includes tax on labour income [A x LS], tax on payroll and workforce [D] and social security contri-
butions [I]. We assume that all the social security contribution is levied on labour for simplicity. We divide the sum 
of the above-mentioned taxes by the total payment for labour (net of tax) to obtain the labour tax rate.

The corporate tax consists of income tax on corporations [B] and half of the tax on property [E]. We thus assume 
that half of the national property is held by corporations (that is, the other half belongs to households), and the 
tax on corporate property affects its profitability. This corporate tax is assumed to be borne by capital holders. 
We divide B + 0.5 x E by the total payment for capital [KP] to obtain the corporate tax rate. 

The tax on goods and services [F] consists of all the tax on goods and services including energy products, 
namely, general tax on goods and services (such as VAT or general sales tax) and specific taxes (excises) on 
goods (such as taxes on tobacco, alcohol and energy products, etc.). The rough classification of goods and 
services renders detailed classification of specific taxes almost meaningless, therefore we only separate [F] into 
the consumption tax (a compound of all the taxes except for energy taxes) and energy taxes. 

The tax rates differ according to the products and to the sector in which they are consumed (COL, OIL, GAS, 
P_C, ELY). We use the energy tax rates for industrial use in the GTAP-7 database as it is hard to modify. For the 
energy tax rates for final consumption, which is hard to obtain reliable officai data, we use the assumed tax 
rates. These tax rates are the authors’ own calculation based on the IEA’s Energy Taxes and Prices 2011 31. We 
subtract statutory VAT rates from these energy tax rates in the statistics, which includes VAT or sales tax, to obtain 
energy tax rates before VAT or sales tax (in table A-II-4), and then calculate the energy tax revenue (without VAT) 
in the model, and subtract it from [F] to obtain the revenue of the consumption tax. Then we divide the con-
sumption tax revenue by the value of consumption to obtain the average effective rate of the consumption tax 
(including not only VAT or sales tax but also excices on goods and services). This consumption tax is also levied 
on energy products for final consumption. By the way, the revenue of energy tax and consumption tax calcu-
lated this way may differ from the actual value, but the sum always corresponds to [F].

Table A-II-4: Assumed energy tax rates on final consumption (before VAT, % of pre-tax price)

Source: Author's own calculation based on IEA Energy Taxes and Prices 2011 (pp. 320-334, 283-285).

Notes: Figures are based on values for housholds in 2004. Tax rate on P_C is average of light fuel oil, diesel oil, and gasoline, tax rate on GAS 

is average of LPG and gas. Tax rates as share of pre-tax prices [Y] is calculated from percentage of taxes in after-tax prices [X], Y=X/(100-X). 

These tax-rate values include VAT. We use only available values in the statistic book, Therefore tax rates for regions missing in statistic book are 

asuumed to be zero.

The import and export tax are very complex and differ according to products in the model, so we apply the 
initially given tax rates in the GTAP-7 database instead of using the value of [G]. Therefore, the revenue which 
results from the model may differ from [G].

The capital income tax in the model includes not only the individual tax on capital income [A] but also the half 
of the tax on property [E]. We thus assume that half of the national property is held by households (that is, the 
other half belongs to corporations). As the value of total payment for capital and pre-tax capital income in an 
economy (in the initial dataset) is the same, we divide [B] by total payment for capital [KP] to obtain the corpo-
rate tax rate.

Here we give a short note on the difference between corporate tax and capital income tax. While the corpo-
rate tax is taxed at the stage of production in the “host” country, the capital income tax is levied on capital 
revenues in the country of the capital holders. Therefore, the corporate tax rate affects the demand of capital 
and the international capital flow more directly. As the amount of capital is fixed in our static model, that is, capi-
tal holders do not change the amount of capital supply according to change of capital return, we assume that 
the capital income tax gives no direct disincentive on the supply and demand of capital. By the way, in the 
model we do not apply any mechanism for international adjustment of taxation on dividend income, so there 
may be “double taxation” on capital.

Finally, the other lump-sum tax consists of other taxes such as unallocable direct taxes [C] and other taxes [H]. 
Although there may be some tax which gives negative incentive for economic decisions included, we treat 
them as lump-sum transfer (that is, a fixed amount is transferred) from household to government in the model. 
Therefore, we do not need to calculate the tax rate or tax base for this tax.

Table A-II-5: Calculated tax rates for model

Note: The rate of the consumption tax may differ from statutory VAT or sales tax rates.

* The calculated labour tax rate (50.61%) in EU may seem very high, but it is not contradictory. See the footnote 12.

 Labour tax Capital income tax Corporate tax Consumption tax 
AUS 13.62% 16.46% 19.43% 7.12% 
NZL 16.97% 21.47% 15.03% 13.34% 
CHN 9.45% 3.74% 11.43% 20.80% 
JPN 32.61% 9.96% 12.40% 6.45% 
KOR 13.59% 8.60% 11.27% 8.20% 
KHM 0.39% 0.39% 2.57% 7.31% 
IDN 4.75% 5.38% 2.88% 6.27% 
PHL 1.83% 1.94% 5.88% 4.62% 
THA 5.85% 2.79% 9.51% 10.11% 
IND 2.49% 2.80% 9.63% 7.76% 

VNM 0.56% 1.62% 23.68% 11.82% 
MYS 2.34% 2.74% 18.70% 8.16% 
RAP 2.50% 2.77% 9.85% 11.08% 
NCA 22.78% 6.55% 8.37% 4.25% 
CAN 29.03% 23.32% 19.42% 8.90% 
USA 21.53% 16.81% 13.16% 4.09% 
EUR 50.61% 12.10% 7.89% 15.36% 
MOP 0.42% 1.73% 14.78% 9.31% 
ROE 26.68% 14.52% 12.66% 5.54% 
RNO 9.51% 5.80% 12.71% 13.06% 
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We treat the sum of import tax, export tax, capital income tax and other lump-sum tax as “other taxes”. The 
value of “other taxes” may differ from real revenues of corresponding taxes, because of the definition of tax 
rates shown in Table A-II-3. However, these taxes are not relevant for our analysis. 

Table A-II-5 shows the calculated rates of tax on labour, corporate income and consumption in each region. It is 
clear that in most developing countries the rate of labour tax and corporate tax is low while most of them have 
a relatively high tax rate on capital income and consumption. The consumption tax rate may differ from statu-
tory VAT rates. That is, it can be higher as it includes other excise taxes, and it can also be lower if there are 
reduced tax rates or revenue loss of any kind.

Table A-II-6: Revenue of each tax as share of GDP

Note: “Original” means value before adjustment of tax data, and “Model” means after adjustment. The calculated share of energy tax and 

consumption tax may differ from actual values. 

Table A-II-6 illustrates the revenue of each tax as share of GDP (%). This table is in principle the same as A-II-2. 
However, taxes are re-categorized. 

“Original” in table A-II-6 means value before adjustment of tax data, and “Model” means after adjustment. We 
explain here why we need such adjustment. In order to maintain data consistency in the GTAP database, 
replacing tax rates in the original GTAP database with those which are calculated using IMF-GFS requires a data 
adjustment for non-tax data in the original GTAP database. For, example, we can construct data for each tax 
revenue per GDP by each country using IMF-GFS. (Suppose the labor tax revenue per GDP is 0.1 [=1/10] in an 
imaginary country). Labor tax revenue in any countries can be calculated by multiplying the labor tax revenue 
per GDP and a corresponding GDP which is included in the original GTAP database (Suppose that the corre-
sponding GDP is $ 1 trillion. Therefore, the labor tax revenue is $ 100 billion). A labor tax rate in the model can be 
calculated trough dividing the labor tax revenue by total payment for labour (after tax) in a country which is 
included in the original GTAP database (Suppose that the total payment for labour is $500 billion, then the labor 
tax rate is 20%). However, there is a problem in incorporating the labor tax rate calculated above with the origi-
nal GTAP data. We cannot change the total payment for labor force (wage + labor tax) of each industry in the 
original GTAP database due to the GTAP data consistency. Therefore, when we replace labor tax rates of GTAP 
database, we have to adjust the tax base (Suppose that the original GTAP database has labour tax rate of 10% 
and then the labour tax revenue of $50 billion in this case, the value of total payment for labour after adjustment 
should be (50+500)/1.2 = $458.33 billion). Therefore, tax revenue and tax rates after adjustment will be different 

from the original data calculated using IMF-GFS (In this case, the tax revenue after adjustment is $91.67 billion 
and the tax revenue per GDP is 0.092). The adjustment is needed in order to maintain the GTAP data consistency.

