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ABSTRACT

This paper introduces an environmental externality and factor-biased technology adop-
tion into a trade model with heterogeneous firms. This study explores how firms’ deci-
sions of technology adoption and of exports are affected by openness to trade and the
stringency of environmental regulations. It shows that: (1) these decisions induced by
tightened environmental policies depend upon whether the upgraded technology is
labor-biased or emission-biased; (2) the environmental impact of trade cost reductions
on the aggregate emissions and price of emissions permits varies with the factor-biased
feature; and (3) regardless of the factor-biased feature, the trade cost reduction induces
firms to export and to upgrade the factor-biased technology, while it forces the least
productive firms to exit the market. Moreover, the model is further calibrated to simulate
policy scenarios of bilateral and unilateral variations in trade variable costs and environ-
mental policies. The bilateral reduction of emissions cap may contribute to welfare gains
in both home and foreign countries. The unilateral action of tightening environmental
policy in the home country may hurt the home country, but makes the foreign country
better off.
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1. Introduction

Environmental economists have been long engaged in debates about the environmental
effect of international trade and the economic consequences of environmental policies.
These debates have been recently fueled by trade liberalization and climate change; both
are among the most pressing interrelated policy challenges facing the world today. Due
to significant contributions to both values of exports and air emissions, manufacturer
behaviors in response to trade and climate policies have gradually taken center stage in
the debate.! As suggested from empirical evidence by Levinson (2009, 2014), technology
improvements in the manufacturing sector have been found to play a key role in cleaning
the environment.? While the growing literature focuses on the effectiveness of environ-
mental policy on technology adoption,® until recently, the role of firms’ heterogeneous
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productivity in the response of technology adoption to environmental policy has received
little attention. Substantial evidences have been documented the existence of productiv-
ity variations among manufacturing firms (Bernard et al. 2003; Tybout 2003). In pol-
luting manufacturing sectors, a recent empirical work by Greenstone et al. (2012) pro-
vides further corroborating evidence suggesting that heterogeneous productivity plays
an important role in determining firms’ entry and exit in response to environmental reg-
ulations. Understanding heterogeneous manufactures’ endogenous decisions for clean
technology adoption and entry/exit is important for any assessment of future trade nego-
tiations and climate policy coordinations.

This paper seeks to examine the interacted effects of environmental policies and the
openness to trade on the intra-industry firm dynamics, industry composition, and mass
of firms. The model accounts for both the firm-level heterogeneous productivity and
their decisions for technology adoption and of entry/exit. With this objective, this study
incorporates an exogenous binary technology choice and pollution into the Melitz-type
trade model with heterogeneous firms (Melitz 2003). Production uses a non-polluting
input (i.e. labor) as a primary input and emits pollution, which is regarded as another
input of the production in a manner analogous to Copeland and Taylor (1994). Tech-
nology adoption is modeled as a choice between the low and high technologies, assum-
ing the latter is a factor-augmenting technical change relative to the former. Whereas
adopting the high technology requires payment for more fixed production costs, it has
a lower marginal cost relative to the low technology. To further improve and extend the
model, this paper considers the direction of technical changes as in Acemoglu (2002).
The technical change could be biased toward either the clean labor resource or the pol-
luting emissions resource. I refer to the former as the clean technological improvement,
while interpret the latter as the dirty technological improvement. Unlike the literature
that investigates the endogenous directed technical change in response to environmen-
tal instruments (Acemoglu et al. 2012; Grimaud and Rouge 2008), this paper focuses
on how policy instruments affect firms’ decisions of technology choices and entry—exit
given the direction of the exogenous technical change.

In the theoretical model, this paper considers bilateral variations in trade variable
costs and environmental instruments, and conduct comparative statics on these varia-
tions. The analytical results are the following: (1) the induced effects of stringent environ-
mental controls on firms’ decisions of technology choice and of entry-exit depend upon
whether the upgraded high technology is labor-biased or emission-biased; (2) whereas
the aggregate emissions are fixed at the cap level, the environmental impact of the trade
cost reduction is captured by its indirect effect on the price of emissions permits, varying
with the factor-biased feature; (3) although the response of the relative emissions price to
trade varies with the direction of technical change, the effects of exposure to trade on the
intra-industry firm dynamics hinge on the relative strength between a positive effect on
the selection to trade and a negative effect on technology adoption; and (4) regardless of
the factor-biased technical change, the selection to trade effect dominates the technology
adoption effect, the trade cost cut induces firms to export and upgrade the factor-biased
technology, but drops the least productive firms from the domestic market.

By a stylized, yet, conventional calibration of the model, numerical results regarding
the intra-industry effects of a bilateral reduction in the trade variable cost and of a coor-
dinated stringent environmental policy are consistent with the theoretical predictions
of the model. Moreover, a non-coordinated unilateral stringent environmental policy is
simulated, and its welfare implications in home and foreign countries are examined. The
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unilateral action of tightening the environmental policy in the home country may cause
the home country to suffer substantial welfare losses mainly from the declining mass of
consumption varieties. This unilateral policy, however, has a welfare-enhancing implica-
tion on the foreign country.

This paper is related to at least three important strands of literature. The first deals
with trade and the environment. A large body of literature built upon Copeland and Tay-
lor (1994, 1995) theoretically and empirically examines the environmental consequence
of trade at the aggregate level (e.g. industry, country) (Antweiler, Copeland, and Taylor
2001; Frankel and Rose 2005; Levinson and Taylor 2008; Managi, Hibiki, and Tsurumi
2009; McAusland and Millimet 2013). As the trade community reaches a consensus on
the firm-level heterogeneity in productivity, recent related work has started redirecting
attention on firms’ differences in productivity. Using plant-level panel data from various
countries, some empirical studies have found ample evidence supporting the existence of
heterogeneous productivity among polluting firms and positive correlations among pro-
ductivity, export status, and environmental performance (Galdeano-Gomez 2010; Girma
and Hanley 2015; Cui et al. 2016; Cao et al. 2016; Holladay 2016).* Such fruitful corrobo-
rating evidence calls for a need to model the firm-level heterogeneous productivity when
it comes to examining the effects of environmental regulations.

Second, this paper adds to the growing literature that seeks to extend the Melitz
model to examine the environmental effects of trade (Erdogan 2014; Kreickemeier and
Richter 2014) and the economic implications of environmental policies (Konishi and
Tarui 2015; Yokoo 2009). Kreickemeier and Richter (2014) decompose the environmen-
tal impact of trade liberalization into the scale effect and reallocation effect. They show
the positive effect of exposure to trade on aggregate emissions, if emissions intensity
decreases strongly with firm productivity. Erdogan (2014) introduces an environmental
policy and factor en-dowment into a multi-country general equilibrium model, based
upon the Melitz framework. Environmental pollution is incorporated in a Copeland-
Taylor’s manner, which treats pollution as an alternative input of the production. The
calibrated model is used to quantify the environmental consequences of free trade and
the economic impacts of environmental harmonization regulations. Yokoo (2009) devel-
ops a simple Melitz framework with environmental pollution in the Copeland-Taylor’s
manner to investigate the so-called Porter hypothesis. Another related paper by Kon-
ishi and Tarui (2015) also uses the Copeland-Taylor’s technique in modeling pollution.
They examine the effects of emissions trading designs on the equilibrium mass of firms,
entry—exits, and social welfare. The main focus of their work is on comparing and con-
trasting the long-run implications of alternative emission allocation rules (e.g. quantity-
based, grandfathering schemes, etc.). Following the Copeland-Taylor’s technique, which
allows to derive highly tractable analytical results, this paper assumes the stringency of
environmental controls in a form of a reduction in emissions cap and aims to highlight
the long-run effects of the stringent environmental policy on technology adoption.

