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WARWICK J. MCKIBBIN
PETER J. WILCOXEN

The Economic and Environmental Effects of
Border Tax Adjustments for Climate Policy

E‘or the foreseeable future, climate change policy will be considerably more
stringent in some couniries than in others. Indeed, the United Nations
Framework Convention on Climate Change explicitly states that developed
countries must take meaningful action before any obligations are to be placed
on developing countries.

However, differences in climate policy will lead to differences in energy costs,
and to concerns about competitive advantage. In high-cost countries, there will
be political pressure to impoese border tax adjustments (BTAs), or “green tar-
iffs,” on imports from countries with little or no climate policy and low energy
costs. The BTAs would be based on the carbon emissions associated with the
production of each imported product, and they would be intended to match the
cost increase that woeuld have occurred had the exporting country adopted a
climate policy similar to that of the importing country.

Several justifications have been proposed for including BTAs as a key com-
ponent of climate policy. Some researchers—including Stiglitz, Kopp and Pizer,
and Ismer and Neuhoff—argue that BTAs are required for economic efficiency
in carbon abatement.! An alternative argument is that BTAs are needed to keep
climate policy from being undermined by the “leakage” of emissions through
migration of carbon-intensive industries to low-tax countries and, as a corol-
lary, to protect import-competing industries in high-tax countries.” There are
also a number of papers that argue that the approach could be used to punish
couniries that did not participate in the Kyoto Protocol, or could be used as a
threat to encourage recalcitrant countries to join a global regime.” Finalty, there

The authors thank Nils Axel Braathen, Lael Brainard. 1saac Sorkin, and participants in the con-
ference where this chapter was first presented for helpful comments.

1. See Stiglitz (2006); Kopp and Pizer {2007); Ismer and Neuhoff (2007).

2. For example, see Goh (2004); Hoerner (1998); Demailly and Quirion (2006); Babiker and
Rutherford (2005).

3. For example, see Brack, Grubb, and Windram (20003 Hontelez (2007); and the discussion
in Charnovitz (2003),
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is also a considerable literature debating the legality of BTAs for climate polices
under World Trade Organization rules.?

These arguments are reflected in the political debate in Euarope and the
United States. In 2006 then-French prime minister Dominique de Viltepin sug-
gested that countries that do not join a post-2012 international treaty on climate
change should face additional tariffs on their industrial exports. The European
Parliament’s (2005/2049) resolution was focused on penalizing countries such
as the United States for nonparticipation in the Kyoto Protocol. In the United
States, both the Bingaman-Specter Bill (S 1766} and the Leiberman-Warner
Bill (5 2191} include mechanisms that would. in effect, mmpose BTAs under
some circumstances for imported goods from countries deemed 1o be making
insufficient effort to reduce their greenhouse gas emissions.’

Most of the arguments in the literature, however, have been theoretical. Lit-
tle empirical work has been done to determine either the magnitade that BTAg
would take in practice, or on the economic and environmental conseqguences
they would cause, This gap leads to a range of important questions, Would BTAs
actually improve global carbon abatement? How much would they help or hurt
the economy of the country imposing them? How much would they help or
hurt the global economy? Are the gains, if any, large enough to justify the admin-
istrative costs involved? In this chapter, we address several of these questions.
We estimate how large such tariffs would be in practice,® and then examine
their economic and environmental effects using G-Cubed, 2 detailed multisector,
multicountry model of the world economy. 7 We find that the tariffs would be
small on most traded goods, would reduce leakage of emissions reduction very
modestly, and would do little to protect import-competing industries. We con-
clude that the benefits produced by BTAs would be too small to justify their
administrative complexity or their deleterious effects on international trade and
the potentially damaging consequences for the robustness of the global trad-
ing system.®

In a sense, these results are not surprising, because most carbon emissions
are from domestic activities, such as electricily generation and local and regional

4. See Biermann and Brohm (20053, Brewer (2008); Frankel (2003%. Goh (2004); Hoerner
(1998).

5. See the discussion in Brewer (2008),

6. This chapter focuses only on import adjustment. For a discussion of the problems thar arise
with adjustment 10 exports in order to maintain compelitiveness, see Pearce and McKibbin {2007y

7. Other studies, such as Levinson and Taylor (2608), have used an econometric approach to
examine a related issue, the “pollution haven hypothesis.” to determine whether differences in his-
torical environmental regulation have caused industries to migrate between countries. Our results,
which examine prospective regulations using an econemetrically estimated structural model and
simoiation analysis, produces results that are broadty consistent with that literature,
8. These results of the damaging effect on trade are also found in Droge and Kemfert (2005).
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transportation, which are largely nontraded and are iittle affected by interna-
tional trade.” In practice, the most important mechanism through which leakage
could occur would be world 03l markets, not trade in manufactured goods. A
sufficiently large carbon tax imposed in a major economy would lower global
oil prices and lead (o higher consumption in countries with lirtle or ne carbon
tax. However, BTAs would be neither appropriate nor effective in reducing that
form of leakage. We conclude that itis an unnecessary distraction for the global
community to focus much attention on negotiations over BTAs as a compo-
nent of climate policy: they would not matter much in practice and, as also
argued by Lockwood and Whalley, they may lead to greater distortions 0 the
global trading system.'”

An Overview of the -Cubed Model

(G-Cubed is an econometric intertemporal general equilibrinm model of the
world economy with regional disaggregation and sectoral detail. For this chap-
ter, the world economy is divided into the ten regions shown in table 1-1. Each
region is further decomposed into a household sector, a government sector, a
financial sector, the twelve industrial sectors shown in table 1-2, and a capital-
goods-producing sector. To facilitate the analysis of energy and environmental
policy. five of the induslries are used to represent segments of the energy indus-
{ry: electric utilities, natural gas utilities, petroleum refining, coal mining, and
crude oil and gas extraction. All regions are linked through bilateral trade in
goods and financial assets. All relevant budget constraints are imposed on
households, governments, and nations (the latter through accumulations of for-
eign debt). Households and firms have forward-looking expectations and use
those projections when planning consumption and investment decisions. How-
ever, a portion of the households and firms are assumed to be liguidity
constrained. G-Cubed is a very large example of the dynamic stochastic gen-
eral equilibrium models used in the macroeconomics literature. It is also an
intertemnporal general equilibrivm model from the computable general equi-
librium class of models. We have described G-Cubed’s theoretical and empirical
structure in more detail elsewhere.”’ In the remainder of this section, we pre-
sent a brief summary of its key features. ‘

9. This point on the scale of leakage was made in McKibbin and Wilcoxen (1997).
10. Lockwood and Whalley (2008).
11. McKibbin and Wiicoxen (1998).
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Table -1, Regions in the G-Cubed Model

i United States
2 Japan

3 Australia

4 Europe

3 Other members of Organization for Beonamic Cooperation and Development (OECD)
6O China

7 India

8 Other developing countries (LDCs)

9 Eastern Burope and the former USSR (EEFSU)

10 Oil-exporling developing couniries (members of the Organizalion of the Petroleum
Exporting Countries, OPEC)

Table 1-2. Industrial Sectors in the G-Cubed Model

1 Electric utilities 7 Agricuiture

2 Gas utilities 8 Forestry and wood products
3 Petroleum refining G DPurable goods

4 Coal mining 10 Nondurables

5 Crude oil and gas exiraction 11 Transpertation

& Other minihg 12 Services

Producer Behavior

Each producing sector in each region is modeled by a representative firm,
which chooses its inputs and its level of investment Lo maximize its stock mar-
ket value subject to a multiple-input constant elasticity of substitution
production function and a vector of prices it takes to be exogenous, We assume

_ that output is produced using inputs of capital, labor, energy, and materials.

Energy and malerials, in turn, are aggregates of inputs of intermediate goods
and services.

We assume that all regions share production methods that differ in first-order
properties but have identical second-order characteristics. This is intermediate
between the extremes of assuming that the regions share common technolo-
gies and of allowing the technologies to differ across regions in arbitrary ways.!?
Finally, the regions also differ in their endowments of primary factors and pat-
terns of final demands.

Maximizing the firm’s short-run profit subject to its capital stock and its pro-
duction function gives the firm’s factor demand equations. At this point, we

12. We adopt this approach because estimation of the second-order parameters requires a time

series of input/output tables. Qutside OECD countries there are generally too few tables available
to permit the coefficients o be estimated separately for each country.
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add two further levels of detail: We assume that domestic and imported inputs
of a given commodity are imperfect substitutes, and that imported products
from different countries are imperfect substitutes for each other. Thus, the final
decision the firm must make is the fraction of each of its inputs to buy from
each regien in the model (including the firm’s home country). We assume that
all agents in each economy have identical preferences over foreign and domes-
tic varieties of each particular commodity.”” The resuit is a system of demand
equations for domestic goods and imports from every region.

