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C la sī ca ci¶o n J E L : F 1 8

P a la bra s cla ve: o p tim a l po licies, in term ed ia te po llu ta n t in p u t, w elfa re, sm a ll

o pen eco n o m y, po l¶³tica s ¶o p tim a s, in su m o in term ed io co n ta m in a n te, bien esta r,

eco n o m ¶³a pequ e~n a y a bierta .

F ech a d e recepci¶o n : 1 3 V I 2 0 0 5 F ech a d e a cep ta ci¶o n : 4 V 2 0 0 6

203



¶204 E S T U D IO S E C O N O M IC O S

1 . In tro d u c tio n

Since the implementation of the General Agreement on Tari®s and
Trade (G A T T 47) policy-makers have had to understand and explain
the linkages between trade and environmental policies and their ef-
fects on the environment, trade and welfare of open economies due to
further world trade liberalisations.

While environmentalists maintain that free trade may harm the
environment and could adversely a®ect welfare, free traders argue
that freer trade is likely to improve them. The former are partic-
ularly concerned about free trade's long-term e®ects upon the use
of environmental resources, arguing that further trade liberalisation
will eventually expand the extent of the preexisting externalities and
the market failures that create them. Thus their main concern lies
in the fact that long-term losses due to the depletion of natural re-
sources could o®set the short-term welfare gains, resulting in the non-
sustainability of the liberalisation policy, unless appropriate environ-
mental and trade policies are designed and put in place.

This paper is concerned with the theoretical relationship between
trade and environmental policies and their e®ects on welfare in a
polluted small open economy. Unlike Turunen-Red and Woodland
(1999) , however, I propose a number of comparative static exercises
to determine the optimal trade and environmental policies under dif-
ferent second-best scenarios, rather than proposing piecemeal trade
and environmental reforms in a multilateral setting. I study the nexus
between trade and environmental policies and how direct and indirect
e®ects of changes in trade and environmental taxes a®ect domestic
welfare.

1Most of the literature has focused on two particular issues: the
way pollution is modelled, and how to correct production external-
ities in open economies with second-best trade policies. Copeland
and Taylor (2001) and Turunen-Red and Woodland (2001) propose
a standard framework to assess trade liberalisations under the scale,
composition and technique e®ects of trade on the environment. In
Copeland (1994) and Copeland and Taylor (2003) , local pollution is
modelled as a by-product of the production process and an emissions
tax is imposed by the government. Copeland (1994) carried out a
number of comparative static cases where direct and indirect (spill
over) e®ects of trade policies on the environment are considered. He

1 S ee B a u m o l a n d O a tes (1 9 8 8 ), C ro p p er a n d O a tes (1 9 9 2 ) a m o n g o th ers fo r

a g en era l d iscu ssio n o n th is m a tter.
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concludes that piecemeal trade and environmental reforms should be
coordinated. On the other hand, he provides a number of cases where
the use of quotas, as a control for pollution emissions, does not pro-
vide a possible second best justi¯cation for trade restrictions on the

2production of the remainder of the productive sectors.
The current paper also addresses the relationship between trade

and endogenous pollution levels. However, the main focus is quite
di®erent from the previous literature. It departs from the standard
approach in the sense that, although pollution is similarly generated
as a by-product of the production process, it occurs through the use of

3an intermediate pollutant input. In so doing, this paper emphasises
explicitly the incorporation of an intermediate input which can or
cannot be produced domestically. Special attention is given to the
treatment of an intermediate input in the context of the dual approach
and the concepts of net and gross output revenue. This theoretical
departure seems to be more realistic in the sense that potentially
every ¯nal good can be thought of as an intermediate input and its
consumption can generate any kind of pollution.

On the other hand, the model incorporates the issue of pollution
intensiveness in the ¯nal goods' production. With that fundamen-
tal change, I provide a justi¯cation for the policy-maker to use trade
policy instruments to deal, in a second best fashion, with production

4externalities. The perfectly competitive small open economy faces
exogenous international prices and has three policy instruments avail-
able, a per-unit tax on the non-numeraire good, a per-unit tax on the
intermediate input and a pollution tax. Firms in the two relevant
sectors of the economy are pro¯t maximisers and the non-numeraire
sector uses the intermediate input intensively, so it can be considered
as the pollutant. The main feature of the model adds realism to the
results obtained from the comparative statics carried out, because
through trade policy, spillover e®ects actually reduce or exacerbate

2 S ee C o rd en a n d F a lv ey (1 9 8 5 ).
3 P o llu tio n g en era ted in th is w ay ca n b e in terp reted a s b ein g p ro d u ced th ro u g h

in d u stria l co n su m p tio n , ra th er th a n b y th e p ro d u ctio n p ro cess itself.
4 T h is w ay o f m o d ellin g p o llu tio n av o id s th e co m p lex ity th a t a rises w h en p o l-

lu tio n is m o d elled a s a resu lt o f th e p ro d u ctio n p ro cess lik e in th e jo in t-p ro d u ctio n
a p p ro a ch . A d d itio n a lly, it p rov id es th e sa m e fra m ew o rk a s in th e H eck sch er-O h lin
m o d el w h ere fa cto rs a re m a teria lised in ¯ n a l g o o d s, so th a t w e ca n th in k o f ex -
p o rts a s b ein g ex p o rts o f fa cto rs o f p ro d u ctio n . It a lso p rov id es u s a m ech a n ism
w h ere, v ia p rices, d irect a n d in d irect e® ects o f tra d e a n d en v iro n m en ta l p o licies
in ° u en ce th e rea llo ca tio n o f reso u rces w h en p rices o f ¯ n a l g o o d s g o u p o r d ow n

a s a resu lt o f tra d e a n d en v iro n m en ta l refo rm s.
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the negative e®ects of the use of the intermediate input. In that sense,
the results presented in this model can be considered as an argument
that justi¯es including some environmental standards in trade nego-
tiations.

The plan of the paper is as follows. In section 2, the theoret-
ical aspects of the model are thoroughly explained. I will develop
the production and consumption sides with a number of theoretical
concepts that will allow us to examine the e®ects of marginal changes
in a distorted equilibrium. The perfectly competitive framework and
the dual approach will simplify this analysis. In section 3, the case of
a small open economy is treated and several comparative static ex-
ercises are performed in order to ¯nd the optimal environmental and
trade policies under di®erent second-best settings. Finally, in section
4 some conclusions are outlined.

2 . T h e M o d e l

I start by considering a standard model of a perfectly competitive
small open economy that faces ¯xed world prices. Two ¯nal goods
are produced by two subsectors which di®er in the intensity of the use
of the intermediate input which is produced by a third sector, and
tradeable in the international market, as the ¯nal goods.

Pollution is generated as a by product of the production pro-
cess. The ¯rst ¯nal good is the numeraire so that its price will, as
is usual, be considered as p = 1; the second ¯nal good will be the1

non-numeraire, so that its price p will be the relative price of the non-2

numeraire good in terms of the numeraire, and the third product, an
intermediate input, will have its price q in terms of the numeraire as
well. I will suppose the intermediate input is a nitrogenous fertiliser.

The economy is assumed to be endowed with three primary
factors of production which are o®ered inelastically and are non-
tradeable in international markets, namely: labour, capital and urea.
The economy has three industries, each one producing only one prod-
uct. Sector one and two produce the numeraire and non-numeraire
respectively, with two of the following primary factors each: capital,
labour and fertiliser as intermediate inputs. Sector three produces the
intermediate input with three primary factors of production: capital,
labour and urea.

