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Oh, Kyungsoo (Ph.D., Economics)
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Thesis directed by Professor James Markusen and Assistant Professor Jonathan Hughes

The environmental and energy consequences of globalization have become an important topic
of debate. My dissertation examines the interaction between environmental and energy issues and
international trade. Specifically, I investigate environmental regulations and policy in an open
economy.

In the first chapter, I analyze how an environmental tax on pollution from consumption af-
fects trade flows and welfare in an open economy. In particular, I argue that the effect of an
environmental tax on the direction of trade flows depends on who is directly burdened by the
regulation (consumers or producers) regardless of who is the polluter. In the case of pollution
generated by consumers, a tax on consumers who are the polluters tends to increase exports and
reduce imports of dirty goods. This result is the opposite of the well-known effect arising from
taxes on pollution-intensive industries. Stringent environmental regulations on pollution-intensive
industries diminishes exports and increases imports of dirty industries. In terms of welfare, I show
the importance of targeting the policy instrument to the correct source of pollution. Assuming
pollution is caused by the consumption of a good, a production tax has a weak effect on increasing
welfare through reducing pollution. Furthermore, welfare can fall if the production tax ratio is too
high, leading to reduced national income.

The second chapter is motivated by recent trends in the U.S. economy: increasing imports from
China, decreasing energy consumption, and increasing output. There are two primary theoretical
approaches related to the relationship between energy use in U.S. manufacturing and increasing
imports from China: Heckscher-Ohlin (H-O) trade theory and the Pollution Haven Hypothesis
(PHH). These two frameworks generate opposite predictions about the relationship between these
trends. H-O theory suggests that with increased Chinese import penetration, U.S. manufacturing

should move toward more energy-intensive industries and as a result, energy use in U.S. industries
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should increase. Alternatively, PHH predicts that energy-intensive industries in U.S. manufactur-
ing would relocate to other countries with more lax energy regulations. As a result, this would
lead U.S. manufacturer to use less energy. To understand the determinants of energy use in U.S.
manufacturing, I construct a computable general equilibrium (CGE) model of the U.S. economy
using the 2005 input-output table. I find that increasing imports from China causes all manu-
facturing industries to use more energy. Energy use increases proportional to the output of each
industry. However, the magnitude of this effect is very small. In order to help understand the
magnitude of the effect, I introduce a (counter-factual) tax on energy use in U.S. manufacturing.
Combining these two scenarios, increasing imports from China and an energy tax, produces an
outcome consistent with the actual data: decreasing energy consumption and increasing output.
Interestingly, total energy use in the U.S. manufacturing sector can decrease while at the same time
U.S. welfare can increase due to its improved terms of trade. This result shows that a small energy
tax can offset the increased energy use caused by Chinese import penetration, but will not reduce
welfare. In addition, unlike the prediction generated by H-O theory, increasing Chinese imports
causes imported intermediate inputs from China to become cheaper resulting in increased output
in all sectors of U.S. manufacturing.

In the final chapter, I numerically estimate these effects using U.S. manufacturing industry-level
panel data from 1997 to 2005. 1 decompose the effect of increasing imports from China on energy
use in U.S. manufacturing into a factor substitution effect and an output scale effect. Because
import penetration may be endogenous, I instrument for Chinese import penetration using Chinese
share of world trade. My results indicate that increasing imports from China raises consumption of
fuel and electricity. As in the simulation model, the marginal effect of Chinese import penetration is
small, about 0.05% to 0.08%, but statistically significant. Interestingly, the directions of the factor
substitution effects on fuel and electricity are opposite. Increasing imports from China causes a

decrease in the factor ratio of fuel over labor, but an increase in the ratio of electricity over labor.
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CHAPTER I

The Effects of Environmental Regulation in an Open Economy:

the Case of Pollution Generated by Consumers

1.1 Introduction

Most studies of environmental regulation in an open economy concern pollution generated by
producers, ignoring the pollution created as a result of consumption.! However, a significant portion
of overall pollution levels arise from consumption and this pollution creates substantial environ-
mental problems. For example, motor vehicles generate up to half of the emissions of smog-forming
volatile organic compounds (VOCs) and nitrogen oxides (NOx), and cause about half of the toxic
air pollutant emissions in the US.? Throughout this paper, the goods which generate pollution as
result of consumption are referred to as ‘dirty’ goods. Producers who generate pollution through
production are labeled as ‘dirty’ industries.?

Data show how pollution from ‘dirty’ goods comprises a substantial portion of total pollution
emissions. New York City (2007) estimates about 50% of CO2 emissions are generated as a result
of consumption. In addition, the consumption of goods and services in the E.U. caused 4,700M¢t of
CO4 emissions in 2001. This is 500Mt higher than the reported COs2 emissions of 4,200 Mt under
the Kyoto Protocol. Similar to the E.U., in most OECD countries COs emissions from consumption

exceed emissions from production.* As the economy grows and is dominated by service industries,

which are also increasingly export industries, pollution from consumption increases. Therefore,

! Copeland and Taylor (1994)

2USEPA (1993)

3McAusland (2008) labels producer-generated pollution as “smokestack” and consumer-generated pollution as
“tailpipe”.

“Bang et al. (2008)



reducing pollution by consumers is an important issue in environmental regulation.
Environmental regulation of pollution by consumers takes various forms, including taxes, pro-
duction standards, and outright bans on pollution. This study examines how these regulations
affect trade flows and welfare in an open economy. In autarky, consumers have to consume as much
as domestic producers produce. Therefore, to reduce consumer-generated pollution, regulations
imposed on producers can achieve the same result as regulations on consumers. However, unlike
autarky, the effect of environmental regulation is different depending on who is directly burdened by
the regulation. Theoretical analyses find that strict environmental regulation imposed on domestic
producers weakens a country’s comparative advantage in pollution intensive industries, leading to

5 Conversely, strict environmental regulation on consumers increases exports

diminished exports.
of the regulated goods. For example, in a small open economy in which countries face fixed world
prices, an environmental regulation in the form of a consumption tax (or subsidy) discourages the
consumption of regulated goods. It results in the export of these dirty goods because consumers
substitute clean goods for the regulated goods.®

There are studies that investigate trade flows as a determinant for the optimal level of environ-
mental taxes in an open economy compared to production and consumption taxes. Krutilla (1991)
argues that in a large open economy, environmental consumption and production taxes impact on
trade flows works in opposite directions because the two taxes have opposite effects on world price
and trade balance. By reducing consumption, the environmental tax on consumption increases the
regulating country’s initial level of excess supply which places a downward pressure on world price.
In the final trade equilibrium, the regulating country’s excess supply will have increased in the
case of consumption tax relative to the pre-regulation level. Markusen (1975) shows that optimal
second-best pollution taxes will be either higher or lower than those which would fully internalize
the externality, since terms of trade effects must be considered when tariff levels are exogenous.

This paper contributes to the literature by examining how environmental regulation impacts
the determinants of trade flows and welfare level in the case of pollution from consumption in an
open economy. It differs from previous papers such as Markusen (1975) and Krutilla (1991) by

focusing on the pollution created by the consumption of dirty goods and by including environ-

®See Pethig (1976) and McGuire (1982).
®Markusen et al. (1995)
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Figure 1.1: Differences in the effect of environmental taxes in an open economy

mental quality in consumer’s utility. This study argues that environmental regulation imposed
on producers causes trade flows to increase exports of clean goods and increase imports of dirty
goods, while a consumption tax on dirty goods leads to exports of dirty goods and imports of clean
goods regardless of the source of the pollution. With respect to the overall welfare, welfare levels
are affected differently depending on who is the polluter and who is subject to taxes. In the case
of pollution from consumers, consumption taxes increase welfare with increasing environmental
quality and substitution of clean goods for dirty goods. However, production taxes have weaker
effects on reducing pollution and decrease the consumption of both goods. Figure 1.1 shows why
production taxes have weaker effects. In an open economy, the production taxes do not fully affect
the polluter, and instead affect the goods that is domestically produced and then exported.” Wel-
fare may be worse if the tax ratio is too high. This occurs because the effect of reduced income is
greater than the effect of reduced pollution on the overall welfare level. Interestingly, the welfare
level of a foreign country with no environmental regulation is affected in the opposite direction as

the home country with imposed environmental regulations.

"These goods do not affect the pollution in domestic because these are consumed in other countries.



Finally, this paper also develops a computable general equilibrium model to examine the effect
of environmental regulation on welfare through reduced pollution and changed income by conse-
quential trade flows. It provides a framework with which to analyze the impacts of environmental
regulation aimed at reducing pollution from consumption on trade flows and welfare in an open

economy.

1.2 Conceptual Framework

This model is based on two identical countries who produce two goods. Consumers in both
countries have the same preferences related to goods and environmental quality, and the same

production functions.

U; = UXEYE (1= Z) i=H,F (1.1)

X are dirty goods which generate pollution from consumption and Y are clean goods which do not
generate pollution from consumption. X and Y are substitutes for consumers in both countries.
The production of X and Y do not generate pollution by assumption. The model also assumes that
there is an environmental endowment and the quality of the environment is one of the factors that
determines consumers’ welfare in both countries. The environmental endowment is normalized to
1 and environmental quality decreases by consumption of dirty goods that generate pollution. It
should be noted that boundary pollution is not considered in this model.® Pollution levels (Z;) in
each country are a function of the total level of consumption of dirty goods (X{). Let X;; be the

quantity of good X produced in country i and consumed in country j.

Zi = e(XF) X¢ = Xy + X (1.2)

The home country only considers environmental regulations such as taxes or subsidies for re-
ducing pollution from dirty goods. After imposing an environmental tax (7. or 7,) on dirty goods,
the consumer in the home country maximizes their utility subject to their income from wages and

rent. In addition, there is no government sector; all tax collections are returned to consumers as a

8There is a large literature about cross-boundary pollution which has negative externalities on economic agents in a
neighbor country.



lump-sum.

Let p* denote the world price ratio of p;’ to p;’ which is the line, pp in Figure 1.2. It is also
equal to the consumer price ratio (p§ = pf, /pjm) and producer price ratio (p! = pl’ / p?x) before
environmental regulation in order to isolate the effect of environmental regulation on trade flows

and welfare.

P =pf =} (1.3)

Depending on the environmental regulation imposed on producers or consumers, price distor-
tions occur among consumption prices or production prices in the home country. Figure 1.2 shows
the distortional effect of environmental regulation in the home country.” With a consumption tax
on dirty goods, producers will continue to produce at point A under the same price ratio with world
price ratio, pp. However, the consumer price ratio is changed and becomes the steeper dotted line,

p'p’ which represents the new consumer price ratio, Py =5, (1+71)/ pfgy.

pY = <pf =p"(1+7) (1.4)

The balance of trade constraint requires trade to balance at world prices, so the consumption
bundle will be changed to point C' by a consumption tax on dirty goods. This regulation causes a
reduction in the consumption of dirty goods by as much as ‘R’ in Figure 1.2 (a), and this reduced
consumption also decreases pollution in the home country. In addition, the differences between the
production and consumption bundles can give rise to trade between the two countries.

Compared to the previous case, in the case of a producer tax on dirty goods in the home country,
environmental regulation directly affects producers in the home country. Both countries have the
same amount of labor and capital, and an identical production function for both goods.

XV =X+ Xij = fri(Li, K;) (L.5)
VY =Y+ Yij = fyi(Li, K;)
As a result of a producer tax in the home country, the producer price ratio changes. Figure 1.2

(b) shows how a production tax affects producers who produce dirty goods. In this case, consumers

Figures are based on Markusen et al. (1995), pp. 146-149.



(b) The effect of production tax

Figure 1.2: The effect of consumption tax and production tax



consistently face world prices, but the producer price ratio is greater than the consumer and world
price ratios. The smoother dotted line, p/p’ in Figure 1.2 (b) represents the new producer price
ratio, p¥, = pl, (1 —7p)/ p%y. The new relationship between world and consumer price ratios, and

the producer price ratio will be

Y =py > =p"(1—17p) (1.6)

As shown in Figure 1.2 (b), imposing a producer tax on dirty goods, changes the price ratio to p/p’
and the new price ratio causes the production point to become point ). However, the consumption
point is still determined by the world price ratio pp and therefore takes place at point C' based on
the new production point Q). As a result, consumption of dirty goods is reduced by as much as
‘r’ in Figure 1.2 (b). Similar to the consumption tax, the differences between the production and

consumption bundles cause goods to be traded

1.2.1 Trade flows by environmental regulation

To identify the effect of environmental regulation, I hold constant other factors that affect trade
flows and welfare. Therefore, in the absence of environmental regulation, the countries have no
incentive to trade. That is, the free trade equilibrium without environmental regulation is equal to
autarky. Point A in Figure 1.2 represents this condition in the home country where the consumer
price ratio and producer price ratio are the same as world price. Additionally, I assume no trade
or transport costs. Therefore, environmental regulation is the only determinant for trading.