In addition to buying inputs and producing cutput, each sector must also
choose its level of investment. We assume that capital is specific to each sec-
tor, that investment is subject to adjustiment costs, and that firms choose their
investment paths to maximize their market vaiue. In addition, each industry
faces the usval constraint on its accumulation of capital that the change in the
capital stock is equal to gross investment less depreciation.

Following the cost of adjustmeni models of Lucas, Treadway, and Uzawa,
we assume that the investment process is subject to rising marginal costs of
installation.’* Setting up and solving the firm’s investment problem yields an
investment decision that depends on production parameters, taxes, the current
capital stock, and marginal g (that is, the ratio of the marginal value of a unit
of capital to its purchase price).

Following Hayashi, we modify the investment function to improve its empir-
ical properties by writing it as a function not only of ¢ but also of the firm’s
current capital income.'> This improves the empirical behavior of the specifi-
cation and is consistent with the existence of firms that are unable to borrow
and therefore invest purely out of retained earnings. The fraction of fully opti-
mizing firms is taken to be 0.3 based on a range of empirical estimates; ' the
fraction that are liquidity constrained is 0.7.

In addition to the twelve industries discussed above, the model also includes
a special sector that produces capital goods. This sector supplies the new invest-
ment goods demanded by other industries. Like other industries, the imvestment
sector demands labor and capital services as well as intermediate inputs. We
represent its behavior using a nested constant elasticity of substitution pro-
duction function with the same structure as that used for the other sectors.
However, we estimate the parameiers of this function from price and guantity
data for the final demand column for investment.

13. Anything else would require lime-series data on imports of products from each country of
origin 1o each industry, which is not only unavailzble but difficult to imagine collecting.

14. Lucas (1967}, Treadway {1969); Uzawa (1969).

13, Hayashi (1979).

16. These empirical estimates are reported by McKibbin and Sachs (1991).
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Households and Governmentis

Households consume a baskel of composite geods and services in every
period and also demand labor and capital services. Household capital services
consist of the service flows of consumer durables and residential housing,
Households receive income by providing labor services to firms and the 20v-
ernment, and from holding financial assets. In addition, they receive imputed
income from ownership of durables and housing, and they also receive trans-
fers from their region’s government,

Within each region, we assume household behavior can be modeled by a
representative agent who maximizes an intertemporal utility function subject
to the constraint that the present value of consumption is equal to the sum of
human wealth and initial financial assets. Human wealth is the present value
of the future stream of after-tax labor income and transfer payments received
by households. Financial weaith is the sum of real money balances, real gov-
ernment bonds in the hands of the public,'” netholdings of claims against forei an
residents, and the value of capital in each sector.

There has. however, been considerable debate about whether the actual
behavior of aggregate consumption is consistent with the permanent income
model.** On the basis of the evidence cited by Campbell and Mankiw,* we
modity the basic household model described above to allow a portion of house-
hold consumption to depend eatirely on current after-tax income (rather than
on wealth). This could be interpreted in various ways, including the presence
of liquidity-constrained households or households with myopic expectations.
For the purposes of this chapter, we will not adopt any particular explanation
and wili simply take the income-driven share of consumption to be an exoge-
nous constant. Following McKibbin and Sachs, we take the share to be 0.7 in
all regions.®®

Within each period, the household allocates expenditures among goods and
services to maximize ifs intraternporal utility. In this version of the model, we
assume that intratemporal utility may be represented by a Cobb-Douglas func-
tion of goods and services.*! Finally, the supply of household capital services
is determined by consumers themselves, who invest in household capital. We

17. Ricardian neutrality does not hold in this model because some consumers are liguidity-
constrained,

18. Some of the key papers in this debate are Hall (1978); Flavin {1981); Hayashi (1982); and
Campbeil and Mankiw (1990),
19. Carnpbell and Mankiw (1990,

20. McKibbin and Sachs (1991). Ovr income-driven faction is somewhat higher than Camp-
bell and Mankiw’s estimate of 0.5.

21. This specification has the undesirable effect of imposing unitary income and price elasticities.
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assume that households choose their fevel of investment to maximize the pres-
ent value of future household capital service flows (taken to be proportional to
the household capital stock), and that investment in household capital 15 sub-
ject to adjustment costs. In other words, the household investment decision is
symmetrical with that of the firms.

Govermment

We take each region’s rea) government spending on goods and services to
be exogenous and asswme that it is allocated among final goods, services, and
labor in fixed proportions according to the base year input/output table for each
region. Total government spending includes purchases of goods and services
plus interest payments on governmeni debt, investment tax credits, and trans-
fers to households. Government revenue comes from sales, corporate, and
personal income taxes and from the issuance of government debt. In addition,
there can be taxes on externalities such as carbon dioxide emissions. We assume
that agents will not hold government bonds unless they expect the bonds to be
serviced. Accordingly, we impose & transversality condition on the accumula-
tion of public debt in each region that has the effect of causing the stock of debt
at each point in time to be equal to the present value of all future budget sur-
pluses from that time forward. This condition alone, however, is insufficient to
determine the time path of future surpluses: The government could pay off the
debt by briefly raising taxes a lot; it could permanently raise taxes a small
amount; or it could use some other palicy. We assume that the government levies
a lamp sum tax in each period equal to the value of interest payments on the
outstanding debt. In effect, therefore, any increase in government debt is
financed by Consols (that is, bonds without a redemption date that pay inter-
est in perpetuity), and future taxes are raised enough to accommaodate the
increased interest costs. Thus, any increase in the debt will be matched by an
equal present value increase in future budget surpluses.

Macroeconomic Features:
Labor Market Equilibrium and Money Demand

We assume that tabor is perfectly mobile among sectors within each region
butis immobile between regions. Thus, within each region, wages will be equal
across sectors. The nominal wage is assumed to adjust siowly according to an
overiapping contracts model, where nominal wages are set based on current
and expecied inflation and on labor demand relative to labor supply. In the long
run, labor supply is given by the exogenous rate of population growth; but in
the short run, the hours worked can fluctuate depending on the demand for labor.
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For a given nominal wage, the demand for labor will determine short-run unem-
ployment.

Relative to other general equilibrium models, this specification is unusual
in allowing Tor involuntary unemployiment. We adopted this approach because
we are particutarly inlerested in the transition dynamics of the world econony.
The alternative of assuming that all economies are always at full employment,
which might be fine for a long-run model, 1$ clearly inappropriate during the
first few years after a shock.

Finally, because our wage equation depends on the rate of expected infla-
tion, we need to include money demand and supply in the model. We assume
that money demand arises from the need to carry out transactions and depends
pasitively on aggregate output and negatively on the interest rate. The supply
of money is determined by the balance sheet of the central bank and is
eX0genous.

International Trade and Asset Flows

The regions in the model are linked by flows of goods and assets. Each coun-
try’s exports are differentiated from those of other countries; exports of durables
from Japan, for example, are not perfect substitutes for exports of durables from
Europe. Each region may import each of the twelve goods from potentially all
the other regions. In terms of the way international trade data are often expressed,
our model endogenously generates a set of twelve bilateral trade matrices, one
for each good. The values in these matrices are determined by the import
demands generated within each region.

Trade imbalances are financed by flows of assets between countries. We
assume that asset markets are perfectly integrated across the regions and that
financial capital is freely mobife.”? Under this assumption, expected returns on
foans denominated in the currencies of the various regions must be equalized
period to period according to a set of interest arbifrage relations, In generating
the baseline of the model, we allow for risk premiums on the assets of alter-
native currencies, although in counterfactual simulations of the model, these
risk premiums are generally assumed to be constant and unaffected by the shocks
we consider.

22. The mebility of international capital is a subjeet of considerable debate; see Gorden and
Bovenberg (1996) or Feldstein and Horloka {1980). Also, this assumption should not be confused
with our treatment of physical capital, which we assume to be specific to sectors and regions and
hence compiesely immeobile. The consequence of assuming mobile financial capital and immobite
physical capital is that there can be windfall gains and losses 10 owners of physical capital. For
example. if a shock adversely affects profits in & particular industry. the physical capital stock in
that sector will initially be unaffected. Its value. however, will immediately drop by enough to
bring the rate of return in that sector back into equilibrium with that in the rest of the economy.
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For all regions other than China. we assume that exchange rates are free to
float and that financial capital is freely mobile. This may appear less plausible
for developing countries than it does for countries that belong to the Organi-
zation for Economic Cooperation and Development (OECD), because many
developing countries have restrictions on short-term flows of financial capital.
However, the capital flows in our model are the sum of short-term portfolio
investment and foreign direct investiment, and the latter is usually subject to
fewer restrictions. In many countries with constraints on financial instruments,
there are large flows of direct foreign investment responding to changes in
expected rates of return. We assume that China pegs its exchange rate to the
dollar, with a slight adjustment for deviations in output growth from trend and
actual inflation from the desired target rate. This is closer to the recent histor-
ical record than the alternative assumptions of floating exchange rates or exactly
fixed exchange rates.