To keep things simple, I have assumed that pollution does harm
consumers but does not a®ect productivity in neighbouring ¯rms. On
the other hand, pollution generated through consumption activities is
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5not considered. The two ¯nal goods and the intermediate input are
produced with a constant returns to scale technology. The proposed
model is a standard one of a perfectly competitive small open economy
with trade and pollution taxes: t and ¿ , as trade instruments and s

6playing a role as a pollution tax.
To characterise the production side of this small open economy

7I will use the gross G D P or revenue function:
8R (p ;q + s;V ) = max f p g j (x ;V ) 2 T g : By the envelope the-

Ff g ;g g
orem (Hotelling's Lemma) : R = g is the gross supply of the non-p

5 C o p ela n d a n d T ay lo r (1 9 9 5 ) co n sid er a m o d el w h ere p o llu tio n is g en era ted

in th e co n su m p tio n secto r.
6 U n lik e C o p ela n d (1 9 9 4 ), w h ere th e m o d el ex p licitly in co rp o ra tes a v ecto r

o f p o llu ta n ts g en era ted b y th e p ro d u ctio n p ro cess, in th is m o d el th ere is n o t a
fu n ctio n th a t rela tes th e a m o u n t o f p ro d u ct to th e a m o u n t o f p o llu tio n g en era ted .
In stea d it is a ssu m ed to b e p ro d u ced b y th e u se (in d u stria l co n su m p tio n ) o f th e

in term ed ia te in p u t.
7 T h e m a in d i® eren ces in a co n tex t o f th e H eck sch er-O h lin fra m ew o rk a re

¯ rstly, th a t th e in tro d u ctio n o f a n in term ed ia te in p u t m a k es n ecessa ry th e in tro -
d u ctio n o f th e g ro ss a n d n et o u tp u t co n cep ts, b o th a t a n in d u stry lev el, a n d a t a
secto ria l lev el. T h e la tter is th e releva n t va ria b le fo r th e p u rp o ses o f th is m o d el.
T h e n et (secto r) p ro d u ct is d e¯ n ed a s th e g ro ss p ro d u ct o f co m m o d ity j m in u s
th e in p u t o f co m m o d ity j u sed in a ll in d u stries (in clu d in g th e o n e th a t p ro d u ces
th a t co m m o d ity ). If a s a resu lt o f th e a b ov e ca lcu la tio n th e n et p ro d u ct is zero ,
it m ea n s th a t co m m o d ity j h a s b een p ro d u ced o n ly to serv e a s a n in p u t in th e
p ro d u ctio n o f o th er ¯ n a l g o o d s.

S eco n d ly, co n sid erin g th a t th e in term ed ia te in p u t is p ro d u ced w ith th e sa m e
p rim a ry fa cto rs a s th e ¯ n a l g o o d s, it is n ecessa ry to m a k e fu rth er a ssu m p tio n s
reg a rd in g th e d im en sio n o f th e m o d el. A cco rd in g ly, in th e tra d itio n a l tw o b y
tw o ca se (tw o fa cto rs-tw o p ro d u cts), th e in tro d u ctio n o f th e in term ed ia te in p u t
ca rries o u t sev era l o th er th eo retica l im p lica tio n s. B a tra a n d C a sa s (1 9 7 3 ), p o in ted
o u t th a t th e H eck sch er-O h lin th eo rem d ep en d s o n th e va lid ity o f th e S to lp er-
S a m u elso n a n d R y b czy n sk i th eo rem s. H ow ev er, w h en th ree g o o d s a re p ro d u ced ,
th e p a ttern o f tra d e tu rn s o u t to b e in d eterm in a te.

T o so lv e th is, eith er th e in term ed ia te in p u t o r o n e o f th e ¯ n a l g o o d s sh o u ld b e
co n sid ered a s n o n -tra d ea b le. A ltern a tiv ely, a n o th er so lu tio n w o u ld b e to co n sid er
th a t w o rld p rices a re su ch th a t th e p ro d u ctio n o f o n e o f th e g o o d s is u n p ro ¯ ta b le.
In su ch a ca se, w e w o u ld h av e th e cla ssica l tw o b y tw o ca se a g a in , b u t th e so lu tio n
w o u ld b e u n a ttra ctiv e. S o , th is m o d el p reserv es th e a ttra ctio n o f th e tw o -b y -tw o
ca se in its n -b y -n g en era liza tio n in th e sen se th a t th e d e¯ n itio n o f fa cto r in ten sity
in v o lv es o n ly th e tech n o lo g y a n d n o t th e fa cto r en d ow m en ts. T h e u n iq u en ess o f
th e d eterm in a tio n o f th e fa cto r m a rk et p rices b y th e g o o d s' p rices h o ld s in th is

th ree-b y -th ree m o d el (fa cto r p rice eq u a lisa tio n th eo rem ).
8 T h e rev en u e fu n ctio n is co n v ex in p rices a n d co n cav e in fa cto r en d ow m en ts,
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Fnumeraire product; R = g is the gross supply of the intermediateq

input; R = w is the vector of primary factor prices, and R = q + sv F

is the industrial consumer's price of fertiliser.
Because the revenue function is convex in prices, output sup-

plies are upward-sloping, then: R ¸ 0 and R ¸ 0: On the otherp p q q

hand, the sign of the fertiliser's cross price e®ect on the non-numeraire
good's supply, i.e. , R · 0, whether the non-numeraire good uses in-p q

9tensively the intermediate input (R < 0) , or not (R = 0) .p q p q

Being concave in the factor market prices, the second derivatives
@ R 1 0Fof the revenue function are: R · 0 and = R · 0, i.e. ,v v F F@ F

the inverse demands for all factors are downward-sloping. On the
other hand, the Rybczynski coe±cients are: R = R ; and R =p v v p p F

R > or < 0; depending on whether the non-numeraire goodF p

uses the intermediate input intensively (R > 0) ; or not (R < 0) ,p F p F

respectively.
The demand side will be modelled using the dual of the indi-

rect utility function. The expenditure function will now include the
amount of fertiliser used by the agricultural sector. It emerges from
the following maximisation program: E (p ;U ;F ) = minf p c : U ¸

f cg
1 1U ;c ¸ 0g .0

Application of the envelope theorem (Shephard's lemma) leads

a n d lin ea rly h o m o g en eo u s in ea ch set o f p a ra m eters.
9 A n a ltern a tiv e w ay to lo o k a t it is th a t if th e in term ed ia te in p u t is u sed

in ten siv ely in th e p ro d u ctio n o f th e n o n -n u m era ire g o o d , a n ex o g en o u s in crea se
in th e p rice o f th e n o n -n u m era ire g o o d , p , w o u ld ca u se a n in crea se in th e p ro -2

d u ctio n o f th is ¯ n a l g o o d , co n seq u en tly, th a t w o u ld in crea se th e d em a n d fo r th e
in term ed ia te in p u t. H ow ev er, d u e to th e rea llo ca tio n o f p ro d u ctiv e reso u rces, th e
ex cess d em a n d fo r th e in term ed ia te in p u t w o u ld p u t p ressu re o n th e in d u stria l's
co n su m er p rice, th erefo re in crea sin g (q + s) a n d th en d ecrea sin g th e p ro d u ctio n o f

th e ¯ n a l n o n -n u m era ire g o o d . B y Y o u n g 's th eo rem R = R · 0 .p q qp

1 0 A cco rd in g to th e co n cav ity o f th e rev en u e fu n ctio n . It a n sw ers th e q u estio n
a b o u t h ow th e p ro d u cer's p rice o f fertiliser ch a n g es w h en th e su p p ly o f fertiliser

ch a n g es.
1 1 T h e u tility fu n ctio n is a d d itiv ely sep a ra b le in g o o d s a n d p o llu tio n , i.e.,

U (c;F )= Á (c)+ ' (F ), sin ce p o llu tio n a d v ersely a ® ects co n su m ers' u tility w e h av e
0' (F )< 0 : B esid es, in th e u tility fu n ctio n , co n su m p tio n o f g o o d s is a ch o ice va ri-
a b le fo r th e co n su m er, b u t p o llu tio n g en era ted th ro u g h th e in d u stria l co n su m p -
tio n o f fertiliser F is n o t co n tro lled b y th e rep resen ta tiv e co n su m er. E q u iva len tly,
co n su m er p referen ces m ay b e rep resen ted b y th e ex p en d itu re fu n ctio n E (p ;U ;F )
w h ich is co n cav e in p , a n d in crea sin g in U a n d F . A n in crea se in th e lev el o f
F is a ssu m ed to h a rm co n su m ers, so th a t th e m in im u m co st o f a tta in in g a g iv en

u tility lev el in crea ses w ith F .
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us to get: E the Hicksian demand function, E the reciprocal of thep U

marginal utility of income, and E the marginal damage. Moreover,F

due to the concavity of the expenditure function on p , the second
derivatives of the expenditure function are E · 0, which is thep p

1 2slope of the compensated demand function. Likewise, E > 0 withp U

prices given, the increase in utility leads to an increase in the level of
consumption. Furthermore, E ¸ 0 so that the increase in the levelp F

1 3of pollution a®ects the compensated demand for ¯nal goods.