The revenue of energy tax is calculated from energy tax rates shown in table A-II-4 and unshown tax rates on 
intermediate inputs, therefore the revenue will enevitably differ from reality. 

The “Original” values for consumption tax revenue are revenues of “tax on goods and services” net of “Original” 
values of energy tax revenues. The sum of consumption tax and energy tax, however, is consistent with “taxes on 
goods and services” in IMF-GFS data. We use the values after adjustment (Model) for evaluation of the
simulations. 

 Labour tax Capital income tax  Corporate tax Consumption tax Energy tax 
 Original Model Original Model Original Model Original Model Original Model 

AUS 7.16% 6.40% 4.82% 4.71% 6.61% 5.56% 5.20% 3.95% 1.46% 1.30% 
NZL 7.77% 6.52% 7.94% 7.75% 6.39% 5.42% 9.10% 6.91% 0.50% 0.26% 
CHN 4.10% 3.36% 1.30% 1.16% 4.42% 3.55% 11.55% 8.18% 0.28% 0.14% 
JPN 15.22% 13.23% 3.34% 3.26% 4.53% 4.06% 4.57% 3.41% 1.25% 0.99% 
KOR 5.80% 5.10% 3.20% 3.05% 4.65% 3.99% 5.19% 3.89% 1.83% 1.75% 
KHM 0.14% 0.13% 0.20% 0.19% 1.29% 1.25% 4.69% 3.88% 0.57% 0.55% 
IDN 1.81% 1.72% 2.56% 2.51% 1.41% 1.35% 4.69% 4.11% 0.15% 0.14% 
PHL 0.66% 0.64% 1.03% 1.02% 3.31% 3.08% 3.70% 3.16% 0.54% 0.46% 
THA 1.52% 1.39% 1.41% 1.33% 5.25% 4.54% 6.70% 5.33% 1.31% 1.23% 
IND 1.05% 0.99% 1.04% 1.01% 3.94% 3.48% 6.10% 5.01% 2.84% 2.75% 
VNM 0.24% 0.22% 0.45% 0.41% 7.99% 5.96% 9.69% 8.07% 0.01% 0.01% 
MYS 1.12% 1.07% 1.06% 1.02% 8.52% 6.96% 3.66% 2.69% 0.03% 0.02% 
RAP 1.21% 1.14% 1.02% 0.97% 3.94% 3.45% 8.06% 6.44% 0.89% 0.76% 
NCA 7.66% 6.44% 2.97% 2.98% 4.06% 3.81% 3.10% 2.42% 3.56% 2.62% 
CAN 13.70% 12.09% 6.27% 6.17% 6.01% 5.14% 6.39% 4.59% 1.42% 1.05% 
USA 12.65% 11.73% 3.79% 3.72% 3.26% 2.91% 3.46% 2.77% 0.78% 0.71% 
EUR 18.15% 16.08% 3.90% 3.76% 2.70% 2.45% 10.85% 7.77% 2.55% 1.98% 
MOP 0.11% 0.12% 0.64% 0.63% 6.25% 5.40% 6.41% 4.66% 0.64% 0.54% 
ROE 12.48% 12.10% 4.57% 4.53% 4.42% 3.95% 3.69% 3.09% 1.75% 1.47% 
RNO 3.92% 3.88% 2.01% 1.92% 4.91% 4.22% 10.00% 7.54% 0.96% 0.60% 
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We treat the sum of import tax, export tax, capital income tax and other lump-sum tax as “other taxes”. The 
value of “other taxes” may differ from real revenues of corresponding taxes, because of the definition of tax 
rates shown in Table A-II-3. However, these taxes are not relevant for our analysis. 

Table A-II-5 shows the calculated rates of tax on labour, corporate income and consumption in each region. It is 
clear that in most developing countries the rate of labour tax and corporate tax is low while most of them have 
a relatively high tax rate on capital income and consumption. The consumption tax rate may differ from statu-
tory VAT rates. That is, it can be higher as it includes other excise taxes, and it can also be lower if there are 
reduced tax rates or revenue loss of any kind.

Table A-II-6: Revenue of each tax as share of GDP

Note: “Original” means value before adjustment of tax data, and “Model” means after adjustment. The calculated share of energy tax and 

consumption tax may differ from actual values. 

Table A-II-6 illustrates the revenue of each tax as share of GDP (%). This table is in principle the same as A-II-2. 
However, taxes are re-categorized. 

“Original” in table A-II-6 means value before adjustment of tax data, and “Model” means after adjustment. We 
explain here why we need such adjustment. In order to maintain data consistency in the GTAP database, 
replacing tax rates in the original GTAP database with those which are calculated using IMF-GFS requires a data 
adjustment for non-tax data in the original GTAP database. For, example, we can construct data for each tax 
revenue per GDP by each country using IMF-GFS. (Suppose the labor tax revenue per GDP is 0.1 [=1/10] in an 
imaginary country). Labor tax revenue in any countries can be calculated by multiplying the labor tax revenue 
per GDP and a corresponding GDP which is included in the original GTAP database (Suppose that the corre-
sponding GDP is $ 1 trillion. Therefore, the labor tax revenue is $ 100 billion). A labor tax rate in the model can be 
calculated trough dividing the labor tax revenue by total payment for labour (after tax) in a country which is 
included in the original GTAP database (Suppose that the total payment for labour is $500 billion, then the labor 
tax rate is 20%). However, there is a problem in incorporating the labor tax rate calculated above with the origi-
nal GTAP data. We cannot change the total payment for labor force (wage + labor tax) of each industry in the 
original GTAP database due to the GTAP data consistency. Therefore, when we replace labor tax rates of GTAP 
database, we have to adjust the tax base (Suppose that the original GTAP database has labour tax rate of 10% 
and then the labour tax revenue of $50 billion in this case, the value of total payment for labour after adjustment 
should be (50+500)/1.2 = $458.33 billion). Therefore, tax revenue and tax rates after adjustment will be different 

from the original data calculated using IMF-GFS (In this case, the tax revenue after adjustment is $91.67 billion 
and the tax revenue per GDP is 0.092). The adjustment is needed in order to maintain the GTAP data consistency.

The revenue of energy tax is calculated from energy tax rates shown in table A-II-4 and unshown tax rates on 
intermediate inputs, therefore the revenue will enevitably differ from reality. 

The “Original” values for consumption tax revenue are revenues of “tax on goods and services” net of “Original” 
values of energy tax revenues. The sum of consumption tax and energy tax, however, is consistent with “taxes on 
goods and services” in IMF-GFS data. We use the values after adjustment (Model) for evaluation of the
simulations. 
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Appendix III: Sensitivity Analysis

The most crucial parameters for a CGE model are parameters about substitutability. A CGE model in general 
allows several substitution possibilities for economic agents. For example, when carbon tax raises the price of 
fossil fuels and then the prices of energy intensive goods and services rise according to their carbon intensity, 
producers substitute carbon intensive energy goods with less carbon intensive ones, or from energy inputs to 
labour and capital, while consumers buy less carbon-intensive goods instead of more expensive carbon-
intensive goods. Substitution is thus one of the main actions for producers’ profit maximization and consumers’ 
utility maximization (see Appendix IV). 

A CGE model can illustrate the microeconomic price theory (the law of demand) based on substitutability, and 
this is the advantage of this model relative to other models such as Input Output Analysis or simple Macro Econo-
metric Model. However, unlike Macro Econometric Models in which all parameters shall be estimated based on 
economic statistics, parameters for substitutability (elasticity of substitution, EOS) in a CGE model such as the 
GTAP-EG model are not necessarily backed up by econometrics, as the estimation of EOS parameters is often 
very hard due to lack of statistics.

Therefore, we have to check the robustness of our analysis by changing the parameters using a procedure 
called sensitivity analysis. We calculated the cases of unilateral carbon tax with all parameters for substitutability 
raised (x 1.5) and lowered (x 0.5). The results are shown in Tables A-III-1 to A-III-6.