Calculating the Carbon Content of Traded Goods

In general, BTAs are used to compensate for differences between countries
in the taxes levied on goods, such as excise taxes or value-added taxes. Expori-
ing countries may exempt traded goods from such taxes, or rebate taxes already
collected, and importing countries may impose taxes equivalent to what would
have been charged had the product been produced domestically. In this chap-
ter, we examine only adjustments on imports and assume that carbon taxes are
not rebated on exports. However, our methodology could be applied to export
rebates as well,

The first step in computing a carbon-tax BTA on a given import would be
to determine the total amount of fossi} energy that was used directly or indi-
rectly in the prodaction of the good. Measuring direct energy consamption is
relatively straightforward: an aircraft, for example, requires the direct use of
energy when it is assembled. However, energy is also used indirectly through
the production of all the parts and materials from which the plane is made.
Computing total indirect energy consumption requires following the value-
added chain back through intermediate products at every stage: Energy is used
to produce sheet metal from atuminum; to produce aluminum from bauxite;
and to mine the bauxite itself. '

Tracing energy consumption all the way back to raw materials is possible
using input/output tables. An input/output “use” table is a matrix showing the
flow of each good to each industry in a particular year. Using that information,
it is possible to determine the amount of each input needed to make a single
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unit of output. If A is a matrix of such coefficients, with one row for each input
and one column for each output, the set of market equilibria for the inputs can
be summarized in equation 1, where X is a vector of gross outputs by com-
modity, and F is a vector of final demands:

AX+ F=X (1)

The left side is total demand for each product: AX is the demand for intermediate
“goods, and F is final demand. The right side. X, is the supply of each good. Solv-
ing for X gives the total input needed to produce any given final demand vector;

X=(~Ay'F ()

Matrix (/ - A)' is known as a “total requirements” table. Each row corre-
sponds to an input and each column to an output, and each element shows the
amount of the input used directly or indirectly in the production of one unit of
the output. For example, the total amount of coal consumption that can be atirib-
uted to production of a durable good would appear as an element in the coal
row and durable goods column of (7 - A)7,

Computing the implicit carbon content of each product requires two addi-
ticnal steps: The inputs of each fossil fuel are muitipiied by appropriate
emissions coefficients to convert tuel consumption to carbon emissions, and
then carbon emissions are summed across fuels. The result is a single coeffi-
cient for each good giving the total carbon emissions that can be attributed to
the good’s production.

Because input/output tables are used in the construction of G-Cubed, the
information needed to compute a total requirements table for each region in
the model was readily available. In addition, the model’s database includes emis-
sions coefficients for each fuel, with emissions in millions of metric tons of
carbon for each of the model’s units of fuel, so the final steps were straight-
forward as well. Carrying out the calculation produced the results are shown
in table 1-3. For convenience, the results are shown as thousands of metric tons.
As indicated in the lower rows of the table, production of nonfuel traded goods
generally involves emissions of 0.1 to 1.1 thousand metric tons per model unit
of output. (The model’s output units are large, corresponding to billions of dol-
lars of outpul in a base year.) For example, one unit of durable goods produced
in the United States is associated with (.13 thousand metric tons of carbon.
Implicit emissions vary strongly across regions; emissions associated with
durables are only 0.7 thousand metric tons per unit in Japan, but are 1.01 thou-
sand tons per unit in China. As expected, Japan and Europe are most efficient
in terms of carbon and have the lowest coefficients; the highest coefficients are
associated with China, India, and Eastern Europe and the former Soviet Union.
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Table 1-4. Carbon Tax and Border Tax Adjustment Simulations

Name Description

EU-Tax European carbon tax without BTAs
EU-TaxAdi  European integrated carbon tax and BTA policy
US-Tax U.S. carbon tax withoot BTAs

US-Tax Adj 1.5, integrated carbon tax and BTA policy

Carbon Taxes with and without Border Tax Adjustments

This section describes the simulations we ran using the G-Cubed model to
explore the effects of BTAs. We began by constructing a hypothetical carbon
tax beginning at $20 per metric ton of carbon dioxide and rising by $0.50 per
year to $40. The tax was intended to illustrate the effect of BTAs over a range
of carbon prices but was not designed to achieve any specific emissions target.
QOur results would apply to a tradable permit policy as well, if the policy had
similar equilibrium permit prices. However, administering the BTAs would be
much more difficult under a permit system, because frequent revisions would
be needed to follow fluctuations in the permit price.

We then examined the effects of the carbon tax under four scenarios about
its implementation: (1) It is adopted in Europe without BTAs (referred to in
the tables below as “EU-Tax™); (2) it is adopted in Europe, and BTAs arc
imposed on imports to Europe, assuming that the carbon embodied in the
imports matches the energy intensity of the United States (“EU-TaxAdj”); (3)
the tax is adopted in the United States without BTAs ("US-Tax”), and (4) it is
adopted in the United States, and BTAs are imposed based on the energy inten-
sity of China (“US-TaxAdj”). These simulations, which are descriptively
summarized in table 1-4, were chosen to contrast the effects of BTAs between
countries with similar and relatively efficient technology, Europe and the United
States, with the effects of BTAs between countries with more heterogeneous
technology, the United States and China.

In all four simulations, additional government revenue generated by the
BTAs and the carbon fax itself was used fo finance additionai government
spending in the corresponding region (that is, each region’s fiscal deficit was
held constant). Other fiscal assumptions could be used instead; for example,
the revenue could be used to lower the deficit, or it could be returned to house-
holds via a lump-sum rebate.

The BTAs were computed by multiplying the embodied carbon per unit of
output by the carbon tax prevailing in each year, and then converting the result

Warwick J. M.

to an ad valo
crude petrole!
tO JTIPOLTS 48
and 1-6 for &
shown in tab
tradable goos
still small; th
portation, at
considerably
on durable a
$40 per tos ;
table 1-6 refl
shown in fab
The effec
(GDP) are !
0.7 percent.
the former !
falls slightly
0.1 percent.
which 1is st
region drop
cent. In par
the EEFSU
intensities,
The effe
shown in ta
08 miliion:
emissions :
age” In A
emissions -
of the Eurt
countries,
worldwide
are the res
much {491
less-develc
to the muc

23. The ¢
umnit tax wou




s Trade Forum: 2008/2009

ions

Tjustments

ng the G-Cubed model to
ing a hypothetical carbon
¢ and rising by $0.50 per
‘ect of BTAs over a range
specific emissions target.
as well, if the policy had
iering the BTAs would be
frequent revisions would

1der four scenarios about
:.out BTAs (referred to in
1 BEurope, and BTAs are
carbon embodied in the
tates (“EU-TaxAdj"); (3)
{(“US-Tax™); and (4} it is
iased on the energy inten-
which are descriptively
effects of BTAs between
zy, Europe and the United
with more heterogeneous

zvenue generated by the
2 additional government
egion’s fiscal deficit was
ed instead; for example,
uld be returned to house-

rodied carbon per unit of
hen converting the resulr

Warwick J. McKibbin and Peter J. Wilcoxen 13

to an ad valorem rate.”* No adjustments were applied to imports of coal and
crude petroleumn, which are already subject to the carbon tax, which was applied
to imports as well as domestic production. The results are shown in tables 1-5
and 1-6 for two carbon tax rates: $20 and $40 per ton. For the European tariffs
shown in table 1-5, the rates for the $20 tax are small: less than 1 percent for
tradable goods other than fuels. The rates for the $40 tax are twice as large, but
still small; the fargest are the tax on nondurables, at (.92 percent, and on frans-
portation, at (.88 percent. For the U.S. tariffs shown in table 1-6, the rates are
considerably higher. When the carbon tax is $20 per ton, the effective tariffs
on durable and nondurable manufactured goods are almost 2 percent. At the
$40 per ton rate, the tariffs double to slightly less than 4 percent. The rates in
table [-6 reflect the higher energy intensity of Chinese manuf; acturing, as was
shown in table 1-3,

The effects of the two European scenarios on real gross domestic product
(GDP) are shown in table 1-7. The carbon tax lowers European GDP by 0.6 to
0.7 percent, Lower European GDP, in turn, lowers GDP in Eastern Europe and
the former Soviet Union (EEFSU) by 0.1 to 0.2 percent. OPEC’s GDP also
falls slightly, but the remaining countries and regions are affected by less than
0.1 percent. Adding BTAs has little additional effect on the European GDP,
which is still reduced by 0.6 to 0.7 percent. However, the GDP of the EEFSU
region drops considerably more than under the carbon tax alone: 0.5 t0 0.7 per-
cent. In paut, this is due to the increase in trade barriers between Europe and
the EEFSU; even though the BTA rates are calculated based on U.S, energy
intensities, in this simulation they are applied to European imports.