2.1 . E qu ilibriu m

The equilibrium for this economy will be represented by the following
trade expenditure functions for the domestic and foreign countries,
respectively, and the market clearing conditions on the non-numeraire
and the intermediate inputs:

FE (1;p + t;U ;F ) = R (1;p + t;q + ¿ ;V ;F ) ¡ R F + sF + tm + ¿ m (1)F

¤ ¤ ¤ ¤ ¤ ¤ ¤E (1;p ;U ;F ) = R (1;p ;q ;V ;F ) ¡ R F (2)F

¤m + m 6= 0 (3)

F F ¤m + m 6= 0 (4)

In general from equations (1) to (4) it is necessary to determine
four unknowns, i. e. , two relative prices p and q , and two utility levels

¤U and U with four equations. Where:

Fm = F ¡ R (5)q

m = E ¡ R (6)p p

R = q + s + ¿ (7)F

1 2 F o r n o rm a l g o o d s th e su b stitu tio n e® ect w ill b e n eg a tiv e.
1 3 T o p reserv e th e sa m e lev el o f u tility it is n ecessa ry to co m p en sa te b y in crea s-

in g th e a m o u n t o f th e n o n -n u m era ire g o o d . H ow ev er, if co m p en sa tio n is d eriv ed

fro m th e n u m era ire g o o d , th is d eriva tiv e is eq u a l to zero .
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dp = p + t (8)

dq = q + ¿ (9)

are the imports of the intermediate input (5) , the imports of the
non-numeraire good (6) , the industrial consumer price of the inter-
mediate input (7) , the one to one relationship between domestic and
international prices of the non-numeraire good (8) , and the one to
one relationship between the domestic and international prices of the
intermediate input (9) . Moreover, F is the amount of fertiliser used
as an intermediate input by the ¯nal goods' sector, t is a trade tax on
the non-numeraire good, ¿ is a trade tax on the intermediate input,
and s is a tax on the use of the intermediate input. Equations (1)
and (2) represent the general equilibrium trade expenditure functions
for the representative consumer in the domestic and foreign countries,
whereas equations (3) and (4) capture the market clearing conditions

1 4for the non-numeraire and intermediate inputs respectively.
As usual, the representative consumer spends all his income (Wal

ras'law) : in order to achieve the level U of utility, the representative
consumer will spend as much as the gross revenue less the value of
the gross intermediate product, plus the revenue collected by the gov-
ernment in the form of a tax on the use of the intermediate input,
a trade tax on the imports of the non-numeraire and a trade tax on
the imports of the intermediate input. One key assumption made
here is that the revenue collected by the government is distributed to
the representative agents by mean of lump-sum transfers. The same
reasoning would apply to the foreign country.

3 . W e lfa re E ® e c ts a n d O p tim a l P o lic ie s

The model presented involves a small open economy where the foreign
country has no active role in the channels by which the domestic wel-

1 5fare is a®ected. The methodology consists in totally di®erentiating

1 4 N o tice th a t eq u a tio n (2 ) d o es n o t in v o lv e th e u se o f tra d e a n d en v iro n m en -
ta l in stru m en ts fo r th e fo reig n co u n try. B esid es, eq u a tio n s (3 ) a n d (4 ) h eld w ith
eq u a lity m ea n th a t b o th , d o m estic a n d fo reig n co u n tries, d eterm in e in tern a tio n a l
p rices fo r a ll tra d ea b le co m m o d ities. B y W a lra s' law , th e m a rk et clea rin g co n d i-

tio n fo r th e n u m era ire g o o d d o es h o ld .
1 5 Im p licitly, th e rest o f th e w o rld is p lay in g a ro le in th e d eterm in a tio n o f in ter-

n a tio n a l p rices a n d th erefo re, in th e fu l̄ llm en t o f th e m a rk et clea rin g co n d itio n s

fo r th e in term ed ia te a n d th e n o n -n u m era ire g o o d .
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the trade expenditure and the market clearing conditions, to establish
how the equilibrium can be marginally changed, and how that change
a®ects domestic welfare in order to further examine which channels
of transmission are acting.

Totally di®erentiating (1) and using (5) to (9) , taking into ac-
count that from (8) and (9) d p = d t and d q = d ¿ , I get an expression
that measures the welfare as a function of the targets: consumption
of the intermediate input and imports of the non-numeraire good and
intermediate input, rather than the policy instruments:

FE d U = (s ¡ E ) d F + ¿ d m + td m (10)U F

As is known, E > 0 is the inverse of the marginal utility ofU

income, thus E d U measures the change in welfare of the represen-U

tative consumer and has, according to (10) ; three components: the
change in the consumption of the intermediate input (d F ) , the e®ect¡ ¢

Fof the trade distortion on the intermediate input d m ; and the
1 6e®ect of the trade distortion on the non-numeraire good (d m ) :

Totally di®erentiating (5) ; (6) and (7) to get an expression that
measures the change in welfare in terms of the changes in the instru-
ments, i.e. , the pollution tax and the trade taxes, rather than the
targets as in eq. (10) ; we have,

E d U (1 ¡ tC ) = ¡ ® A d s ¡ [t(R ¡ E ) + ¿ R ¡ ® R A ] d t (11)U y p p p p q p F p

¡ [tR + ¿ R + ® (1 ¡ R ) A ] d ¿p q q q F q

Equation (11) combines the direct and indirect e®ects of marginal
changes in the policy instruments on domestic welfare. From (7) , (8)
and (9) marginal changes in the policy instruments directly a®ect
commodities' prices. These potential marginal changes in domestic
prices a®ect the allocation of productive resources among the three
di®erent sectors and then on the levels of industrial production, which
in turn a®ects the demand for the intermediate input and then the
pollution emissions' level.

As pointed out by Copeland (1994) in the presence of trade taxes
(t and ¿ ) , an increase in pollution has a direct e®ect on consumers E F
and indirect e®ects on trade distortions represented with the term

¡ ¿ (1 ¡ R ) ¡ t(E ¡ R ):q F p F p F

1 6 T h e tra d e d isto rtio n s a re th e im p o rt ta ri® s o n th e n o n -n u m era ire g o o d a n d

o n th e in term ed ia te in p u t.
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Then, the A term in equation (11) ,

A = [E ¡ s ¡ ¿ (1 ¡ R ) ¡ t(E ¡ R ) ]F q F p F p F

represents the measure of the marginal external damage to consumers
from pollution (involving direct and indirect e®ects) and the pollution
tax s that compensates the externality.

Accordingly, the term ® d s represents the direct e®ect of the
change in the tax s on the use of intermediate input F . Similarly,
the term t (R ¡ E ) d t captures the direct e®ect of the change inp p p p

the trade tax on the net output of the traded non-numeraire good. On
the other hand, ¿ R d ¿ represents the direct e®ect of the change inq q

the trade tax on the intermediate input, on the net output of traded
intermediate input. Similarly, the terms ¿ R d t and tR d ¿ capturesq p p q

cross e®ects of marginal changes in trade distortions.
Additionally, the indirect e®ects of marginal changes in the trade

distortions on the demand for the intermediate input (pollution) are
represented by the terms: ¡ ® R d t for the non-numeraire and, ® (1 ¡F p

R ) d ¿ for the intermediate sectors, respectively. Likewise, the termF q

(1 ¡ tC ) > 0 is known as the tari® multiplier and is assumed to bey
1 7positive for normal goods. To ¯nd the optimal policies, I will show

the next subcases by means of some comparative statics.