In an economy with higher substitutability, the CO2 reduction achieved by a carbon tax rate at 10 $/tCO2 will be 
higher and the GDP loss in the case of lump-sum recycling (LUM) will also be higher. However, we can observe 
that revenue recycling via reduction of other tax on labour (LAB) or consumption (CON) reduces the economic 
cost (weak double dividend), and that the reduction of corporate tax (CPR) results in a strong double dividend 
in all economies. 

On the other hand, in an economy with lower substitutability, the CO2 reduction achieved by a carbon tax rate 
at 10 $/tCO2 will be lower and the GDP loss in the case of lump-sum recycling (LUM) will be higher. We can 
observe that revenue recycling via reduction of other tax on labour (LAB) or consumption (CON) reduces the 
economic cost (weak double dividend), and that the reduction of corporate tax (CPR) results in a strong double 
dividend in all economies.

Therefore, we can say that our observation is robust that a weak double dividend is always possible and that the 
reduction of corporate tax will result in a strong double dividend.

Table A-III-1: GDP estimation with high elasticity values (EOS: x 1.5)

Table A-III-2: GDP estimation with initial elasticity values (EOS: 1.0)

Table A-III-3: GDP estimation with low elasticity values (EOS: x 0.5)

Table A-III-4: CO2 estimation with high elasticity values (EOS: x 1.5)

 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

AUS -0.62 -0.49 0.15 -0.50 -0.55 -0.42 0.21 -0.42 -0.59 -0.46 0.15 -0.47 
NZL -0.22 -0.06 0.56 -0.09 -0.16 0.00 0.64 -0.03 -0.16 -0.02 0.58 -0.04 
CHN -2.57 -2.06 3.28 -1.76 -2.45 -1.91 3.62 -1.60 -2.12 -1.69 2.87 -1.45 
JPN -0.03 0.03 0.20 0.03 -0.01 0.05 0.23 0.04 0.00 0.06 0.22 0.06 
KOR -0.44 -0.30 1.01 -0.29 -0.40 -0.26 1.11 -0.25 -0.35 -0.23 0.98 -0.22 
KHM -0.46 -0.17 1.26 -0.26 -0.64 -0.29 1.47 -0.40 -0.35 -0.10 1.18 -0.18 
IDN -0.98 -0.41 1.12 -0.66 -0.77 -0.19 1.36 -0.45 -0.72 -0.21 1.15 -0.43 
PHL -0.58 -0.16 1.85 -0.37 -0.87 -0.34 2.24 -0.60 -0.45 -0.06 1.83 -0.26 
THA -1.27 -0.84 2.53 -1.00 -1.20 -0.75 2.68 -0.92 -1.03 -0.66 2.22 -0.80 
IND -1.35 -0.96 0.47 -1.09 -1.23 -0.81 0.68 -0.96 -1.13 -0.78 0.51 -0.90 
VNM -1.69 -1.22 5.19 -1.29 -2.05 -1.32 7.57 -1.42 -1.28 -0.86 4.94 -0.92 
MYS -1.21 -0.68 2.43 -0.32 -1.14 -0.63 2.41 -0.27 -1.10 -0.61 2.33 -0.26 
RAP -0.73 -0.41 1.09 -0.47 -0.61 -0.27 1.27 -0.34 -0.52 -0.24 1.07 -0.30 
NCA -2.38 -1.70 0.70 -1.94 -2.00 -1.25 1.33 -1.52 -2.03 -1.37 0.90 -1.62 
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Appendix III: Sensitivity Analysis

The most crucial parameters for a CGE model are parameters about substitutability. A CGE model in general 
allows several substitution possibilities for economic agents. For example, when carbon tax raises the price of 
fossil fuels and then the prices of energy intensive goods and services rise according to their carbon intensity, 
producers substitute carbon intensive energy goods with less carbon intensive ones, or from energy inputs to 
labour and capital, while consumers buy less carbon-intensive goods instead of more expensive carbon-
intensive goods. Substitution is thus one of the main actions for producers’ profit maximization and consumers’ 
utility maximization (see Appendix IV). 

A CGE model can illustrate the microeconomic price theory (the law of demand) based on substitutability, and 
this is the advantage of this model relative to other models such as Input Output Analysis or simple Macro Econo-
metric Model. However, unlike Macro Econometric Models in which all parameters shall be estimated based on 
economic statistics, parameters for substitutability (elasticity of substitution, EOS) in a CGE model such as the 
GTAP-EG model are not necessarily backed up by econometrics, as the estimation of EOS parameters is often 
very hard due to lack of statistics.

Therefore, we have to check the robustness of our analysis by changing the parameters using a procedure 
called sensitivity analysis. We calculated the cases of unilateral carbon tax with all parameters for substitutability 
raised (x 1.5) and lowered (x 0.5). The results are shown in Tables A-III-1 to A-III-6.

In an economy with higher substitutability, the CO2 reduction achieved by a carbon tax rate at 10 $/tCO2 will be 
higher and the GDP loss in the case of lump-sum recycling (LUM) will also be higher. However, we can observe 
that revenue recycling via reduction of other tax on labour (LAB) or consumption (CON) reduces the economic 
cost (weak double dividend), and that the reduction of corporate tax (CPR) results in a strong double dividend 
in all economies. 

On the other hand, in an economy with lower substitutability, the CO2 reduction achieved by a carbon tax rate 
at 10 $/tCO2 will be lower and the GDP loss in the case of lump-sum recycling (LUM) will be higher. We can 
observe that revenue recycling via reduction of other tax on labour (LAB) or consumption (CON) reduces the 
economic cost (weak double dividend), and that the reduction of corporate tax (CPR) results in a strong double 
dividend in all economies.

Therefore, we can say that our observation is robust that a weak double dividend is always possible and that the 
reduction of corporate tax will result in a strong double dividend.

Table A-III-1: GDP estimation with high elasticity values (EOS: x 1.5)

Table A-III-2: GDP estimation with initial elasticity values (EOS: 1.0)

Table A-III-3: GDP estimation with low elasticity values (EOS: x 0.5)

Table A-III-4: CO2 estimation with high elasticity values (EOS: x 1.5)

 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

AUS -21.36 -21.25 -20.51 -21.19 -21.13 -21.02 -20.28 -20.96 -20.74 -20.63 -19.92 -20.58 
NZL -10.04 -9.91 -9.52 -9.89 -9.82 -9.68 -9.28 -9.67 -8.77 -8.65 -8.26 -8.64 
CHN -28.68 -28.36 -24.50 -27.62 -27.91 -27.57 -23.54 -26.79 -24.64 -24.36 -20.94 -23.79 
JPN -4.58 -4.52 -4.45 -4.52 -4.53 -4.47 -4.40 -4.47 -4.33 -4.28 -4.21 -4.28 
KOR -12.58 -12.47 -11.65 -12.41 -12.50 -12.38 -11.52 -12.32 -11.47 -11.36 -10.59 -11.31 
KHM -15.72 -15.50 -14.93 -15.45 -14.27 -14.00 -13.27 -13.94 -13.24 -13.05 -12.51 -13.01 
IDN -18.55 -18.09 -17.44 -18.09 -18.00 -17.52 -16.85 -17.53 -14.74 -14.31 -13.64 -14.35 
PHL -13.41 -13.11 -12.51 -13.16 -15.87 -15.50 -14.74 -15.54 -12.18 -11.89 -11.30 -11.95 
THA -9.74 -9.41 -7.46 -9.41 -9.17 -8.83 -6.83 -8.84 -7.30 -7.01 -5.30 -7.04 
IND -24.57 -24.28 -23.38 -24.20 -24.37 -24.06 -23.11 -23.98 -22.18 -21.92 -21.06 -21.86 
VNM -16.16 -15.71 -10.68 -15.58 -16.12 -15.42 -8.33 -15.20 -12.37 -11.96 -7.08 -11.88 
MYS -13.85 -13.33 -11.65 -12.64 -13.25 -12.74 -11.09 -12.07 -12.64 -12.15 -10.53 -11.52 
RAP -14.33 -14.07 -13.02 -14.02 -13.71 -13.43 -12.33 -13.38 -11.33 -11.10 -10.13 -11.07 
NCA -17.84 -17.20 -15.62 -17.16 -16.81 -16.11 -14.40 -16.08 -16.38 -15.77 -14.23 -15.75 