The effects of the policies on annual carbon emissions from each region are
shown in table 1-8. The carbon tax alone lowers European emissions by 53 to
9% million metric tons (mmt) per year over the 2010-30 period. Some of these
emissions are offset by increases in other regions, often referred 1o as “leak-
age.” In 2010, for example, European emissions fall by 53 mmt but world
emissions fall by only 48 mmt. The difference is 5 mmt, or about 10 percent
of the European decrease: 2 mmt in the United States, 1 mmt in developing
countries, and 2 mmt in EEFSU. Adding BTAs causes a larger reduction in
worldwide emissions: 69 to 127 mmt annually over the period. The larger cuis
are the result of three interacting effects: Furopean emissions do not fall as
much (49 to 91 mmt), there is no leakage of emissions to the United States or
less-developed countries, and the EEFSU’s emissions fall by much more due
to the much larger drop in the EEFSU’s GDP.

23. The cenversion 1o an ad valorem rate was for convenience; in practice, it is likely that a
unit tax would be used.
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Table 1.5. Simulated European Border Tax Adjustments Based on U.S. Energy Intensity Table 1-7.
Percentage point change in ad valorem tariff 2010, 202
$20 per ron 840 per ton : Percentas
Sector carbon tax carbon tax
Electric utihities 5.30 10.60 Counliy o
Gas utilities 0.82 1.64 : United St
Petroleum refining 13.18 26.36 : Japan
Coal N.A. N.A. : Australia
Crude oil N.A. N.A. Europe
Mining 0.54 .08 Other OF
Agriculture 0.34 0.68 China
Forestry and wood 0.26 0.52 India
Durabies 0.26 0.52 Less-dev
Nondurables 0.46 0.92 EEFSU
Transportation .44 G.88 OPEC
Services 6,10 6.20
Source: At
Source: Authors' caicsistions Note: OF4
Nate: N A= not appheable OPEC = Osg
Table 1-6. Simulated U.S. Border Tax Adjustments Based on China’s Energy Intensity Table 1~
Percentage point change in ad valorem tariff and 203
$20 per ion 340 per ton : Miltions
Sector carbon tox carbon tax
Electric vtilities 15.26 30.52 Country
Gas utilities 23.36 46.72 : United ¢
Petroleum refining 14.76 29.52 Japan
Coal N.A. N.A. Australi
Crude oil N.A. : N.A. Europe
Mining 1.62 3.24 Oher O
Agriculture 0.94 1.88 China
Forestry and woed 1.22 2.44 India
Durables 1.94 3.38 Less-de
Nondurables 1.84 3.68 EEFSU
Transportation 1.74 3.48 OPEC
Services 1.18 2.36 Total
8 e Authors” calcuiations. .
Notc: N.A. - not applicable. Soue:
OPEC=(
Table 1-9 shows the effects of the two policies on short-run interest rates in
each region. Both policies lower the return to capital in Europe, and to a lesser towar
extent, the EEFSU. The changes in interest rates in other regions are generally . table
very small. Lower rales of return in Europe and the EEFSU ead 1o capital out- : Anaf
flows and shifts of the two regions’ trade and current account balances toward : asdr
surplus, as shown in tables 1-10 and 1-11. The capital lows to the remaining : Tr
regions in the model, which generally see their trade and current accounts shift
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Based on U.S. Energy Intensity Table 1-7. Simulated Effects of European Policies on Real Gross Bomestic Product,

2410, 2020, and 2030

340 per ton Percentage changes from values for business as usual
carbon tax g Ell-Tax EU-TaxAdy
10,60 Country or Group 2010 2020 2030 2070 2020 2036
.04 o United Stafes 0.0 0.0 0.0 0.0 0.0 0.0
2650 : Japan 0.0 0.0 0.0 0.0 0.0 0.0
oy Australia 0.0 0.0 0.0 0.0 0.0 0.0
1(!4)\ : Furope -0.7 ~0.6 -7 0.7 0.6 -0.7
08 ' Other OECD members 0.0 0.0 0.0 0.0 0.0 0.0
0.0 . China 0.0 0.0 0.0 0.0 0.0 0.0
0.32 : india 6.0 0.0 0.0 0.0 0.0 0.0
0.52 ; Less-developed countries 0.0 0.0 0.0 0.0 0.0 0.0
092 FEFSU 02 o) 0.1 07 05 05
oo ' OPEC S 02 w02 -02

Source: Awhors simulations.
Note, QECD = Organization for Economic Cooperstion ard Development: EEFSU = Bastern Burope and the former USSR,
OPEC = Organtzation of the Perclewmn Exponting Countries

on China’s Energy Intensity TFable 1-8. Simulated Effects of European Policies on Carbon Emissions, 2016, 2020,

and 2030

$40 per ton Millions of metric tons

carbon tax i EU-Tax EU-TuxAdf
30.52 Country or Group 2010 2020 2030 2000 2020 2030
jg;g United States 2 2 2 0 0 0
NA : Japan 0 0 0 0 0 0
. : Australia 0 0O 0 { 0 0
NA- : Eurcpe 53 72 98 45 %6 -9
3.24 Other OECD members 0 0 0 0 0 0
iii China 0 0 o 0 1 -
=~ Tndia 0 0 0 0 0 0
%'88 Less-developed countries 1 2 2 -1 -1 —1
3.68 EEFSU 2 3 5 18 24 32
;‘i? OPEC 0 0 0 O o 2
P ' Total —48 —64 —88 69 -93 —127

Source: Apthors” simulations.
Neote: OECD = Organization for Economic Cooperation and Development; EEFSU = Esstern Evrope and the fornner USSE,
OPEC = Organization of the Petrolewn Exportng Countries

in short-run interest rates in

al in Europe, and to a lesser toward deficit. The euro strengthens slightly relative to the dollar, as shown in
vother regions are generally i table 1-12. Exchange rates in the model are dollars per unit of foreign currency.
EEFSU lead to capital out- : An appreciation of the euro relative to the dollar, therefore, appears in the table
nt account balances toward i as a percentage increase in the exchange rate for Europe.

sital flows to the remaining

The effects of the policies on European prices and domestic output are
e and current accounts shift | shown in table 1-13. The carbon tax policy, shown in the top section of the




16 Brookings Trade Forum: 2008/2009

Table 1-9. Simulated Effects of European Policies on Short-Run Interest Rates, 2010,
2620, and 2030

Percentage point change

EU-Tax EYU-TaxAdf
Countiv or Group 2010 2020 2030 2010 2020 2030
United Siates ~03.01 -0.01 -0.01 -0.01 -0.01 0.0}
Japan -0.01 -0.01 ~-0.01 -0.02 -0.01  -0.01
Australia -0.01 -0.01 -0.01 ~3.02 ~-0.01  -0.01
Europe -0.04 ~0.03 ~0.04 —0.05 -0.04  -0.05
Other OECD members -0.01 ~0.01 ~0.01 -0.02 -0.01  -0.02
China -0.02 ~-0.01 -0.01 ~0.02 =001 -0.01
india ~(3.01 -0.01 -0.01 0.0 -0.01 -0
Less-developed countries  -0.02 -0.01 ~0.01 -0.02 -0.01  -0.02
EEFSU -0.03 ~0.01 ~0.02 -0.03 ~-0.02 -0.02
OPEC ~0.01 -0.01 ~0.01 -0.01 001  -0.01

Source: Authors” simalations

Note: OECD = Organization for Econome Cooperation and Development, EEFSU = Basiern Europe and the former USSR,
OPEC = Organization of the Petrolewm Exporting Countries

Table 1-10. Simulated Effects of European Policies on Trade Balances, 2010, 20240,
and 2030

Billions of dollars

EU-Tax EU-TaxAd)
Country or Group 2010 2020 2030 2010 2020 2030
United States -21 -0.6 0.1 -2.1 -04 0.6
Japan ~1.0 -0.3 =01 -1.2 -0.4 0.2
Australia 0.0 0.0 0.0 0.0 0.0 0.0
Europe 55 1.6 0.4 4.7 1.9 1.4
Other OECD members 0.1 0.0 0.0 -0.1 0.0 0.1
China -0.5 -0.2 0.1 ~().6 ~0.2 ~0.1
India -0.2 -0.1 0.0 -0.2 ~0.1 ~0.1
Less-developed countries 1.3 -0.2 0.8 -12 -0.3 0.0
EEFSU 0.0 0.1 0.4 1.3 0.5 -0.2
OPEC 0.0 0.0 0.1 0.1 0.0 0.1

Sowrcs: Authors” simwlatons.