3.1 . F irst B est C a ses: O n e P o licy In stru m en t, O n e D isto rtio n

I consider three ¯rst best cases where the policy maker or a central
planner has just one instrument available to deal with one distortion
at a time. I present three sub-cases depending on the type of policy
instrument available. Case A shows the optimal level of the pollution
tax when trade taxes are at their free trade levels. Cases B and C
show the optimal trade taxes for the non-numeraire and the interme-
diate, respectively, taking into account that the pollution tax is at its
optimal level and unalterable.

3.1 .1 . Case A

The domestic small open economy optimally chooses the pollution
tax. Trade taxes corresponding with the non-numeraire good and

1 7 T h e ta ri® m u ltip lier is k n ow n a s th e H a tta co n d itio n a n d its d eriva tio n is

fu lly ex p la in ed in H a tta (1 9 7 7 ).
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intermediate input are at their free trade level, i.e. , t = ¿ = 0; which
implies d t = d ¿ = 0.

Equation (11) becomes:

E d U (1 ¡ tC ) = ¡ ® [E ¡ s ] d s (12)U y F

Equation (12) measures the change in domestic welfare that de-
pends on the di®erence between the marginal damage E and the pol-F

lution tax s , and the direction of the marginal change in the pollution
tax (d s ) . If the pollution tax increases (d s > 0) , it has two e®ects on
domestic welfare, depending on the di®erence between the marginal
damage and the level of the pollution tax. If the marginal damage
is greater (lower) than the pollution tax, i.e. , E > s (E < s ) , anF F

increase in the pollution tax would positively (negatively) a®ect the
1 8domestic welfare.

From (12) we can get the ¯rst order condition that maximises
domestic welfare to ¯nd the optimal pollution tax:

d U ¤= 0 =) s = E (13)F
d s

The optimal pollution tax is de¯ned by (13) and exactly equal
to the marginal damage. It is best known as the Pigouvian tax.
Intuitively, the optimal Pigouvian tax results when trade taxes are at
their optimal free trade level. This guarantees the relation between
the production externality and the level of the pollution tax.

3.1 .2. Case B

The domestic small open economy optimally chooses the trade tax on
the non-numeraire good. Trade tax corresponding to the intermediate
input is at its free trade level, i.e. , ¿ = 0; which implies d ¿ = 0, while
the pollution tax is at the Pigouvian level but unalterable, therefore
d s = 0.

Equation (11) becomes:

E d U (1 ¡ tC ) = ¡ t [(R ¡ E ) + ® R (E ¡ R ) ] d t (14)U y p p p p F p p F p F

1 8 If w e h a d a p o llu tio n ta x refo rm , th e d irectio n o f su ch a refo rm w o u ld b e

d ep en d a n t o n th e d i® eren ce b etw een E a n d th e lev el o f th e p o llu tio n ta x s.F
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From (14) we can determine the optimal trade tax that max-
imises the welfare of the small open economy. The ¯rst order condi-
tion is then the following:

d U ¤= 0 =) t = 0 (15)
d t

The optimal trade tax on the non-numeraire is de¯ned by (15) ,
1 9and corresponds with its free trade level.

3.1 .3. Case C

The domestic small open economy optimally chooses the trade tax
on the intermediate input. Trade tax corresponding with the non-
numeraire good is at its free trade level, i.e. , t = 0;which implies d t =
0, while the pollution tax is at the Pigouvian level but unalterable,
therefore d s = 0. In this case (11) becomes:

E d U (1 ¡ tC ) = ¡ ¿ [R ¡ ® (1 ¡ R ) (1 ¡ R ) ] d ¿ (16)U y q q F q q F

From (16) we can ¯nd the optimal trade tax such that maximises
the small open economy's welfare with the ¯rst order condition:

d U ¤= 0 =) ¿ = 0 (17)
d ¿

The optimal trade tax on the intermediate input is de¯ned by
2 0(17) , and corresponds with its free trade level.

3.2. S eco n d B est C a ses: O n e P o licy In stru m en t, T w o D isto rtio n s

I consider two sub-cases depending on the type of policy instrument
available. In case D, I am assuming that the pre-existent policy-
induced distortion through the trade tax on the intermediate input

1 9 T h is m ea n s th a t w h en th e tra d e ta x o n th e in term ed ia te in p u t is a t its free
¤ ¤tra d e lev el, i.e., ¿ = 0 , a n d th e p o llu tio n ta x is th e P ig o u v ia n ta x , i.e., s = E F

(u n a ltera b le), th e ¯ rst b est o p tim a l tra d e ta x o n th e n o n -n u m era ire g o o d is th e
¤o p tim a l free tra d e ta x , i.e., t = 0 .

2 0 ¤T h is m ea n s th a t w h en th e p o llu tio n ta x is a t its o p tim a l lev el, i.e., s = E ,F
a n d u n a ltera b le, a n d th e tra d e ta x o f th e n o n -n u m era ire g o o d is a t its free tra d e

¤lev el, i.e., t = 0 , th e ¯ rst b est o p tim a l tra d e ta x fo r th e in term ed ia te in p u t is th e

o p tim a l free tra d e ta x .
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¤is not present because the it is at its optimal level ¿ = 0. Further-
more, I assume that the pollution tax is at a suboptimal level (s = 0) ,
although the production externality is still present.

3.2.1 . Case D

The domestic small open economy optimally chooses the trade tax on
the non-numeraire good. ¿ = s = 0 which implies d ¿ = d s = 0.

Then (11) becomes:

E d U (1 ¡ tC ) = (18)U y

¡ (t(R ¡ E ) ¡ ® R [E ¡ t(E ¡ R ) ] )d tp p p p F p F p F p F

Equation (18) measures the change in welfare only in terms of the
change in the trade tax. It can be seen that (18) has a mix of direct
and indirect e®ects that a®ect its sign. For instance, an increase in
the trade tax on the non-numeraire good (d t > 0) has two e®ects:
the direct e®ect ¡ t(R ¡ E )d t that measures the di®erence of twop p p p

pure substitution e®ects, and the indirect e®ect of the change in the
trade tax, via the price of the non-numeraire, on the demand for the

2 1intermediate good, i.e. , ¡ ® R [E ¡ t(E ¡ R ) ] d t.F p F p F p F

The optimal trade tax comes from the ¯rst order condition:
d U = 0 )d t

® R F p¤t = E (19)F
[R ¡ E + ® R (E ¡ R ) ]p p p p F p p F p F

To determine the sign of the optimal trade tax in (19) , assume
the non-numeraire sector is using the intermediate input intensively,

2 2i. e. , R > 0: Besides, suppose that compensation to consumersp F
2 3comes from the numeraire good, i.e. , E = 0. In such a case, thep F

2 1 If w e h a d a tra d e refo rm , th e sig n o f th e in d irect e® ect w o u ld b e cru cia l to

d eterm in e th e to ta l w elfa re e® ect if d t< 0 .
2 2 If th e n o n -n u m era ire secto r is n o t u sin g th e in term ed ia te in p u t in ten siv ely

R < 0 :p F

2 3 If co m p en sa tio n co m es fro m th e n o n -n u m era ire g o o d E > 0 : T u ru n en -R edp F

a n d W o o d la n d (2 0 0 1 ) a rg u e th a t if th e u tility fu n ctio n is a d d itiv ely sep a ra b le in
g o o d s a n d p o llu tio n , i.e., U (c;F )= Á (c)+ ' (F ); a s lo n g a s p o llu tio n a d v ersely a ® ects

0co n su m er's u tility w e k n ow ' (F )< 0 . T h is im p lies th a t E = 0 .p F
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¤optimal trade tax given by (19) would be a negative one, i.e. , t < 0,
which means that it would correspond to a subsidy on the imports of
the non-numeraire good.

The intuition is that in the absence of a pollution tax correct-
ing the production externality (s = 0) , a small open economy trading
with the rest of the world and acting as a price taker will subsidise its

2 4imports of the non-numeraire good, aiming to displace the domestic
production of the non-numeraire pollutant good, taking into account
both, the production externality and the trade policy-induced distor-

2 5tion, according to the assumptions made.