 
LUM 
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OB 
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OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 
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LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

AUS -0.19 -0.12 0.11 -0.12 -0.16 -0.09 0.13 -0.09 -0.18 -0.11 0.11 -0.11 
NZL 0.03 0.09 0.25 0.08 0.05 0.11 0.27 0.10 0.05 0.10 0.25 0.09 
CHN -0.95 -0.57 0.87 -0.40 -0.90 -0.51 0.94 -0.35 -0.77 -0.45 0.76 -0.32 
JPN 0.11 0.14 0.20 0.13 0.11 0.14 0.21 0.14 0.12 0.15 0.20 0.14 
KOR 0.05 0.13 0.48 0.14 0.06 0.14 0.50 0.15 0.07 0.15 0.47 0.16 
KHM -0.05 0.07 0.56 0.04 -0.11 0.04 0.63 0.00 0.00 0.10 0.53 0.07 
IDN -0.33 -0.11 0.52 -0.20 -0.23 -0.01 0.62 -0.11 -0.22 -0.03 0.51 -0.12 
PHL 0.02 0.18 0.81 0.11 -0.08 0.14 1.00 0.04 0.07 0.22 0.80 0.14 
THA -0.25 -0.04 0.79 -0.11 -0.22 0.01 0.85 -0.07 -0.17 0.02 0.72 -0.04 
IND -0.43 -0.22 0.38 -0.29 -0.39 -0.17 0.43 -0.24 -0.35 -0.16 0.38 -0.22 
VNM -0.55 -0.28 0.89 -0.31 -0.68 -0.30 1.35 -0.34 -0.39 -0.17 0.80 -0.20 
MYS -0.37 -0.15 0.80 -0.01 -0.34 -0.12 0.80 0.01 -0.33 -0.12 0.77 0.01 
RAP -0.11 0.03 0.51 0.00 -0.07 0.07 0.55 0.05 -0.04 0.08 0.49 0.06 
NCA -1.00 -0.70 0.27 -0.79 -0.84 -0.53 0.44 -0.64 -0.86 -0.58 0.30 -0.68 
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LUM 
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CPR 
WS 

CON 
WS 

AUS -0.43 -0.31 0.15 -0.32 -0.38 -0.26 0.19 -0.26 -0.41 -0.29 0.14 -0.30 
NZL -0.11 0.00 0.38 -0.01 -0.07 0.04 0.42 0.03 -0.07 0.03 0.38 0.02 
CHN -1.85 -1.31 1.73 -1.04 -1.76 -1.21 1.90 -0.93 -1.53 -1.07 1.49 -0.86 
JPN 0.03 0.08 0.20 0.07 0.04 0.09 0.21 0.08 0.05 0.10 0.21 0.09 
KOR -0.22 -0.09 0.69 -0.08 -0.20 -0.06 0.73 -0.05 -0.16 -0.04 0.67 -0.03 
KHM -0.27 -0.06 0.88 -0.13 -0.39 -0.14 1.01 -0.22 -0.20 -0.01 0.81 -0.07 
IDN -0.69 -0.28 0.83 -0.46 -0.53 -0.12 1.01 -0.30 -0.50 -0.14 0.84 -0.30 
PHL -0.31 -0.01 1.30 -0.15 -0.51 -0.11 1.63 -0.30 -0.22 0.06 1.28 -0.08 
THA -0.81 -0.44 1.44 -0.57 -0.75 -0.37 1.57 -0.50 -0.63 -0.32 1.29 -0.44 
IND -0.94 -0.60 0.48 -0.72 -0.86 -0.50 0.62 -0.62 -0.79 -0.48 0.50 -0.59 
VNM -1.15 -0.73 2.06 -0.79 -1.40 -0.78 3.21 -0.86 -0.86 -0.50 1.89 -0.55 
MYS -0.82 -0.42 1.46 -0.16 -0.76 -0.38 1.45 -0.13 -0.74 -0.37 1.40 -0.13 
RAP -0.44 -0.20 0.79 -0.24 -0.36 -0.11 0.89 -0.15 -0.30 -0.09 0.76 -0.13 
NCA -1.76 -1.25 0.43 -1.42 -1.48 -0.94 0.81 -1.13 -1.51 -1.03 0.53 -1.20 
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Table A-III-5: CO2 estimation with initial elasticity values (EOS: x 1.0)

Table A-III-6: CO2 estimation with low elasticity values (EOS: x 0.5)

Appendix IV - Structure of the Model
 
A.IV.1. General description of CGE models

In this appendix, we explain the structure of our economic simulation model. The model is a multi-regional and 
multi-sector static CGE model with taxation (labour tax, corporate tax, capital income tax, consumption tax, 
energy tax), tariffs and output subsidies. 

CGE models are economic simulation models that are widely used to assess the economic impacts of climate 
policies and trade policies. CGE models are based on the General Equilibrium Theory of economics. The term 
"General" means that the model encompasses all the markets in the economy simultaneously, including labour, 
capital, and all commodity markets. In a CGE model, economic agents such as households, production sectors 
(firms) and governments interact with each other in all markets. In typical CGE models, households supply their 
endowments of production factors such as labour and capital to their respective markets to earn income. 
Households also maximize their utility through consumption choices subject to their income constraints. Produc-
tion sectors supply products to each market and demand intermediate products, labour and capital to use in 
production. Production sectors also minimize their unit production costs through their choices of inputs. Govern-
ment consumption is financed through tax levied on the production sectors and on households. All markets can 
be open to the world through international trade. International trade creates a world market. With international 
trade, products supplied to domestic markets can include not only domestic products but also imported prod-
ucts. A portion of domestic products can be exported. The term "Equilibrium" is characterized by a set of prices 
such that market demand and market supply are in balance for all markets. A price adjustment in each market 
ensures the equilibrium. CGE models consist of a system of nonlinear simultaneous equations. The parameters of 
the equations are estimated using an input–output table that describes actual economic transactions. Param-
eter values are specified to reproduce actual economic transaction data that are described in the input–output 
table as a benchmark (initial) equilibrium solution. Simulations are implemented to show how the endogenous 
variables vary in response to changes in exogenous variables and parameters of interest.

A.IV.2. Overview of the model

The CGE model which we built for this report is based on the GTAP-EG model (Rutherford and Paltsev 2000a, 
2000b), to which several modifications are made to assess the economic effects of environmental tax reform 
(ETR) and border tax adjustment (BTA). Our model is built on a comprehensive international input-output table 
(GTAP database version 7). For CO2 emissions, we use the data provided by Lee (2008). The model consists of 20 
regions and 21 sectors shown below. (See Table A-IV-1)

Table A-IV-1: Regions and Production sectors

 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

AUS -15.12 -15.01 -14.39 -14.95 -14.92 -14.81 -14.20 -14.75 -14.69 -14.58 -13.98 -14.52 
NZL -6.91 -6.81 -6.56 -6.79 -6.74 -6.64 -6.39 -6.62 -6.01 -5.92 -5.68 -5.91 
CHN -21.11 -20.72 -18.18 -19.90 -20.43 -20.03 -17.42 -19.20 -18.12 -17.78 -15.59 -17.16 
JPN -3.02 -2.97 -2.93 -2.97 -2.99 -2.94 -2.90 -2.94 -2.86 -2.81 -2.78 -2.81 
KOR -8.64 -8.52 -8.04 -8.46 -8.58 -8.46 -7.96 -8.39 -7.86 -7.75 -7.30 -7.70 
KHM -10.86 -10.70 -10.32 -10.65 -9.75 -9.54 -9.07 -9.50 -9.09 -8.94 -8.60 -8.91 
IDN -12.93 -12.59 -12.08 -12.58 -12.46 -12.11 -11.58 -12.10 -10.17 -9.85 -9.36 -9.88 
PHL -9.34 -9.12 -8.78 -9.14 -11.04 -10.75 -10.31 -10.77 -8.46 -8.25 -7.92 -8.28 
THA -6.79 -6.50 -5.40 -6.49 -6.32 -6.02 -4.88 -6.02 -5.02 -4.78 -3.81 -4.79 
IND -17.77 -17.49 -16.71 -17.41 -17.60 -17.31 -16.50 -17.23 -16.03 -15.78 -15.04 -15.71 
VNM -11.23 -10.82 -8.60 -10.68 -11.13 -10.52 -7.27 -10.32 -8.49 -8.13 -6.12 -8.05 
MYS -9.36 -8.97 -8.04 -8.47 -8.92 -8.54 -7.63 -8.05 -8.50 -8.13 -7.24 -7.67 
RAP -9.85 -9.64 -8.93 -9.59 -9.38 -9.16 -8.43 -9.12 -7.72 -7.54 -6.90 -7.51 
NCA -12.63 -12.12 -10.95 -12.07 -11.84 -11.30 -10.07 -11.27 -11.57 -11.10 -9.99 -11.07 