Another related work by Forslid et al. (2014) extends the Melitz model by allowing
heterogeneous firms to emit pollution and to make a continuous investment in abating
pollution. They assume a Hicks-neutral production technology, suggesting the better
technology is always cleaner,” whereas this paper considers the factor-biased technol-
ogy adoption between two discrete technology choices, allowing the upgraded choice to
be either dirty or clean. Such an extension is particularly important when it comes to
assessing the economic impacts of stringent environmental policies. The present paper
shows that the impacts of strict environmental controls on firms’ decisions of technology
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adoption vary with the factor-biased feature of technical change. In addition, Forslid et al.
(2014) focus on the effects of trade liberalization, while this paper examines the impacts
of both trade cost reductions and stringent environmental policies.

Third, this paper also complements a line of studies that incorporate technology adop-
tion in the Melitz framework. Bustos (2011b) theoretically and empirically investigates
the effects of trade liberalization on technology adoption, using panel data from the
Argentinean manufacturing firms. Unel (2013)’s attention is on the welfare implication of
a unilateral reduction in the technology adoption cost. In these two studies, technology
is characterized by a single labor input. Another two recent studies incorporate a skill-
biased technology choice into the Melitz framework. Bustos (2011a) considers a simple
Cobb-Douglas (CD) production function, while Bas (2012) assumes a constant elasticity
of substitution (CES) structure on the technology. Using the convenient feature of the CD
function, Bustos (2011a) shows the impact of exports on skill upgrading and finds the
supporting evidence from Argentinean industrial firms. Bas (2012) lays out a theoretical
model to motivate the empirical investigation regarding the effects of exports on skill
upgrading, using the Chilean manufacturing plant-level data. Along this line, this paper
extends their model set-up by linking the impacts of trade liberalization on technology
upgrading and skill premium with the direction of the factor-biased technical change.

The remainder of this paper proceeds as follows. The next section introduces the
model and characterizes the equilibrium in an open economy with costly trade. Section 3
examines the effects of the tightened environmental policies, while Section 4 investigates
the effects of trade liberalization. Section 5 presents the numerical simulations on bilat-
eral and unilateral variations in policy instruments of interests. The final section con-
cludes this paper.

2. The model

The model assumes a world of two symmetric countries (i.e. home and foreign), each
with a representative consumer. An asterisk (x) is used to denote foreign country vari-
ables to distinguish them from home country variables when necessary. The equilibrium
conditions for the foreign country are omitted, but can be derived analogously.

2.1. Preference

The representative consumer has a CES preference defined over a continuum of domestic
and imported varieties. This consumer also suffers the disutility of pollution arising from
the production process. The per-period utility function is

1/p
U= |:/ q(a))pda)i| — D(E,E*), p € (0,1) (1)
we($2, 2%}

where (E, E*) denote aggregate emissions in home and foreign countries, respectively.
Q governs the set of varieties. Varieties indexed by w are substituted with a constant
elasticity of 0 = 1/(1 — p) > 1. In the utility function (1), D(-) is the domestic damage
function. As suggested in Kreickemeier and Richter (2014), D(-) could take a simple form
of D(E, E*) = 6(E + E*) when it comes to the numerical simulation. 6 refers to social
marginal cost of a particular global pollution (e.g. CO,;).



Downloaded by [Wuhan University] at 19:23 21 November 2017

928 J.cul

As a result of the Dixit-Stiglitz monopolistic competition (Dixit and Stiglitz 1977),
for any varieties produced in the home country, the residual demand in the domestic
market, denoted by g4, and that in the export market, denoted by g, have the iso-
elastic forms:

RPO‘—l R*(P*)a—l
T e T T
where d and x represent the domestic and export markets, respectively. (p,4, pwx) denote
individual variety prices in the domestic and export markets, respectively. (R, R*) are the

aggregate expenditure indices. (P, P*) are the aggregate prices. The price index dual to
the utility function (1) is given by P!~7 = fwe{Q,Q*} p(@) " dow.

(2)

dwd

2.2. Production

The timing of events follows the standard Melitz model, except for adding technology
choices prior to production. In the beginning of each period, there is a large pool of iden-
tical firms prior to entry. To enter the market, each firm pays a time-invariant entrance
tee of f, > 0 as the initial investment. The new entrant then draws the firm-specific pro-
ductivity ¢ from a common Pareto distribution, G(¢) =1 — ¢~ ¢, with a positive support
of (0, ), where ¢ > o — 1.5 Upon observing the draw, the firm decides whether to exit
immediately. If the firm chooses to produce, it could adopt technology j € {I, h} to oper-
ate a plant with fixed production costs of f; > 0. In addition, the firm could export with
fixed costs of f, > 0 and iceberg transportation costs of T > 1. At the end of the period,
the firm faces a constant probability, § € (0, 1), of an idiosyncratic shock that forces it
to exit regardless of its technology choice. Following Bas (2012) and Bustos (2011a), all
fixed costs (i.e. fe, f;, and f,) are measured by the aggregate output Q, which is a numeraire
good.

Each firm with firm-specific productivity ¢ produces a differentiated variety. Produc-
tion requires labor inelastically supplied at the endowment level of L, and emits pollution
as by-products. Following Copeland and Taylor (1994)’s technique for treating pollution
as an additional factor of production, the production function for a firm with productiv-
ity ¢ and technology j is assumed to have the following CES form:

"t ()

n-1 a=11/(M—1)
] 3

qj=¢ [(/3]'6)

where [is the variable labor input, e denotes pollution emissions, B; and «; are two sep-
arate technology terms, and 1 € (0, o) governs the elasticity of substitution between
the two factors. Assumptions about parameters (f;, ;) in the production function are
imposed in the subsection of technology adoption.

To model the underlying incentive for all firms to consider and possibly adopt
greener’ technologies, each firm must purchase emission permits from the domestic gov-
ernment to emit the equivalent amounts of pollution. Given the wage rate w and the
permit price p,, the variable cost function dual to the production technology (3) is

o ) 1-n 1—n 1/(1—77)
Citor w0, poy = VI _ 4 [(P_) . (2) ] @
) @ B o

Hence, cj(w, p.)/¢ is the marginal cost of production via technology ;.
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Each firm with firm-specific productivity ¢ faces domestic and export residual
demand curves with a constant elasticity of o > 1 defined in equation (2). Exporting
requires fixed costs of f, > 0, thereafter sunk. It is also subject to the standard iceberg
form of variable costs (e.g. transportation costs), whereby 7 > 1 units of a good must be
shipped for one unit to arrive at the destination. Under CES preferences, the profit max-
imizing price is a constant markup over marginal costs. Firms charge a higher price in
the export market than the domestic market because of trade variable costs. The optimal
pricing rules and output levels across markets for firms adopting technology j are given

by

2@ = L1 pule) = 2 (5)
P]d(p _p(p’ p]x(ﬂ _,0(0
q]'d((p) = RPU_1 (%)G , q]x((p) - R*(P*)U_l (%)6 (6)

Note that ¢; = ¢;(p., w) is a function of endogenous input prices. Revenues earned from
the domestic and export markets follow as

o—1 o—1
ria(p) = RP7™! (@) ;7ix(9) = R (P*)7! <@> (7)
Cj TCj

Using Shephard’s lemma, firm’s variable labor and emissions permit input demands
are

s s!

ps’ pst
La(p) = —rja(p):  Lix(p) = —Lrix(e) (8)

w w

05 05
(@) = —2ru(@); ep(9) = —riely) (9)

4 4
where s = g% % and 55. = % = refer to the cost share for emissions permits and labor,

e ~J J

respectively. By the cost function’s property, s% + slj =1

Each firm’s profits are separated into components from its domestic and export sales.
The fixed production cost and fixed export cost are apportioned to the domestic profit,
7;a(¢), and to the export profit, 77 jx(¢), respectively. The profit earned from each market
is

R (Pp\° ! R* (P*p\° !
”jd(co):;(C—p) ¢° ' = Pfj; ﬂn(@z—( p) 9" —Pf, (10)

Ji o ‘L'Cj

where f; denotes the fixed production of adopting technology ;.

2.3. Technology adoption

Technology adoption is modeled as a choice between two different technologies — the
low and the high technology, assuming the latter is a factor-augmenting technical change
relative to the former. These two technologies differ in: (1) the fixed production cost of
adopting technology denoted by f; > 0, thereafter sunk, where j € {I, h} (I refers to the low
technology and / the high technology); and (2) the technology-specific marginal cost.
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Assumption 2.1: f;, > f;, cp(w, p.) < ci(w, p.), YVw, p. > 0.

