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Environmental Policy, Allocation of Resources, Sector
Structure and Comparative Price Advantage

Von HorstlSiebert*lSi

The paper analyzes how environmental policy affects sector structure, the
. allocation of resources and comparative price advantage in a two-sector
equilibrium model.

Environmental quality can be considered as a public good being in-
fluenced by emissions from consumption and production processes.
Since the assimilative capacity of the environment has been used so
far as a free production input, the common-property-resource has been
heavily overused. Environmental policy attempts to decide which of
the competing uses of the environment should have priority and by
which policy instruments environmental scarcity can be internalized
into the decisions of the subsystems of the economy.

In this paper we analyze to what extent environmental policy will
affect sector structure, the allocation of resources and relative price.
Since relative price in a closed economy determines comparative ad-
vantage (relative to the foreign country), the paper also answers the
question to what extent environmental policy will affect the com-
parative price advantage of a country. In former models (Siebert 1974,
1976) only partial equilibrium models were developed neglecting the
demand side or not closing the model with respect to receipts from the
emission tax. In this paper, the model is closed with respect to the
demand side, and demand conditions are explicitly taken into con-
sideration.

The frame of reference is a two-sector-model in which production
generates pollutants as a joint product. The government levies an
emission tax per unit of pollutant emitted to the environment. We
treat the environment as a national public good and ignore inter-
national, transnational and regional environmental systems1. Section I
presents the assumptions, Section II develops the model, and in Section
III the implications of the model are discussed. Section IV points out
possible extensions.

* Universitat Mannheim (WH), D-6800 Mannheim A 5.
1 On these problems compare Walter (1975).
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I. Assumptions

A 1. In order to keep the model as simple as possible we assume only
one type of resource, R, and a production function

(1) Qi = Ft (R,) with F't > 0, F'/ < 0

A 2. The product ion of commodities i = 1, 2 generates pol lutants S?
as a joint product. For simplifying purposes there is only one type of
pollutants . I t is assumed tha t pol lutants emit ted rise proport ional ly
or progressively wi th resources used, i. e.

(2) S? = H{ (Q;) = ^ [Fj (Rj)] = Z ; (R;) with Z\ >0 , Z'[ S 0; H; > 0

The convex emission function Z; is suggested intui t ively by engineer-
ing product ion functions2. Wi th t h e activity level of an engine reaching
or exceeding capacity, it is realistic to assume tha t inputs have to be
increased progressively for an addit ional uni t of output . This suggests
tha t emissions rise progressively. A more precise explanat ion for
the convexity of the emission function follows from the application
of the mass balance concept to product ion functions. I n t e rms of
weight a mass balance exists be tween input and output . Since mass
cannot be lost in a product ion process, regular ou tput and emissions
must be identical to inputs, in weight te rms. Define the production
function in weight terms. For a given technology this function must
be concave, if t he regular product ion function is concave. Then it fol-
lows tha t the emission function Z; must be convex.3

A 3. Resources may also be used for aba tement purposes. Let S[
indicate t h e quant i ty of pol lutants reduced in Sector i. The aba tement
function is given by

(3) Si = Fj (Rj) with Fj ' > 0, Fr-' < 0

The abatement function describes a technology t ha t prevents pol-
lu tants from entering the environment . Addit ional ly it could be as-
sumed tha t a technology exists to reduce pol lu tants ambient in the
environment (water t rea tment) .

A 4. Net emissions or pol lutants ambient in the envi ronment are
denned as emissions produced minus emissions abated. A diffusion
function is not explicitly introduced.

(4) Sj = S? - Sj

2 Gutenberg (1972), S. 326.
3 Compare Sontheimer (1975).
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A 5. F i rms maximize profits and rega rd commodi ty prices, factor
prices and the emission t ax as given.

A 6. The resource can be used for product ion and aba t emen t and
is given

(5) R t + R-2 + Ri + Rr
2 = R

A 7. Commodity demand is given by

(6) Qf = D;(p,Y)

with p = pVp~2 w h e r e p"; indicate nominal pr ices and p is t he re la t ive
price.