A consumption tax distorts consumer prices and affects the level of consumption of domestically

produced and consumed dirty goods (Xps) as well as imported dirty goods (X ).

0X;  0X; 0Xp,  0X; 00Xy
or. 0Xp, Ot 0Xy¢p, 01

(1.7)

Equation (1.7) shows the decompostition of consumption changes under the consumption tax.
Because both terms are clearly negative by the law of demand, consumers substitute clean goods
for dirty goods due to their lower relative price. Therefore, this regulation causes consumption of

dirty goods to decrease. On the other hand, the production bundle!® is affected such that

OWe can decompose the production bundle of dirty goods into domestic consumption and exports to the foreign



(9X£_ 3X£ OXnn 8X,f 0Xny
or. 0Xp, Ot 0Xny 07

(1.8)

The first term of equation (1.8) is obviously negative consistent with the first term of the
consumption case, while the second term is positive because reduced consumption of dirty goods in
the home country causes producers to sell dirty goods to the foreign country. Because both terms
act in opposite directions, the level of production of the dirty good in the home country does not
change. A consumption tax will lead to the export of dirty goods at the same level as it reduces
domestic consumption of dirty goods. Additionally, the consumption tax encourages the import of
clean goods that are substitutes for the dirty goods.

On the other hand, a production tax distorts producer prices and acts as a ‘supply shock’
to producers. Therefore, this regulation increases marginal cost and removes the comparative
advantage in producing dirty goods in the home country. Similar to the pollution haven effect
demonstrated by previous studies, a production tax leads to the import of dirty goods and the
export of clean goods.

Equation (1.9) captures how the consumption of dirty goods is affected by a production tax on

dirty goods.

0Xj _ 0X; 0Xw , 0Xj 0Xp

= 1.
oty 0Xny 07y Xy, 01 (1.9)

The first term is obviously negative because domestic production of dirty goods decreases due
to higher marginal cost, while the second term is positive. The consumer price ratio remains the
same as the world price ratio. Therefore, consumers prefer to keep their consumption bundle. The
effect of production tax on the consumption of dirty goods is not clear. However, it is obvious that
this regulation is less efficient than a consumption tax in reducing pollution from consumption. In
contrast, a production tax on dirty goods leads to the import of dirty goods related to reduced
domestic production. In an open economy, this decreases the national income of the home country.

These two regulations affect trade flows in opposite ways. However, this effect does not include
the argument about the source of the pollution. Therefore, regardless of the pollutant, these

regulations affect trade flows in opposite ways: a production tax gives rise to the import of dirty

country



goods and the export of clean goods, while a consumption tax results in the export of dirty goods

and the import of clean goods.

1.2.2 Environmental regulation and welfare change

Environmental regulation potentially affects welfare'! in two opposite ways: 1) by increasing
welfare as a result of reduced pollution and 2) by changing welfare through income changes. Ob-
viously, environmental regulation reduces pollution without concerning who is directly burdened.
Therefore, all environmental regulations increase welfare by reducing pollution. However, envi-
ronmental regulations also affect the economic activities of those upon whom the regulations are
imposed. Changes in the economic behaviors of agents also affect welfare. The effects of regulation
on each agent are not consistent, varying depending on who is a polluter and who is directly bur-
dened by the regulation.

The effect of a consumer tax on dirty goods could be decomposed as follows:

U, _ U, 0Xjp U, 9Yf U, 9Z, 9Xj
ore  0Xp Or.  OYF Ot  0Z, 0X; O

(=) () ()

(1.10)

A consumption tax in the home country causes consumers to change their consumption patterns
such that they decrease consumption of dirty goods and increase consumption of clean goods. The
first two terms show this effect. The first term should be negative because of decreasing consumption
of dirty goods, and the second term should be positive because consumers buy clean goods instead
of dirty goods. The last term shows increasing welfare as result of reduced pollution. A changing
welfare level caused by reduced pollution is directly related to the amount of consumption of dirty
goods. Therefore, the relationship between who is polluting and who is directly burdened by the
regulation is one factor determining the welfare level. This is because the effect of regulation on
reduced pollution is different depending on that relationship between who is polluting and who
is directly burdened by the regulation. From this decomposition, we can expect that the change
in welfare level is subject to how much dirty goods and clean goods can be substituted for each

other and how much people prefer environmental quality. Therefore, a consumption tax would

111 this paper, welfare is defined as the maximized level of utility of consumers in each country under the given
constraints. By assumption, the utility function is defined as the total consumption of dirty goods and clean goods,
and environmental quality in each country.
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lead to increased domestic welfare through the combination of reduced pollution and substituted
consumption of the two goods. Furthermore, producers in the home country start to export dirty
goods in an open economy and, as a result, national income increases.

On the other hand, the effect of a production tax in an open economy is different from the
previous case. A production tax discourages production of dirty goods more than a consumption
tax does. However, the effect on the consumption of dirty goods is weaker than that produced by the
consumption tax, because a production tax leads to the import of dirty goods. The decomposition

of a producer tax on dirty goods is

oUy _ oUy . 0Xy _8Xhh n oUy . 0Xy .3th
8Tp 8X}CL 8Xhh an 8be 8th 8Tp
ouy, 0Yy 0OYn, 0U, 0YyY 0Yy,
T oYe i on, | ove oy om
ouy, ' 07, . 8X]i . oXn " ou,, ' 07, . 8X,Cl ' 8Xft (1.11)
0z, 00Xy 0Xpn 07y 0z, 00Xy 00Xy 01y
_ oUy ' oxXy ouU, ‘ oYy n oUy, ‘ 0Zy ' 0Xy
0Xp; O0r, 0YY Orm,  0Zy, 0X; 07

(=) (=) (+)

+

The effect of a production tax on welfare could be simplified to the last line of equation (1.11).
The first and last terms show the same effect as that caused by the consumption tax through
reducing consumption of dirty goods and increasing environmental quality. However, unlike the
case of a consumption tax, the second term has a negative effect on welfare. A production tax
on dirty goods makes the home country poorer by decreasing national income. Increased world
price due to the production tax combined with lower income causes domestic consumers to become
poorer as the production tax increases. Therefore, even though the home country begins to import,
they consume less goods than before the regulation and less than in the case of the consumption
tax. The increased welfare caused by reduced pollution is outweighed by the decreased income in
the home country, and the welfare level could end up being worse than it would have been without

any environmental regulation.
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1.3 Computable General Equilibrium(CGE) Model

In this section, I build up and simulate the computable general equilibrium (CGE) model to
examine the effect of environmental regulation on economic outcomes in an open economy. The
computable general equilibrium is also formatted based on the two-country Heckscher-Ohlin model:
two identical countries, two goods produced, and a representative consumer in each country. The
unique feature of this model is the pollution generated by consuming dirty goods, which reduces

environmental quality.

1.3.1 Setting up the GE Model

Typically, equilibrium for all agents can be solved by optimizing profit/utility subject to the
constraints they face. However, to find the general equilibrium, I convert the optimizing problems
of agents to a squared system to avoid any inconsistency in the proposed solution. The first step to
get the squared system is to solve for cost functions for producers and consumers. Producers min-
imize their costs to produce, and consumers minimize their expenditures to get utility. This gives
the minimum cost of producing one unit of goods at given factor prices. Similarly, a consumer’s
minimum expenditure for getting one unit of utility at given commodity prices is also derived.
These inequalities are the zero-profit conditions for general equilibrium. For the second step, using
Shephard’s lemma, I can calculate a producer’s demands for inputs per unit of outputs and a con-
sumer’s demand for commodities per unit of utility. These give the market clearing conditions that
total market supplies for inputs/commodities are equal to or greater than the total market demand
for the inputs/commodities. Finally, in general equilibrium, income should be balanced. Because
there is no government in this model, I assume that tax revenue generated by environmental regu-
lation will be returned to the representative consumer. This creates the income balance equation.

Each inequality /equation is associated with a particular variable, called a complementary vari-
able. Intuitively, complementary variables should ensure the related inequalities/equation in general
equilibrium hold. For example, if a producer’s marginal cost is greater than the marginal revenue,
the goods will not be produced. This means that the output level must be zero. If a producer’s
marginal cost is equal to the marginal revenue, the positive level of equilibrium supply will occur

in the economy. Therefore, in equilibrium, the price inequality is complementary with the quantity
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Inequalities/equation Complementary
Variable

1. Zero profit conditions
o marginal cost of X > price of X co(P, Py) > P, X
o marginal cost of Y > price of Y cy(P, Py) > Py Y
o unit expenditure for U > price of U e(P,, Py, Po) > P, U
II. Market clearing conditions
o market supply > demand for X X > epe(Py, Py) U P,
o market supply > demand for Y Y > ey (P, Py) U P,
o market supply > demand for CA C_A > epca( Py, Py) U P,
o market supply > demand for L Ii > cxyX + cyyY P
o market supply > demand for K K > cx, X + cy Y P
o market supply > demand for U U>1/P, P,
III. Income balance condition

I =pL + pK + pea CA I

Table 1.1: The Squared System of the General Equilibrium Model

variable, which is the activity level. For the market clearing condition, if supply exceeds demand
for the factor or goods in equilibrium, its price should be zero. Therefore, this quantity condition is
complementary with a price variable. The complementary variable to an income balance equation
is simply the income of that agent.

In summary, the general equilibrium model with perfect competition consists of three parts: the
zero-profit condition, the market clearing condition, and the income balance condition, which are
complementary with activity level, price, and income, respectively. Table 1.1 shows the functional
forms of derived inequalities and the associated complementary variables for calculating general
equilibria depending on environmental regulation on pollution from consumption. Now, I calibrate

this model with specific parameter values at the benchmark.

Consumers Consumers’ preference is constant elasticity of substitution over consumption goods

(X¢; and Y. ;) and environmental quality in both countries. The utility function simplifies to
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Cobb-Douglas.

Ui(Xc,i, ch’l', CAl) = Xc,ia}/c’iﬂCAi’Y Where 1= H, F
(1.12)
CA; = ECA; — POL;

Let ECA denote clean air endowment, which is the original endowment of clean air, and C' A
denote clean air, defined as the current usable clean air. The environmental quality is modeled
by endowing consumers with ‘clean air (CA)’ normalized to 1 in both countries.!? Xei and Yo
represent the total consumption of the two goods in each country.'® In the benchmark specification,
the weights chosen for the utility function are equal to o = 0.4, § = 0.4 and v = 0.2 for both
countries. By minimizing the consumer’s expenditure problem, the unit expenditure function for
utility is given by

P PPl > Py (1.13)

caz—

This inequality is the consumer’s zero profit condition with the complementary variable, con-
sumer’s utility level, U;. Optimized consumer’s utility yields the market demand functions for all
goods with the complementary variables, the commodity prices.

U Pu i U Pu 7

X; > Y, > 1.14
i Z Qo Pzz 1_5 Py,l ( )

In the same way, the demand for clean air can be also derived. However, in the case of public

goods, the quantity cannot be chosen by consumers, but is decided by the amount of consumption

of dirty goods, X; in each country:

POL; = X2, (1.15)

12For both countries, the original endowment of clean air(ECA) is set as 2 and generated pollution from consumption
(POL) in the benchmark specification is assumed to be 1. Therefore, the usable clean air (C'A) at the benchmark
is 1.

3These quantities are equal to the amounts of domestic production at the benchmark specification, because there
is no trade. However, after trade between two countries occurs due to environmental regulation, these quantities
are determined by X.; = X, , — Xi + X{" where X, ;, X7, X;" equal domestic production, the export, and the
import, respectively.
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Instead, this gives a demand price for the given amount of clean air, which is denoted as P, ;
in this model. It is interpreted as “willingness to pay” for clean air and is part of the solution to

the model.

U;- Py

ca,i

Producers With regard to production, both countries are also identical. Consumers in both
countries have labor (L) and capital (K) with the same ratio. Production for both X and Y have
constant elasticity of transformation and the elasticity of substitution between labor and capital
is 1. That is, the production functions also simplify to Cobb-Douglas. By assumption, the dirty
goods, X are capital-intensive, and the clean goods, Y are labor-intensive to produce. In the
benchmark specification, the weights of labor inputs are equal to §,=0.2 for the dirty goods and

0,=0.8 for the clean goods in both countries. ™

o, 0,
Xi(Lai, Kog) = LY, - KO Yi(Lyi Kyi) = LY - K,

(1.17)

Through producers’ cost minimizing behavior, the marginal costs should be greater than or
equal to the commodity prices in the equilibrium. These price inequalities are the zero profit
conditions that are complementary with the supply quantity variables, of the two goods. With

specified parameters at the benchmark, these conditions are given by

Pyt - Py > Pog (1.18a)
PY - P> Py (1.18b)

Again, using Shephard’s lemma, total demands for each input are derived. For market clearing,
factor supplies (L;, K;) should be greater than or equal to the market demands for inputs. These

quantity equations are complementary with prices of inputs, P ; and P ;.