Nate: OECD = Organization for Econonic Cooperation and Development; EEFSU = Eastern Eurppe and the former USSR,
OPEC = Organization of the Peteoterm Exporting Counlbes.

table, raises coal prices sharply: by 23 percent in 2010, rising to 33 percent in
2030. Coal output drops by 8 percent in 2010, rising to 13 percent in 2030,
Other energy prices, including the natural gas price, rise as well, although by
much smaller percentages: 5 to 6 percent for crude oil and refined petroleum,
and 1 to 2 percent for electricity. The combined tax and BTA policy shown in
the bottom of the table is very similar, but with slightly larger increases in most
prices (due to the tariffs) and slightly smaller reductions in output (due to the
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Run Interest Rates, 2010, Table 1-11. Simulated Effects of European Policies on Current Accounts, 2016, 2020,

and 2030
: Billions of dollars

. PUlwadi . P T

2010 2020 2050 Country or Group 2000 2020 2030 2000 2020 2030
001 -0.01 001 United States Y EY R =Y s -
-0.02 001 0.0 Japan e Ty oy 2
oz 00 o0 Australia 0.0 00 00 0.0 0.0 0.0
-0.05 004 -6.05 : Europe 79 6.7 8.6 6.5 6.1 85
-0.02 00t 002 Other OECD members 0.3 03 03 03 -02 0.3
002 001 001 ' China 07 06 07 0.9 0.7 10
-0.01 —0.0.] -0.01 : india 0.2 0.2 -0.3 ~-0.3 -0.3 0.4
-L.02 =001 -0.02 : Less-developed countries 1.9 -14 -1.7 -1.7 -1.4 ~1.8
003 002 040 EEFSU 00 o o ” L4 18
-001 001 00 _ OPEC o o ol IS o 20

Source: Authors' sunulations.
Note: GECE = Orpanizatian for Feonomie Coeperation and Development, EEFSU = Eastern Eurape and the former USSR,
OFPEC = Organzauon of the Petrolesrs Bxporting Countries.

Eastern Eurape and the forme: USSR,

3alances, .
alances, 2010, 2020, Table 1-12. Simulated Effects of European Policies on Real Exchange Rates, 2010, 2020,

and 2030

Percentage changes from values for business as usual

EU-TaxAdj . I o .
w010 s 0‘;’5“ d . : EU-Tax EU-TuxAdj
Country or Group 2000 2020 2030 2010 2020 2030
-2 04 06

-1.2 0.4 0.2 : United States — — — e — —
0.0 0.0 0.0 Japan 0.1 0.1 0.1 0.1 0.0 0.0
4.7 1.9 14 Australia -0.1 -1 1 —G.1 0.1 0.1
-0.1 0.0 0.1 : Europe 0.3 0.7 1.9 0.9 1.2 1.3
—{16 -0.2 0.1 : Other OECD members 0.0 0.0 0.0 0.0 0.0 0.1
-0.2 0.1 01 : China -1 0.1 0.0 -0.1 ~0.1 6.0
12 03 oo : India 0.0 0.0 0.0 0.0 G0 0.0
1.3 0.5 ~0.2 : Less-developed countries ~0.1 0.0 0.0 —11 3.1 0.0
0.1 00 01 : EEFSU 0.3 02 01 09 08 07
: OPEC ~0.2 -(12 —£.2 -0.3 ~4.3 -0.3

astern Burepe and the forsmer USSR, Source’ Avthors” simulations

Note. Exchange rates are measured s doltars per upit of foreign currency, OECD = Organizanon for Economic Cooperation and
Developmeny; BEFSU = Eastern Eveope and the former HESR; OPEC = Organization of the Petroleurn Bxporting Counries,

rising to 33 percent in
to 13 percent in 2030.
e as well, although by
ind refined petroleum,
BTA policy shown in
Irger increases in most
s In output (due to the

shiftaway from imports to domestic production). However, the protective effect
of the adjustments for European producers is very small, typically raising out-
put by only 0.1 percent relative to the carbon tax alone,

Tables 1-14 through 1-20 show the effects of the two U.S. policies on the
same set of variables. In general, the effects of the carbon tax are similar in
magnitude bui with the United States and the region representing other OECD
members (which includes Canada and Mexico) filling the roles of Europe and
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Table 1-13. Simulated Effects of European Policies on European Prices and Qutput,
20110, 2020, and 2030

Percentage changes from values for business as usual

Frices Chaniities
Secear 20010 2020 2030 2010 2020 2030
EU-Tax
Electric utilities 1.6 1.9 2.2 -1.0 -1 ~1.3
Gas utilities 0.5 0.4 0.5 -1.3 1.6 —-19
Petroleum refining 4.5 5.1 6.1 -2.8 -3.0 -3.4
Coal 22.3 27.8 334 ~7.5 -9.8 -13.1
Crude oil 4.9 5.6 6.7 -3.3 —4.0 -5.1
Mining 6.5 0.4 0.5 -1.0 ~(.8 -0.9
Agricujture 0.4 0.3 0.4 ~{11 ~0.1 ~0.2
Forestry and wood produets 0.3 0.2 0.2 0.5 0.4 0.4
Durables 0.3 0.1 0.2 -1.1 -0.6 -0.7
Nondurables 0.4 0.4 0.4 -0.2 ~0.1 (0.2
Transportation 0.5 0.5 0.6 ~().4 ~0.4 —(.4
Services 0.3 0.2 0.2 0.0 0.1 (1
EU-TaxAdj
Electric atilities 1.6 1.9 2.2 -0.9 ~1.0 -1.2
Gas afilities 0.5 04 0.5 ~-1.3 ~1.6 -1.9
Petroleum refining 4.8 5.6 6.6 ~2.4 2.6 ~3.0
Coal 22.3 27.5 331 -7.3 98 -13.0
Crude oil 4.8 55 6.5 3.1 -37 —4.8
Mining 0.5 0.3 0.6 -1.2 -0.9 -L0
Agriculiure 0.3 03 03 -G.2 ~0.2 0.2
Forestry and wood products 0.2 0.1 0.1 ~{1.5 -(1.4 0.4
Durables 02 0.1 0.1 -1,2 -0.7 —0.8
Nondurables 0.4 0.4 0.4 0.2 0.2 -0.2
Transportaion 0.3 0.5 0.6 -0.5 0.4 -0.35
Services 0.2 0.1 0.2 0.1 0.2 0.2

Source: Avthors” simulstions

the EEFSU. Table 1-14 shiows that the carbon tax reduces U.S. GDP by 0.6 10
0.7 percent and other OECD members’ GDP by 0.3t0 0.4 percent. Adding BTAs
has negligible effect on U.S. GDP but increases the effect on other OECD mem-
bers’ GDF to reductions of 0.8 to 0.1 percent. Also, additional regions are
affected as well, particularly developing countries.

As shown in table 1-15, the carbon tax reduces U.S. carbon emissions by
much more than it reduced European emissions: 303 to 577 mmt per year over
the period 2010-30. As with the European case, the carbon tax alone leads to
some leakage of emissions: World emissions fall by 293 to 554 mmt. Leakage,
therefore, ranges from 10 to 23 mmt, or 3 to 4 percent of the U.S. reduction.
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Table 1-14. Simulated Effects of U.S. Policies on Real Gross Domestic Product, 2010,
2020, and 2030

Percentage changes from values for business as usual

US-Tax US-TaxAdj
Country or Group 2010 2020 2030 2010 2020 2030
United States 0.6 -0.6 -0.7 ~0).6 0.6 0.7
lapan 0.0 0.0 0.0 -0.1 -0.1 ~0.1
Australia 0.0 0.0 0.0 -0.1 (3.1 0.0
Europe 0.0 0.0 0.0 -0.1 0.1 .1
Other OECD members -0.4 0.3 0.3 1.0 —(L.8 -0.8
China 0.0 0.0 0.0 0.0 0.0 0.0
India 0.0 0.0 0.0 -0.1 0.1 01
Less-developed countries —n2 -0.1 0.1 ~().5 0.2 ~{.2
EEFSU 0.0 6.0 0.0 -1 -0.1 -0.1
OPEC ~A).4 ~0.3 0.3 0.5 ~(.4 ~0.3

Source: Authors” sumufaliens
Note: Exchange vates are messured as dollars per unit of foreigo corrency. OBCD = Organization for Ecanomic Cooperatton sad
Development, EEFSU = Easters Europe and the former USSR, OPEC = Organization of the Peroleun Exporting Countnies.