A 8. Income Y is defined from the product ion side. The re a re no
savings. In order to close the model, we assume t h a t the gove rnmen t
spends t h e t ax income received in form of t ransfers to the households.
Consequently disposable income of the households is ident ical to ne t
national income at m a r k e t prices and is defined as

(7) Y = P Q I + Q 2

Observe that Y includes transfers not explicitly shown and that p
is consumers price and not producers price. If Y would be defined
with respect to producers price p*, emissions taxes (and transfers)
would appear explicitly on the right side of (7).

A 9. Commodity markets must be in equilibrium so that

(8) Qi = Qf

A 10. The government levies an emission tax 2 (in nominal terms)
on net emissions Si, with z being changed parametrically4.

II. The model

1. Factor demand by the profit maximizing firm is given by maxi-
mizing

U = Pi Qi - r (Ri + R-) — 2S;

s. t. Qi ~ F; (Rf) < 0

4 Additionally, a damage function may be introduced indicating that envi-
ronmental quality is affected by net emissions

U = G (S) with G' < 0, G" < 0.
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Hi (Qi) - S? < 0

- S: + SV - Sr
t < 0

where r denotes the resource price in nominal terms. Assuming that
production takes place in both sectors, i. e. that we have a meaningful
problem, and defining r = rlpi and z = zlpi the conditions for profit
maximizing factor demand are given as

(9) r = (1 - zH2) F2 (R2)

r = zFf (Rj)

2. The system of equations (1) - (9) has the 17 variables Sf, Si, £•,
Qi, Rh R\, Qf, p, Y and r and 18 equations. The definition of Y in equa-
tion 7 states that total demand is equal to income, so that in a two-
sector model the equilibrium condition for one of the product markets
is redundant (Walras Law) and should be omitted. By substitution the
system can be simplified to

(10)

*l (Rj)

r = zF[

r = (p-

r = (l -

R = R1

= D l

' (R;J

- 2 H ;

- Z H ;

+ R-2

(p,p

)F[

+ R

Fj (Rj) + F2 (R2))

(Rl)

(R2)

: + R'2

(i)

(ii-iii)

(iv)

(v)

(vi)

Total differentiation and substitution of (10 vi) into (i) - (v) yields

(11)

0 0

a2 0

0 -zF

zFr
2" zF

D1YF2

1 0

1 0

1 0

0 - b 2

dR,2

dR[

dr

dp

=

-H2F2dz

Fj' dz

F2dz

0
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The coefficients are defined as follows5

(12) at = zH- F? - (pi - zH\) F'I > 0 (i)

bj = 1 - D1Y p = D2Y (ii)

b2 = D'lp + D1Y F1 < 0 (iii)

In (12i) we have p; = p for i = 1 and p; = 1 for i = 2.

III. Implications

The problem is to determine how the allocation of resources is af-
fected by environmental policy. We first study how factor demand of
firms changes with an emission tax for a given relative price p. We
then analyze how relative price changes, and how the allocation of
resources and national income are affected in this case.

1. Assuming a given commodity price and considering only the factor
market conditions and the resource constraint, i. e. (10 ii - vi), the change
in factor use in response to an increase in the emission tax is given
by the subsystem of equation 11 not containing the fifth row of the
system and not containing the fifth column of the matrix of derivatives.
From appendix I we have the following results

dRr,
(13 i) —1 > o

dz

(13 ii) ^-<0:H[F[>H'2F2

2 dR,
(13 iii) — — ' < 0

dz

H; F'i indicates the marginal tendency to pollute (per unit of re-

source). Hj Fx > H2 F2 specifies that Sector 1 is pollution intensive6. For

5 b, < 0 follows from Slutsky's rule. Let Dj denote the pure substi-
tution effect. We have comp'

D i p = D'1Pcomp - D'1YDL or D ^ = D'lp + D'1YFl (R{, = b 2 < 0

since the pure substitution effect is always negative.

« If Zi (Rj) > Z, (R2)for Ri = R2, H^ F[ > H'2 F'2 can be specified a s ~ > ~

for R, > R2. This transformation also holds for R, < R2 if either Sector 1 is not
"very" small compared to Sector 2 or if Z2 has a sufficiently weaker cur-
vature than Zt. Observe that H^ F^ > H2 F2 demands that the Zrfunction
should not cross, i. e. emission intensities should not be reversed.
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given commodity prices, an emission tax will reduce the output of the
pollution-intensively produced commodity. Resource use in the pollu-
tion abatement activity of the pollution-intensively producing sector
will increase. Also we know that resources will be withdrawn from
production and will be used in abatement activities. This effect does
not depend on differences in the production intensity of the two sectors.