1By the assumption of the Cobb-Douglas production function, the weights of capital inputs are equal to 6,=0.8 for
the dirty goods and 6,=0.2 for the clean goods in both countries.
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Functions Value of Parameters

Utility function
U(X,,Y.,CA)=X2 Y’ CAY  a=04, =04, y =0.2

Production functions

X(Ly, Kp)=L% K% 0,=0.2, 6,=0.8
Y (L, K,)=L} K}’ 5,=0.8, 6,=0.2

Table 1.2: Value of Parameters at the Benchmark

8o X; Pypi+6,-Yi-P,;
Li> Lojt Ly; = 2 ea ¥ 0 Yo Ly (1.192)
P
0, -X; Poi+0,-Yi P
K> Kpy+ Ky = 2 x’}j y i Ty (1.19b)
i

Last, the income balance condition is that total income should be equal to the total expenditure
in each country in the equilibrium. The unique feature of the income balance condition in this model
is that the value of the remaining clean air is also included in this equation to be balanced with
the market clearing condition for clean air. The complementary variable to this income balance

equation is the income of the representative consumer.

Ii=P-Li+ Py K; 4+ Pea - CA; (1.20)

Environmental regulations and trade At the benchmark specification, there is no trade be-
tween these two countries because they are identical. To examine how environmental regulations of
dirty goods affect welfare and trade flows, it is necessary to introduce the regulation in one country.
I assume that only country H is concerned with environmental quality, which is damaged by pol-
lution resulting from the consumption of dirty goods, so this country regulates pollution through
imposing environmental taxes. As country H starts imposing taxes, the equilibrium outcomes are
affected with modified equilibrium conditions. Depending on which side has the environmental
tax imposed on them, the previous system of inequalities is affected differently. In addition, the

changed price ratio of the two goods as a result of taxes fosters trade between the two countries.
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In the case of country H imposing a consumption tax (ctax) on dirty goods, the consumer price
of X in H is raised by ctar and the zero-profit condition for consumers in the two countries will

be separately rewritten as (1.13’).

Pogi - (1+ctax)” - POy P) oy > Pup (1.13)
ngF'PyB,F.P’Y >Pu,F

ca,F =
This consumption tax (ctaz) on dirty goods also leads to changes in the market clearing con-
ditions for the dirty goods in two ways: reduced domestic demand for the dirty goods, and trade
caused by a changed price ratio between the two goods.

Uy Py,
Xp + X > X + o p s (1.14)

Up-Py,
Xpr+ Xp > Xg+ 5 s

In the case of a production tax (ptaz) on dirty goods, the producer’s marginal revenue of X in
country H is decreased by ptax per unit. Therefore, the zero-profit condition for the dirty goods
producer in H is different from that in F' after imposing a production tax.

P’ . Pl > P, (1 —
L Py 2 Po,p (1 — ptax)
’ 6’ ) (1.18a’)
Pz,z ’ Pk,zF > Px,F

The market clearing condition for inputs is also affected by this production tax. The demands
for labor and capital by producers of dirty goods are reduced by decreasing output level. The effect
on market demand for capital in H is greater than the effect on the labor market, because dirty

goods are capital-intensive.

0p-Xp-Pp g (1—ptax)+6y-Yr-Py g

Ly > Loy + Lyn = Pin (1.192")
_ 03 Xp-Py p+0y-Yr-Py r '
Ly > Lyp+ Lyr = - P, Fy ’

_ _ 0o Xu-Pru(1—ptax)+0y-Yu-Py u

Ky >Kyg+Kypg= Py.u (1.19b%)
_ 0z Xp Py p4+0y-Yr-Py p ‘
Kp > Kyp+ Kyr= PkFy ’

Based on the assumption that there is no government, all tax collection returns to consumers in

lump-sum style. Therefore, I add all tax collections to the income balance equation of the consumer
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in H.

P Li+ Py Ki+ P CAj+ctax - P, g - X with consumption tax
I = (1.20")

P L; + Py Ki+ Peai- CA; + ptazx - P, - X, with production tax

1.3.2 Counterfactual Experiments
1.3.2.1 Should the production or the consumption of dirty goods be regulated?

The first question is, who should pay the pollution tax on dirty goods? I compare how welfare
and pollution levels are changed based on whether the pollution tax targets the producers of dirty
goods or the consumers of dirty goods. Figure 1.3 shows how welfare changes by tax payer in both
countries. In country H with regulation, the graphs depict a concave shape for changing welfare
according to increasing tax rates, regardless of the tax payer. Welfare increases at a low tax rates
under both types of regulation because pollution is reduced. However, as environmental regulation
becomes more stringent, the effect of a production tax on welfare is clearly smaller than that of a
consumption tax. In the case of a consumption tax, welfare is continuously increasing, even with
a high tax ratio. Even though welfare also increases with a production tax, it increases slightly
initially and then rapidly decreases when the tax ratio is greater than 25%. This occurs because the
effect of reduced pollution is outweighed by the reduced income caused by the production tax. In an
open economy, trade between two countries is caused by imposing a production/consumption tax
that affects the consumer’s income level. With a production tax, a consumer in country H becomes
relatively poor and therefore the welfare determined by consuming both commodities is reduced. In
contrast, in the case of a consumption tax, consumers in country H substitute their consumption of
dirty goods for clean goods, and producers are not affected by the changed price ratio. Therefore,
welfare in country H can keep increasing only through reduced pollution. This result shows that
whether the actual source of the pollution is targeted by the regulation has important effects on
an open economy.

Country F with no environmental regulation is also affected by country H’s environmental

taxes in an open economy. Figure 1.3 (b) shows how welfare changes in country F' according to the
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tax payers in country H. Welfare change in country F' has opposite effects depending on who the
tax payer is in the trading country. Interestingly, with a consumption tax in country H, the welfare
level decreases, and the pollution level increases in country F', which is the opposite effect as that
caused by a production tax. Because production bundles in both countries are not significantly
affected by a consumption tax, the consumption of dirty goods in country F' increases as consumers
in country H buy less of these goods. Therefore, increasing consumption of dirty goods leads to
a welfare decrease in country F through increasing pollution levels. However, in the case of a
production tax in country H, the welfare of country F' increases as the income in country F' also
increases. This is the result of producing more dirty goods and exporting them to country H. This
result shows that environmental regulations in other countries in an open economy could affect the
welfare level in the home country. This points to political issues about how to regulate pollution

against the actions of the other countries.

1.3.2.2 How are trade flows affected by environmental regulation of dirty goods?

The second question is how a pollution tax on dirty goods affects trade flows. Previous studies
of pollution taxes on dirty industries argue that the export of goods produced by dirty industries
tends to decrease as pollution taxes increase. If trade flows are equally affected by environmental
regulation, it is not meaningful to examine separately the case of pollution from consumption.
However, the conceptual framework predicts that the consumption tax on dirty goods will impact
trade flows in opposite directions: increasing exports of dirty goods and increasing imports of
clean goods caused by the consumption tax. Figure 1.5 shows the results of trade flows by tax
payers in country H. A consumption tax leads to the export of dirty goods, and in contrast, a
production tax on dirty goods results in the import of dirty goods. Therefore, the result of a
consumption tax leading to increases in exports has the opposite effect of a pollution tax on dirty
industries. Trade flows of clean goods are also affected in the opposite directions by a consumption
tax and a production tax. These results show that pollution haven effect does not apply to the
case of consumers who must pay environmental taxes. In other words, the effects of environmental
regulation on trade flows do not differ based on who is polluting, but rather based on who is affected
by the regulation.

In addition, as environmental regulation becomes more stringent, trade flows increase as a result
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of both production and consumption taxes. With consumption tax, the amount of imports and
exports are balanced. That is, the trade occurs along with changes in consumption patterns in
country H. However, in the case of a production tax, imports of the dirty goods from country F
are much bigger than the export of clean goods to country F'. This trade deficit results in country

H getting poorer, and it affects the national income level in an open economy.

1.4 Conclusion

I developed a two-country CGE model for the effect of environmental regulation on pollution in
an open economy focusing on the case of pollution caused by consumption of dirty goods. Although
pollution caused by consumption constitutes a significant portion of overall pollution, the effect of
environmental regulation on these pollution levels has not been examined. In addition, in an open
economy, environmental regulations on pollution resulting from consumption affect trade flows in
the opposite direction of regulations on producer generated pollution.

With respect to welfare levels, both consumption and production taxes on dirty goods in the
home country lead to an increase in welfare at a low tax rate. However, the effect of a consumption
tax on pollution is greater than that caused by a production tax. In addition, production taxes
cause a decrease in welfare if the tax rate is greater than 25%. This means that the effect of
reduced pollution on welfare level is outweighed by decreasing national income caused by the
production tax. From this result, I demonstrate that environmental tax should be imposed directly
on consumers in the case of pollution caused by consumption of dirty goods to improve welfare by
reducing pollution in an open economy. A production tax could negatively affect welfare in the
home country. Interestingly, the effects of environmental regulation in the home country are in the
opposite direction of the effects on the foreign country depending on who is regulated in the home
country. A consumption tax on dirty goods also increases welfare in the foreign country, while a
production tax decreases welfare in the foreign country. This result suggests that there are political
implications for the foreign country in determining how to handle the effects of the home country’s
environmental regulations. In addition, effects on the global welfare caused by the home country’s
regulations must also be considered.

The effect of environmental regulations on trade flows also follows the prediction. When the
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home country regulates pollution from consumers with a consumption tax, the results do not match
the pollution haven effect which predicts decreasing exports and increasing imports of the regulated
goods. Instead, exports of dirty goods from the home country to the foreign country are increased,
and imports of clean goods from the foreign country to the home country are increased. With
a production tax on dirty goods, the effects of environmental regulation on trade flows are more
pronounced. While the direction of trade is opposite to that caused by the consumption tax, as

the previous studies show, this regulation generates national income effect through trade deficits.
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CHAPTER I1

Energy Use in U.S. Manufacturing and Increasing Imports from

China: CGE Approach

2.1 Introduction

Recent trends in the U.S. economy have been marked by decreasing energy consumption in
manufacturing alongside increasing outputs in manufacturing and increasing imports from China.
For this study, I examine the relationship between energy use in U.S. manufacturing and increasing
imports from China. Imports from China have dramatically increased over the last several decades.
U.S. imports from China totaled $399.3 billion in 2011, a 9.4% increase ($34.4 billion) from 2010,
and up 299% since 2000.! At the same time, as illustrated in Figure 2.1, energy use in U.S.
manufacturing has been declining since 1998, while the real value of manufacturing output has
been increasing. Energy consumption by U.S. manufacturers declined by 3.8% from 2002 to 2006
and the real value of manufacturing output increased about 10% during the same period.

The conventional wisdom related to the relationship between energy use in U.S. manufacturing
and increasing imports from China typically follows two primary theoretical frameworks: Heckscher-
Ohlin (H-O) trade theory and the Pollution Haven Hypothesis (PHH). These two models generate
opposite predictions about this relationship. H-O theory states that the structure of U.S. manu-
facturing should move toward more energy-intensive industries and as a result, energy use in U.S.

industries should increase when Chinese import penetration is high.? Chinese import penetration to

!Source: Office of the United States Trade Representative, http://www.ustr.gov/countries-regions/china.

2The U.S. is an energy-abundant country and the energy price is cheaper than other countries. Therefore, the U.S.
relatively specialized in energy-intensive industries compared to China. On the other hand, China has cheap labor
and comparative advantage in labor-intensive industries.
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Figure 2.1: Total energy consumption and value of shipments by U.S. manufacturing

Value of shipment is based on monetary value of shipment collected from the U.S. Census Bureau, Source: U.S.
Energy Information Administration

the U.S. has increased for both energy- and labor-intensive industries, but clearly labor-intensive in-
dustries face higher import penetration from China compared to energy-intensive industries. Faced
with higher import penetration from China, labor-intensive industries in the U.S. should shrink,
and energy-intensive industries should expand according to this theory.® However, as shown in
Figure 2.2, energy use in energy-intensive industries such as chemicals and primary metals has not
kept pace with output as these industries have grown due to increasing imports from China.* As an
alternative to the H-O theory, PHH expects that energy-intensive industries in U.S. manufacturing
would relocate to other countries with more lax energy regulations. As a result, U.S. manufactur-
ing should end up using less energy. The declining energy intensity® in energy-intensive industries
clearly illustrates this change. This trend may be caused by energy regulations governed by the
U.S. Environmental Protection Agency (EPA). Policies designed to reduce energy use by U.S. man-

ufacturers have been the subject of much debate between the EPA and U.S. manufacturers. These

3Chinese import penetration pattern by industries will be shown in the next chapter.