3.2.2. Case E

The domestic small open economy optimally chooses the trade tax on
the intermediate input. t = s = 0 which implies d t = d s = 0.

In this case, the policy maker has neither the trade tax on the
non-numeraire good, nor the pollution tax. Only the trade tax on the
intermediate input is available to the policy maker, but the production
externality is still present.

Thus the trade balance equation (11) now measures the change
in welfare in terms of the change in the trade tax on the intermediate
input:

E d U = ¡ (¿ R + ® (1 ¡ R ) [E ¡ ¿ (1 ¡ R ) ] ) d ¿ (20)U q q F q F q F

Equation (20) measures the change in domestic welfare in terms
of the marginal change of the trade tax on the intermediate input.
Its coe±cient has, as in the previous case, a mix of direct and in-
direct e®ects upon welfare transmitted via the price of the inter-
mediate input q . For instance, an increase in the trade tax of the
intermediate input (d ¿ > 0) has two e®ects: ¡ ¿ R d ¿ as a pure sub-q q

stitution (direct) e®ect. The indirect e®ect is measured by the term
¡ ® (1 ¡ R ) [E ¡ ¿ (1 ¡ R ) ] d ¿ . The term [E ¡ ¿ (1 ¡ R ) ] is,F q F q F F q F

in this case, the relevant measure of the marginal external damage.
To determine the optimal trade tax on the intermediate input,

we look for the ¯rst order condition of (20) :

2 4 N o tice th a t w e a re n o t co n sid erin g tra n sb o u n d a ry p o llu tio n .
2 5 F ro m (1 9 ) it ca n b e in ferred th a t if th e n o n -n u m era ire g o o d is n o t in ten siv e

in th e u se o f th e in term ed ia te in p u t, i.e., R < 0 ; th e resu ltin g o p tim a l tra d e ta xF p
¤o n th e n o n -n u m era ire g o o d w o u ld b e p o sitiv e, i.e., t > 0 ; a n d g rea ter th a n th e

m a rg in a l d a m a g e E .F
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d U = 0 )d ¿

1¤ h i¿ = E (21)F
R qq(1 ¡ R ) ¡q F ® (1 ¡ R )F q

Equation (21) is the optimal trade tax that maximises domes-
tic welfare. To ¯nd out its sign assume the economy is a net im-

Fporter of the intermediate input, i.e. , m > 0, then this implies that
F@ m 2 6(1 ¡ R ) > 0 or > 0: Accordingly, the optimum trade tax onq F @ F

¤the intermediate input (21) would be positive, i.e. , ¿ > 0 .
The rationale for this result has to do with the fact that imposing

a trade tax on the imports of the intermediate input, would cause its
price to become greater, decreasing the demand for F and improving
indirectly the domestic welfare by reducing pollution emissions.

3.3. F irst B est C a ses: T w o P o licy In stru m en ts, T w o D isto rtio n s

Next, I examine the case in which the policy maker decides on the
level of the instruments available, now two at a time, with two dis-
tortions present. I consider two sub-cases: each of the trade taxes
in combination with a pollution tax. In so doing, I consider the re-
mainding trade tax as being at its optimal free trade level.

3.3.1 . Case F

The domestic small open economy optimally chooses both the trade
tax on the use of the intermediate input and the optimal level of the
pollution tax. t = 0 which implies d t = 0.

In this case, the small open economy does not have trade distor-
tions on the non-numeraire good. Equation (11) becomes:

E d U = ¡ ® [E ¡ s ¡ ¿ (1 ¡ R ) ] d s (22)U F q F

¡ [¿ R + ® (1 ¡ R ) [E ¡ s ¡ ¿ (1 ¡ R ) ] ] d ¿q q F q F q F

2 6 T h e fa ct th a t 0 < R < 1 , ca n b e th o u g h t o f a s a co n seq u en ce o f th e fa ct th a tqF

th e d o m estic co u n try is a n et im p o rter o f th e in term ed ia te in p u t, so th a t if th e
ra te a t w h ich th e su p p ly o f fertiliser ch a n g es R rela tiv e to ch a n g es in th e d em a n dq

fo r fertiliser R , is low er th a n o n e, th en th e d o m estic co u n try n eed s to im p o rtqF

th is in p u t, d u e to th e slu g g ish a d ju stm en t o f its d o m estic su p p ly.
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As in the previous cases, from (22) the marginal changes on the
levels of the pollution tax (d s ) and the trade tax on the intermediate
input (d ¿ ) do a®ect the domestic welfare through direct and indirect
e®ects. If trade tax ¿ increases (d ¿ > 0) , the direct e®ect is captured
by ¡ ¿ R d ¿ , and corresponds to the e®ect of the marginal change inq q

the trade tax on the supply of the intermediate input. On the other
hand, the term ¡ ® (1 ¡ R ) [E ¡ s ¡ ¿ (1 ¡ R ) ] d ¿ measures theF q F q F

indirect e®ect of the change in the trade tax and then on pollution
generation. Since R > 0, the direct e®ect of a change in the tradeq q

tax ¿ on the production of the intermediate input will always be
positive: the more protection, the higher the level of domestic output
will be. Conversely, a reduction in the level of protection will decrease

2 7the level of domestic intermediate input produced.
Solving the simultaneous equation system derived from the ¯rst

d U d Uorder conditions: j¹¿ = 0 and j¹s = 0, from (22) :d s d ¿

d U j¹¿ = 0d s

)

s = E ¡ ¿ (1 ¡ R ) (23)F q F

and,
d U j¹s = 0d ¿

)
2 7 T o d eterm in e th e sig n o f th e in d irect e® ect w e n eed to d e¯ n e w h eth er th e

h o m e co u n try is a n et im p o rter o f th e in term ed ia te in p u t. In su ch a ca se, a s
ex p la in ed a b ov e, th e sig n o f th e ex p ressio n (1 ¡ R ); w o u ld b e p o sitiv e, w h ereqF

R in v o lv es th e in d irect e® ect o f th e ch a n g e in th e tra d e ta x o n th e d em a n d fo rqF

th e in term ed ia te in p u t a n d th e g en era tio n o f p o llu tio n . Its sig n w ill a lso d ep en d
o n w h eth er th e releva n t m ea su re o f th e m a rg in a l d a m a g e is p o sitiv e o r n eg a tiv e,
i.e., th e term [E ¡ s¡ ¿ (1 ¡ R )].F qF

F u rth er ex a m in a tio n o f th e co e± cien t p rem u ltip ly in g th e m a rg in a l ch a n g e
in th e p o llu tio n ta x a llow s u s to esta b lish th a t th e to ta l m a rg in a l d a m a g e to
co n su m ers is g iv en b y th e ex p ressio n ® [E ¡ ¿ (1 ¡ R )], w h ere th e d irect e® ectF qF

is ca p tu red b y th e m a rg in a l d a m a g e E a n d th e in d irect e® ect b y ¿ (1 ¡ R ).F qF

U sin g a sim ila r settin g , T u ru n en -R ed a n d W o o d la n d (2 0 0 2 ) m o d elled th e e® ects
o f p o llu tio n o n w elfa re w ith a n in d ex o f en v iro n m en ta l d a m a g e, w h ich m ea su res
th e en v iro n m en t's q u a lity a s a fu n ctio n o f th e a m o u n t o f p o llu tio n em issio n s
co n sid erin g , a b a tem en t a ctiv ities. T h is ch a ra cteristic, lea d s to a d i® eren t set

o f p o licy im p lica tio n s.
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® (1 ¡ R ) (s ¡ E )F q F
¿ = (24)

(R ¡ ® (1 ¡ R ) (1 ¡ R ) )q q F q q F

Now solving simultaneously the equation system (23) and (24) ,
we get:

¤s = E (25)F

)
¤¿ = 0 (26)

Equations (25) and (26) show the ¯rst best level of trade and
pollution taxes. While (25) measures the optimal Pigouvian tax,
(26) is the free trade level for the tax on the intermediate input. This
result is consistent with a trade tax on the non-numeraire good being

¤at its free trade level, i.e. , t = 0.