“Fable 1-15. Simulated Effects of U.S. Policies on Carbon Emissions, 2010, 2020, and 2030

Millions of metric tons

US-Tax US-TaxAdj
Courry or Group 2010 2020 2030 2010 2020 2030
United States 303 422 -577 ~279 -390 -535
Tapan t 0 0 -1 —1 -1
Australia 0 0 0 &} G 0
Europe i 2 2 =2 -3 -3
Other OECD members 3 4 6 -4 -5 -G
China 0 5 0 -1 -2 -2
india it 0 it -1 -1 -1
Less-developed countries 3 8 11 - 4 -5
EEFSU i 1 2 -2 -2 -2
OPEC G 0 { -1 -1 -2
Total —293 —403 ~554 =297 ~407 -558

Seurce: Authors' siraulatons
Note: Exchange raes are measered as doliars per usit of foreign currency. OECD = Organization for Economic Ceoperatzos und
Develepment; BEFSU = Easters Evwape and the farmer USSR: OPEC = Crganization of the Petroleum Exporting Coustries.

As with the European simulations, adding BTAs causes the U.S. reduction to
be smaller but causes larger drops in emissions outside the United States and
results in slightly larger global reductions: 297 to 558 mmt annually over the
period 2010-30.

The effects on short-run interest rates are shown in table 1-16, and the main
effect is a small reduction in rates in the United States. Under the carbon tax,
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Table 1-16. Simulated Effects of U.S, Policies on Short-Run Interest Rates, 2010, 2020,
and 2030

Percentage point change

US-Tax US-TaxAdy

Country or Group 2010 2020 2030 2010 2020 2030
United States (.02 -0.03 ~(1.03 -0.05 —0.04 ~().04
Japan .01 0.00 0.00 -0,01 0.01 0.01
Australia -(.02 -0.01 ~0.01 -0.03 -0.01 -0.01
Europe -0.01 0.00 800 -0.02 0.00 0.00
Other OECD members -5.01 0.06 0.00 0.03 £.00 0.00
China ~{.01 0.00 0.60 0.00 0.01 0.01
india 0.00 0.00 8.00 0.01 0.01 0.01
Less-developed countries —8.01 0.06 0.60 0.01 8.01 0.01
EEFSU -1 0.00 0.00 -0,01 .00 0.00
OPEC .01 0.01 0.01 0.02 .01 0.01

Source: Aothers’ simulations.

Note: Exchange rates are measured 53 dollars per unit of forergn currency. OECD = Organizsuon for Economie Cooperation and
Devetopment; EEFSU = Eastern Eorope and the former USSR; OPEC = Crganizatior of the Petroleum Exponing Coumries,

Table 1-17. Simulated Effects of U.S. Policies on Trade Balances, 2010, 2020, and 2030

Billions of dollars
US-Tax US-TuxAdf

Cowntry or Growp 2010 2020 2030 2010 2020 2030
United States -0.5 -0.9 (0.4 4.6 -1.2 4.3
Japan ~0.2 0.7 0.9 0.4 1.6 i.6
Aunstralia 0.2 0.2 0.1 0.6 0.4 0.3
Europe -1.0 ~0.4 ~0.8 0.5 0.3 -2.7
Other OECD members 1.2 0.9 0.5 29 1.5 1.0
China -0.4 0.0 0.0 —1.8 0.0 0.3
India 0.0 0.1 0.2 0.1 0.3 0.3
Less-developed countries 0.3 0.1 0.4 1.4 —0.8 ~1.6
EEFSU 0.4 0.3 0.5 1.0 1.1 1.0
OPEC 0.5 0.3 0.7 ~0.1 ~1.4 ~-1.5

Source: Authors’ simulations

Note: Exchange rates are measared as doflars per unit of forergn currency. OECTY = Orgenization for Economic Cooperation ard
Developruent; EEFSU = Eastern Europe end the former VSSR; OPEC = Organization of the Petraleum Expasting Countries,
the result is a small capital outflow, as reflected in the shift of the current

account toward surplus in table 1-18. Interestingly, the capital fiow reverses
under the BTA policy. When the United States increases its tariffs, the reduc-
tion in trade reduces GDP in many regions (table 1-14) and leaves the U.S.

economy in a relatively stronger position. The dollar strengthens in both sim-
ulations, as shown in table 1-19.
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Table 1-18. Simulated Effects of U.S, Policies en Current Accounts, 2010, 20260, and 2030
Bijlions of dollars

US-Tax US-TuxAdj

Country ar Group 2010 2020 2030 2010 2020 2030
United States 0.8 (.2 1.8 5.1 —4.2 0.0
Japan -1.4 -1.0 -1.5 ~1.7 -1.4 ~2.6
Australia 3 0.4 0.5 0.8 0.9 i1
Europe 2.1 -1.6 -24 -0.3 0.5 -2.1
Other OECD members 1.4 1.6 1.7 35 36 4.0
China ~0.6 -2 -0.4 ~{).9 0.2 -0.7
India 0.0 0.1 0.1 02 0.3 0.3
Less-developed countries 0.5 0.4 0.4 3.0 1.7 1.9
EEFSU 0.4 0.5 0.7 1.2 1.5 1.7
OPEC 0.8 0.4 0.4 0.3 ~0.3 ~0.4

Source. Authors” simelations.

Note: BExchange v e measwred as dollars per unit of foreign cwrency. ORCD = Orpanzstion for Beonopme Cooperatios and
Diewelapment: EREFSU = Eastern Eurape and the former USSR OPEC = Organization of the Pevraleum Expoviing Coumtries

Table 1-19. Simulated Effects of U.S. Policies on Real Exchange Rates, 2016, 2020,
and 2030

Percentage changes from values for business as usuval

US-Tax US-TaxAdj

Country or Group 2010 2020 2030 2010 2020 2030
United States — — — — — e

Tapan 2.0 ~2.1 2.4 -4.6 -5.0 ~5.6
Australia ~1.7 ~1.8 ~2.0 ~3.9 4.1 44
Furope ~1.8 -1.9 -2.2 ~4.2 ~4.5 -5.8
Other OECD members -2.2 2.4 2.6 5.0 5.4 5.9
China ~1.8 ~1.9 ~2.2 ~4.1 -5 -5.0
India ~1.8 20 -2.3 -4.3 ~4.7 ~5.2
Less-developed countries  —1.8 -2.0 2.3 4.2 ~4.7 5.2
EEFSU -1.8 -19 -22 —4.1 —4.4 4.8
OPEC =22 2.5 -2.8 —4.1 —4.7 ~5.2

Source: Authors” simulations
MNote: Exchange rates are measured as dollars per usit of forcign currgncy, OFCD = Organization for Evonomic Couperation and
Development, BEFSU = Easiern Burope srd the furmer USSR OPEC = Organizatiop of the Petroleam Exporting Countrics,

As shown in table 1-20, the U.S. carbon tax causes much larger percentage
changes in fuel prices than did the Earopean tax, reflecting the lower initial
energy prices in the United States. The price of coal rises by 50 to 94 percent,
compared with the 23 to 33 percent increase under the European policy. Fuel
consumption, in turn, falls by larger percentages; coal, for example, drops by
20 to 29 percent rather than the 8 to 13 perceat in Europe. It is interesting to
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Fable 1-20. Simulated Effects of U.S. Policies on U.S. Prices and Qutput, 2016, 2024,
and 2030

Percentage changes from values for business as usual

Prices Quaniities

Secior 2000 2020 2030 2010 2020 2030
Us-Tax

Electric utilities 6.6 7.9 9.4 3.6 -4.3 ~5.0
Gas utilities 1.1 1.2 1.4 -3.7 —4.4 -53
Petroleum refining 14.3 17.2 20.6 -10.9 -12.4 -138
Coal 59.7 75.9 94.3 -19.4 =237 —28.3
Crude oil 18.6 22.6 27.2 -13.2 -153 -19.0
Mining 0.6 0.6 0.7 1.0 —1.8 0.8
Agriculiure .3 0.4 04 -0.3 0.3 0.4
Forestry and wood products 0.0 0.1 0.0 -0.4 -0.2 ~-0.3
Durables -0.1 -0.2 -0.2 .7 ~0.4 -0.4
Nendurables 0.3 0.4 0.5 -0.2 -0.2 0.3
Transportation 0.5 0.3 0.6 0.4 0.3 -0.4
Services 0.2 0.2 0.2 0.1 01 0.1
US-TaxAdj

Electric utilities 6.6 8.0 8.5 ~3.5 —4.2 —4.9
Gas uiilities 1.1 it 1.3 =37 4.4 -5.2
Petroleum refining 14.9 8.2 22.0 9.1 -104 -11.7
Coal 59.5 758 94,2 -19.5 ~23.9 -28.5
Crude oil 17.0 20.8 252 -133 -15.3 ~18.9
Mining 0.3 0.5 0.7 ~1.6 ~1.4 ~1.4
Agriculure 0.1 02 0.3 ~.6 -0.6 0.7
Forestry and wood products 3.3 {13 0.3 .2 0.0 0.1
Durables -0.1 0.1 0.0 -1.1 -0.7 0.8
Nondurables 0.3 0.3 6.5 -0.3 ~AL3 ~0.4
Transportation 0.5 0.5 (.6 -0.3 ~0.3 ~0.4
Services 0.2 0.1 0.2 0.2 0.2 (3.2

Sourcs: Authors’ simulations.

note that the BTAs generally do not have the mild protective effect seen under
the European case. The reduction in world GDP, and the consequent drop in
demand for U.S. exports, more than offsets the shift of domestic consumption
from imports to domestic producers.