The former term, f, > f;, implies that adopting the high technology requires higher
fixed costs than adopting the low technology. Thus, define f = f, — f; > 0 as extra fixed
costs for upgrading technology. The latter term, c,(w, p.) < ci(w, pe), captures that the
high technology has lower marginal costs relative to the low technology due to the factor-
augmenting feature of technical change.

The model further considers the direction of technical change as in Acemoglu (2002).
The technology terms (B;, «;) and the elasticity of substitution # in the CES production
function (3) are assumed such that the technical change is factor-biased.” When the high
technology is labor-biased, the high technology is cleaner than the low technology. On the
contrary, when the high technology is emission-biased, it is actually dirtier than the alter-
native. In response to the rising emission price, the cost-saving advantage of adopting the
high technology, captured by the relative marginal costs c;/cy, varies with the direction of
technical change.

Lemma 2.1: Given Assumption 2.1 about the factor-biased technology adoption

(i) if the high technology is labor-biased (hence clean), then the cost-saving advan-

tage for adopting the high technology rises with the relative permit price, that is,
o

(ii) if the high technology is emission-biased (hence dirty), then the cost-saving advan-
tage for adopting the high technology falls with the relative permit price, that is,
By <%

(iii) if the high technology is Hicks-neutral, then the cost-saving advantage for adopting

. - . . . . . o 9a/a) _
the high technology is invariant with the relative permit price, that is, Fpoguw) = O

Proof: See Appendix. |

When the high technology is labor-biased, it requires more labor than emission per-
mits in cost shares, that is, 52 > 55 (or equivalently s; < s7). As the emission permit price
rises relative to wage rate, the labor-biased high technology requires employment of more
cheap labor rather than expensive permits, thereby raising the relative marginal costs, so
0(ci/cy)! 0(pe/w) > 0. Thus, the gain for adopting the high technology becomes more
prominent as the permit price rises. The feature suggests that the economy would be
tavorable for adopting the labor-biased high technology in response to environmental
pressures. On the contrary, when the high technology is emission-biased (s} > s7), it
now requires to purchase more expensive emissions permits than cheap labor. As a con-
sequence, the gain for adopting the high technology falls as the environmental burden
rises, thus 0(c;/c;)/0(p./w) < 0. The economy is not conducive to the emission-biased
high technology adoption. If Hicks-neutral technical change occurs (s; = s7), the incen-
tive for upgrading to the high technology becomes invariant to the relative permit price,
0(ci/cn)! 0(pe/w) = 0. The relationship between the relative marginal cost and permit
price does not rely on the specific production function form, but whether the direction
of technical change is biased towards labor or emissions. This relationship plays a key
role in discussing policy variations in what follows.
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2.4. Entry and exit

There exist three productivity cut-offs: (1) the zero-profit productivity cut-off for adopt-
ing the low technology, denoted by ¢;, above which firms decide to enter the market and
adopt the low technology; (2) the zero-profit productivity cut-off for exporting, denoted
by ¢, above which firms select to export; and (3) the equivalent-profit productivity cut-
off for adopting the high technology over the alternative, denoted by ¢j, above which
firms adopt the high technology. These cut-offs are defined as follows:

R P o—1

ma (@) = p <C—'ZO> (@)’ ' =Pfi=0 (11a)
R* (P*p\7 !

nlx(gax) == ; ( ‘L'C'lo> (gox)a_l - Pfx =0 (llb)

7Tha (@n) + Tne (n) — ma(@n) — 71 (@n)

o—1 o—1
=(1+7'774) [(5> - 1} . (P—p> ()" —Pf=0 (llo)

Ch o C

where f = f, — fi > 0 represents extra fixed costs for upgrading technology. A =
R*(P*)° ~1/(RP° ') denotes the relative foreign market potential, the ratio for foreign
market potential to home market potential as defined in Okubo (2009). If countries are
identical, the relative foreign market potential A = 1.

A continuum of heterogeneous firms is partitioned by technology choice and market
status. With a specific cost structure, one could guarantee that all high technology firms
serve both domestic and export markets, while only a fraction of the low technology
firms export, as stated in the following lemma.?

Assumption 2.2: The cost structure satisfies

Ch

AT fi< fo< f(1+ AT [(2>H — 1}1

where A = R*(P*)® ~1/(RP° — 1).

Lemma 2.2: Given Assumption 2.2, all high technology firms serve both domestic and
export markets, while only a fraction of the low technology firms export, that is, ¢; < @, <

@h.

The effects of trade cost reductions and stringent environmental regulations on the
intra-industry firm decisions are captured by variations in the relative productivity cut-
offs. Using the definition for productivity cut-offs in equations (11a) and (11c), there are
three ways to express the relative equilibrium cut-offs that vary with policy instruments
and trade costs. First, consider firms adopting the low technology, but serving different

markets:
o—1
A
Px 771 f,

The productivity gap, ¢;/¢y, captures the proportion of exporters conditional on success-
ful entry. It follows immediately that a lower trade cost (either 7 or f,) increases profits
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from overseas; hence, that raises the proportion of exporters. A rise in the fixed costs
for adopting the low technology f; makes the least productive firms difficult to survive
in the market, thereby raising the fraction of exporters. If countries are not identical, the
productivity gap also depends upon the relative strength of the home and foreign mar-
ket potential, denoted by RP° ~ ! and R*(P*)° ~ !, respectively. Such relative strength also
reflects the relative market size across countries. The smaller the relative foreign market
potential A, the less promising for selling products overseas will be.

The second comparison worthy of attention involves the equilibrium relationship
between technology adoption cut-offs:

o—1 c o—1 f
(ﬁ) =(1+rkﬁn[<l> —1}l (13)
©n Ch f

The gap between the least productive low technology firms and the least productive high
technology firms, captured by ¢;/¢y, reflects the fraction of firms adopting the high tech-
nology. This fraction decreases in the variable trade cost 7, but increases in the relative
marginal costs c;/c. If a reduction in the variable trade cost reduces the permit price,
there exists an indirectly negative impact on the relative marginal costs, leading to an
ambiguous effect on the relative productivity cut-off ¢;/¢j.

Equations (12) and (13) together give rise to those that serve both the domestic and
export markets, but adopt different technologies:

(%)H B (ﬁ) [(2—;)_1 - 1}1 fi (14)

This expression shows that the proportion of the low technology firms serving both the
domestic and export markets, represented by ¢/¢y, is inversely related to trade costs
(both variable and fixed costs), relative marginal costs ¢;/cy,, and the relative home mar-
ket potential index A ~!. Changes like a reduction in the trade costs or a rise in the relative
foreign market size are favorable for exporting decisions; hence, they raise the productiv-
ity cut-off gap ¢y/¢,. However, an increase in the relative marginal costs ¢;/cj, encourages
firms to adopt the high technology, thereby shortening the cut-off gap.