3.3.2. Case G

The domestic small open economy optimally chooses the trade tax on
the non-numeraire good and the optimal level of the pollution tax.
¿ = 0, which implies d ¿ = 0.

In this case the small open economy does not have a trade dis-
tortion on the intermediate input. Equation (11) then becomes:

E d U (1 ¡ tC ) = ¡ ® [E ¡ s ¡ t(E ¡ R ) ] d s (27)U y F p F p F

¡ [t(R ¡ E ) ¡ ® R [E ¡ s ¡ t(E ¡ R ) ] ] d tp p p p F p F p F p F

As in the previous case, we need to solve the simultaneous equa-
d U d U¹tion system from the ¯rst order conditions, i.e. , jt = 0 and j¹s =d s d t

0, simultaneously. So, from (27) :
d U ¹jt = 0d s

)

s = E ¡ t(E ¡ R ) (28)F p F p F

Now from
d U j¹s = 0d t
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)
® R (E ¡ s )F p F

t = (29)
((R ¡ E ) + ® R (E ¡ R ) )p p p p F p p F p F

Solving simultaneously (28) and (29) , we then get:

¤s = E (30)F

)

¤t = 0 (31)

If the trade tax on the intermediate good is at its free trade
¤level, i.e. , ¿ = 0, the optimal ¯rst-best policy for intervention is a

¤Pigouvian tax on the use of the intermediate input, i.e. , s = E ,F
and a trade tax on the non-numeraire good at its free trade level, i.e. ,
¤t = 0, as (30) and (31) de¯ne. Unlike the results shown in Turunen-

2 8Red and Woodland (2002) , in this model the optimal trade policy
is the free trade level for the trade policy instrument while the opti-
mal environmental policy remains the Pigouvian tax. The theoretical
context is similar to Copeland (1994) in the sense that if pollutants
that are lightly taxed are generated when highly protected goods are
produced, then there is a welfare gain if protection is reduced, which
means that the direct e®ect of a reduction in the trade tax acts in the
same direction of the indirect e®ect of the trade tax on the pollution

2 9emissions: both e®ects contribute to improve domestic welfare.

2 8 T u ru n en -R ed a n d W o o d la n d (2 0 0 2 ), fo u n d a d ep en d en ce b etw een th e free
tra d e lev el a n d th e lev el o f th e en v iro n m en ta l ta x , n a m ely, \ free tra d e is o p tim a l
in o u r sm a ll o p en eco n o m y o n ly w h en en v iro n m en ta l ta x d isto rtio n s h av e b een
rem ov ed o r if p ro d u ctio n a ctiv ities h av e n o p o llu tio n e® ects" . S ee n o te n o . 1 0 in

T u ru n en -R ed a n d W o o d la n d (2 0 0 2 ).
2 9 A ssu m in g th a t co m p en sa tio n to th e rep resen ta tiv e co n su m er co m es fro m

th e n u m era ire g o o d a n d th a t p ro d u ctio n o f th e n o n -n u m era ire is in ten siv e in th e
u se o f th e in term ed ia te in p u t, (E ¡ R )< 0 , th en th e w h o le a sso cia ted in d irectp F p F

e® ect in (2 7 ); i.e., ® R [E ¡ s¡ t(E ¡ R )]d t> 0 , w o u ld b e p o sitiv e, a s lo n g a sF p F p F p F
¤w e h a d th e o p tim a l P ig o u v ia n ta x , i.e., s = E . In o th er w o rd s, a n in crea se in th eF

lev el o f p ro tectio n w o u ld ex a cerb a te th e p o llu tio n d isto rtio n b eca u se p ro d u ctio n
o f th e p o llu tio n -in ten siv e n o n -n u m era ire g o o d in crea ses a t th e ex p en se o f tra d e
p ro tectio n , th erefo re g en era tin g m o re p o llu tio n .

S im ila rly, a n in crea se in th e p o llu tio n ta x w o u ld d ecrea se in d u stria l co n -
su m p tio n o f th e in term ed ia te p o llu ta n t in p u t, th erefo re th e m a rg in a l d a m a g e
w o u ld d ecrea se a s w ell. O n th e o th er h a n d th e sp ill-ov er e® ect ca n b e ex p ressed
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3.4. S eco n d B est C a ses: T w o P o licy In stru m en ts, T h ree D isto rtio n s

In this subsection I present three subcases where the policy maker
does have the possibility to change two policy instruments at a time
in the presence of all distortions. In each of the cases, one of the
unavailable instruments is supposed to be at a suboptimal level and
unalterable.

3.4.1 . Case H

The domestic small open economy optimally chooses the trade tax on
the non-numeraire good t and the pollution tax s in the presence of
all potential distortions, with the trade tax on the intermediate input
at a suboptimal level and unalterable this implies that d ¿ = 0.

Equation (11) becomes:

E d U (1 ¡ tC ) = ¡ ® A d s ¡ (t(R ¡ E ) + ¿ R ¡ ® R A ) d t (32)U y p p p p q p F p

From (32) we solve two ¯rst order conditions that generate a
system of simultaneous equations:

d U j¹s; ¹¿ = 0d t

=)
® R (E ¡ s ) ¡ ¿ [R + ® R (1 ¡ R ) ]F p F q p F p q F

t = (33)
[(R ¡ E ) + ® R (E ¡ R ) ]p p p p F p p F p F

and
d U ¹jt; ¹¿ = 0d s

=)

s = E ¡ ¿ (1 ¡ R ) ¡ t(E ¡ R ) (34)F q F p F p F

Solving the system (33) and (34) we have:

a s t(E ¡ R )d s, w h ich in co m b in a tio n w ith th e d i® eren ce b etw een th e p o llu -p F p F

tio n ta x a n d th e m a rg in a l d a m a g e, g iv es u s th e to ta l e® ect o f th e ch a n g e in th e
p o llu tio n em issio n s ta x o n th e red u ctio n in th e u se o f th e in term ed ia te in p u t a n d

th e rela ted e® ect o n th e u tility a n d th e p ro d u ctio n o f th e in term ed ia te in p u t.
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¿ R q p¤t = ¡ (35)
(R ¡ E )p p p p

and

µ ¶
R (E ¡ R ) ¡ (R ¡ E ) (1 ¡ R )q p p F p F p p p p q F¤s = E + ¿ (36)F

(R ¡ E )p p p p

Looking at (35) and (36) ;it is clear that the sign of the optimal
trade tax on the non-numeraire good depends on the sign of the trade
tax ¿ imposed to the intermediate input, provided that the following
factor is positive: µ ¶¡ R q p

> 0
R ¡ Ep p p p

as it is, by the assumptions made. Thus, the sign of the optimal trade
¤instrument will be positive or negative, i.e. , t > or < 0, as long as

the suboptimal tax on the intermediate input is positive or negative
as well, i.e. , ¿ > or < 0.

Analogously, the optimal pollution tax would be positive, nega-
>¤tive or equal to the marginal damage, i.e. , s E , depending on theF<

>sign of the term R (E ¡ R ) (R ¡ E ) (1 ¡ R ) , and theq p p F p F p p p p q F<
>sign of the preexistent trade tax on the intermediate input, i.e. , ¿ 0.<

The relevance of this result is appreciated clearly if we compare the
second best optimal pollution tax from (36) to the ¯rst best optimal
one that comes from (30) .

In this second best scenario the potential policy-induced distor-
tion caused by a suboptimal ¿ is partially compensated by the second-

¤best optimal pollution tax s , and the second best optimal trade tax
¤t . While the ¯rst best scenario brought about an optimal pollution
tax equal to the marginal damage, in this second best case, the opti-
mal pollution tax is either higher or lower than the marginal damage,
as it was expected. In fact, if the marginal damage is not too high,
eventually the optimal trade tax t could lead to a subsidy rather than

3 0a tax.