2. Allowing the commodity price to vary we have the following
results from appendix II (as sufficient conditions):

(14 i) A :

dR\ , ,
(14 ii) — - > o: D i r F2 •

Assuming (14 i) is given we have

2dR,-
(14 iii) ' ^ n

(14 iv)

(14 v)

(14 vi)

In (14 vi) rjip denotes the direct price elasticity of demand.

Diagram 1 summerizes the sufficient conditions of equation 14.

We have the following results:

3. Assume both commodities are not inferior, so that their marginal
propensities to consume (DiY~> 0) are nonnegative. Then the deter-
minant A > 0. Assume Sector 1 is the pollution-intensively producing
sector. Then we have:

Resource use in the pollution-intensively producing sector will de-
cline. Resource use in each abatement activity will increase; resource
in production (2 Ri) will be reduced.

dz "

dRi

dz < C

dY

dz < C

,. 1 D'i
1 w'
I " l

' \ a2

I"

r>0
F i >

D2 F F

Fl>

?!_/) ^

H2 F2

[2P>

H 2 F 2

<*>1

a i D i r

with

w'2
F2

1

1

F2



Environmental Policy, Allocation of Resources 287

E2Y -

D ! Y F 2 . + D2YF2 t 0

H ' F -

n > a >
Ip

Diagram 1: Sufficient conditions

A > 0

dR,

dY

> 0

Environmental policy will shift the sector structure of the economy
in favor of the abatement activities with production being affected
negatively. We can establish that production in the pollution-inten-
sively producing sector will decline7. In the less pollution-intensively
producing Sector 2, resource use may increase or decrease. The model
allows both cases. Thus, in one case Sector 1 and Sector 2 lose resources
to the abatement activity, whereas in the other case, Sector 1 loses
resources to Sector 2 and the abatement activity. Under the assumptions
made, emissions will be reduced and environmental quality will im-
prove. This follows from 2 dRJdz < 0 and S dR^/dz > 0.

4. Condition (14 v) for a rise in the relative price can be split into two
sufficient conditions8.

i) D'.2Y > pDlY. Under the conditions specified below, national income
will decline as a consequence of environmental policy. Then D 2 r > pDlY

guaranties that demand for the pollution-intensively produced com-
modity 1 is reduced less than demand for the commodity 2. This dif-
ference in the income effect of the two commodities makes sure that

i This also holds if Sector 2 were the pollution-intensively producing sector.
8 Note hat Fx p > F2 follows from H[ FX > H2 F2 .
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the relative price of the pollution-intensively produced commodity
must rise.

dR, dR2

ii) 02 •> ai: —r— [ > | —r— specifies9 that (for given p and z), Sector 1
is more sensitive to changes in resource price than Sector 2; we may
also say that Sector 1 is more dependent on the resource R. This con-
dition can be interpreted as a rudimentary form of a factor-intensity
condition in a one-factor model. We can expect that this condition
unfolds into a set of factor intensity conditions in a multi-factor model.
As a result we have:

The relative price of the pollution-intensively produced commodity
will rise if the marginal propensity to consume for this commodity
is lower than the less pollution-intensively produced commodity and
if the pollution-intensively producing sector depends heavily on the
resource R.

Sufficient conditions for a rise in the relative price can partly sub-
stitute each other. Assume Sector 1 is "very" pollution-intensive10. Then
the relative price of commodity 1 may rise even if it has a high income
elasticity of demand and loses demand quantities with a decline in
income. Or for identical pollution-intensities of both sectors, the rela-
tive price will rise, if Sector 1 has a sufficiently smaller propensity to
consume and thus loses a smaller quantity in demand requiring a
higher adjustment in relative price. Finally, assume Sector 2 heavily
depends on resource R. Then p can rise nevertheless, if Sector 1 is suf-
ficiently more pollution-intensive or if Sector 1 has a sufficiently lower
income elasticity.

dpldz > 0 indicates that environmental policy will under the con-
ditions indicated affect the comparative price advantage of a country.
Assume a country exports the pollution-intensively produced commo-
dity 1. Then environmental policy will reduce the comparative price
advantage of that country11. Consider two countries with a different
abundance of environmental services and assume that z > z* reflects
the difference in endowment with z* indicating the emission tax of the