Conclusion

Carbon taxes on trade in primary energy comniodities (that 15, coal, oil, nat-
ural gas) are straightforward and would likely be past of any domestic carbon
tax or permit trading system. Computing BTAs for the carbon content of all
other traded goods and services, however, is very complex. In practice, it would
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cand Output, 2010, 20240,
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require calcutations on a country-of-origin basis for all trading partners of the
couniry applying the BTAs. The complexities increase when a good that has
been manufactured contains intermediate goods that have a number of differ-
ent sources across countries. However, our results show that the tariffs would
be small for most goods at moderate carbon tax levels. At an aggregate level,
the adjustments for most manufactured goods would be on the order of 1 or 2
percent. However, within some narrowly defined and energy-intensive indus-
tries, such as aluminum refining, the rates would be considerably higher. Also,
the adjustments are proportional to the carbon tax being imposed, so very high
carbon taxes could lead to more significant BTAs.

We find that the BTAs would be effective at reducing leakage of emissions,
but leakage is very small even without the BTAs. Moreover, much of the emis-
sions gain that does occur comes about because the tariffs reduce world GDP
through the overall reduction in international trade. Finally, because the BTAs
are small, they have little effect on import-competing industries. We conclude
that the benefits produced by BTAs for traded goods and services would be
small, and they are unlikely to justify their administrative compiexity or their
deleterious effects on international gade.




Comments

Comment hy Nils Axel Braathen

Any nonglobal policy to combat climate change would fead to some “leak-
age” of emissions to countries that do not participate in the “carbon
coalition”—and demands for protection of the competitiveness of the most vul-
nerable economic sectors are to be expected. This leakage can occur through
three main channels:

—via losses in competitiveness of certain sectors;

—via the markets for fossil fuels—because a reduction in fuel demand in
the coalition would lead to lower worid-market fuel prices and increased fuel
demand in other countries;

—via changes in foreign direct investments.

The Organization for Economic Cooperation and Development (OECD) pub-
lished studies of the effects of carbon taxes and border tax adjustments (BTAs)
in the steel and cement sectors a few years ago—based on simuiations with
partial equilibrium models.! These simulations indicated that a nonglobal car-
bon tax could have a clear negative impact on the competitiveness of these
sectors within the coalition——and that, in principle, BTAs could significantly
reduce these effects.

For example, the steel sector study illustrated the effects of an OECD-wide
tax of $25 per metric ton of carbon dioxide (CQ,). In this context, it was found
that if both import taxes and export subsidies were implemented and were dif-
ferentiated across steel types, and if the border tax rates were linked fo emission
levels in non-OECD countries, the decline in OECD steel production might be
as small as | percent—as opposed to 9 percent if no adjustments were made.
At the same time, the reduction in global emissions (5.1 percent} would be
farger than without BTAs (4.6 percent). This is because the border taxes keep

L. For steel, see OECD (2003). For cement, see OECD (2005),
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a higher share of world steel production within the OECD area, thus making
more steel producers subject to the OECD-wide carbon tax.

Given their partial nature, these simulations only capture the first of the three
sources of leakage listed above. Ongoing simulations with a general equilib-
rium modet (called ENV-Linkages) at the OECD also capture the second source
of leakage—and these simulations indicate that the effects via the fossil fuel

- markets under certain conditions are much more important than the sectoral

competitiveness effects.>?

However, the relative magnitude of fossil fuel market effects and sectoral
competitiveness effects on total leakage seems to depend on the size of the car-
bon coalition. If the coalition is “large”—say, comprising all the Annex I
countries—global fossil fuel demand would be reduced to a significant extent,
which would trigger a significant reduction in world market fuel prices {(espe-
cially for oil). This would in turn lead to a relatively strong increase in the
demand for these fuels in countries outside the coalition—making this source
of leakage dwarf the leakage effects stemming from a loss of sectoral com-
petitiveness. In such a simation, BTAs would affect total carbon leakage only
to a lumited extent—in line with the findings of McKibbin and Wilcoxen.

If, conversely, the size of the carbon coalition is much smaller-—say, only
comprising the EU countries—the effects on global fossil fuel demand would
be much smaller, leading (o less leakage through this channel. Total leakage in
this case would, however, be larger than in the previous case, due to more impor-
tant sectoral competitiveness effects. In such a situation, the environmental
arguments for applying BTAs could be somewhat stronger—with some impor-
tant caveats, mentioned below.

While McKibbin and Wilcoxen’s G-Cubed model covers only CO, emis-
sions, the ENV-Linkages mode] also inciude other greenhouse gases, and the
this seem to be of some importance. As long as not all relatively low-cost abate-
ment options related 10 non-CO, greenhouse gases have been exhausted, total
leakage tends to be lower when these gases are included in the analysis—as
the effects are shifted from the fossil fuel markets, hence reducing the leak-
ages that are generated through this channel, to other sectors, in parsicular
agriculiure.

It should, however, be kept in mind that the distortions created by BTAs
would represent a significant economic cost—even when disregarding the very
important administrative costs they would entail. As indicated by McKibbin

2. OECD (2008) provides further information about these simulations.

3. As opposed to the ENV-Linkages model, the model used by McKibhin and Wilcoxen, G-
Cubed, aiso captures carbon leakages thal stem from changes in foreign direct investment.
Unfortunately, the chapter does not indicate the relative magnitude of these effects.
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and Wilcoxen, to be as effective as possible, the BTAs on imports ought 1o be
based on the carbon content of relevant progucts in the country where they are
produced--which obviously would be very difficult to monitor and enforce in
practice.

Further, the compatibility of carbon-policy-based BTAs with World Trade
Organization (WTO) rules remnains an open question. An overview of this issue
in a recent OECD book concluded that only a WTO panel could resolve the
question of the legality of such measures.?

Regardiess of the legality of any BTA measures under the WTO, there is an
important danger that the introduction of such measures could trigger tit-for-
tat retaliations from the countries that would be “hit” by these measures. This
could in turn have serious effects on world trade and economic development.

Hence-—in line with McKibbin and Wilcoxen’s conclusions——BTAs should
only be considered as a last resort. The focus should instead be firmly fixed on
achieving an ambitious international approach 1o address the climate change

problem. with participation by all the major greenhouse-pas-emitiing coun-
tries and sectors.

Comment by (Tom) Hu Fao

In chapter I, McKibbin and Wilcoxen quantify the significant differences
in carbon efficiency between the United States and China and India. In so doing,
they provide useful analytical insights. I would like to share several comments
on the issue of proposals embodied in bills like Lieberman-Warner to impese
import tariffs based on the carbon consent of goods.

First, when addressing the U.S. desire to impose import tariffs based on the
carbon content of goods (as proposed in Lieberman-Warner-type bills) the
United States” history with the Kyoto Protocol is relevant. So tar, the United
States is the only Annex I country that has not signed the protocol. By contrast,
China and India have signed the protocol, aithough, because they are non-Annex |
countries, they do not have legally binding obligations for greenhouse gas
reductions. The post-protocol negotiation is still under way following the Bali
Road Map, and there are as yet no new agreements. Given that the United States
has not signed the protocel and that China and India have, it is not clear how
the United States’ proposed “punishment” of these countries is consistent with
international agreements like the United Nations Framework Convention on
Climate Change and the protocaol.