4ETA, Manufacturing Energy Consumption Survey, 1998, 2002 and 2006

SEnergy intensity is calculated by energy consumption divided by output. This is declining specially in energy-
intensive industries. See Table A.3 in Appendix.
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regulations and policies have caused U.S. manufacturers to reduce energy use through increasing
efficiency or implementing ‘greener’ technology.b

To identify the determinants of energy use in U.S. manufacturing, I construct a computable
general equilibrium (CGE) model of the U.S. economy using the 2005 input-output table and sim-
ulate several scenarios related to a Chinese import shock (due to a price shock) with or without an
offsetting energy tax. Specifically, to examine the effect of increasing imports from China on energy
use in U.S. manufacturing, the value of imports is divided into two groups: China and the rest of
world. T also use a (counter-factual) tax on energy use in U.S. manufacturing. This represents a
particularly stringent U.S. environmental policy. Conceptually, the energy tax is a useful proxy for
domestic environmental policies that result in higher energy costs.

The numerical results show that increasing imports from China causes all manufacturing indus-
tries to use more energy, proportionally increasing the output of each industry. Without an energy
tax, the U.S.’s comparative advantage in energy-intensive industries leads it to use more energy
as imports from China increase. However, the magnitude of the effect is very small. In order to
help understand the magnitude of the effect, I introduce a (counter-factual) tax on energy use in
U.S. manufacturing. An energy tax can cause the U.S. to use less energy because there will be
substitution away from energy-intensive industries and reduced energy use within industries. U.S.
manufacturers display a highly sensitive response to the enactment of energy taxes such that a 1%
increase in energy tax results in a 1% falls in energy consumption and 0.1% decrease in output,
with all other prices held constant. However, each industry responds differently to energy taxes
depending on factor intensity. Higher energy-intensive industries reduce energy use more than other
industries in response to an energy tax. Combining these two scenarios, increasing imports from
China and an energy tax in the U.S., can produce an outcome consistent with the actual data:
decreasing energy consumption and increasing output. Interestingly, total energy use in the U.S.
manufacturing sector can decrease, at the same time as U.S. welfare increases due to its improved
terms of trade. This result demonstrates that a small energy tax can offset the increased energy
use caused by Chinese import penetration, but will not reduce welfare. In addition, unlike the

prediction of H-O theory, increasing Chinese imports also cause imported intermediate inputs from

For example, Porter (1991) argues that environmental regulations are actually as a net positive force driving private
firms energy-efficient and the economy as a whole to become more competitive in an open economy.
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China to become cheaper and result in increased outputs in all sectors of U.S. manufacturing.

Even though a number of studies have examined the relationship between trade and environ-
mental issues, the effects of trade on energy use have not been fully explored. Cole (2006) points
out that it is important to understand the extent to which trade influences the common underlying
cause of air pollution, namely national and international energy use. Based on the theoretical model
of Antweiler et al. (2001), he empirically shows that trade liberalization is likely to increase per
capita energy use for the mean country within the sample. His results also indicate that regulations
and technological improvements are not keeping pace with the growth of GNP.

An extensive literature documents the effects of import penetration from low-wage countries
on labor market outcomes, in particular employment and wages. These studies consistently find
that increasing import penetration reduces employment and real wages (Revenga (1992), Hine and
Wright (1998)). Hine and Wright (1998) examine the relationship between trade with low wage
economies and U.K. manufacturing. Their results suggest that job loss and lower real wages occur
as a result of increasing imports. Bernard et al. (2006) investigate the relationship between imports
from low-wage countries and the reallocation of the U.S. manufacturing sector within and across
industries at the plant level. They find that plant survival and growth are negatively associated
with industry exposure to imports from low-wage countries. Since energy is also an important
input to manufacturing, it is surprising that the relationship between imports and energy use is
rarely examined.

Unlike Cole (2006), this paper focuses on the effect of increasing imports from China on the
U.S. manufacturing sector, rather than the effect of general trade liberalization on national energy
use. In addition, I investigate how policies to reduce national energy use may offset the effect of
trade.

The rest of this chapter is organized as follows. In Section 2, I describe the theoretical frame-
work using a modified H-O model with energy tax. In Section 3, I explain the U.S. input-output
table I use for the calibration. Section 4 calibrates the model using the U.S. input-output table for

the base year 2005. The results are discussed in Section 5.
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2.2 Theoretical Framework

In this section, I modify the Hechscher-Ohlin model by adding an energy tax as a government
policy to reduce energy use in response to increased imports from the South. This gives the

prediction of the determinants of energy use in the manufacturing sector in an open economy.
2.2.1 Description
e There are two countries: the North and the South(*).

e There are two production sectors: Manufacturing and Energy.

e In the manufacturing sector, there are n industries. Manufacturing goods are produced by

combining two inputs: energy and labor. The factor prices are given as w, m respectively for

w*
m**

labor and energy. The factor-price ratio is > >

e The energy sector produces Y in the domestic country using a given resource(R) and
capital(K). The energy output is transformed into domestic use and export (Erx) and

the domestic use is demanded only by manufacturing producers.
e Production in both sectors is assumed as constant returns to scale and perfect competition.

e For all sectors, manufacturing goods and energy are traded. The Armington aggregation is

assumed for imported goods.

e The consumer’s utility is decided only by consumption of manufacturing goods. The imported
and domestic goods in a sector i are not perfectly substituted. They are aggregated by the

Armington assumption.

e The energy tax, tg increases the energy price m to m(1+tg). (0 <tp <1)

2.2.2 Production: Manufacturing sector

Let Y; be the output level of manufacturing industry 4, and L; and E; be the two inputs, labor

and energy, respectively.

Y; = Lo o) (2.1)
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Minimizing the cost function, the energy demand function is derived as a function of the factor-

price ratio and output.

Ei(Yisw,m) = (1 - “) <“’>Y (2.2

(67 m
The manufacturing output is traded. That is, I assume that the manufacturing output is

transformed to domestic consumption and exports using constant elasticity of transformation. They

are perfectly transformable for producers. Therefore,

Y; = CP + EX; (2.3)

2.2.3 Production: Energy sector

Energy is produced by a given resource and capital in the economy.

Yg = RVK(1-Y) (2.4)

The energy output is transformed into domestic uses in the manufacturing sector and exports.
The energy producer is indifferent between the domestic and foreign markets. Therefore, they are

perfectly transformed.

Yr = Z EP + Epx (2.5)

(2

Energy is also imported. Imported energy is used only by manufacturers. For manufacturers,
domestic energy and imported energy are not perfectly substituted. That is, I assume Armington
is

elasticity between the two types of energy. This means that the elasticity of substitution, 1%,;

greater than one.

E; = ARM(EP EM) = [GEP” + (1 - &) EM")s (2.6)
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2.2.4 Consumption

The consumer demands only manufacturing goods. The utility function is given by the Cobb-

Douglas function,

U= H Cy Z vi=1 (2.7)

By maximizing the consumer’s utility, the consumption level of a manufacturing sector 7 is
Vi
Ci=—-1 (2.8)
A
P,

where [ is the total expenditure on goods from sector ¢ and PiA is the price index of Armington

composition of goods from sector i. The consumption of goods from sector ¢ is combined with the

domestically produced goods and imported goods of the sector.

Ci = ARM(CP,CM) = [wiCP + (1 — i) C}'*)0 (2.9)

7

The elasticity of substitution is o = ﬁ—p. The domestically produced goods and imported goods

can be derived as a function of total consumption of the sector.

1
pA\ 1-p
oP = <“}j}' ) e’
Z . (2.10)

M _ (1_ﬂi)PiA e .
¢ —<<1+>Pm> ¢

2.2.5 Solutions

First of all, the amount of imported goods is decided by the relative price ratio between domestic
goods and imported goods, and consumption share between these goods. Using equation (2.10), I

can rewrite the imported manufacturing goods of sector i as

Pl T /1 -\ T
M __ 3 1% D
o=l (54) e e

The total derivative of energy demand function for the manufacturing sector i is
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dE;(Yi;m,w) =Q-d(w/m) + A - dY; where Q,A >0 (2.12)
d(=)=A-dP" where A >0
dY; = B-dP" where B <0 (2.13)
dP™ = C -dC" where C' <0

To examine the effect of imports on energy use,

dE;(Y;;m,w) d(w/m) dy;
— 2 =0-A-C-———~++A-B-C- 2.14
iV iy T 4 (2:14)
factor substitution effect output scale effect

When imports from the South increase, the effect on energy demand can be divided into two com-
ponents: the factor substitution effect and the output scale effect. The first term in equation (2.14)
shows the substitution effect between factors caused by changing the factor-price ratio between
energy and labor. According to the factor price equalization, imports from the South lower the
relative wage in the North. Regardless of the characteristics of a sector such as factor intensity, a
changed input-price ratio leads to an increased demand for labor and reduced use of energy. The
second term in equation (2.14) shows the output scale effect caused by trade. Openness to the
South will alter the output level of each sector in a manner that depends on the price ratio of
domestic goods to imported goods. Total consumption of sector ¢ is increased by the decreased
price index of sector ¢, which causes the output level in sector i to increase. The output scale effect
of energy demand dominates the factor substitution effect. Therefore, it causes the North to use
more energy after trading. However, if the North imposes an energy tax on energy demand for
production, the energy price is changed to m(1 + tg) from m. This policy augments the factor
substitution effect, and the factor substitution effect and the output scale effect work in opposite
directions. Depending on sector characteristics such as energy intensity, energy use in each sector

could increase or decrease with an additional energy policy.
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2.3 Data: the US Input-Output Table

To analyze the model above, I use the U.S. input-output (IO) table for the base year 2005.
In this section, I provide an overview of the typical structure of IO tables and examine specific

features of the U.S. economy, especially focusing the energy use in manufacturing.

2.3.1 10O tables: An Overview

An IO table describes the flows among the various sectors of the economy to present a static
image for a given year. Figure 2.3 shows the structure of a typical IO table. Each row of intermediate
inputs contains transactions of the output of a sector. These transactions are broadly broken down
by intermediate use and final consumption. For example, the value of cell DI;; in the domestic
intermediate use matrix shows how much sector j uses the products from sector ¢ as intermediate
inputs. The domestic intermediate use matrix (DI) means the intermediate uses which are produced
domestically, while the imported intermediate use matrix (II) contains the imported intermediate
uses for each sector. Final consumption is divided into three parts: private consumption (C),
government consumption(G), and investment(I). There are also domestic and imported goods and
services in final consumption. Finally, trade is also shown in the IO table. Exports are depicted in
the columnn, F, and the columns of imports (M) with tariffs should be excluded from calculations
of the domestic outputs.

The columns of intermediate use show the cost structure of production activities: intermediate
inputs, compensation to labor and capital, and taxes on production. If an IO table is balanced,
then the sum of the columns of each production sector should equal the sum of the rows of the

each production sector because total input equals total output.

2.3.2 The U.S. Input-Output Table in 2005

I obtain the U.S. input-output table from the OECD website.” The format of this IO table
corresponds exactly to the description of an IO table provided in the previous section.® For sim-
plicity, I have aggregated sectors into three parts: energy, manufacturing and an aggregation of

all other industries. The energy sector includes two industries: 1) mining and quarrying, and 2)

"www.oecd.org/sti/inputoutput/
8The U.S. IO table in 2005 is attached in Appendix B.
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Figure 2.3: Structure of 10 table

utilities (electricity, gas and water supply). The manufacturing sector includes 15 detailed indus-
tries according to IO classification. Table 2.1 shows the list of industry classifications used in the
numerical analysis. All remaining sectors are aggregated into the sector ‘other industries’ which
includes agriculture, construction, and services.