Given an unbounded pool of potential new entrants in any equilibrium with unre-
stricted entry, the expected value for entry must equal its sunk cost f.. Thus, the free
entry condition is 7 [1 — G(¢;)] = 8P f., where 7 denotes the expected profit from suc-
cessful entry. Following the technique provided in Bernard, Redding, and Schott (2007),
the free entry condition under costly trade could be rewritten as follows:

f /w ]Oo [(%)1 - 1} woxdo + f, [ Oo [(f)_l - 1} (p)dy

o—1
(e Sfe
) -1 dp= —2° 15
], [(%) }“(” ey (15

where 11(¢) is the conditional distribution of g(¢) on [¢;, ], that is, u(¢) = g(e)/[1 —
Glen]if ¢ = ¢1.
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In the end, the law of motion implies that the mass of potential entrants M,, who enter
successfully, exactly replace the mass of incumbents M, who are hit by the bad shock and
exit, that is, M = [1 — G(¢;)]M,. The aggregate mass of the low technology firms Mj,
of exporting firms M,, and of the high technology firms Mj, are given by M; = A/M,
M, = AeM, and My, = A, M, respectively. A;, Ay, and Aj, denote the ex post fraction of the
low technology firms, of exporters, and of the high technology firms, respectively. Given
the Pareto productivity distribution and the equilibrium related cut-offs in equations
(12)—(14), the ex post fractions associated with the relative equilibrium cut-oft values

are
5, = Glow — Gle) =1_<ﬂ>c_k _ 1—G(gx) =<ﬁ>c_
T T 1= G on) 7T 1—=G(er) o)

11— = (ﬂ)c (16)
Ph

2.5. Aggregate variables

Ah

Under the equilibrium pricing rule, the aggregate price index includes individual
prices of domestic and imported varieties, both produced with either the low or high
technologies:

N o0
P~ =/ led"(w)MM(w)der/ Pra” (©)Mp(p)dy
2]

Ph

<P?: o0
+ | PR @M N @)de + | P @M e (@)de (1)
vi @
The aggregate revenue equals the sum of expenditure spent on domestic and imported
varieties:

(%) o5

rhd(¢)MM(§0)d§0+/ 1 (@) M* ™ (p)de
(o8

@h
R=/ rzd(go)Mu(so)dtp+/
@,

1 @h

*

h

+ f 1 (@) M* ¥ (@) dy
(2

(o.¢]

Ph Ph
_ / ra(@)Mu(¢)de + / (@) My (@)dp + / (10 (@) + (@) 1My () dop
@ x @

1 h

(18)

The second equality follows from the balanced trade condition where the home country’s
aggregate imports from the foreign should equal its aggregate exports.
The equilibrium mass of firms is given by

M =

S

(19)

where the average revenue r = f(j;” ra(@)u(@)de + fzh (@) (@)do + f(;o[rhd (p) +

e (@) (@)dg. L
The aggregate income, wL + p.E, collected from the total labor payment and emis-

sions permit rent, is redistributed to the representative consumer in a lump-sum fashion.
In equilibrium, the aggregate income equals aggregate revenue spent on both domestic
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and imported varieties, and the expected expenditure on fixed costs expressed in the
square bracket. Thus, wL + p.E = R+ [8Pf,/(1 — G(¢a)) + Pfi + AP fx + AnPf].

With an inelastic supply of labor L and a fixed cap of emissions permits E, the factor
market clearing conditions are:

1 X

_ Ph Ph
L=L= M{ / La(p)(p)de +/ (@) (p)de
@

h

+ / (@) + b (9)] M(w)dw} (20)
(Y

_ @h ©h
E=E= M{ f ea(@)u(p)dy +/ e (@) (p)de
@,

1 x

+f [ehd(¢)+ehx(<p)]u(<p)d¢} (21)
©n

The aggregate emissions on the right-hand side of equation (21) are decomposed into two
parts: the mass of active firms and the composition of industry with trade and technique
effects. This intra-industry composition consists of three emissions contributors: (1) low-
tech firms, which produce domestic varieties; (2) low-tech firms, which export; and (3)
high-tech firms, which produce both domestic and exported varieties.

With the Pareto-distributed firm-level productivity together with the relative equilib-
rium cut-offs in equation (16), the aggregate demand of emissions could be rewritten as
follows:

co s¢P ¢ o-1
e 1+ AT N QA+ AT )| 2 a — 1A (22)
Y De s \Ch

where y = ¢ — 0 4+ 1 > 0. If countries are not identical, the relative foreign market
potential A # 1. Thus, the larger the foreign market size is, the higher the aggregate
demand of emissions in the home country would be, due to the expansion of overseas
market. In addition, the expression in the curly bracket in equation (22) indicates the
weighted average productivity index with the mass of both exporters and technology
upgrading firms accounted for.

E=M

2.6. Equilibrium

The stationary equilibrium of the costly trade economy with the emissions permit cap-
and-trade scheme is a vector of six unknowns, {¢}, ¢, ¢n, W, p., M}, subject to six equa-
tions in each country (home and foreign): two equilibrium relationships between pro-
ductivity cut-offs (12) and (13) (any two conditions could derive the third one), the free
entry condition (15), the equilibrium mass of firms (19), the labor market clearing con-
dition (20), and the emissions permit market clearing condition (21).

Using equations (20) and(21) and the CES technology structure, the relative aggregate
demand for emissions to labor is derived as follows (please refer to the Appendix for the



Downloaded by [Wuhan University] at 19:23 21 November 2017

THE JOURNAL OF INTERNATIONAL TRADE & ECONOMIC DEVELOPMENT ‘ 935

derivation):

-1
E\P wst s¢ s\ ¢ s
<_) SR ST . ) I P A
L DeS S S ) sy Sy
n n—1 1-n n—1
NENON (A
De Q Bra QpCh

where A = ()}‘L’CTJ}‘ + )L{_lf)[l — (Cf_i)l—o] _ (z_;l')l—o'-

-1

Proposition 2.1: The relative aggregate demand of emissions to labor decreases in the
emissions permit price relative to wage rate, that is, 8(%) / 8(%) <0, ifo =n.

Proof: See Appendix. L

The relative aggregate demand for emissions to labor falls, as the relative permit price
to wage rate rises, if the elasticity of substitution among varieties of consumption is
greater than the elasticity of substitution between factors of production, that is, o > n.
This result holds true regardless of whether technical change is labor-biased or emission-
biased. The inelastic factor supply (E & L) and the downward-sloping relative aggregate
demand together could deduce the equilibrium permit price relative to the wage rate.

3. Stringent environmental policy

The current model is well suited to investigate mechanisms that exposure to trade and
environmental policy come into play and interact. To make the derivation tractable, con-
sider changes of policy instruments in a bilateral and symmetric way. This paper main-
tains the assumption that the firms’ partitioning pattern, (¢; < ¢ < @), as stated in
Lemma 2.2, always holds true. In addition to that, the symmetric steady-state equilib-
rium exists, such that the two countries share the same input prices, aggregate variables,
and productivity cut-offs. Therefore, the relative foreign market potential is unit, A = 1.

Consider both home and foreign governments cooperatively and simultaneously par-
ticipate in cleaning pollution by reducing the same amount of emissions permit cap. This
coordinated stringent environmental policy raises the cost of emitting pollution as estab-
lished in the following Proposition.

Proposition 3.1: Under the scheme of emissions permit cap-and-trade, a reduction in
emissions permit cap raises the relative permit price.

Because the aggregate demand curve for emissions is downward sloping, a leftward
shift in the inelastic supply of emissions permits leads to an excess demand, thereby bid-
ding up the permit price relative to wage rate.

Using the above proposition and the relative equilibrium cut-offs in equations (12)
and (13), the impacts of the stringent environmental policy on the ex post fractions of
the low technology firms A;, of exporters Ay, and of the high technology firms Aj are
shown in the following .

Lemma 3.1: Under the scheme of emissions permit cap-and-trade, a reduction in emissions
permit cap
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(1) if the high technology is labor-biased (clean), reduces the fraction of the low technology
firms Ay, raises the fraction of the high technology firms Ay, and has no effects on the
fraction of exporters Ly;

(2) if the high technology is emission-biased (dirty), raises the fraction of the low technol-
ogy firms M, reduces the fraction of the high technology firms Ay, and has no effects
on the fraction of exporters Ly;

(3) if the high technology is Hicks-neutral, has no effects on the fractions of the low tech-
nology firms A, exporters Ay, and high technology firms Ay,.

As shown in equation (12), the relative equilibrium cut-off for adopting the low tech-
nology and exporting (¢;/¢,) is independent of the environmental policy when two
countries are identical. Using the Pareto productivity distribution, the ex post fraction
of exporters is invariant to changes in the permit cap. The reason lies in that all low tech-
nology firms across exporting status bear the same proportional burdens of rising permit
prices. Regardless of the factor-biased feature of technical change, the ex post fraction of
exporters would not be affected by the stringent environmental policy.