4, OECD {2006, chapter 5},
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Second, the Lieherman-Warner Bill and other similar bills ignore China’s
own domestic policies. On January 1, 2007, China implemented export fariffs
ranging from 5 to 25 percent on carbon-, pollution-, and resource-intensive prod-
ucts, including iron, steel, coke, cement, and so on. Thus, China has already
internalized the environmental costs in the prices of these products before
exporting them. The tariff rate that China has applied is higher than the rate
proposed in legistation. Therefore, it is unclear why the United States needs to
implement & border tax adjustment (BTA) to internalize the environmental
costs from China. In fact, if the United States were to implement such a bill, it
would amount to the double taxation of the environmental externality for U.S,
users of such products,

Third, though this proposed legislation is addressing U.S. competitiveness
worries stemming from stronger environmental protection, China may also have
competitiveness worries. U.S. products are not always more energy-efficient
than Chinese products. More and more Chinese products have higher energy-
efficiency standards than U.S. products. For example, China has adopted
Euro IV vehicle emission standards, which are more stringent than both U.S.
and California emission standards. Since China started the China Energy Effi-
ciency Program two years ago, it has implemented more stringent energy
standards than the United States for such products as refrigerators, air condi-
tioners, washers, and other electric and electronic appliances. By the same logic
that the United States is looking at BTAs, China couid seek BTAs on the prod-
ucts mentioned above. Additionally, if BTAs come into vogue, China and India
might view subsidized U.S. agricuitural products as meriting BTAs on com-
petitiveness grounds.

Fourth, this type of legislation is inconsistent with other aspects of U.S. pol-
icy. The Office of the United States Trade Representative (USTRY), in a repost
submitted to Congress on China’s implementation of World Trade Organiza-
tion (WTO) commitments in December 2007, accused China of violating WTO
rules on twelve products, including some high-carbon-content preducts, like
coke for iron and steel. Later, the USTR warned China that it wouid bring a
case at the WTO if China did not abelish export limits for these twelve prod-
ucts. The proposed legislation trying to reduce exports of high-carbon-content
products from China is inconsistent with the USTR’s attempts to increase
exports of certain high-carbon-content producis.
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Comment by Arik Levinson

McKibbin and Wilcoxen’s analysis in chapter 1 of this volume is prospec-
tive. It predicts future trade patterns after developed countries unitaterally
impose hypothetical carbon taxes that dispropartionately affect carbon-intensive
industries. Their analysis is sophisticated, state of the art, and probably the hest
conceivable approximation of the true future effect of carbon taxes on trade,
but it remains in the end a forecast—arguably not something at which econo-
mists excel.

My point, then, is that we can learn about the significance of the carbon con-
tent of trade by a retrospective analysis, so long as we are willing to replace
as-yet-unregulated carbon for a pollutant developed countries began regulat-
ing thirty years ago. The idea is that it is easier 1o say what happened thirty
years ago than to predict what will happen thirty years from now.

Thirty years ago, the United States unilateraily imposed strict poliution reg-
ulations that disproportionately affected pollution-intensive industries, raising
fears that those industries would relocate to “pollution havens,” a process now
being called “leakage.” Pollution-abatement operating costs for the manufac-
turing sector in the United States doubled as a fraction of value shipped between
1974 and 1991, but this doubling was spread uneveniy across industries. For
some industries (petroleum refining, primary metals. pulp and paper), costs
tripled or even quadrupled. For others, pollution-abatement costs remained small
or even declined. Did this change in comparative advantage across manufac-
turing industries lead to leakage in the past? For the evidence of that, it is useful
to begin with U.S. manufacturing output for 1972 to 2001, depicted in figure
1C-1.

The top line in figure 1C-1 plots the real value shipped by U.S. manufac-
turers, from 1972 to 2001, indexed so the 1972 value equals 100. Real
menufacturing output rose 71 percent. If over this period there were no chan ge
in the technology of abatement or production, and no change in the mix of indus-
tries making up U.S. manufacturing, then we would expect pollution emitted
by U.S. manufacturers to also have risen 71 percent over this period. (Manu-
facturers would be producing 71 percent more of the same goods using the
same methods.) But of course we know that the composition of U.S. manu-
facturing output has changed. America produces different goods today than it
did thirty years ago—and one of the reasons might be “leakage” caused by pol-
luting industries avoiding U.S. environmental regulations.

The bottom line 1n figure 1C-1 calculates the extent of the change in the
composition of U.S. industries as it affecis one particular pollutant, sulfur diox-
ide (SO,). It uses the 1997 emissions intensities of each of the 470 industries
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Figare 1C-1. The Sulfur Dioxide Content of U.S. Manufacturing, 1972-2001
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that make up the manufacturing sector, as calculated by the U.S. Environmen-
tal Protection Agency. For every year, 1 multiplied each industry’s oufput by
its corresponding 1997 emissions intensity, and then summed the predicted SO,
emissions across all industries. The result is the predicted amount of SO, that
would have been emitted by U.S. manufacturing, using the 1997 technologies
but the concurrent scale and mix of industries. The boitom line rises 19 per-
cent and is lower than the 71 percent manufacturing growth for one reason:
U.S. manufacturing shifted toward industries that emit less SO,. This “green
shift” of U.S. manufacturing composition resulted in SO, emissions that were
30 percent lower than they would have been had the mix of industries remained
the same. Where did this exira SO, poliution go? If the SO,-intensive indus-
tries fled to pollution havens and imported their products to the United States,
we would call that leakage.

To examine whether the green shift of U.S. manufacturing might be explained
by leakage. figure 1C-2 conduets exactly the same analysis but with imported
manufactured goods instead of domestically produced goods. Here 1 am care-
ful to account for the pollution caused by intermediate inputs to the final
imports, using a Leontief-style input/output calculation similar to that used by
McKibbin and Wilcoxen. The top line in figare 1C-2 depicts the real value of




30 Brookings Trade Forum: 2008/2009
Figure 1C-2, The Suifur Dioxide Content of US. Imports, 1972-2001
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imports, which increased 641 percent from 1972 to 2001, The bottom line
depicts the SO, that would have been emitted as a consequence of manufac-
turing those imports, had they been produced in the United States using 1997
technologies.

Figure 1C-2 depicts two noteworthy results. First, the composition of imports
became cleaner over time, not dirtier. The 30 percent green shift of U.S. man-
ufacturing was not accompanied by a corresponding “brown shift” on the part
of imported goods. Instead, the compaosition of imports also shifted toward less-
pollution-intensive goods. Second, and perhaps more startling, imports shifted
toward less-polluting goods fuster than domestic goods. The SO, content of
imported goods was 43 percent lower that it would have been if the mix of
goods being imported had remained constant,

Now, some might look at figure 1C-2 and note that U.S. imports are domi-
nated by trade with other developed economies that were themselves enacting
strict environmental regulations during this period: Canada, Japan, and the Euro-
pean nations. If there was leakage, perhaps the SO, moved o developing
countries that were more likely to be pollution havens. That shift might not be
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Figure 1C-3. The Sulfur Dioxide Content of U.S. Imports from Countries That Are Not
Members of the Organization for Economie Cooperation and Development (OECD),
1972-2001
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apparent in aggregate import data, which were composed mostly of imports
from developed economies.

To address that concern, figure 1C-3 conducts exactly the same analysis but
limited to imports from countries that are not members of the Organization for
Econemic Cooperation and Development (OECD). The figure rebuts the con-
jecture that leakage will be apparent in import data from less-developed countries.
In fact, the green shift in imports frem non-OECD countries (50 percent) was
even larger than the green shift in aggregate imports (43 percent), which was
itself Iarger than the green shift in domestic production (30 percent).

Thirty years ago, the United States began seriously regulating industrial emis-
sions of common air pollutants such as SO,. In the ensuing years, the U.S.
manufacturing base has shifted away frem production of goods that emit SO,
But at the same time, imports to the United States, in general and from non-
OECD countries in particular, have also shifted away from SO,-intensive goods.

Note that these trends do not mean that there was no leakage of SO, emis-
sions from the United States to importing countries. It could be that there was
leakage, and as a consequence, the U.S. manufacturing green shift was larger
than it otherwise would have been, and the imported goods’ green shift was
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smaller. To assess that possibility, we need a general equilibrium analysis i

that of I\/'Ic.Kibbin and Wilcoxen. All this analysis shows is that if thySIb %ke
!eakage, LIS not apparent in aggregate data and was swampéd by other e;e st‘
in the p:ast thirty years: trade liberalization, oil prices, labor costs andc ‘;ng%
ing preferences. My forecast, then, based on this refrospective dml $is : a;}g-
any carbon leakage in the future will also be swamped by as- e(t-y i S ?S eon
forces atfecting the composition of trade. e
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