I focus on energy use in the manufacturing sector. Among manufacturing industries, the in-
dustry defined as ‘coke, refined petroleum products and nuclear fuel’ also should be considered an
energy sector. Therefore, I examine how three forms of energy use, including refined petroleum,
within the manufacturing sector are affected by increasing imports from China combined with en-
ergy tax. Table 2.1 shows how energy use is distributed across industrial sectors. Mining and
quarrying is mostly used by the energy sector. The refined petroleum industry is the biggest con-
sumer for mining and quarrying. The manufacturing sector uses about 21.7% of the electricity
and 26.8% of the refined petroleum. These numbers show that energy is one of the important
intermediate inputs for producing manufactured goods. The columns of energy cost share in Table
2.1 show the ratio of energy cost related to total production cost. These columns reveal that the

electricity cost share is quite similar across industries, while the fuel cost share of chemical, rubber,



Table 2.1: Energy Consumption of Production Sectors in the U.S. 10 table
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Proportion of
energy use (%)

Energy

cost share(%)

Sectors 1 2 7 1 2 7
Energy
1 Mining and quarrying 105 14 35 13.64 0.03 2.80
2 Electricity, gas and water supply 23.0 1.7 1.8 2810 0.00 1.40
Manufacturing
3  Food products, beverages and tobacco 0.1 37 07 0.09 1340 0.32
4  Textiles, textile products leather and footwear 00 05 02 009 090 0.70
5 W.ood and products of wood and cork 00 04 02 0.04 0.07 049
6 Pulp, paper, paper products, printing 02 22 1.1 018 0.20 0.68
7  Coke, refined petroleum products and nuclear fuel 51.6 2.9 12.1 58.81 0.08 8.50
8  Chemicals and chemical products 3.0 33 83 259 049 448
9 Rubber and plastics products 01 1.0 1.0 0.14 020 1.58
10  Other non-metallic mineral products 14 13 02 655 0.08 0.61
11 Basic metals 1.7 1.7 09 427 0.09 142
12 Fabricated metal products 01 1.3 05 0.10 0.05 0.58
13 Machinery and equipment n.e.c 00 07 04 007 004 045
14 Electrical and optical equipment 01 10 03 030 020 0.73
15 Motor vehicles, trailers and semi-trailers 05 07 04 052 004 0.24
16  Other transport equipment 00 03 03 0.04 005 049
17 Manufacturing n.e.c.; recycling 01 06 02 013 021 0.30
All other sectors
18  Other industries 7.7 752 679 023 083 1.24
Total 100 100 100
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plastic products is much higher than other industries. These industries are traditionally considered
to be energy-intensive industries. On the other hand, the food and textile industries have a high
electricity cost share. Through these differences in the energy cost share, electricity and fuel are
predicted to be viewed differently as a product factor, even though both are types of energy.

In order to examine how U.S. energy use in manufacturing responds to increased imports from
China, the import column in the 10 table should be divided into two parts: imports from China
and imports from the rest of world. To construct this, I use the bilateral trade database from the
OECD.? These data provide bilateral trade values by industry and end-use. I assume the tariff
of each sector is consistent regardless of trading partners. If examined closely, the imports from
China represent a very significant portion in each industry. Specially, more than 50% of imports
in the industry including textiles and related products are imported from China. Interestingly, the
machinery and equipment industry is also involves a substantial proportion of imports from China.
The pattern of imports from China can be divided into two parts: labor-intensive industries which
are traditionally predicted by trade theory and some other industries such as metal and machinery

which are relatively close to be energy-intensive.

2.4 Calibration

In this section, I specify the CGE model and calibrate the model to the U.S. economy using the
U.S. input-output table for the base year 2005. This allows me to analyze the effect of increased
imports from China on energy use in the U.S. manufacturing sector and to examine how the energy

tax offsets the effect of trade with China.

2.4.1 The Structure of the CGE Model

Figure 2.4(a) provides an overview of the CGE model with the flows of goods and factors in an
economy. The domestic output of sector i, Y;, is transformed into domestic consumption, DU;, and
exports, £ X;. Domestic consumption is also divided into two categories: intermediate inputs, 11

and final consumption, F’ C’iD 10 Utility is decided by aggregating all final consumption of outputs

9The STAN Bilateral Trade Database from www.oecd.org/sti/btd

1071 the original IO table, the final consumption is also divided into private consumption, government consumption
and investment. However, in this model I assume that the consumer demands all of these types of consumption, so
I do not introduce the government and investment. Therefore, the consumer also collects all tax revenue later.
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from all sectors. Additionally, consumers also demand the imported goods of each sector. Taxes
are excluded in this part.

Figure 2.4(b) shows the structure of the production side in more detail. The output of sector
i is produced by energy, intermediate inputs and composite factor. Labor (L;), capital (K;) and
service intermediate inputs (SR;) are aggregated into the composite factor. This composite factor
is combined with intermediate inputs from other sectors (I1;) and energy (E;) to produce the final

output. There are two types of energy and intermediates inputs: domestic and imported.

2.4.2 The Functional Forms of the CGE Model

To calibrate the model using the IO table, I construct all specific functional forms of each sector.

Calibrated forms of the functions of each sector are shown below.

Production The production functions for all sectors are assumed to be CES with multiple levels

of nesting. This application is typical in the representation of energy demand in production.!

C; = SR LK * where g +op+ap =1 (2.15)

At the first level, primary factors such as labor (L) and capital (K), and other service sectors
(SR) are used for the composite factor (C) in the Cobb-Douglas form with the constant returns
to scale.!? All intermediate inputs to a sector i from a sector j are aggregated in Leontief form by
assumption. This form does not allow substitution between intermediate inputs, but significantly
reduces the complexity of the model.'> The composite factor and intermediate inputs (I1) are

combined in the constant elasticity substitution (CES) form.

a5 oo p@ @17 en

The composite factor and intermediate inputs are combined in a CES aggregation and the two

combined are further aggregated with energy in CES form again. The elasticities of substitution,

"There are many studies using the nested production function in energy demand. See Manne and Richels (1990).
2That is, asr + a; + ax = 1.
3Hosoe et al. (2010).
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Table 2.2: Selected Elasticities

Elasticity of substitution Meaning Selected Value
ol Between composite factor and intermediate inputs 0.5
o2 Between energy and other inputs 0.5
oE Armington elasticities for energy 0.2
o1 Armington elasticities for intermediate inputs 0.2

1

irc- For the benchmark analysis, I assume

ol and 02 in Figure 2.4(b) are respectively 1417; and

these elasticities are both 0.5.

Consumption The utility function is assumed to be a Cobb-Douglas function with constant

returns to scale.

S (FC .
U:H 7 where Zmzl (2.18)

The utility is maximized subject to the budget constraint.

Trade Because I conduct the model in an open economy, all production factors as well as final
products are traded with other countries. At the same time, the differences between domestically
produced/consumed goods and exported/imported goods have to be considered. Through the
CGE model, I assume that they are imperfectly substitutable with each other. This assumption,
commonly known as the Armington assumption, is broadly used in CGE models of an open economy

(Armington (1969)).

1

EDPN\?E EMN\ P o5
r=[u(gs) "2 (E)] e19
IIDN P11 IIMN P17 577
IIj; = K<J> + (1 — Ky <J> } 2.20
’ {J P (=i o (220

ji ji

In the IO table, three energy sectors (fuel, electricity and petroleum) are considered as energy
inputs. I add up these three types of energy in this model, then aggregate with the imported energy
inputs. An intermediate input to a sector i from a sector j is the aggregation of domestically pro-

duced and imported intermediate inputs. The degree of difference between domestic and imported

inputs can be measured by a parameter such as the elasticity of substitution in the constant elas-
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ticity of substitution (CES) function. Smaller elasticities mean that the two goods are too different
to substitute for each other. From equations (2.19) and (2.20), these elasticities of substitution

between domestic and imported inputs are o = ﬁ for energy and oy =71 L_ for intermediate

+prr
inputs. These Armington elasticities for energy and intermediate inputs are equally assumed as

0.2 for the calibration, but this is changed in sensitivity analysis later. The final consumption of a

sector 7 is also an Armington composition of domestic and imported goods.

FC-D>” <FC.M>T,
FC; = || = +(1— )| — 2.21
[u (mP (- ) i (2.21)

2 2

Again, I fix the elasticity of substitution between domestically produced and imported final con-
sumption to be 0.2.
The output of each sector is assumed to transform into domestic use and export with constant

elasticity of transformation (CET). The elasticity of transformation is n:ﬁ.

1
- ) &i _p. i\ ?
Yi=(6:;DU + (1 - 6;)EX;
I assume that the domestic use and export are perfectly substitutable each other, so I can rewrite

the CET function above as a linear function.
Y, = DU, + EX; (2.22)

2.4.3 Calibration of the CGE Model

The parameters in the functions are decided by the reference quantity from the IO table. In
fact, all reported information from the IO table is values of price X quantity. However, by setting
all the prices at unity, then values in the IO table can be considered as quantity figures. Through
the calibration, we can get the parameters in the CGE model. These parameters are fixed after
the calibration. All parameters decided by the calibration are listed in Table 2.3. In equations
(2.17) to (2.21), the parameters with a bar in the functional forms refer to the initial values from
the data. I can obtain the changed value of prices and quantity caused by simulations of changes
in the exogenous variables using the specified functions.

For simplicity, I assume that this economy is small enough that it does not have a significant
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Table 2.3: Fixed Parameters after Calibration

Parameter Meaning

Cost share of composition factor(asg,, oy and o)

Distribution between intermediate inputs and composite factor
Distribution between energy and other inputs

Expenditure share of consumption

Distribution between domestic and imported energy inputs
Distribution between domestic and imported intermediate inputs
Distribution between domestic and imported final consumption

T I >22 R

impact on the rest of the world. The point of the small economy assumption is that the export
and import prices are exogenously given for this economy. To isolate and estimate the effect of
Chinese import penetration on the U.S. energy use in the manufacturing sector by counter-factual

simulations, all other factors are held constant.

2.4.4 General Equilibrium

A general equilibrium model considers the competitive behavior of each agent in the economy.
Consumers earn income from wages and returns to capital and maximize their utility by demanding
final goods. Producers use inputs and supply goods in the market. Production inputs are from
consumers or other producers. Each sector producer is aiming to maximize profit.

The general equilibrium is defined by three conditions derived from solving the model: zero
profit, market clearing and income balance. Zero profit conditions state that the cost of production
and output tax equals value of output. For my model, the zero profit conditions should be satisfied
for all production sectors, the final consumption sector and the trade sector. These conditions
are associated with the level of each activity. The market clearing condition is that output equals
intermediate use and final demands. In the model, all demanded final goods are equal to supplied
goods, and the sum of the supplied factor should be equal to the factor demand in the market. The
income balance condition states that the level of expenditure equals the value of the income of the
consumer. Under these equilibrium conditions, the model is solved as a mixed complementarity

problem (MCP) using the GAMS/MPSGE system described in Rutherford (1995).
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Table 2.4: Scenarios related to increased imports from China and energy tax

Description
a. Basic Scenario I Increasing imports from China by price shock (10%)
b. Basic Scenario 11 Energy tax in manufacturing (1%)
c¢. Combined Scenario Increasing imports from China and energy use tax in manufacturing

2.5 Numerical Results

The purpose of this analysis is to try to isolate and estimate the effect of Chinese import
penetration by counter-factual simulations. I introduce tax on energy use in the U.S. manufacturing
sector in order to help understand the magnitude of the energy use response to increasing imports
from China. Specifically, I examine what level of energy tax would offset this effect.

In Table 2.2, the selected values of elasticities of substitution for the basic simulation are
reported.' Table 2.4 shows the simulation scenarios related to increased imports from China and
energy tax in the U.S. The ‘benchmark’ columns in Tables 2.5 and 2.6 show the benchmark quantity
from the IO table. Industry 7, ‘Refined petroleum products and nuclear fuel’ is not reported in the
results because this industry is considered to be an energy sector, not a manufacturing sector.

For the first basic scenario, I consider the isolated effect of increasing imports from China due
to a price shock. Because imports are endogenous, they respond to changing parameters for the
price of these imports. All other world prices are held constant. Decreasing the relative imported
price of goods produced by the Chinese manufacturing sector by about 10% for all manufacturing
industries results in increased imports from China to the U.S. The results of this basic scenario
of changes in energy use in the manufacturing sector are presented in Table 2.5. Energy use in
all industries is increased proportionally as a result of the increased output of each industry. The
changes in output are reported in Table 2.6. Specifically, industries in which the U.S. has a relative
comparative advantage, such as in chemicals or machinery, increase their outputs and use energy
more, while labor-intensive industries which have a high level of imports from China reduce their
outputs and use less energy. With the calibration specifications, 10% of the price shock on imports

from China leads to approximately a 0.58% increase in energy use and output in U.S. manufacturing.