 
LUM 
OB 

LAB 
OB 

CPR 
OB 

CON 
OB 

LUM 
WB 

LAB 
WB 

CPR 
WB 

CON 
WB 

LUM 
WS 

LAB 
WS 

CPR 
WS 

CON 
WS 

AUS -7.99 -7.91 -7.52 -7.86 -7.85 -7.77 -7.39 -7.73 -7.75 -7.68 -7.30 -7.64 
NZL -3.50 -3.45 -3.35 -3.44 -3.41 -3.36 -3.26 -3.35 -3.03 -2.98 -2.89 -2.98 
CHN -11.85 -11.53 -10.05 -10.90 -11.39 -11.07 -9.57 -10.45 -10.15 -9.88 -8.62 -9.40 
JPN -1.40 -1.37 -1.37 -1.37 -1.39 -1.36 -1.35 -1.36 -1.32 -1.29 -1.29 -1.29 
KOR -4.31 -4.23 -4.04 -4.19 -4.28 -4.20 -4.01 -4.16 -3.90 -3.83 -3.65 -3.79 
KHM -5.53 -5.44 -5.28 -5.40 -4.86 -4.75 -4.56 -4.72 -4.57 -4.49 -4.34 -4.47 
IDN -6.70 -6.51 -6.23 -6.49 -6.40 -6.21 -5.92 -6.20 -5.20 -5.03 -4.77 -5.04 
PHL -4.84 -4.73 -4.68 -4.73 -5.69 -5.54 -5.47 -5.54 -4.37 -4.27 -4.22 -4.28 
THA -3.40 -3.23 -2.78 -3.21 -3.11 -2.93 -2.47 -2.92 -2.45 -2.30 -1.91 -2.30 
IND -9.68 -9.48 -8.99 -9.42 -9.57 -9.37 -8.86 -9.30 -8.71 -8.53 -8.08 -8.48 
VNM -5.79 -5.53 -4.69 -5.43 -5.68 -5.31 -4.10 -5.17 -4.29 -4.07 -3.35 -4.02 
MYS -4.56 -4.37 -4.06 -4.11 -4.32 -4.13 -3.83 -3.88 -4.10 -3.92 -3.63 -3.69 
RAP -4.94 -4.82 -4.47 -4.78 -4.67 -4.54 -4.20 -4.51 -3.80 -3.70 -3.40 -3.68 
NCA -6.72 -6.40 -5.72 -6.36 -6.25 -5.92 -5.24 -5.89 -6.14 -5.84 -5.22 -5.82 
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Table A-III-5: CO2 estimation with initial elasticity values (EOS: x 1.0)

Table A-III-6: CO2 estimation with low elasticity values (EOS: x 0.5)

Appendix IV - Structure of the Model
 
A.IV.1. General description of CGE models

In this appendix, we explain the structure of our economic simulation model. The model is a multi-regional and 
multi-sector static CGE model with taxation (labour tax, corporate tax, capital income tax, consumption tax, 
energy tax), tariffs and output subsidies. 

CGE models are economic simulation models that are widely used to assess the economic impacts of climate 
policies and trade policies. CGE models are based on the General Equilibrium Theory of economics. The term 
"General" means that the model encompasses all the markets in the economy simultaneously, including labour, 
capital, and all commodity markets. In a CGE model, economic agents such as households, production sectors 
(firms) and governments interact with each other in all markets. In typical CGE models, households supply their 
endowments of production factors such as labour and capital to their respective markets to earn income. 
Households also maximize their utility through consumption choices subject to their income constraints. Produc-
tion sectors supply products to each market and demand intermediate products, labour and capital to use in 
production. Production sectors also minimize their unit production costs through their choices of inputs. Govern-
ment consumption is financed through tax levied on the production sectors and on households. All markets can 
be open to the world through international trade. International trade creates a world market. With international 
trade, products supplied to domestic markets can include not only domestic products but also imported prod-
ucts. A portion of domestic products can be exported. The term "Equilibrium" is characterized by a set of prices 
such that market demand and market supply are in balance for all markets. A price adjustment in each market 
ensures the equilibrium. CGE models consist of a system of nonlinear simultaneous equations. The parameters of 
the equations are estimated using an input–output table that describes actual economic transactions. Param-
eter values are specified to reproduce actual economic transaction data that are described in the input–output 
table as a benchmark (initial) equilibrium solution. Simulations are implemented to show how the endogenous 
variables vary in response to changes in exogenous variables and parameters of interest.

A.IV.2. Overview of the model

The CGE model which we built for this report is based on the GTAP-EG model (Rutherford and Paltsev 2000a, 
2000b), to which several modifications are made to assess the economic effects of environmental tax reform 
(ETR) and border tax adjustment (BTA). Our model is built on a comprehensive international input-output table 
(GTAP database version 7). For CO2 emissions, we use the data provided by Lee (2008). The model consists of 20 
regions and 21 sectors shown below. (See Table A-IV-1)

Table A-IV-1: Regions and Production sectors

Regions Production Sectors and Goods 
AUS  “Australia” 
NZL  “New Zealand” 
CHN  “China” 
JPN  “Japan” 
KOR  “Rep. of Korea” 
KHM  “Cambodia” 
IDN  “Indonesia” 
PHL  “Philippines” 
THA  “Thailand”  
IND  “India” 
VNM  “Vietnam” 
MYS  “Malaysia” 
RAP  “Rest of Asia Pacific” 
NCA  “North and Central Asia” 
CAN  “Canada”  
USA  “United States” 
EUR  “EU27” 
MOP  “Major Oil Producers” 
ROE  “Rest of World (OECD)” 
RNO  “Rest of World (non OECD)” 

AGR “Agriculture, forestry and fishery” 
OMN “Mining” 
FPR “Food products” 
TWL “Textiles-wearing apparel_leather” 
LUM “Wood products” 
PPP “Paper products - publishing” 
CRP “Chemical - rubber - plastic products” 
NMM “Mineral products nec” 
I_S “Ferrous metals” 
NFM “Non-ferrous Metals” 
FMP “Metal products” 
MMF “Machinery” 
OMF “Manufactures nec” 
CNS “Construction” 
SER “Services sectors” 
COL “Coal” 
OIL “Crude oil” 
GAS “Natural gas” 
P_C “Petroleum and coal products” 
ELY “Electricity” 
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In each region, there are three types of agents; a representative household, a government and industries 
(production sectors). A representative household supplies capital, labour, land and natural resources to their 
respective markets to earn factor income and then allocates its factor income to purchase of goods and invest-
ment (savings). The utility of the household depends on consumption and leisure, and it determines consumption 
and leisure so as to maximize the utility subject to its budget constraint. Our model assumes that capital is mobile 
across regions. Therefore, the household in each region is able to earn capital income through foreign invest-
ment. Labour is mobile within a region, and the land and natural resources are sector specific and immobile 
across regions. Each region has two types of production sector; fossil-fuel production sectors and non-fossil fuel 
production sectors. The extraction of coal (COA), crude oil (OIL) and natural gas (GAS) is conducted by fossil fuel 
production sectors, and the other production activities are conducted by non-fossil fuel production sectors. They 
have different production structures, as explained later. All production sectors in each region supply their prod-
ucts to each market and demand intermediate products, labour, capital, land and natural resources for the 
sake of production. Production sectors minimize their unit production costs through their choices of inputs. In our 
model, the government’s activities are taxation, consumption and reducing tax rates (in the ETR simulation). In a 
simulation, a government levies a tax on CO2 emissions from fossil fuel consumption by the representative house-
hold and production sectors. In each simulation, the government expenditure is fixed at the initial level. In our 
model, international trade allows international interaction among agents all over the world. All agents in each 
region can purchase goods from other regions. All production sectors can export their products to other regions. 
The "Equilibrium" of our model is characterized by a set of prices such that supply and demand are matched in 
all markets all over the world. Price adjustments in each market ensure the equilibrium.