3 0 T h is p o ssib ility co u ld a rise if th e p ro d u ctio n o f th e n o n -n u m era rie g o o d w a s
n o t in ten siv e o n th e u se o f th e in term ed ia te in p u t, i.e., R < 0 . In th a t ca sep F

th e sig n o f th e seco n d elem en t o f th e o p tim a l p o llu tio n ta x w o u ld b e p o sitiv e o r
n eg a tiv e:
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3.4.2. Case I

The domestic small open economy optimally chooses the trade tax
on the intermediate input ¿ and the pollution tax s in the presence
of all potential distortions, with the trade tax on the non-numeraire
good at a suboptimal level and unalterable, this implies d t = 0.

From (11) we have the equation that measures the change in
welfare depending on the adjustments in the policy instruments:

E d U (1 ¡ tC ) = ¡ ® A d s ¡ [tR + ¿ R + ® (1 ¡ R ) A ] d ¿ (37)U y p q q q F q

Solving the system of simultaneous equations coming from the
¯rst order conditions we have:

d U ¹j¹s;t = 0 =)d ¿

¡ f ® (1 ¡ R )(E ¡ s)+ t[R ¡ ® (1 ¡ R )(E ¡ R )]gp qF q F F q p F p F¿ = (38)[R ¡ ® (1 ¡ R )(1 ¡ R )]qq F q qF

d U ¹j¹¿ ;t = 0 =)d s

s = E ¡ ¿ (1 ¡ R ) ¡ t(E ¡ R ) (39)F q F p F p F

Therefore we have:

tR p q¤¿ = ¡ (40)
R q q

and, ³ ´
R (E ¡ R )¡ (R ¡ E )(1¡ R )qp p p p pp F p F qF¿ > o r < 0 ; a s lo n g a s ¿ < o r > 0 . C o n -

(R ¡ E )p p p p

sid erin g th e ca se in w h ich ¿ > 0 , R < 0 a n d a ssu m in g th a t th e m a rg in a l d a m a g ep F

is rela tiv ely sm a ll,³ ´
R (E ¡ R )¡ (R ¡ E )(1¡ R )qp p p p pp F p F qF ¤E < ¿ = ) s < 0 , i.e., a su b sid y to th eF (R ¡ E )p p p p

u se o f th e in term ed ia te in p u t. T h e ra tio n a le b eh in d th is resu lt is th a t if th e n o n -
n u m era ire secto r is n o t p o llu tio n in ten siv e a n d th e su b o p tim a l tra d e ta x o n th e
in term ed ia te in p u t is p o sitiv e, fo r th e d o m estic p o licy -m a k er th e sp illov er e® ect
m ay co m e fro m th e u n a ltera b le tra d e ta x o n th e in term ed ia te p ro d u ct, ra th er

th a n fro m th e p o llu tio n in ten siv en ess b y itself.
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· ¸
R (1 ¡ R ) ¡ R (E ¡ R )p q q F q q p F p F¤s = E + t (41)F

R q q

Equations (40) and (41) are the second-best optimal policies.
Both compensate the policy induced distortion caused by the trade
tax on the non-numeraire good being at a suboptimal level, and
the production externality. From (40) the sign of the optimal trade

¤tax ¿ depends on the sign of the pre-existent trade tax on the non-³ ´
R p qnumeraire good t because ¡ > 0, on the assumptions aboutR qq

pollution intensiveness, and on the pattern of trade on the interme-
> >¤diate input. This means that ¿ 0 ( ) t 0< <

From (41) we can argue that the sign of the optimal pollution tax
will depend on the sign of two components: R (1 ¡ R ) ¡ R (E ¡p q q F q q p F

R ) and t. Under the assumption of pollution intensiveness for thep F

non-numeraire good and a small open economy being a net importer
of the intermediate input, the ¯rst element has a positive sign. If the
trade tax is positive as well, from (40) it can be seen that the second
best optimal pollution tax would be higher than the marginal damage,

¤i. e. , s > E . The clear implication is that when a pollution-intensiveF

non-numeraire sector is protected by a tari® (t > 0) ; then domestic
welfare can only be compensated with a tari® on the use of the inter-

¤mediate input, i. e. , ¿ > 0, and with a pollution tax strictly higher
¤than the optimal one, i.e. , s > E . The result is understandableF

if we consider that a protected pollution-intensive sector has to be
regulated by a pollution tax designed to lessen the excess of pollution
generated.

3.4.3. Case J

The domestic small open economy optimally chooses the trade tax
on the non-numeraire good t and the trade tax on the intermediate
input ¿ in the presence of all potential distortions, with the pollution
tax at a suboptimal level and unalterable, this implies d s = 0.

Equation (11) then becomes:

E d U (1 ¡ tC ) = ¡ (t(R ¡ E ) + ¿ R ¡ ® R A ) d t (42)U y p p p p q p F p

¡ (tR + ¿ R + ® (1 ¡ R ) A ) d ¿p q q q F q

From (42) we need to solve two ¯rst order conditions having as
d Ua result a simultaneous equation system: j¹s; ¹¿ = 0d t
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=)
® R (E ¡ s ) ¡ ¿ [R + ® R (1 ¡ R ) ]F p F q p F p q F

t = (43)
[(R ¡ E ) + ® R (E ¡ R ) ]p p p p F p p F p F

d U ¹j¹s;t = 0d ¿

=)

¡ f ® (1 ¡ R )(E ¡ s)+ t[R ¡ ® (1 ¡ R )(E ¡ R )]gp qF q F F q p F p F¿ = (44)[R ¡ ® (1 ¡ R )(1 ¡ R )]qq F q qF

Solving the system we have:½ ¾
R R + R (1 ¡ R )F p q q q p F q¤t = ® (E ¡ s ) (45)F

−

and, · ¸
(R ¡ E ) (1 ¡ R ) + R Rp p p p F q F p p q¤¿ = ¡ ® (E ¡ s ) (46)F

−

where:
− = (R ¡ E ) [R ¡ ® (1 ¡ R ) (1 ¡ R ) ]p p p p q q F q q F

+® (E ¡ R ) [R R + (1 ¡ R ) R ]p F p F F p q q F q p q

¡ R [R + ® (1 ¡ R ) R ) ]q p p q F q p F

Equations (45) and (46) are the second-best optimal trade taxes
3 1for the intermediate input and the non-numeraire good. If we as-

sume that the production of the non-numeraire good is not pollution-
intensive (R < 0) , but that the home country is still a net importerp F

of the intermediate input ([1 ¡ R ] > 0) , factors post multiplyingF q

the optimal trade taxes would be negative if the following term held
with strict inequality, ® (1 ¡ R )R > R . This means that theF q p F p q

3 1 T h e sm a ll o p en eco n o m y ca se is m a d e fo r o p tim a l tra d e ta x es if w e h a d a
¤ ¤ ¤P ig o u v ia n ta x , i.e., s = E , th en t = ¿ = 0 . H ow ev er, in th is p a rticu la r ca se, inF

w h ich th e p o llu tio n ta x is a t a su b -o p tim a l lev el a n d u n a ltera b le, th e sig n o f b o th
tra d e in stru m en ts d ep en d s o n th e in tera ctio n b etw een th e d i® eren t d irect a n d

in d irect e® ects o f ch a n g es in p rices o f b o th co m m o d ities.
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direct e®ect of an increase in the amount of intermediate input re-
quired in its own productive sector multiplied by the indirect e®ect
of an increase in the amount of intermediate input required in the
non-numeraire sector (considering the domestic country is a net im-
porter of the intermediate input) , must be greater than the e®ect of
an increase in the producer's price of intermediate input on the pro-
duction of the non-numeraire good. With this condition the whole
term in brackets in (45) would be negative, i.e. , f ¢g < 0 and the term
in brackets in (46) would be positive, i.e. , [¢] > 0. Therefore, the sign
of the optimal policy would be determined by the sign of the di®er-
ence between the marginal damage and the pollution tax (E ¡ s ) .F

> >¤In other words, t 0 if and only if (E ¡ s ) 0. On the other hand,F< <
>if (E ¡ s ) 0 for the optimal trade tax on the intermediate inputF <

>¤ 3 2we would have ¿ 0.<

4 . C o n c lu sio n

The purpose of this paper has been to determine the optimal poli-
cies in a country that faces policy imposed distortions in the form
of trade taxes on the non-numeraire good, and on the intermediate
tradeable input. Furthermore it faces a production externality gener-
ated as a by-product of the production process, through the industrial
consumption of an intermediate pollutant input.