41n sensitivity checks, these values are changed to convince the results.
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Table 2.5: Changes in intermediate energy input by U.S. manufacturing

Basic 1 Basic 11 Combined
Sectors | Benchmark % A % A % A
3 11447.808 | 11474.436 (0.232) | 11335.586 (-0.981) | 11361.842 (-0.752)
4 2134.940 |  2144.179 (0.433) | 2106.009 (-1.355) | 2115.150 (-0.927)
5 1471.028 | 1476.351 (0.362) | 1454.615 (-1.116) | 1459.886 (-0.757)
6 9709.872 9728.504 (0.192) 9626.411 (-0.860) 9644.856  (-0.670)
8 49800.213 | 50075.040 (0.552) | 49429.389 (-0.745) | 49701.310 (-0.199)
9 5840.354 5870.705 (0.520) 5776.091 (-1.100) 5806.114  (-0.586)
10 11145230 | 11176.058 (0.277) | 11021.067 (-1.114) | 11051.481 (-0.841)
11 15472.037 15653.767 (1.175) 15249.678  (-1.437) 15428.744  (-0.280)
12 4929.398 4944.529  (0.307) 4871.063 (-1.183) 4886.053 (-0.879)
13 3305.038 3323.561 (0.560) 3264.258 (-1.234) 3282.587 (-0.679)
14 3615.331 3655.203  (1.103) 3575.238 (-1.109) 3614.691 (-0.018)
15 5513.878 | 5589.704 (1.375) | 5419.935 (-1.704) | 5494.610 (-0.349)
16 1814.079 | 1821.898 (0.431) | 1789.766 (-1.340) | 1797.510 (-0.913)
17 2318.413 |  2326.054 (0.330) | 2294.107 (-1.048) | 2301.678 (-0.722)
Total 128517.708 | 129259.990 (0.578) | 127213.214 (-1.015) | 127946.513 (-0.444)

The magnitude of the effect of increasing imports from China is very small.

The second basic scenario consider the energy tax only in the manufacturing sector. The column
‘Basic II’ of Table 2.5 shows changed energy use in each industry. 1% of the energy tax causes
an increase in production cost; therefore, all industries produce less than the benchmark quantity.
This is especially true of those industries that are highly energy-intensive, since they exhibit a more
sensitive response to the energy tax and reduce output much more than other industries. With
increasing imports from China, total energy use in the U.S. manufacturing sector is increased, as
theory predicts. On the other hand, 1% of energy tax causes manufacturers to use less energy. This
result is made obvious by the basic producer problems. Interestingly, manufacturers respond very
sensitively to the energy tax such that only 1% of the energy tax reduces energy consumption by
1% while output decreases by 0.1%.

The last two columns of Tables 2.5 and 2.6 illustrate how energy use changes in the case of
combining the two effects above. These show results with the same proportional increase in imports
from China (10% of price shock) and 1% of the energy tax for all sectors. Combined, these two
scenarios of increasing imports from China and the energy tax can produce an outcome consistent
with the actual data: decreasing energy consumption with increasing output. Interestingly, total

energy use in the manufacturing sector can decrease even as U.S. welfare increases due to its
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Table 2.6: Changes in output by U.S. manufacturing

Basic 1 Basic 11 Combined
Sectors | Benchmark % A % A % A
3 662198.908 663734.028 (0.232) 662259.323  (0.009) 663793.286  (0.241)
4 108567.065 | 109036.886 (0.433) | 108166.815 (-0.369) | 108636.304 (0.064)
5 111587.472 111991.221  (0.362) 111445.816  (-0.127) 111849.654 (0.235)
6 531117.804 532137.006 (0.192) 531818.168  (0.132) 532837.204 (0.324)
8 593141.040 596414.307  (0.552) 594611.589  (0.248) 597882.665 (0.799)
9 195858.452 196876.303  (0.520) 195640.433  (-0.111) 196657.306  (0.408)
10 113815.360 | 114130.301 (0.277) | 113673.002 (-0.125) | 113986.700 (0.151)
11 203253.382 205640.747  (1.175) 202335.621  (-0.452) 204711.511  (0.717)
12 284670.354 285544.164  (0.307) 284114.591 (-0.195) 284988.910 (0.112)
13 315536.828 317305.237  (0.560) 314759.894  (-0.246) 316527.339  (0.314)
14 452781.503 | 457774.986 (1.103) | 452237.787 (-0.120) | 457228.303 (0.982)
15 494721.674 501524.959  (1.375) 491155.709  (-0.721) 497922.714  (0.647)
16 189990.403 | 190809.368 (0.431) | 189318.561 (-0.354) | 190137.650 (0.078)
17 227122.748 227871.332  (0.330) 226989.025 (-0.059) 227738.187 (0.271)
Total | 4484362.993 | 4510790.846 (0.589) | 4478526.335 (-0.130) | 4504897.732 (0.458)

improved terms of trade. That means that the energy tax can result in the benefits of trade
liberalization and less anxiety over environmental problems associated with energy use. It bears
a close relationship with what is occurring in the U.S. economy, which cannot be explained by
traditional H-O theory. But even without an offsetting energy tax, the effect of an increase in
Chinese import penetration on energy use in the manufacturing sector is estimated to be very

small, as previously noted.

2.6 Sensitivity Checks

Figure 2.5 shows the changes in energy consumption and output due to increased imports from
China depending on the tax rate. The benchmark has neither Chinese imports shock nor energy tax.
0% shows the results only of an increased imports from China as shown in the ‘Basic I’ columns in
Tables 2.5 and 2.6. The remaining part of the graph shows how the energy tax offsets the increased
energy consumption and output caused by Chinese import penetration. With specified functional
forms, about 1% of the energy tax is fully offsetting the increased energy and keeping the increased
output level. However, with the higher tax rate of about 5% in this figure, the output level becomes
lower than the benchmark. This means that overly strict regulations lose the improved terms of

trade in the U.S. even though energy use remains low.



Energy consumption

130

128 +

126

124

122

120

118

116

114

112
110

Note: Except the benchmark, all results of taxes are based on increasing imports from China.

Figure 2.5: Changes depending on tax rate

45



46

I also change the elasticities of substitution in the production function for sensitivity checks. For
the baseline analysis, I choose both o1 and ¢2 to be equal to 0.5. I simulate the same scenarios with
the production function which has less substitutability between factors and more substitutability
between factors, respectively.!> The results are reported in Figure 2.6. As factors are more sub-
stitutable, the effects of imports from China and energy tax are very vague. On the other hand,
if factors are less likely to be substitutes, manufacturers respond to trade shock and energy tax
more sensitively. Overall, except for the magnitude of the effect, the results are consistent with the

baseline analysis.

2.7 Conclusion

Although imports from China continue to rise, total energy use in U.S. manufacturing con-
tinues to decline. This trend is inconsistent with the traditional factor endowment trade theory
prediction. To find the determinants of energy consumption in U.S. manufacturing, I modify the
Hechscher-Ohline model by adding energy tax in the North as a domestic regulation on energy
use. This energy tax allows PHH to be included into the traditional H-O theory by revealing the
preference of lowering energy use in the North, and causes the energy consumption in the North
to be different from the traditional H-O model prediction. Without the energy tax, the North has
a comparative advantage on energy-intensive industries and increases energy use as imports from
the South increase. However, the energy tax can lead the North to use less energy because there
will be a substitution both away from energy-intensive industries and away from energy use within
industries. Increased imports from the South combined with the energy tax can result in the North
using less energy than before and increasing welfare due to its improved terms of trade.

I conduct the CGE model of the U.S. economy using the U.S. input-output table for the base
year 2005. I simulate several types of scenarios related to a Chinese import shock (due to a price
shock) with or without an offsetting energy tax. This energy tax is introduced as a counter-factual
to understand the magnitude of the effect of increasing Chinese imports. The numerical results
show that increased imports from China cause all manufacturing industries in the U.S. to use more

energy even though the magnitude of the effect is very small. However, the energy-decreasing effect

151 choose 0.3 and 0.8 for these sensitivity analyses.
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of an energy tax outweighs the energy-increasing effect of imports from China, while the positive
welfare effect of trade still holds. However, even without an offsetting energy tax, the effect of an
increase in Chinese import penetration on energy use in U.S. manufacturing is very small. Inter-
estingly, total energy use in the U.S. manufacturing sector can decline, at the same time as U.S.
welfare increases due to its improved terms of trade. This result indicates that a small energy
tax can offset the increased energy use caused by Chinese import penetration, but will not reduce
welfare. In addition, unlike the prediction of H-O theory, increasing Chinese imports also causes
imported intermediate inputs from China to become cheaper and result in increasing outputs in all

sectors of U.S. manufacturing.
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CHAPTER III

Energy Use in U.S. Manufacturing and Increasing Imports from

China: Empirical Approach

3.1 Introduction

As discussed in the previous chapter, Heckscher-Ohlin (H-O) trade theory suggests that the
structure of U.S. manufacturing should move toward more energy-intensive industries in response
to increasing imports from China and as a result, energy use in U.S. industries should increase when
Chinese import penetration is high. Specifically, labor-intensive industries face higher import pene-
tration from China compared to energy-intensive industries. Faced with higher import penetration
from China, labor-intensive industries in the U.S. should shrink and energy-intensive industries
should expand, according to current theory. The graphs in Figure 3.1 show the difference between
labor-intensive industries and energy intensive industries. Labor-intensive industries include textile
and apparel, and energy intensive industries include petroleum and chemicals. Overall, Chinese ex-
ports to the U.S. are increased for both industries, but clearly labor-intensive industries face higher
import penetration from China compared to energy intensive industries. The theory predicts that
in the face of high import penetration from China, labor-intensive industries in the U.S. should
shrink while energy-intensive industries expand. However, energy use in energy-intensive industries
have not increased as much as outputs in those industries as the industries have grown over time.

The graph of energy intensity shows clearly these changes.
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In this chapter, I numerically estimate the effect of increased Chinese import penetration using
U.S. manufacturing industry-level panel data from 1997 to 2005. In addition, based on the empirical
framework of Cole (2006), I also decompose the effect of increasing imports from China on energy
use in U.S. manufacturing into an output scale effect and a factor substitution effect. Unlike Cole
(2006), this paper focuses on the effect of increasing imports from China on the U.S. manufacturing
sector, rather than the effect of general trade liberalization on national energy use. Because import
penetration may have endogeneity problems, I instrument for Chinese import penetration using
the Chinese share of world trade.

My empirical results indicate that overall, increasing imports from China raise consumption
of fuel and electricity. As in CGE analysis, the marginal effect of Chinese import penetration is
small, about 0.05% to 0.08%, but statistically significant. Interestingly, the directions of the factor
substitution effects on fuel and electricity are opposite. Increasing imports from China causes a

decrease in the factor ratio of fuel over labor, but an increase in electricity over labor.

3.2 Data

I construct a panel dataset by merging several datasets related to the US manufacturing indus-
tries for the years 1997 to 2005. My base datasets are the Annual Survey of Manufacturers (ASM)
collected by the Census Bureau and the NBER’s collection described in Schott (2010). The indus-
try classification of the dataset is based on 1997 North American Industry Classification (NAICS)
codes with 6 digits.

The first dataset, ASM, includes all characteristic variables on the manufacturing sector, di-
vided into 473 industries by the NACIS 6-digit classification.! This data provides variables about
energy use, such as the total cost of purchased fuel and the quantity of purchased electricity, as well
as industrial characteristics such as output,? employment and capital expenditure. Additionally,
I merge the data from the Statistics of US Businesses (SUSB), including the numbers of firms

or establishments in each industry of manufacturing, into the previous dataset. This data is also

!This survey was also collected in previous periods. However, the survey was classified by SIC 4-digit classification
instead of NAICS 6-digit classification before 1997. This prevents the use of a longer panel of data from earlier
years.

2T use the value of shipment as a variable on output.
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tabulated by industry classification based on NAICS codes with 6 digits.? It is difficult to examine
exactly how existing firms change their decision about energy use based only on the data at the
industrial level. Therefore, it is necessary to control for exit or entry effects caused by increasing
competition by imports for each industry. The variable “number of firms in each industry” resolves
the problem caused by the data limitation. This means that an increase in the number of firms
implies that entry must have occurred, and a decrease in the number of firms implies an exit of
firms from the industry.

The trade data for the US manufacturing sector comes from the NBER’s collection described
in Schott (2010). This is also constructed using the NAICS 6-digit classification, and among 473
sectors, there are 385 sectors that trade with other countries. These data are used to construct the
key independent variable, Chinese import penetration, which is the ratio of manufacturing imports

to total domestic supply for each industry.