A.IV.3. Structure of the Model 

A.IV.3.1. Structure of Production

In a CGE model, the production function of the production sectors and the utility function of the household are 
expressed with a set of Constant Elasticity of Substitution (CES) functions. CES functions, here represented by the 
equation A-IV-1, are widely used to express the relationship between material inputs and their products. There 
are N types of materials (1…i...N). Each independent variable Xi represents the quantity of the i-th material, 
where the subscript i denotes the type of the material. The dependent variable Q represents the quantity of the 
product which is produced by the processing of N materials. θi is a share parameter of the i-th material inputs. σ 
in equation A-IV-1 stands for the elasticity of substitution, which represents the percentage change in the relative 
input quantity demanded in response to a 1% change in its relative price. The value of σ can range from 0 to ∞. 
If σ equals 0, equation A-IV-1 indicates that there is no possibility of substitution among the materials. On the other 
hand, if σ equals ∞, the equation indicates perfect substitution between input materials. In a CGE model, CES 
functions are usually nested to represent various input substitution possibilities. In equation A-IV-1, the set of Xi is 
aggregated to Q with a CES function, or Q is "a CES aggregate" of Xi. 

Figure A-IV-1: Production Structure of Fossil Fuel Production Sector

As mentioned above, each region has two types of production sector; the fossil fuel production sector and the 
non-fossil fuel production sector. Fossil fuel production activities include extraction of coal (COA), crude oil (OIL), 
and natural gas (GAS). The production structure of the fossil fuel is modelled using a set of CES functions. The 
nested structure of them is shown as figure A-IV-1. Fossil fuel output is produced as a CES aggregate of a “natural 
resource composite” and a “non-natural resource composite”. In the figure, a parameter (or value) to the right 
of the arc, esub_es(xe,r), represents the elasticity of substitution between the “natural resource composite” and 
the “non-natural resource composite”. The esub_es(xe,r) differs according to each region and to each fossil fuel 
sector, and its calibration procedure is detailed in Rutherford and Paltsev (2000b). The values of esub_es(xe,r) in 
our model are shown as table A-IV-2. The “non-natural resource composite” is a CES aggregate of capital, 
labour and intermediate inputs. The elasticity of substitution among them is 0. In other words, we assume there is 
no substitutability between capital, labour and intermediate inputs in these sectors.

Table A-IV-2: Elasticity of Substitution: esub_es(xe,r)

The structure of non-fossil fuel production (including electricity) is shown in figure A-IV-2. The non-fossil fuel output 
is produced with CES aggregation of “non-energy intermediate inputs” and the “energy-primary factor com-
posite”. We assume that there is no substitutability between them. The energy-primary factor composite is the 
CES aggregate of “energy composite” and “primary factor composite” with elasticity of substitution at 0.5. The 
“primary factor composite” is the CES composite of capital, labour and land with the elasticity of substitution 
(esubva(i)). Esubva(i) depends on the appropriate sector and region (table A-IV-3). The “energy composite” is 
the CES aggregate of electricity and the “fossil fuel composite” with elasticity of substitution at 0.1. The “fossil fuel 
composite” is the CES aggregate of coal and the CES composite of “petroleum and coal products” and gas. 
The fossil fuel production sectors and the non-fossil fuel production sectors minimize their unit production cost 
through their choices of inputs under the given production structure.

(A-IV-1)11

=
i

ii XQ
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In each region, there are three types of agents; a representative household, a government and industries 
(production sectors). A representative household supplies capital, labour, land and natural resources to their 
respective markets to earn factor income and then allocates its factor income to purchase of goods and invest-
ment (savings). The utility of the household depends on consumption and leisure, and it determines consumption 
and leisure so as to maximize the utility subject to its budget constraint. Our model assumes that capital is mobile 
across regions. Therefore, the household in each region is able to earn capital income through foreign invest-
ment. Labour is mobile within a region, and the land and natural resources are sector specific and immobile 
across regions. Each region has two types of production sector; fossil-fuel production sectors and non-fossil fuel 
production sectors. The extraction of coal (COA), crude oil (OIL) and natural gas (GAS) is conducted by fossil fuel 
production sectors, and the other production activities are conducted by non-fossil fuel production sectors. They 
have different production structures, as explained later. All production sectors in each region supply their prod-
ucts to each market and demand intermediate products, labour, capital, land and natural resources for the 
sake of production. Production sectors minimize their unit production costs through their choices of inputs. In our 
model, the government’s activities are taxation, consumption and reducing tax rates (in the ETR simulation). In a 
simulation, a government levies a tax on CO2 emissions from fossil fuel consumption by the representative house-
hold and production sectors. In each simulation, the government expenditure is fixed at the initial level. In our 
model, international trade allows international interaction among agents all over the world. All agents in each 
region can purchase goods from other regions. All production sectors can export their products to other regions. 
The "Equilibrium" of our model is characterized by a set of prices such that supply and demand are matched in 
all markets all over the world. Price adjustments in each market ensure the equilibrium.

A.IV.3. Structure of the Model 

A.IV.3.1. Structure of Production

In a CGE model, the production function of the production sectors and the utility function of the household are 
expressed with a set of Constant Elasticity of Substitution (CES) functions. CES functions, here represented by the 
equation A-IV-1, are widely used to express the relationship between material inputs and their products. There 
are N types of materials (1…i...N). Each independent variable Xi represents the quantity of the i-th material, 
where the subscript i denotes the type of the material. The dependent variable Q represents the quantity of the 
product which is produced by the processing of N materials. θi is a share parameter of the i-th material inputs. σ 
in equation A-IV-1 stands for the elasticity of substitution, which represents the percentage change in the relative 
input quantity demanded in response to a 1% change in its relative price. The value of σ can range from 0 to ∞. 
If σ equals 0, equation A-IV-1 indicates that there is no possibility of substitution among the materials. On the other 
hand, if σ equals ∞, the equation indicates perfect substitution between input materials. In a CGE model, CES 
functions are usually nested to represent various input substitution possibilities. In equation A-IV-1, the set of Xi is 
aggregated to Q with a CES function, or Q is "a CES aggregate" of Xi. 

Figure A-IV-1: Production Structure of Fossil Fuel Production Sector

As mentioned above, each region has two types of production sector; the fossil fuel production sector and the 
non-fossil fuel production sector. Fossil fuel production activities include extraction of coal (COA), crude oil (OIL), 
and natural gas (GAS). The production structure of the fossil fuel is modelled using a set of CES functions. The 
nested structure of them is shown as figure A-IV-1. Fossil fuel output is produced as a CES aggregate of a “natural 
resource composite” and a “non-natural resource composite”. In the figure, a parameter (or value) to the right 
of the arc, esub_es(xe,r), represents the elasticity of substitution between the “natural resource composite” and 
the “non-natural resource composite”. The esub_es(xe,r) differs according to each region and to each fossil fuel 
sector, and its calibration procedure is detailed in Rutherford and Paltsev (2000b). The values of esub_es(xe,r) in 
our model are shown as table A-IV-2. The “non-natural resource composite” is a CES aggregate of capital, 
labour and intermediate inputs. The elasticity of substitution among them is 0. In other words, we assume there is 
no substitutability between capital, labour and intermediate inputs in these sectors.