Unlike the ex post fraction of exporters, the ex post fractions of firms by technology
choices are affected by environmental controls. Moreover, their responses depend upon
the factor-biased feature of technical change. In the presence of the labor-biased technical
change, as stated in Lemma 2.1, the cost-saving advantage of adopting the high technol-
ogy becomes more prominent as the relative emissions permit price rises. This technol-
ogy adoption effect attracts more firms to upgrade to the high technology. Thus, the ex
post fraction of the low technology firms falls, while that for the high technology firms
rises. The cost-saving technology adoption effect reallocates market shares from the for-
mer to the latter. On the contrary, when the emission-biased technical change occurs, the
cost-saving advantage is in favor of the low technology rather than the high technology;,
as a result of rising permit prices. More firms would prefer the initial low technology to
the upgrading choice. Hence, the ex post fraction of the low technology firms rises, but
that for the high technology firms falls. With the Hicks-neutral technical change, firms
with the high technology bear the same proportional environmental pressures as firms
with the low technology. As shown in Lemma 2.1, the cost-saving advantage of upgrading
technology, captured by the relative marginal costs c/cj, is invariant to the environmen-
tal instrument. In this case, the stringent environmental policy would not affect the ex
post fractions of firms across technology choices; hence, the composition of the entire
industry.

The intra-industry impacts of the stringent environmental policy on firms decisions
of technology choices and selection to export are captured by changes in productivity
cut-offs. In responses to a lower emissions cap, variations in the productivity cut-off
of adopting the low technology ¢, of exporting ¢,, and of adopting the high technol-
ogy ¢y, are associated with the factor-biased feature of technical change. This relation is
expressed in the next Proposition.

Proposition 3.2: Under the scheme of emissions permit cap-and-trade, a reduction in
emissions permit cap

(1) if the high technology is labor-biased (clean), raises the low technology adoption pro-
ductivity cut-off ¢; and the export productivity cut-off ¢, but reduces the high tech-
nology adoption productivity cut-off ¢p;
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(2) if the high technology is emission-biased (dirty), reduces the low technology adoption
productivity cut-off ¢; and the export productivity cut-off ¢, but raises the high tech-
nology adoption productivity cut-off ¢p;

(3) if the high technology is Hicks-neutral, has no effects on the productivity cut-offs, i.e.
D1 P and @h.

Proof: See Appendix. |

The economic intuition directly comes from the general equilibrium implications for
the permit input market. A reduction in the permit cap places upward pressure on the
permit price relative to the wage rate. It affects all operating firms with different magni-
tudes across technologies, depending upon the factor-biased feature of the high technol-
ogy relative to the low technology.

When the high technology is labor-biased, the high technology firms have lower cost
shares of emissions permits compared with the low technology firms. The former suf-
fers relatively less environmental pressures than the latter. The cost-saving advantages of
adopting the high technology, captured by the relative marginal costs across technologies,
become more prominent as the relative permit price contributes to rise. Consequently,
the most productive low technology firms upgrade to the high technology, illustrated by
a falling ¢j,. For these low technology firms still unprofitable for upgrading technologies,
the low technology requires them to substitute from cheap labor to expensive emissions
permits. This factor substitution would drop the least productive firms with the low tech-
nology, because they are unable to earn sufficient revenues to cover their fixed production
costs. Thus, ¢; rises. Similarly, for the least productive exporters with the low technol-
ogy, an increasing permit price prevents them from entering the export market, due to
negative profits. As a result, ¢, rises.

On the contrary, when the high technology is emission-biased, the stringent environ-
mental control, on the one hand, raises marginal costs of production. The high tech-
nology firms bear more pressure from the rising permit price than the low technology
firms, because the former has higher cost shares of emissions than the latter. For the least
productive high technology firms, the profit for adopting the alternative low technology
now becomes more attractive than for adopting the high technology. Hence, they select
to downgrade to the low technology, captured by a higher ¢;. On the other hand, the
tightened environmental policy leads to the reallocation of market shares from the high
technology firms to the low technology firms. This general equilibrium effect through the
rising market size favors two types of the low technology firms: those not in the domes-
tic market and the most productive non-exporters. Whereas the former would decide
to enter the domestic market, reflected by a lower ¢, the latter would select to export,
represented by a lower @,.

When the high technology is Hicks-neutral, both the high and low technology firms
have the same cost shares for emissions permits; hence, facing the same proportional
environmental burdens. The cost-saving advantage for adopting high technology is
independent of the rising environmental pressure. The equilibrium productivity cut-
off for adopting high technology is invariant to the tightened regulation. Resources are
neither reallocated between the high technology and low technology firms, nor between
exporters and non-exporters.
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4. Trade liberalization

Exposure to trade occurs in the way of a lower variable trade cost, capturing the stylized
fact that cross-border transportation costs have been declining over time. The effect of
this trade cost reduction differs substantially from a reduction in the emissions permit
cap. Trade costs are exogenous in the model; hence, are not affected by environmen-
tal policies. The variable trade cost reduction, however, has an indirect impact on the
endogenous emissions permit price relative to the wage rate. This unintended environ-
mental consequence of trade is stated as follows.

Proposition 4.1: Under the scheme of emissions permit cap-and-trade, a reduction in vari-
able trade costs

(1) if the high technology is labor-biased (clean), lowers the relative aggregate demand
for emissions and the relative permit price;

(2) if the high technology is emission-biased (dirty), raises the relative aggregate demand
for emissions and the relative permit price;

(3) if the high technology is Hicks-neutral, has no effects on the relative aggregate
demand for emissions and the relative permit price.

Proof: See Appendix. [ |

With the supply of emissions permit capped at E, the aggregate demand for emissions
must vary with variable trade costs. The direction of this variation is associated with the
factor-biased feature of technical change. A reduction in the variable trade costs brings an
increasing demand from the foreign market for exporters, and creates profitable incen-
tives of selecting to trade even for less productive local firms. This market expansion, if
the high technology is labor-biased, increases the factor demand for labor more than for
emissions permits, biding up the wage rate relative to permit price. Conversely, if the high
technology is emission-biased, the factor demand for emissions permits increases more
than the demand for labor, driving up the relative permit price. With the Hicks-neutral
high technology in place, the factor demand for emission permits rises as much as that of
labor, thereby having no impacts on the relative aggregate demand for emissions; hence,
the relative factor rewards.

Although the environmental effects of trade liberalization rely on the direction of
technical change, the impacts on the firm-level intra-industry dynamics are indepen-
dent of this feature, as suggested from Lemma 2.1 and Proposition 4.1. As commonly
seen in the Melitz-type framework, openness to trade has a positive effect on the selec-
tion to export. Moreover, in this augmented model it has an indirectly negative impact
on the high technology adoption through its influence on the cost-saving advantage c;/c;.
When technical change is labor-biased, the trade cost cut lowers the relative permit price
as stated in Proposition 4.1. As a consequence, the cost-saving advantage for adopting
the high technology, as noted in Lemma 2.1, falls because the high technology requires
more cost shares of labor. Similarly, when technical change is emission-biased, exposure
to trade raises the relative permit price, but still reduces the cost-saving advantage for
adopting the high technology that demands more cost shares of emissions. Therefore,
regardless of the factor-biased feature, the trade cost cut leads to the diminishing advan-
tage of adopting the high technology, hence is not favorable for technology upgrading.
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The relative strength between the positive effect of the selection to trade and the neg-
ative effect of the high technology adoption jointly determines the ex post fractions of
the high technology firms A, and of the low technology firms A; in response to trade
liberalization.

Lemma 4.1: Under the scheme of emissions permit cap-and-trade, regardless of the factor-
biased technical change, a reduction in variable trade costs raises the fraction of exporters
Ay and the fraction of the high technology firms Ay, but reduces the fraction of the low
technology firms Aj.

Unsurprisingly, the selection to trade resulting from the trade cost reduction induces
the less productive domestic firms to enter the export market. Thus, it increases the ex
post fraction of exporters A,. The effects of the openness to trade on the ex post fraction of
firms by technology choices have two opposing effects. As a result of the positive selection
to trade effect, market expansion increases profits of the high technology exporters from
overseas markets. On the other hand, the trade liberalization has an indirectly negative
impact on technology adoption through its impact on the factor market. The market
expansion effect outweighs the indirect technology adoption effect, leading to a rising
ex post fraction of the high technology firms Ay, but a falling ex post fraction of the low
technology firms A;.