The main insight comes from the fact that we are modelling
pollution generation through a mechanism where we assume a certain
degree of intensity in the use of a pollutant productive factor. Then,
instead of using a vector of pollutants and calculating the optimal
amount of pollutions emissions as a function of the vector of pollution
taxes, as the majority of the trade-pollution models in the literature
does, we use only one pollutant factor considering that through its

3 2 F o r in sta n ce, if th e d i® eren ce b etw een th e m a rg in a l d a m a g e a n d th e su b o p ti-
m a l p o llu tio n ta x w ere p o sitiv e, th e o p tim a l tra d e p o licies w o u ld b e tra d e ta x es fo r
b o th secto rs. T h e ra tio n a l b eh in d th is resu lt is th a t w ith a su b -o p tim a l p o llu tio n
ta x (E ¡ s)> 0 , p a rt o f th e p ro d u ctio n ex tern a lity n o t cov ered b y th e p o llu tio n ta xF

h a s to b e co m p en sa ted w ith th e tra d e p o licy in stru m en ts, b ein g b o th tra d e ta x es.
A seco n d -b est p o sitiv e tra d e ta x w o u ld p ro tect th e n o n -p o llu tio n -in ten siv e n o n -
n u m era ire secto r fro m b ein g d isp la ced b y p o llu tio n -in ten siv e im p o rts, g en era tin g
a p o sitiv e sp illov er e® ect o n th e en v iro n m en t(if p o llu tio n in ten siv en ess is a ssu m ed
in th e im p o rts o f sim ila r p ro d u cts). B y th e sa m e to k en , a p ro tected in term ed ia te
secto r g iv es a s a resu lt a low er co n su m p tio n o f th e in term ed ia te p o llu ta n t in p u t

b y th e in d u stria l co n su m ers, th erefo re g en era tin g less p o llu tio n .
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industrial consumption pollution is generated. The more the intensity
of use of that pollutant factor, the more the amount of pollution
generated by that sector. Therefore we can di®erentiate between
highly pollutant sectors and those with production techniques which
use non-pollutant productive factors intensively.

For all ¯rst best cases, for the trade tax on the non-numeraire
good, the pattern of optimal policies does depend on the pollution-
intensiveness. In such a case, the optimal trade tax is positive when
the non-numeraire sector is not pollution-intensive. Only in that case,
a tari® protected sector will not exacerbate, through spillover e®ects,
the production externalities generated through the use of the interme-
diate pollutant input. The opposite makes sense when a pollution-
intensive non-numeraire sector must have a subsidy on imports in
order to displace domestic pollutant production with cleaner prod-
ucts from abroad. The spillover e®ect to the environment would be
positive. However, the optimal pollution tax and the optimal trade
tax on the intermediate pollutant input do not depend directly on
the pollution-intensiveness of the non-numeraire sector, but indirectly
through the marginal damage E . In view of these results, if we takeF

into account the pollution-intensiveness of the imported goods, we
have to further consider the degree of pollution-intensiveness of the
domestic produced good. If both are pollution-intensive, a call for an
optimal subsidy on the imports of the intermediate input would result
in a higher pollution tax, o®setting the increase in domestic pollution.
As a consequence, from the policy-making point of view, trade taxes
should be determined along with pollution taxes to compensate, from
a ¯rst best perspective, negative spillover e®ects that arise from pro-
duction externalities, either in consumption or production.

Second best cases have an analogous interpretation. Even though
a pattern of second best cases would be desirable, optimal policies do
depend on a number of assumptions like pollution-intensiveness, the
sign of the pre-existent policy instruments, and the pattern of trade
of both the intermediate and the non-numeraire good. Neverthe-
less, for any of them, the nature of the transmission mechanism is
the same: spillover e®ects coming from trade policies may exacer-
bate the pre-existent production externalities through the prices of
both commodities which a®ect directly and indirectly the allocation
of resources and then the sign of the optimal instruments.

The results presented in this paper provide a theoretical justi¯-
cation to propose the design of optimal trade policies linked to en-
vironmental policies in order to ensure that production externalities
and the spillover e®ects from trade tari®s are taken into considera-



¶228 E S T U D IO S E C O N O M IC O S

tion and compensated with adequate policy instruments like pollution
taxes. Otherwise, the use of second best policies even though theo-
retically supported, does not provide a second best justi¯cation for a
free trade policy in the remainder of the productive sectors, not even
the intermediate pollutant sector. This analysis could be extended
to include a variety of instruments for environmental protection and
study its e®ects on welfare when interacting with trade policies, then
comparing which ones best ¯t according to the externality modelled.
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A p p e n d ix

S eco n d B est C a ses: O n e P o licy In stru m en t, T h ree P o ten tia l D isto r-
tio n s

Case 1

The domestic small open economy optimally chooses the trade tax on
the non-numeraire good t in the presence of all potential distortions,
with the trade tax on the intermediate input and the pollution tax
both at a suboptimal level and unalterable, this implies that d ¿ =
d s = 0.

In this case (11) then becomes:

E d U (1 ¡ tC ) = ¡ [t(R ¡ E ) + ¿ R ¡ ® R A ] d t (A1)U y p p p p q p F p

d UFrom equation (A1) the ¯rst order condition j = 0¿ ;sd t
=)

® R (E ¡ s ) ¡ ¿ [R + ® R (1 ¡ R ) ]F p F q p F p q F¤t = (A2)
[(R ¡ E ) + ® R (E ¡ R ) ]p p p p F p p F p F

To determine the sign of (A2) assume R > 0 and (1 ¡ R ) > 0,F p q F¤then t > or < 0, if ¿ > or < 0, and the magnitude of the marginal
damage E ; needs to be relatively high, i.e. , (E f > s ) .F

Case 2

The domestic small open economy optimally chooses the trade tax on
the intermediate input ¿ in the presence of all potential distortions,
with the trade tax on the non-numeraire good and the pollution tax
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both at a suboptimal level and unalterable, this implies that d t =
d s = 0.

Equation (11) becomes:

E d U (1 ¡ tC ) = ¡ [tR + ¿ R + ® (1 ¡ R ) A ] d ¿ (A3)U y p q q q F q

d UThe ¯rst order condition j = 0t;sd ¿
=)

f ® (1 ¡ R )(E ¡ s)+ t[R ¡ ® (1 ¡ R )(E ¡ R )]gF q F p q F q p F p F¤¿ = ¡ (A4)[R ¡ ® (1 ¡ R )(1 ¡ R )]qq F q qF

The sign of (A4) depends on the sign of the di®erence between
the pollution tax and the marginal damage, i.e. , (E ¡ s ) > or <F

0, and the sign of the suboptimal and unalterable trade tax on the
non-numeraire good, i.e. , t > or < 0. Suppose R > 0 , andp F¤(1 ¡ R ) > 0, then the optimal trade tax would be ¿ > or < 0.F q

Case 3

The domestic small open economy optimally chooses the pollution tax
on the non-numeraire good s in the presence of all potential distor-
tions, with trade taxes on the non-numeraire good and the interme-
diate input both at a suboptimal level and unalterable, this implies
that =) d t = d ¿ = 0.

Equation (11) then becomes:

E d U (1 ¡ tC ) = (A5)U y

¡ ® (E ¡ s ¡ ¿ (1 ¡ R ) ¡ t(E ¡ R ) ) d sF q F p F p F

d UThe ¯rst order condition j = 0t;¿d s
=)

¤s = E ¡ ¿ (1 ¡ R ) ¡ t(E ¡ R ) (A6)F q F p F p F

As a result of the suboptimal trade taxes, (A6) shows that the
optimal pollution tax is di®erent from the optimal Pigouvian tax.
Suppose R > 0, and (1 ¡ R ) > 0, then the sign of the opti-p F F q

mal pollution tax would depend on the sign of both trade taxes, i.e. ,
¤s > or < 0, if t > or < 0, and ¿ < or > 0.