Table A-IV-2: Elasticity of Substitution: esub_es(xe,r)

The structure of non-fossil fuel production (including electricity) is shown in figure A-IV-2. The non-fossil fuel output 
is produced with CES aggregation of “non-energy intermediate inputs” and the “energy-primary factor com-
posite”. We assume that there is no substitutability between them. The energy-primary factor composite is the 
CES aggregate of “energy composite” and “primary factor composite” with elasticity of substitution at 0.5. The 
“primary factor composite” is the CES composite of capital, labour and land with the elasticity of substitution 
(esubva(i)). Esubva(i) depends on the appropriate sector and region (table A-IV-3). The “energy composite” is 
the CES aggregate of electricity and the “fossil fuel composite” with elasticity of substitution at 0.1. The “fossil fuel 
composite” is the CES aggregate of coal and the CES composite of “petroleum and coal products” and gas. 
The fossil fuel production sectors and the non-fossil fuel production sectors minimize their unit production cost 
through their choices of inputs under the given production structure.

 COL OIL GAS 
AUS 0.327 0.321 0.218 
NZL 0.306 0.34 0.11 
CHN 0.308 0.329 0.013 
JPN -- 0.314 -- 
KOR 0.328 0.194 -- 
KHM 0.273 0.287 0.077 
IDN 0.385 0.384 0.262 
PHL 0.26 0.03 0.034 
THA 0.351 0.32 0.131 
IND 0.337 0.374 0.353 

VNM 0.304 0.349 0.018 
MYS 0.283 0.371 0.277 
RAP 0.309 0.304 0.113 
NCA 0.254 0.342 0.136 
CAN 0.306 0.321 0.294 
USA 0.28 0.334 0.057 
EUR 0.271 0.333 0.102 
MOP 0.273 0.338 0.212 
ROE 0.295 0.301 0.021 
RNO 0.284 0.324 0.158 
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Table A-IV-3: Elasticity of Substitution: esub_es(xe,r)

Figure A-IV-2: Production Structure of Non-Fossil Fuel Production Sector

A.IV.3.2. Structure of Consumption

The utility function for the representative household is modelled as a nested CES function, as shown in figure 
A-IV-3. We assume that the representative household derives utility from leisure and aggregate consumption. To 
derive the elasticity of substitution between leisure and consumption for each region, we use the same 
approach and same wage elasticity of labour supply as Fischer and Fox (2007). The elasticity of substitution 
between leisure and consumption in our model is shown as Table A-IV-3.

Figure A-IV-3: Consumption Structure for a Representative Household

Table A-IV-3: Elasticity of Substitution between Leisure and Consumption

The aggregate consumption is a CES aggregation of a “non-energy composite” and “energy composite”. The 
“non-energy composite” is a CES aggregate of non-energy consumption goods with elasticity of substitution at 
1. The “energy composite” is a CES aggregate of energy consumption goods (i.e. coal (COA), crude oil (OIL), 
natural gas (GAS), petroleum and coal product (P_C) and electricity (ELY)) with elasticity of substitution at 1.

A.IV.3.3. Government activity

As mentioned above, each region has a government. The government activity is assumed to be represented as 
a CES aggregation of market goods (see Figure A-IV-4). The government activity, including the reduction of an 
existing tax, is financed through various tax revenues. We define the “revenue neutrality” of the environmental 
tax reform such that the government expenditure is fixed at the base case (initial) level. Therefore, in ETR 
scenarios, the government can use carbon tax revenue to reduce the rate of labour, corporate, or consumption 
taxes as long as the total revenue after introducing carbon tax is higher than the initial level of government 
expenditure (see equation A-IV-2).

 esubva(i) 
AGR 0.22 
OMN 0.20 
FPR 1.12 
TWL 1.26 
LUM 1.26 
PPP 1.26 
CRP 1.26 

NMM 1.26 
I_S 1.26 

NFM 1.26 
FMP 1.26 
MMF 1.26 
OMF 1.26 
CNS 1.40 
SER 1.37 
COL 0.20 
OIL 0.20 
GAS 0.65 
P_C 1.26 
ELY 1.26 
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Table A-IV-3: Elasticity of Substitution: esub_es(xe,r)

Figure A-IV-2: Production Structure of Non-Fossil Fuel Production Sector

A.IV.3.2. Structure of Consumption

The utility function for the representative household is modelled as a nested CES function, as shown in figure 
A-IV-3. We assume that the representative household derives utility from leisure and aggregate consumption. To 
derive the elasticity of substitution between leisure and consumption for each region, we use the same 
approach and same wage elasticity of labour supply as Fischer and Fox (2007). The elasticity of substitution 
between leisure and consumption in our model is shown as Table A-IV-3.

Figure A-IV-3: Consumption Structure for a Representative Household

Table A-IV-3: Elasticity of Substitution between Leisure and Consumption

The aggregate consumption is a CES aggregation of a “non-energy composite” and “energy composite”. The 
“non-energy composite” is a CES aggregate of non-energy consumption goods with elasticity of substitution at 
1. The “energy composite” is a CES aggregate of energy consumption goods (i.e. coal (COA), crude oil (OIL), 
natural gas (GAS), petroleum and coal product (P_C) and electricity (ELY)) with elasticity of substitution at 1.

A.IV.3.3. Government activity

As mentioned above, each region has a government. The government activity is assumed to be represented as 
a CES aggregation of market goods (see Figure A-IV-4). The government activity, including the reduction of an 
existing tax, is financed through various tax revenues. We define the “revenue neutrality” of the environmental 
tax reform such that the government expenditure is fixed at the base case (initial) level. Therefore, in ETR 
scenarios, the government can use carbon tax revenue to reduce the rate of labour, corporate, or consumption 
taxes as long as the total revenue after introducing carbon tax is higher than the initial level of government 
expenditure (see equation A-IV-2).

 esub_lsr(r) 
AUS 1.179 
NZL 0.977 
CHN 1.116 
JPN 1.073 
KOR 1.073 
KHM 0.906 
IDN 0.783 
PHL 0.732 
THA 0.612 
IND 0.851 

VNM 0.790 
MYS 1.926 
RAP 1.060 
NCA 0.710 
CAN 1.107 
USA 1.157 
EUR 0.808 
MOP 0.760 
ROE 1.143 
RNO 0.937 

Government expenditure (fixed at base case (initial) level)
                 = Σi price of goods i * government consumption of goods i  (A-IV-2)
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Figure A-IV-4: Structure of Government Activity 

Figure A-IV-5: Imports and domestic goods in Armington assumption

A.IV.3.4. Structure of International Trade

Our model assumes that a kind of goods which is demanded as intermediate inputs for production sectors and 
consumption goods for households and governments is a CES aggregate of the products which are domesti-
cally produced and imported. Imports are also a CES aggregate of imports from other regions (see Figure 
A-IV-5). Imperfect substitution is assumed between the “imports aggregate” and “domestic goods”, and 
between imports from different regions. This is the so-called "Armington assumption". The GTAP database 
provides the value of the elasticity of substitution between “imports aggregate” and “domestic goods”, 
esubd(i), and between imports from other regions, esubm(i). These values are common among regions and 
differ depending on goods, as shown in Table A-IV-4.

Table A-IV-4: The elasticity of substitution concerning international trade

A.IV.3.5. Tax Structure of the Model

The economy in our model has various taxes which are levied on production and consumption. The model 
assumes labour tax is levied on the labour input of the production sector. The labour tax includes social security 
contributions and income tax on labour income. In our model, the labour tax represents the total extra costs on 
top of the wage payment from employers to employees. Our model assumes that a labour tax rate is applied 
uniformly to all producers in each region. The unit cost of a labour input for production sectors is as shown in 
equation A-IV-3. In ETR simulations, a labour tax cut through the revenue recycling of carbon tax reduces the 
cost of labour input for producers, which increases labour demand and leads to a higher real wage rate in the 
labour market. The higher real wage rate leads to an increase in the labour supply per household.      

Unit cost of labour input = Wage rate * (1 + Labour tax rate)  (A-IV-3)

A corporate tax is levied on capital input of production sectors. In a typical CGE model, the operating surplus in 
the actual economy is interpreted as the source of capital rent. The unit cost of capital input for production 
sectors is shown as equation A-IV-4. A corporate tax cut in the model leads to an increase in demand for capital 
and in capital rent. In each region, a representative household is endowed with a fixed amount of capital stock 
and is able to lend it to all producers all over the world. Therefore, a region with higher capital rent attracts capi-
tal from the other regions. Capital income tax is deducted from the capital income of a representative house-
hold, shown as equation A-IV-5.