Finally, the effects of the trade cost reduction on the equilibrium productivity cut-offs
(i.e. @1, @y, and ¢y,) are explored and summarized in the next Proposition.

Proposition 4.2: Under the scheme of emissions permit cap-and-trade, regardless of the
factor-biased technical change, a reduction in variable trade costs reduces the export pro-
ductivity cut-off ¢, and high technology adoption productivity cut-off ¢y, but raises the low
technology adoption productivity cut-off ¢;.

Proof: See Appendix. |

A reduction in the variable trade costs makes exports profitable even for the less
productive firms that adopt the low technology and serve the domestic market only.
Hence, the trade cost cut encourages them to select to export, illustrated by a falling ¢,.
Resources are reallocated from non-exporters to exporters, making the least productive
firms difficult to survive in the domestic market. Consequently, the equilibrium produc-
tivity cut-off for entering the market and adopting the low technology ¢; rises. Although
the trade liberalization has an indirect negative impact on the cost-saving advantage of
technology adoption, the positive effect of selection to trade raises market shares to both
exporters and the high technology firms, and increases their profits from overseas mar-
kets. The positive effect of selection to trade plays a dominant role in raising profitable
incentives for upgrading to the high technology, reflected by a declining ¢y, through the
expanded market size.

5. Numerical simulation

The analysis so far has shown the intra-industry effects of bilateral changes in policy
instruments. The welfare implications of these policy changes cannot be handled ana-
lytically, and are therefore further conducted by numerical simulation. Moreover, this
numerical exercise sheds new lights on the effects of unilateral changes in the policies
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Table 1. Parametric assumption.

Value
Technology parameters Labor-biased  Emission-biased
Labor coefficient «, /, 12 1.0
Emissions coefficient 8, /8, 1.0 12
Elasticity substitution between inputs n 2.0 2.0
Other assumed parameters
Elasticity of substitution across varieties o 4.0 4.0
Shape parameter of the Pareto distribution ¢ 425 425
Fixed entry fee f, 1 1
Fixed production costs with low technology f, 1.0 1.0
Calibrated parameters
Exogenous exit rate § 0.55% 0.55%
Labor endowment L 1363 1363
Emissions permits £ 688 688
Fixed export costs f, 0.814 0.837
Variable export costs t 1.60 1.58
Technology upgrade fixed costs f 217 1.49
Targets US data simulated values
Annual employment-based exit rate 0.0055 0.0055 0.0055
Number of paid employees (10,000) 1363 1363 1363
Emissions (million metric tons) 688 688 688
Fraction of exporting firms 0.18 0.18 0.18
Ratio of exports to gross output 0.14 0.14 0.14
Fraction of high-tech firms 0.116 0.6 0.6

of interest, i.e. a non-coordinated environmental policy. Specifically, this section consid-
ers three numerical experiments: (1) a bilateral reduction in trade variable costs, (2) a
bilateral reduction in emission cap, and (3) a unilateral reduction in emission cap by the
home country only. To highlight and quantify the importance of firm-level heterogeneity
in these policy scenarios, the two-country model in this paper is calibrated in a symmet-
ric setting that reproduces some salient features of the US manufacturing industry in
2006, rather than being calibrated to particular pairs of countries.

Table 1 presents the values of parameters assumed and calibrated in the baseline. The
elasticity of substitution between labor and emission on the production side is set at n =
2. With gross substitutes for the two factors, the production coefficients, B, = 1.28; =
1.2 and o, = a; = 1, are adopted so that the high technology is labor-biased relative to
the low technology. With the assumed coefficient values of 8, = fi=1and o, = 1.20) =
1.2, the high technology is emission-biased relative to the alternative choice. In line with
Melitz and Redding (2015), the Pareto shape parameter of ¢ = 4.25 is chosen, and the
elasticity of substitution among varieties in the demand side is 0 = 4. The fixed entry fee
and fixed production costs with the low technology are normalized at one, i.e. f, = f; =
1. The exogenous exit rate of § = 0.55% is drawn from Atkeson and Burstein (2010).'°
Labor endowment of L = 1363, obtained from the U.S. Census Bureau, is the number
of employees (10,000) paid by manufactures. Total CO, emissions in the manufacturing
industry are E = 668 million metric tons reported from the U.S. Energy Information
Agency (EIA).!

Following the calibration procedure proposed in Bernard, Redding, and Schott
(2007), Atkeson and Burstein (2010), and Melitz and Redding (2015), the fixed export
cost f, the variable export cost 7, and the technology upgrading fees f are chosen to
match three observations in the US manufacturing industry: (i) the fraction of exporting
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firms, (ii) the share of exports in total sales, and (iii) the fraction of firms with energy-
saving technologies. Bernard, Jensen, et al. (2007) suggest that around 18% of firms
select to export in the manufacturing industry, and the share of export values to GDP is
approximately 14%. According to the Manufacturing Energy Consumption Survey 2006
reported by the EIA, the fraction of manufacturing establishments using general energy-
saving technologies is around 11.6%.'? In the case of labor-biased technical change, f, =
0.814, T = 1.6, and f = 2.17 are calibrated to match the above three moments of the US
manufacturing industry."?

5.1. Numerical results

Table 2 reports the numerical results of bilateral and unilateral policy changes in
a symmetric setting with two identical countries for labor-biased and emission-
biased technical changes. The numerical exercises of bilateral changes in trade
costs or emissions cap are meant for checking the theoretical conclusions drawn
in the previous sections, while the last experiment of unilateral changes in emis-
sion cap sheds new light on the intra-industry effects of the non-coordinated climate
policy.

Columns (1) and (4) consider a 10% bilateral reduction in trade variable costs, i.e.
At = —10%. As predicted in the model, the trade cost reduction slightly lowers the rela-
tive permit price to the wage rate by 0.14% compared with the baseline in the presence of
the labor-biased technical change, while raising the relative permit price by 0.15% in the
case of the emission-biased technical change. Regardless of this factor-biased feature, the
positive effects of the trade cost cut on firms’ technology upgrading choice and selection
to export are consistent with the model conclusion.

In columns (2) and (5) of Table 2, a 20% bilateral reduction of emission permit caps by
home and foreign countries is examined, i.e. AE = AE" = —20%. As shown in column
(2) of Table 2, this coordinated stringent environmental policy raises the relative permit
price by 11.66% relative to the baseline. If the high technology is labor-biased (clean),
the rising environmental pressure drops out both the least productive low technology
firms and the least productive exporters, as reflected by the rising cut-offs, ¢; and ¢,, by
the same amount of 0.32%. Meanwhile, the increasing cost-saving advantage of the labor-
biased high technology encourages the less productive firms to adopt the high technology
as captured by a falling ¢, by 1.38%. In contrast, in the presence of the emission-biased
technical change, as presented in column (5) of Table 2, the coordinated environmental
control lowers ¢; and ¢, by 0.30%, but raises ¢, by 2.13%.

A third scenario examines a unilateral 20% reduction of emission permit cap by the
home country only, i.e. AE = —20%, but AE" = 0. Columns (3) and (6) in Table 2 pro-
vide the corresponding results for the home and foreign variables, respectively. In the
presence of labor-biased technical change, the unilateral movement towards cleaning the
environment in the home country raises the relative permit price at home by 11.64%.
In the home country, the cost-saving advantage of adopting high technology increases
along with the rising environmental pressure, leading to market resources reallocation
from low-tech firms to high-tech firms. Thus, the productivity cut-oft of adopting the low
technology ¢; rises by 0.53%, while the cut-oft of adopting the high technology ¢}, falls by
1.45%. This unilateral movement increases the relative foreign market potential A, which
in turn makes the exporting market more attractive than the domestic market. As a result,
the cut-off of exporting ¢, drops by 0.92%. The effect of the home environmental control
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on the foreign country is through the bilateral trade channel. As the relative foreign mar-
ket potential rises, the export market for the foreign country becomes less attractive than
the domestic market, leading to a reallocation of market shares from exporters to non-
exporters. This resource reallocation discourages foreign firms to export but encourage
the less productive ones to enter the domestic market, captured by a rising ¢} but a falling
@] . The contraction of overseas market makes the technology upgrading less promising,
thereby leading to a rising ¢;.