Imports from China

Chinese Import Penetration(/ Pi?;hma) = (3.1)

~ Domestic Output - Exports + Imports

3.2.1 Constructing Energy Price Index of US Manufacturing

A limitation of this dataset is that the actual quantities of used energy are not observed. The
existing variables related to energy use include only the total cost of purchased energy,* the total
cost of purchased fuel, and the quantity of purchased electricity. In fact, the quantity of energy use
can be easily calculated given the energy price of each industry. Even though I cannot observe the
energy price, I construct an energy price index to obtain the quantity of purchased energy (and fuel)
in each industry using the given information. The energy price index is calculated by multiplying

the average energy price in 1997 at the NAICS 3-digit classification to the energy deflator (pien; ;)

33USB is collected annually by the U.S. Census Bureau. Even though SUSB has surveyed at NAICS 6-digit classi-
fication since 1998, the Economic Census contains the variable “number of firms and establishments” in 1997. By
merging these two sources, I can construct the variable from 1997 to 2005 for the panel dataset.

4In this dataset, energy means the sum of fuel and electricity.
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at the NAICS 6-digit classification for each year®. Using the estimated energy price of each industry
(PlEt), the estimated quantity of energy is calculated by dividing the total cost of purchased energy

(TCE;;) by the estimated energy price.

]55 = P£1997 - pien; ¢ z = NAICS 3-digit
. TCE; (3.2)
Qv = Tt — Qe i = NAICS 6-digit
it

Figure 3.2 shows the comparison between the estimated average fuel price in manufacturing and
the average fuel price for all industries from 1997 to 2005. The dashed line shows the average fuel
price of all industries including agriculture, service, and manufacturing. The solid line is drawn
to show the constructed energy price as described above, and it shows only the average estimated
energy price for the U.S. manufacturing sector. Even though these lines are not comparing the
price trends of the same range of industrial categories, the shape of the trend is very similar. These
constructed variables of energy use are mainly utilized as dependent variables in the empirical

analysis.

3.2.2 UN Comtrade Data

I also use the UN Comtrade database to construct an instrumental variable because Chinese
import penetration is potentially endogenous.® UN Comtrade is an international database of 6-
digit HS commodity level information on all bilateral imports and exports between any given pair
of countries. I extract the bilateral exports from China to the world for the period and aggregate
from the 6-digit HS commodity level to the 6-digit NAICS industry level using the concordance of

Pierce and Schott (2009). I explain the instrumental variable in detail later.

®The average energy price in 1997 at NAICS 3-digit classification is from the manufacturing energy consumption
survey (MECS) and the energy price deflator at NAICS 6-digit classification is included in the trade dataset of the
NBER’s collection.

Shttp://comtrade.un.org/db/
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Figure 3.2: Comparison of energy price for all industries and energy price index for U.S. manufac-
turing

Note: The dashed line shows the annual average price of fuels for all industrial sectors including construction,

agriculture as well as manufacturing sector. The solid line is calculated by the constructed energy price.

3.2.3 Descriptive Statistics

The descriptive statistics of the merged and conducted dataset is shown in Table 3.1. In the
regression sample, I drop 36 industries which have negative or greater than 1 import penetration.”
This gives me a sample of 3,465 trade observations among 4,257 industry observations in U.S.
manufacturing for the period from 1997 to 2005.

The main independent variable, Chinese import penetration to the U.S. manufacturing sector,
varies depending on industries. Traditional labor-intensive sectors such as textile and apparel have
absolutely high penetration from China and the rate of their increase is also relatively high. Inter-
estingly, Chinese import penetration to some sectors such as printing, chemicals, and machinery,
rapidly increased during the period. The rate of increase of imports is even higher than traditional
labor-intensive sectors. However, the absolute size of Chinese imports in these sectors is still very

low.8

"By the definition of import penetration, this index cannot be negative or greater than 1.
8See Table A.1 in Appendix A.



Table 3.1: Summary statistics of U.S. manufacturing

Variable Mean Std. Dev. Min. Max.
Industrial Characteristics (N=4257)
Value of shipment 8669.4 17143.7 98 445910
Employment 324 44.0 0.8 554.9
Payment 1235.0 1741.1 19.9 16162.9
Material Cost 4561.6 11678.0 34.8  345883.1
Value added 4122.4 7072.2 ol.7 104711.5
Capital Expenditure 288.8 669.2 1.1 14583.6
Num. of firms 670.4 1593.6 3 23787
Industrial Trade (N=3465)
Imports 2646.9 7145.7 0 126324.8
Exports 1730 4102.0 0 60005.5
Imports from low-wage countries 407.5 1145.0 0 19380.7
Imports from China 320.2 1035.3 0 18961.4
tariff 0.021 0.034 0 0.517
Variables related to Industrial Energy Use
Total energy cost 158.9 482.4 0 11246.1
Total electric cost 86.4 188.1 0 2626.8
Total fuels cost 74.0 323.2 0 8619.4
Quantity of electricity (1000Kwh) 1782.2 4570.6 0 60552.5
Energy Price 8.654 3.1 24 16.1
Quantity of energy purchased (million Btu) 28.3 107.1 0.07 1760.7
Quantity of electric purchased (million Btu) 6.1 15.6 0 206.6
Quantity of fuels purchased (million Btu) 22.3 94.6 0.01 1607.4

95
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Changes in energy use in U.S. manufacturing is interesting. Table A.2 shows how energy use of
the manufacturing sector has changed depending on energy types. In the case of fuel, as imports
from China have increased, the fuel consumption by those industries has decreased. Generally,
these two variables move in opposite directions as theoretically predicted. However, in the case of
electricity, those who have faced high import penetration from China also use more electricity. For
example, NAICS 314 (textile product mills) has increased electricity use by 0.39%. In fact, this
is similar to what is shown in the IO table.” Consumption distributions of electricity and fuel are
very different across manufacturing industries. Fuel use is mostly concentrated in the industries,
which are commonly considered to be energy-intensive industries, while electricity use is evenly dis-
tributed across all industries. These two points related to electricity demand in U.S. manufacturing
suggest that electricity and fuel may be dealt with differently by manufacturers as a production

factor.

3.3 Empirical Strategy

To examine how the determinants of energy use in the U.S. manufacturing sector respond to

increasing imports from China, the empirical equation is specified as follows.!®

Eiir=ap+ay - IPMM”“ +oag - LK + a3 - Vshipi g + oy - (V.ship)?’t + a5 - LK; V.ship; i+

ag - IPGM™ LKy + ag - TPV ship;y + ag - IPGMM(LK)?, + ag - TIPS (V.ship)?, + €y
(3.3)

The dependent variables (E; ;) are variables about energy use in industry ¢ at time ¢. [ Piycthma is
the measure of import penetration from China, which is the ratio of imports from China to total US
domestic supply for industry ¢ at time ¢t. LK is the ratio of payroll to capital expenditure. V.ship is
the value of the shipment, and its quadratic term is also included. For an alternative specification,
total factor productivity (¢fp) or the number of firms (N. firm) is included. The number of firms in
each industry (NNV;+) helps control for the effect of exit and entry of firms by increasing competition
induced by high import penetration. The error term (e; ;) consists of industry fixed effect (6;), year

fixed effect (&) and residual term (v;¢). All variables are expressed in logarithms and the equation

9See Table 2.1.
10This specification is similar to Cole (2006), but it is different in that industry specific characteristics are considered.
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is estimated using fixed effects to control for aggregate variation in energy use and unobservable
industry characteristics.

As mentioned in the data description, there are potential endogeneity issues with estimating the
equation (3.3). That is, if there is an unobserved shock that increases energy use among domestic
firms in an industry, and imports from China are likely to fall, then this causes a downward bias of
the estimated effect. There may be counter examples to show that unobserved shocks could raise
energy use and attract more imports from China than other types of imports. To correct for this
endogeneity problem, I construct an instrumental variable, the Chinese trade share of world trade,
which is not correlated with unobserved shocks. The overall increase in Chinese exports is driven
fundamentally by the country’s opening to the global economy because of ongoing liberalization
by policy makers. Therefore, it is arguably exogenous. The industries in which China has a
comparative advantage are the ones that supply most of the Chinese exports. The U.S., one of the
biggest trading partners with China, faces a disadvantage in its manufacturing industries due to
increasing imports from China. Therefore, Chinese trade share of world trade could be used as an
instrumental variable for import penetration from China into the U.S.!* The Chinese trade share is
the value of exports originating from China as a share of total world exports at the industry level.

As predicted in the simulation model, the marginal effect of increased imports from China is
expected to be positive because the structure of the U.S. manufacturing sector would move toward
more energy-intensive industries with comparative advantage compared to Chinese manufacturing.
Through the decomposition of the trade effect, the factor substitution effect is expected to be
negative because factor mobility through this trade with China causes more demand for labor in
U.S. manufacturing, and the relative price of energy increases. More labor-intensive industries with
high imports from China lead the industries to use less energy. The output scale effect is positive

because more output requires more energy consumption as a production factor.

"This follows the “value share” approach outlined by Bernard et al. (2006)



o8

T°0 > & ‘G0°0 > s T0°0 > yuy "POYIOW IPJ
a1} Sursn sueaw s[dures je pajen|eAs aIe Sol)IdIISe[H WI}LIRSO[ Ul 81 SO[RLIRA [[{ 'SIOLIS PIRPUR)S 1SNJOI YIIM SIO8J0 POX[-oWI) SPN[OUl SUOIROYIoads [y :9J0N

(0220°0) (2200°0) (8920°0) (0900°0) (9520°0) (6500°0)
6,200 L1100 #kx8860°0 4495300 #xx7860°0  xxx8€30°0 drgsaNpued
(€800°0) (6800°0) (9800°0) (¥800°0) (¥800°0) (9800°0) (6200°0) (6,00°0) (9200°0)
92000 0800°0 ¢z10°0 z000°0 610070 0210°0 8000°0 €£00°0 6z10°0 MINHDued
(1120°0) (¥020°0) (0610°0) (L010°0) (L010°0) (9010°0) (0T00°0) (1010°0) (6600°0)
#xxVG80°0  45x9280°0  44x9560°0 9900°0 ¥600°0 011070 65000 6800°0 8010°0 NHOuod
mpomu.@m_” ﬁﬁﬁmw.ﬂﬁz
€9¢ €€ €9¢ Gog Gog Gog 08¢ 08¢ 08¢ SOIVN Jo soquimy
LLE0 1L£°0 £6¢°0 Staall 6170 9070 6T 0 91¥°0 G070 porenbs-y
703°¢ 702'¢ 70G'¢ 903'¢ 90%°¢ 90%°'¢ e1e'e e1e'e e1e'e SUOI}RAIOS( ()
(¥2200°0) (92200°0) (¥9200°0)
LL100°0- +#xx0L800°0- *xxG8800°0- drgsabsNHpued
(96v00)  (0200°0) (8670°0) (10900°0) (6270°0) (16500°0)
¥¢¥0°0 L1100 #5xxGLT 0 *xx2820°0 #xxELT°0 #xx8€00°0 digsaNHDued
(7£800°0)  (1800°0)  (95800°0) (1¥800°0)  (0¥800°0)  (65800°0) (£8L00°0)  (06200°0)  (G6L00°0)
09200°0 T0800°0 Gz10°0 $ST000°0 T6100°0 021070 ¥8L000°0 €€€00°0 62100 MINHDued
(1610°0) (6810°0) (0810°0) (1620°0) (€T€0°0) (80€0°0) (9820°0) (60£0°0) (00£0°0)
#xklTG0°0  5458TG0°0  54LTF0°0 ++7690°0 £6650°0 6L£0°0 +x£290°0 +C1G0°0 z1€0°0 diysayT
(L¥100)  (288000)  (6S800°0) (9210°0) (1910°0) (€910°0) (9210°0) (¥510°0) (LET10°0)
***NO@0.0n ***Hﬂmo.ﬁv- ***mmmo.on ***MNQO@- ***mﬁmo.ou ***Nwmo.ou ***wwmo.ou ***m@ﬂo.on ***ﬂmmOd- Qﬁﬂm\&om
(652°0) (8¢1°0) (861°0) (¥1€°0) (¢82°0) (¢6z°0) (e1€°0) (6L2°0) (¢82°0)
***mmw.ﬁ ***ﬂwﬂ.ﬁ ***@@ﬂ.ﬁ ***mwm.m %%*me.ﬁ %*%mﬁm.ﬁ %%*me.w ***Nmﬂ.ﬁ **%@@ﬂ.ﬁ Qﬁgm\w
(291°0) (891°0) (191°0) (¥¥2°0) (192°0) (952°0) (172°0) (L62°0) (162°0)
«L1€°0" +962°0~ 00Z°0- +09%°0- 6LE°0- LST°0- «G0F°0- 60€°0- L0T1°0- /1T
(e€2°0) (6£L0°0) (6020°0) (812°0) (91€0°0) (0210°0) (012°0) (2120°0) (€510°0)
9¢1°0- LV200°0-  44480T°0 ok 18707 4ssF0T 0" £€20°0 +5x808°0"  44488T°0" ¥£20°0 NHOuod
9) q v D d N 0) q v TIAON

§300p0 POxXIg Al

ordures AT [m S)00po POXIq

$1000 POXIg

A810u0 Jo Ajyuwenb oY) uo uoRWISH 7€ IR,



99

3.4 Empirical Results

The first three columns of Table 3.2 show the results of basic specifications with the pooled
OLS. All specifications include year and industry fixed effects to control for industry-specific macro
shocks and time-invariant unobserved variables. In addition, the standard errors are corrected by
robust estimators.'?> The quantity of purchased energy is used as the dependent variable. Because
of the interaction terms, the coefficient of Chinese import penetration (‘penCHN’) itself does not
explain the trade effect. To examine the trade effect, I calculate the marginal effect at the sample
mean. The marginal effect of increasing imports from China is positive at all specifications, but
these are statistically insignificant in the pooled OLS estimation.!® The results also show that the
trade effect is positive, but statistically insignificant. Unlike the theoretical prediction of the factor
substitution effect, the results indicate that such industries facing higher import penetration from
China use more energy. However, the marginal effects of factor substitution and output scale effect
are both insignificant.