Unit cost of capital input = Capital rent * (1 + Corporate tax rate)  (A-IV-4)

Capital income for household (per unit of lending)  = Capital rent *(1- Capital income tax rate)  (A-IV-5)

Consumption tax and energy tax in our model are expressed as equations A-IV-6 and A-IV-7. The household and 
government have to pay these two taxes on their consumption in ad valorem form. The energy tax is only levied 
on energy-related consumption and intermediates (i.e. coal (COA), crude oil (OIL), natural gas (GAS), petro-
leum and coal product (P_C) and electricity (ELY)). In the ETR simulation, consumption tax cut through the 
revenue recycling of carbon tax reduces the cost of consumption. That equals an increase in the real wage rate 
and has a positive effect on the labour supply per household. Therefore, a consumption tax cut scenario and a 
labour tax cut scenario have a similar effect on the economy.

Price of consumption goods (for household and government) = Price of consumption goods (before tax) * (1+ 
energy tax rate)) * (1 + Consumption tax rate)  (A-IV-6)

Unit cost of intermediates input (for production sector) =Price of intermediate goods (before tax) * (1 + energy 
tax rate)  (A-IV-7)

A.IV.3.6. Carbon Tax and Border Tax Adjustment

In simulation scenarios without Border Tax Adjustment, a carbon tax is only levied on fossil fuel consumption and 
intermediate use. These are CES aggregates of imports and domestic goods of fossil fuels (i.e. coal (COA), crude 
oil (OIL), natural gas (GAS) and petroleum and coal product (P_C)). In this model, carbon tax is treated as a 
specific duty. For example, a unit cost of coal input is expressed as equation A-IV-8.

Unit cost of coal input = A unit price of coal (before tax) * (1 + Energy tax rate) + CO2 emission intensity of coal * 
Carbon tax rate (USD/t-CO2)   (A-IV-8)

In the scenarios with the Border Tax Adjustment (BTA), all importers have to pay the implicit carbon tax to the 
government of the importing country, and all exporters are reimbursed for the implicit carbon tax, according to 
the “carbon content” of a good. The BTA is implemented according to the destination principle.
 

 esubd(i) esubm(i) 
AGR 2.50 4.77 
OMN 0.90 1.80 
FPR 2.49 5.02 
TWL 3.77 7.57 
LUM 3.40 6.80 
PPP 2.95 5.90 
CRP 3.30 6.60 

NMM 2.90 5.80 
I_S 2.95 5.90 

NFM 4.20 8.40 
FMP 3.75 7.50 
MMF 3.89 7.74 
OMF 3.75 7.50 
CNS 1.90 3.80 
SER 1.91 3.80 
COL 3.05 6.10 
OIL 5.20 10.40 
GAS 11.52 4.20 
P_C 2.10 5.60 
ELY 2.80 5.60 
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Figure A-IV-4: Structure of Government Activity 

Figure A-IV-5: Imports and domestic goods in Armington assumption

A.IV.3.4. Structure of International Trade

Our model assumes that a kind of goods which is demanded as intermediate inputs for production sectors and 
consumption goods for households and governments is a CES aggregate of the products which are domesti-
cally produced and imported. Imports are also a CES aggregate of imports from other regions (see Figure 
A-IV-5). Imperfect substitution is assumed between the “imports aggregate” and “domestic goods”, and 
between imports from different regions. This is the so-called "Armington assumption". The GTAP database 
provides the value of the elasticity of substitution between “imports aggregate” and “domestic goods”, 
esubd(i), and between imports from other regions, esubm(i). These values are common among regions and 
differ depending on goods, as shown in Table A-IV-4.

Table A-IV-4: The elasticity of substitution concerning international trade

A.IV.3.5. Tax Structure of the Model

The economy in our model has various taxes which are levied on production and consumption. The model 
assumes labour tax is levied on the labour input of the production sector. The labour tax includes social security 
contributions and income tax on labour income. In our model, the labour tax represents the total extra costs on 
top of the wage payment from employers to employees. Our model assumes that a labour tax rate is applied 
uniformly to all producers in each region. The unit cost of a labour input for production sectors is as shown in 
equation A-IV-3. In ETR simulations, a labour tax cut through the revenue recycling of carbon tax reduces the 
cost of labour input for producers, which increases labour demand and leads to a higher real wage rate in the 
labour market. The higher real wage rate leads to an increase in the labour supply per household.      

Unit cost of labour input = Wage rate * (1 + Labour tax rate)  (A-IV-3)

A corporate tax is levied on capital input of production sectors. In a typical CGE model, the operating surplus in 
the actual economy is interpreted as the source of capital rent. The unit cost of capital input for production 
sectors is shown as equation A-IV-4. A corporate tax cut in the model leads to an increase in demand for capital 
and in capital rent. In each region, a representative household is endowed with a fixed amount of capital stock 
and is able to lend it to all producers all over the world. Therefore, a region with higher capital rent attracts capi-
tal from the other regions. Capital income tax is deducted from the capital income of a representative house-
hold, shown as equation A-IV-5.

Unit cost of capital input = Capital rent * (1 + Corporate tax rate)  (A-IV-4)

Capital income for household (per unit of lending)  = Capital rent *(1- Capital income tax rate)  (A-IV-5)

Consumption tax and energy tax in our model are expressed as equations A-IV-6 and A-IV-7. The household and 
government have to pay these two taxes on their consumption in ad valorem form. The energy tax is only levied 
on energy-related consumption and intermediates (i.e. coal (COA), crude oil (OIL), natural gas (GAS), petro-
leum and coal product (P_C) and electricity (ELY)). In the ETR simulation, consumption tax cut through the 
revenue recycling of carbon tax reduces the cost of consumption. That equals an increase in the real wage rate 
and has a positive effect on the labour supply per household. Therefore, a consumption tax cut scenario and a 
labour tax cut scenario have a similar effect on the economy.

Price of consumption goods (for household and government) = Price of consumption goods (before tax) * (1+ 
energy tax rate)) * (1 + Consumption tax rate)  (A-IV-6)

Unit cost of intermediates input (for production sector) =Price of intermediate goods (before tax) * (1 + energy 
tax rate)  (A-IV-7)

A.IV.3.6. Carbon Tax and Border Tax Adjustment

In simulation scenarios without Border Tax Adjustment, a carbon tax is only levied on fossil fuel consumption and 
intermediate use. These are CES aggregates of imports and domestic goods of fossil fuels (i.e. coal (COA), crude 
oil (OIL), natural gas (GAS) and petroleum and coal product (P_C)). In this model, carbon tax is treated as a 
specific duty. For example, a unit cost of coal input is expressed as equation A-IV-8.

Unit cost of coal input = A unit price of coal (before tax) * (1 + Energy tax rate) + CO2 emission intensity of coal * 
Carbon tax rate (USD/t-CO2)   (A-IV-8)

In the scenarios with the Border Tax Adjustment (BTA), all importers have to pay the implicit carbon tax to the 
government of the importing country, and all exporters are reimbursed for the implicit carbon tax, according to 
the “carbon content” of a good. The BTA is implemented according to the destination principle.
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That is, the carbon content of a good is calculated according to the average CO2 emission intensity of the 
relevant good in the region which applies the carbon tax accompanied by the BTA. In other words, the CO2 
emission intensity of an imported good is calculated according to the average CO2 emission intensity of the 
relevant good in the importing country (not the country of origin), while the CO2 emission intensity of an exported 
good is calculated according to the average CO2 emission intensity of the good in the exporting country (the 
country of origin). In this way, no region has to calculate the “level of environmental policy”, and the conformity 
to WTO rules is likely to be satisfied. The price of imports is expressed as equation A-IV-9.

Price of imports = ((Price of goods in exporting country- CO2 emission intensity of the goods in exporting country 
* Carbon tax rate in the country of origin [USD/ t -CO2])*(1+export tax rate) + transport margin)*(1+tariff rate) + 
CO2 emission intensity of the like product in importing country * Carbon tax rate in the importing country (USD/ t- 

CO2)   (A-IV-9)

Note that the carbon tax rate in regions without carbon tax (including EU) is zero.
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