In the case for emission-biased technology, the unilateral environmental clean-up in
the home country leads to the upward pressure of permit price, weakening the profitable
incentive of technology upgrading, and reallocating resources from high-tech firms to
low-tech firms. The productivity cut-off ¢; falls slightly by 0.06%, while ¢, rises by 2.03%.
The tightened regulatory control makes the export market more profitable relative to
the domestic market, captured by the rising relative foreign market potential A. As a
consequence, the cut-off of exporting ¢, in the home country falls by 1.73%, while ¢} in
the foreign country rises by 1.47%. The contraction of the overseas market in the foreign
country reallocates market shares from exporters to non-exporters and from high-tech
firms to low-tech firms, captured by a falling ¢} (by 0.23%) but a rising ¢} (by 0.10%). As
a result of the falling input demand for emissions permits, the relative permit price falls
slightly by 0.02% in the foreign country.

The welfare implications of policy variations are of interest. Social welfare could be
decomposed into the utility from consumption on both domestic and imported vari-
eties and the disutility of environmental damage arising from global CO, pollution. The
carbon social marginal cost is measured by the emission price (relative to the aggre-
gate price). This emission price is endogenously computed in the baseline scenario and
is set constant in the scenarios of policy variations. A 10% reduction in trade variable
costs contributes to welfare gains from consumption roughly by 2.69%, the magnitude
of which is consistent with empirical studies summarized in Melitz and Redding (2015).
A 20% bilateral reduction in emission permit cap leads to around 12% utility losses from
less variety of consumption. With large enough carbon social costs, this bilateral emis-
sion cap reduction would still contribute to welfare gains. This unilateral reduction of
emission permit cap by the home country makes the foreign country better off, but leads
to welfare losses in the home country. The former benefits from the substantial reduction
in global pollution damage, while the latter experiences the drastic decline in consump-
tion of varieties.

6. Conclusions

This paper augments the Melitz-type trade model by accounting for both environmental
pollution and factor-biased technology choices. Using the extended model, this paper
examines the impact of stringent environmental policies and openness to trade on tech-
nology adoption and trade decisions of heterogeneous firms, thereby making inference
about the composition of the entire industry and the environment.

Some novel conclusions are obtained. Implementation of the stringent environmen-
tal policy by reducing the emission permit cap has different effects on firms’ decisions,
varying with the factor-biased technology feature. When the high technology is labor-
biased (clean), a lower permit cap serves to reallocate resources from the low technol-
ogy firms to the high technology firms. This resource reallocation encourages firms to
adopt the emission-saving high technology, but discourages the least productive firms to
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enter the market. The entire industry is composed of more high technology firms, but
less low technology firms. It also experiences gains from the improved aggregate pro-
ductivity by driving out the least productive firms. When the emission-biased technical
change occurs, the induced reallocation of resources goes in the opposite direction. In
the presence of the Hicks-neutral high technology, the tightened environmental policy
has no impacts on resource reallocation between the high and low technology firms and
between exporters and non-exporters.

This paper also sheds light on the environmental impact of openness to trade at both
industry and firm levels. At the aggregate level, when the labor-biased (emission-biased)
high technology is in place, the trade cost cut reduces (raises) the aggregate demand for
emissions permits more than labor, driving down (biding up) the relative permit price to
wage rate. When the high technology is Hicks-neutral, openness to trade does not alter
the aggregate demand of emissions. Whereas the lower variable trade cost generates a
positive selection to export effect but a negative technology adoption effect, the ultimate
effects on firm decisions of technology upgrading and selection to trade are independent
of the factor-biased technical change. Whereas exposure to trade drops out the least pro-
ductive firms from the domestic market, it induces firms to export and adopt the high
technology.

Furthermore, this paper calibrates and simulates the model to demonstrate the quan-
titative results of bilateral and unilateral policy variations in trade variable costs and
the environmental instrument. With sufficient weight of clean environment on the
social welfare, bilateral emission cap reductions could be welfare-enhancing. A unilat-
eral movement towards cleaning the environment has profound policy implications. The
unilateral action leads to substantial welfare losses from consumption varieties in the
home country, while provides a free-riding opportunity for the foreign country in terms
of welfare gains.

Notes

1. For example, the US manufactures contribute to roughly 70% of the total value of exports reported
by the U.S. Bureau of Economics Analysis, while they also emit around one-fourth of the total
amount of air pollutants as estimated by the U.S. Environmental Protection Agency.

2. Levinson (2009) suggests that technology improvement has mainly contributed to the clean-up
of air emissions in the US manufacturing industry from 1987 to 2001. His recent work (Levinson
2014) shows that the estimated production technique effect accounts for more than 90% of air
clean-up.

3. See a review paper by Jafte, Newell, and Starvins (2003).

4. Galdeano-Gomez (2010) analyzes the effects of export orientation on firm productivity differ-
ences accounting for environmental productivity, using panel data in the Spanish food indus-
try. Girma and Hanley (2015)’s findings suggest that exporters are more likely to denote their
innovation as having positive environmental effects than non-exporters from the UK firms. Cui
et al. (2016) document a negative correlation between facility productivity and criteria air emis-
sions per sale in the US manufacturing sector. Cao et al. (2016) apply the Chinese firm panel data
and document an inverted U-shape relationship between productivity and environmental perfor-
mance. Holladay (2016) finds that exporters are environmentally friendlier than non-exporters
in the US manufacturing industry in terms of toxic pollution per sale.

5. Ithank the anonymous referee for pointing this out.

6. Note, c > 01isa shape parameter that determines the skewness of the Pareto distribution, assuming
¢ > o — 1 so the variance of log productivity is finite, in which the term ¢ ~g(p) = £h(¢p),
where h(p) =y ¢~" * 1V and £ = ¢/y. The corresponding cumulative distribution follows a Pareto
distribution with a form of H(p) =1 — ¢~ ", wherey =c— 0o + 1 > 0.
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Without loss of generality, o, = o7 and 85, > B; imply that the high technology is emission-
augmenting technical change relative to the low technology; o, > «; and B, = B; imply the
labor-augmenting technical change; and B,/8; = ap/o; > 1 refer to the Hicks-neutral techni-
cal change. With the elasticity of substitution between labor and emissions inputs, the factor-
augmenting technical change could be related to the factor-biased technical change. If the two
factors are gross substitutes (7 > 1), labor-augmenting technical change is also labor-biased. In
contrast, if the factors are gross complements (1 < 1), labor-augmenting technical change is then
emission-biased.

This partition pattern is consistent with the empirical evidence on technology choices of the
Argentinean manufacturing firms as found in Bustos (2011b). With alternative assumptions on
parameters and cost structure, one could have that all exporters are clean firms, while only a frac-
tion of non-exporters adopts the clean technology. In this case, the mathematical formula for pro-
ductivity cut-offs of exporting and of adopting technologies are redefined as follows: 77;;(¢;) = 0,
T (@) = 0, and 7pq (@) — 114 (@) = 05thus, @) < @y < Py

In the case of a CD technology function as in Bustos (2011a), the monotonic property of the
aggregate demand of factor holds in this paper.

Atkeson and Burstein (2010) find that the exogenous exit rate, § = 0.55%, is consistent with the
rate for large firms with more than 500 employees in the US data. In addition, this value also
captures the exogenous bad shock to firms whose productivity is far from the productivity cut-off
of exiting the market.

Total emissions are calculated from energy consumption by fuel type and by sub-industry section
multiplied by the corresponding CO, emissions rates by fuel type. Energy consumptions by fuel
type and by sub-industry data are from Manufacturing Energy Consumption Survey 2006 in the
EIA, Table 1.2 of ‘First Use of Energy for All Purposes (Fuel and Nonfuel) by NAICS, Unit: Trillion
Btu. CO, emission rates by fuel type are obtained from table of ‘CO, Emissions Coefficients by
Fuel Energy 1980-2008, Unit: Million Metric Tons CO, per Quadrillion Btu’ by the EPA.