The last three columns in Table 3.2 show the results of the instrumental variable (IV) regression.
In the results of the IV estimation, the marginal effect of an increased imports penetration from
China is positive and statistically significant. This means that 1% of increased imports from
China increase energy use by about 0.08% to 0.09% in the U.S.!* This is consistent with the
theoretical prediction and the simulation results in the previous section. These results indicate
that the structure of US manufacturing has a comparative advantage against Chinese imports and
moves toward more energy-intensive industries. In terms of the factor substitution effect, the IV
estimation also does not show the negative effect as predicted. I examine this effect more carefully
by separating the dependent variable by energy types in the next section.

The three columns in the middle of Table 3.2 show the results of the pooled OLS with the
sample of IV regression. These results support that the IV results do not result in the changes in

the sample of regression. These results are not different from the results of the pooled OLS with

2In the case of the specifications ‘Fixed effects’ and ‘Fixed effects with IV sample’, the regressions with clustering
in the NAICS 6-digit give the same results. However, the IV regressions with clustering in the NAICS 6-digit
give the different results from the regressions with robust. For IV fixed-effects estimation with cluster, it makes
no degrees-of-freedom adjustment for the number of fixed effects. Without the adjustment, I cannot calculate the
same standard errors as in the robust case. See Wooldridge (2002).

3These results without the interaction terms are shown in Appendix C.

14 All specifications show similar results. The results of all specifications are reported in Appendix B.
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the full sample.!®

3.5 Robustness Checks

3.5.1 Fuel vs. Electricity

Tables 3.3 and 3.4 show the results by energy type: fuel versus electricity. As mentioned in
the section on descriptive statistics, fuel and electricity seem to have different demand patterns
in the U.S. manufacturing sector. Therefore, this separation of the dependent variable is quite
reasonable to examine. In the case of fuel, the results strongly support the theoretical prediction.
The trade effect on fuel is positive, while the factor substitution effect is negative. This implies that
increasing imports from China cause overall fuel consumption by the U.S. manufacturing sector
to rise, but labor-intensive industries in this situation use less fuel. Specifically, all results by IV
estimation are statistically significant. IV estimates show that the marginal effect of Chinese import
penetration ranges from 0.05 to 0.07, and the factor substitution effect is about -0.02. In addition,
higher output associated with import penetration from China leads to more fuel use. That is, the
industries with comparative advantages against China expand their production more, resulting in
more fuel consumption.

In the case of electricity, the result of the trade effect is consistent with the previous results:
more imports from China also increase electricity demand by U.S. manufacturers. However, the
direction of the factor substitution effect is the opposite of the theoretical prediction. These results
indicate that labor-intensive industries with high Chinese import penetration use more electricity.
This is the opposite of the result of fuel consumption. The IV estimates are shown in the last three
columns in Table 3.4, in which all results are more significant than the pooled OLS estimates. The
coefficient is approximately 0.03 for all specifications. This suggests that electricity could have the
potential to easily replace labor. Therefore, labor-intensive industries use more electricity, thus
reducing labor. Further research could investigate the substitutability of non-energy inputs such

as labor and capital, with each energy type.

15The difference in number of observations between the specifications of ‘Fixed effects with IV sample’ and ‘IV Fixed
effects’ is caused by two singleton observations. These two observations are automatically dropped in the ‘IV Fixed
effects regression’.
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3.5.2 Exit and Entry

Increasing imports from China possibly causes domestic firms to face higher competition. It
is possible that this competition causes the domestic firms to exit the market. Therefore, it is
necessary to control for this effect. Because of the limitation of the industry level data, how each
firm responds to this increase in competition is not observable. Instead, I control for the number
of firms in each industry. The IV regression results from adding the number of firms are reported
in Table C.4 for fuel and C.6 for electricity. Since the coefficient of the number of firms on fuel is
significantly positive, this means that the industries in which entry of firms occurs use more energy.
As a result of controlling for the number of firms, the calculated marginal effect of Chinese import
penetration is slightly larger. The magnitude of the factor substitution effect of fuel also increases
to -0.048. However, for electricity, the number of firms does not significantly affect the electricity

demand.

3.6 Conclusion

In this chapter, I numerically estimate the effect of increasing imports from China using U.S.
manufacturing industry level panel data from 1997 to 2005. Since import penetration is poten-
tially endogenous, I instrument using the Chinese trade share of world trade for Chinese import
penetration to U.S. manufacturing. As shown in the previous chapter, my empirical results of IV
estimation also show the overall positive trade effect of increasing imports from China on consump-
tion of fuel and electricity. The marginal effect of Chinese import penetration is small, at about
0.05% to 0.08%, but is statistically very significant.

The effect of increasing imports from China is also decomposed into an effect on factor use and
an effect on output. The interesting finding from the decomposition of the trade effect is that the
factor substitution effect and output scale effect have the opposite effect on consumption of fuel
and electricity. In the case of fuel, the factor substitution effect is negative and the output scale
effect is positive. This means that increasing imports from China decrease the ratio of labor over
fuel within industries, and as output increases due to increased Chinese import penetration, the
industries use more fuel. This result is consistent with the prediction of traditional trade theory.

However, the opposite results are shown in the case of electricity. The factor substitution effect
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on electricity is positive which means that electricity is considered to be substitutable with labor

rather than fuel.
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APPENDIX A

Chinese Import Penetration and Energy Use in U.S.

Manufacturing

Table A.1: Import Penetration from China into U.S. manufacturing, 1997-2005
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Chinese Import Penetration

NAICS Changes
Sectoral Description code 1997 2005 2005-1997 %
Food 311 0.002 0.006 0.004 1.90
Beverage and Tobacco Product 312 0.000 0.000 0.000  0.62
Textile Mills 313 0.006 0.075 0.070 12.11
Textile Product Mills 314 0.027 0.123 0.096  3.61
Apparel 315 0.115 0.286 0.171 1.48
Leather and Allied Product 316 0.306 0.511 0.205  0.67
Wood Product 321 0.007 0.027 0.019 2.68
Paper 322 0.019 0.039 0.020  1.03
Printing and Related Support Activities 323 0.023 0.117 0.094 4.13
Petroleum and Coal Products 324 0.000 0.000 0.000 0.63
Chemical 325 0.004 0.018 0.014 3.54
Plastics and Rubber Products 326 0.006 0.023 0.017  2.98
Nonmetalic Mineral Product 327 0.017 0.048 0.031 1.89
Primary Metal 331 0.006 0.021 0.015  2.37
Fabricated Metal Product 332 0.011 0.051 0.039  3.52
Machinery 333 0.013 0.062 0.049 3.78
Computer and Electronic Product 334 0.029 0.124 0.094 3.25
Electrical Equipment, Appliance, and Component 335 0.048 0.129 0.081  1.67
Transportation Equipment 336 0.004 0.013 0.009 2.33
Furniture and Related Product 337 0.030 0.128 0.097  3.22
Miscellaneous 339 0.100 0.194 0.094 0.94
All sectors 0.030 0.082 0.052  1.70




Table A.2: Changes in Energy Use in U.S. Manufacturing, by sectors 1997-2005

Quantity of Purchased Fuels

Quantity of Purchased Electricity

Changes Changes
NAICS 1997 2005 2005-1997 % 1997 2005 2005-1997 %
311 16.581 18.926 2.345 0.14 4.115 5.722 1.607 0.39
312 9.587 9.987 0.400 0.04 2.900  3.550 0.650  0.22
313 14.061 9.144 -4.917 -0.35 8.109  6.172 -1.938 -0.24
314 4.438 3.864 -0.574 -0.13 2.031 2.825 0.794 0.39
315 1.802 0.497 -1.305 -0.72 1.003  0.495 -0.508 -0.51
316 0.694 0.385 -0.309 -0.45 0.320  0.325 0.005 0.01
321 9.748  10.189 0.440 0.05 5.328  6.817 1.489  0.28
322 66.552 62.218 -4.334 -0.07 11.951 12.862 0.911 0.08
323 3.703 3.173 -0.531 -0.14 4.062  5.166 1.103 0.27
324 227.241  350.000 122.759  0.54 27.287 33.552 6.265 0.23
325 70.779  92.387 21.608 0.31 15.764 15.116 -0.648 -0.04
326 8.834 9.206 0.372  0.04 10.010 13.173 3.162 0.32
327 35.806  40.099 4.293 0.12 5.349  6.595 1.246  0.23
331 56.510  79.591 23.081 0.41 17.402 17.923 0.522  0.03
332 5.873 4.871 -1.002 -0.17 3.2904  4.201 0.907 0.28
333 2.302 1.782 -0.520 -0.23 1.876  2.115 0.238 0.13
334 2.899 2.206 -0.693 -0.24 4.300  3.936 -0.363 -0.08
335 18.743  16.417 -2.326 -0.12 2.549  2.494 -0.055 -0.02
336 9.380 7.910 -1.470 -0.16 6.050  6.592 0.542  0.09
337 2.528 1.920 -0.608 -0.24 2.207  2.601 0.393 0.18
339 1.762 1.511 -0.251 -0.14 1.401 1.874 0473 0.34
All 20.936  24.692 3.757  0.18 5.938  6.552 0.614 0.10

69
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APPENDIX B

The U.S. Input-Output Table in 2005

Table B.1: Descriptions of Columns and Rows in I-O Table

Rows Columns
1 Mining and quarrying 1 Mining and quarrying
2 Electricity, gas and water supply 2 Electricity, gas and water supply
3 Food products, beverages and tobacco 3 Food products, beverages and tobacco
4 Textiles, textile products leather and footwear 4 Textiles, textile products leather and footwear
5  Wood and products of wood and cork 5  Wood and products of wood and cork
6  Pulp, paper, paper products, printing and publishing 6  Pulp, paper, paper products, printing and publishing
7 Coke, refined petroleum products and nuclear fuel 7 Coke, refined petroleum products and nuclear fuel
8  Chemicals and chemical products 8  Chemicals and chemical products
9  Rubber and plastics products 9  Rubber and plastics products
10 Other non-metallic mineral products 10 Other non-metallic mineral products
11 Basic metals 11 Basic metals
12 Fabricated metal products except machinery and equipment | 12 Fabricated metal products except machinery and equipment
13 Machinery and equipment n.e.c 13 Machinery and equipment n.e.c
14  Electrical and optical equipment 14  Electrical and optical equipment
15 Motor vehicles, trailers and semi-trailers 15 Motor vehicles, trailers and semi-trailers
16  Other transport equipment 16  Other transport equipment
17 Manufacturing n.e.c; recycling 17 Manufacturing n.e.c; recycling
18 Other industries 18 Other industries
19  Gross Operating Surplus 19 Household consumption
20 Compensation of Employees 20 Government spending
21 Taxes less subsidies on production 21  Gross fixed capital formation
22 Changes in inventories
Columns (with import tax) 23  Export
27 Imported intermediate inputs from China 24 Import from China
28 Imported intermediate inputs from rest of world 25 Import from rest of world
29 Total imported intermediate inputs 26 Import tax
30 Imported final consumption from China
31 Imported final consumption from rest of world
32 Total imported final consumption
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Empirical Results of All Specifications
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