The energy-saving technologies include the following five specific technologies: Computer Con-
trol of Building Wide Environment, Computer Control of Process or Major Energy-Using
Equipment, Waste Heat Recovery, Adjustable - Speed Motors, and Oxy - Fuel Firing. For detailed
information, please see Table 8.2, ‘Number of Establishments by Usage of General Energy-Saving
Technologies.

In the case of emission-biased technical change, f, = 0.837, T = 1.58, and f = 1.49 are chosen to
match the three moments of the US manufacturing industry.
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Appendix

Proof of Lemma 2.1: The relationship between the relative marginal costs (c;/c;) and the
relative permit price could be linked with the difference in cost shares across technolo-
gies:

d(ci/cn) _ G (361 pe %&)
0 pe PeCh \OPe €1 0P Ch

>0 iflabor-biased (sj > s})

¢
= L (ss—s) 1 <0 ifemission-biased (s¢ < s¢)
Pech = 0 if Hicks-neutral (s{ = s?)
: aa/en) N — o e __ €
Thus, sign(=; > ) = sign(s] — s}). [ |

Proof of Proposition 2.1: This part examines the monotonicity of the relative aggregate
demand of emissions to labor. Consider the relative aggregate demand for emissions and
labor:
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Because productivity follows the Pareto distribution, g(¢) = cp !, we could derive
S e g(@)de = (o, — ;") [y and [ ¢°'g(p)de = cp; " [y, where y = ¢ —

o + 1> 0.In addition, r;y = rjgt’ =7 and rg = ria(ci/cy)” ~ ' Recall A, = (%)_C, Ap =

(%)_C, and the relative productivity cut-offs in equations (12) and (14), thus, the relative
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aggregate demand for emissions to labor is
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To examine the monoton1c1ty of the relative aggregate demand, it is suffice to check
the monotonicity of A(E—L )11 w.r.t. the relative input price w/p..
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When technical change is emission-biased, i.e. emission-augmenting with gross sub-
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inputs (o, > oy, B = B, n < 1):

d(ci/cn)
d(pe/w)

B\ a(E)P
Ltanill 1= —L°
(ﬁhal) 7T )

< n;an =0,ifo =n.

dA(cr/en)"! _ dA(ct/cn)"™" d(er/cn) -
d(pe/w) d(a/cn)  (pe/w) —

dA(ci/cp)"? _ dA(ci/cn)"t d(cr/cn) -
d(pe/w) d(c/en) d(pe/w) —

< 0= ifo >n,



Downloaded by [Wuhan University] at 19:23 21 November 2017

THE JOURNAL OF INTERNATIONAL TRADE & ECONOMIC DEVELOPMENT . 949

To sump up, the relative aggregate factor demand (E/L)P decreases in the relative fac-
tor price (p./w),ifo = n > 0.

Proof of Proposition 3.2: This part examines the effects of a stringent environmental
regulation on the equilibrium productivity cut-offs. Using the free entry conditions and
relative productivity cut-offs, one could solve the equilibrium cut-offs as functions of
endogenous input prices and other parameters. First, recall the free entry condition (15):

e ¢] o—1 o0 o—1 o0 o—1
fi / (ﬂ) g(p)dy + fx/ (£> gp)de + f (£> g(p)de
%] 2! x Px ©n Pn

o0

=45, +fz/ g(w)d<p+fxf gp)dp + f | glp)dy
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With the Pareto distribution of productivity, G(¢) = 1 — ¢~¢, f(poio dG(¢) = ¢; , and

f(po,-o (/9" 1 dG(p) = cp; “/v,wherey =c— o + 1> 0. The above free entry condi-
tion could be further simplified:

Recall A, = (%)_C and A;, = <%>  asthe ex post fractions of exporters and high tech-

nology firms, respectively. Using the relative productivity cut-offs in equations (12) and
(14), one could solve the equilibrium productivity cut-offs:
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Using the relative equilibrium cut-offs, the ex post fractions of the high technology
firms and exporters are, respectively

Ay = (%)_C _ {[(E—;)G_l ) 1} A ?}c/(ol)
Ay = <%>_C _ (%)‘C/(U—l)

Thus, the effects of the stringent environmental policy on these two ex post fractions
are:
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Using the equilibrium productivity cut-offs provided above, therefore, the effects of
the tightened environmental control on productivity cut-offs are

. k7] ) oA ) Qs . oA ) oo ) oA
s1€n = S1€n , S1gn = S1€n , S1gn = —S1gn
& dp. & dpe & dpe & dp. 5 0pe & dpe

where sign(g—y) depends on the factor-biased technical change as shown above.

Proof of Proposition 4.1: This part examines the effects of a trade cost reduction on the

relative input prices. Recall the factor market clear conditions (‘%:)S = (%)D (%). Total
differentiation gives rise to
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(%)D = (%)’7(%)’7’1, thus, W = 0. If technical change is labor-biased, then
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determined as follows:
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If technical change is emission-biased, then (%)1_” — 1 > 0. Given p./w
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In sum, the effects of the trade cost reduction on the relative permit price vary with the
factor-biased feature of technical change:

> 0 if labor-biased
< 0 if emission-biased
= 0 if Hicks-neutral

d(pe/w)
ot

Proof of Proposition 4.2: This part investigates the effects of a trade cost reduction on
productivity cut-offs. Take derivative of the relative input market clear conditions (% )S =
(H)P(E, A) wrt. T
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As suggested in the relative equilibrium cut-offs in equation (12), aakt’“ < 0. The above

inequality implies akth < 0. The impacts of the trade cost reduction on the ex post frac-
tions of the low technology firms (1), of exporters (1), and of the high technology firms
(Ap) are, respectively

oA 3)nx oAy
— > 0; <0, — <0
0T 8r 0T

Finally, to determine the intra-industry effects of openness to trade on the equilibrium
productivity cut-offs, recall the cut-offs solved in the proof of Proposition 3.2:

o =V {fi+refetrnf)"

~ 1 )hh 1/c
Ox = ()“x) 1/C(pl =WV _fl + fx + _f
Ax Ax

1 A 1/c
on=0n) Vo=V —fi+t =f+f
Ah Ah

-2=1_y1/¢ The effects of the trade cost reduction on the productivity

. (9@ oo (30 Lt f)
sign <¥) = sign (Th) <0

where ¥ = (8f P
cut-offs are
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sign (295 = sign (2GRN L
P 8 ot
0 G it fo)
sign(%):sign(%)>0
T

In sum, regardless of the factor-biased feature of technical change, % <0, % > (0,and

%>O. [ |
T

Derivation of aggregate variables. With Pareto-distributed firm-level productivity, the
productivity cut-offs are given as follows:

¢z=\lf{ﬁ+kxfx+)»hf}l/c

1 )\'h 1/c
o=V —fi+ i+t —=fr =r"¢
Ay Ay

1 Ax Ve o i
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I = (%)_ (%) - g = H(E—i)g_l - 1} 1+ ‘El_oA)?}U :
s

1 o—1\" RFpro-1 SPf,
yY=— A = T =
Sfe v RP°— 1 — G(¢)

The aggregate demand for emissions:

where

s y=c—o+1
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o—1 00
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Ch 3
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Similarly, the aggregate demand for labor:

ee]

_ ©n %n
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The aggregate expenditure on domestic and imported varieties:
00 o

©On h
R= f na(@)Mu(¢)dp + / P (@) M* 1 (0)dg
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With balanced trade condition where values of exports equal values of imports, the last
equation is

o—1
R = M?’ldgof_lﬁ 1+ a —1 )»Z/C
14 Ch
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The aggregate consumption on domestic and imported varieties:

00 o
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The first part of the last equation is the aggregate consumption on domestic varieties,
while the second part denotes the aggregate consumption on imported varieties. The
aggregate price index:
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As in Melitz (2003), one could easily derive that Q = R/P. [ |