9 Differentiate the factor demand conditions (9) for given p and z with
respect to r
dR; 1 1

= — — and
dr \(Pi\ „ . 1_.< - a,

— Zti; t f

i

> —^ : a, > a.
dz I I dz

10 Assume for instance Sector 2 does not pollute at all with Il'2 = 0.
11 If a country exports the less pollution-intensive commodity and if it

undertakes environmental policy, its comparative price advantage will be
improved.
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foreign country. If all other factors influencing the autarky prices are
identical in the two countries we have p (z) > p* (z*) which implies that
the country abundant in environmental services will have a comparative
price advantage and will export the pollution-intensively produced
commodity.

5. Net national product at market prices Y is affected by environ-
mental policy in two ways:

—• Resource use in production will decrease, so that for a given price
p national income will fall (withdrawal effect).

— The pollution-intensively produced commodity has to be revalued
since market price must include the social cost of production. The
revaluation-effect runs counter to the withdrawal effect.

National income will fall if the withdrawal effect outweighs the
revaluation effect. This is the case, if the price elasticity of demand
for the pollution-intensively produced commodity is sufficiently large,
i. e. — ?yi/>> a > 1. (Condition 14 vi). A high price elasticity of demand
for commodity 1 makes sure that the pollution-intensively producing
sector will lose large demand quantities, so that the revaluation effect
will not be too high.

From the definition of a we have an interesting interrelation between
demand conditions and the condition of emission intensity.

i) Assume Sector 1 is strongly pollution-intensive12 so that a is close
to unity. Then the price elasticity does not have to be too high if the
withdrawal effect is to be strong. A high pollution-intensity of Sector 1
means that production costs rise strongly in Sector 1, relative price
will rise, and Sector 1 will lose demand quantities, even if the price
elasticity of demand is not too high.

ii) If Sector 1 is only "weakly" pollution-intensive compared to Sec-
tor 2, a is higher than unity, and the demand for the pollution inten-
sively produced commodity must be very elastic for demand quantities
to decline. In other words, in condition (14 v) a high price elasticity of
demand for the pollution-intensively produced commodity may be
substituted by a strong pollution-intensity of Sector 1.

6. Structural policy will become an important issue in Western Euro-
pean countries in the future. Therefore it is of interest to determine
how environmental policy will influence sectoral structure. We have

12 Note that pF 1 = r + zHj F1 and F2^r + zH2 F2 , so that H: F1 > H2F2

implies that F2/pFJ < 1.
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already shown that the production sectors will be reduced and the
abatement activities will increase. Measuring sector structure s in
terms of resources used in the two sectors, i. e. s = R1/R2, we know
that ds/dz < 0 if dR*/dz > 0, since dRJdz < 0. This means that envi-
ronmental policy will change sector structure to the disadvantage of
the pollution-intensive sector. Since dRv/dz < 0 cannot be ruled out,
we are not sure, however, whether demand conditions are such that
the pollution-intensively producing Sector 1 may expand relatively
with environmental policy. From equation (I. 6) in the appendix it can
be seen that sector structure measured in resource units will change
in favor of Sector 2 (for given p), if

(15) R2F2pD1Y > R1pF'1D2Y

Assuming identical sector weights in the initial situation, i. e. Rx = R2,
we have as a sufficient condition for Sector 1 to decline relatively that
pD1Y > D'2Y where the difference must be large enough to offset
pFx > F2

 13. Condition (15) also is sufficient for the case of a variable
price as can be seen from equation (II.7) in the appendix. Additionally
sector structure can be defined as s* = PQ1/Q9.

IV. Extensions

The foregoing analysis can be easily expanded. The following que-
stions seem to be of interest.

1. If more than one resource is introduced, we can expect that the
c&2 ^ ai-condition will unfold into a set of factor-intensity conditions.

2. The model can easily be extended to an open economy. Then the
market equilibrium conditions of equation (6) have to be substituted by
the definition of excess demand functions

Et = C, - Q,

and similarly for the foreign country. World markets must be in equi-
librium, Ei + E* = 0, and the balance of payment condition of the
home country must be fulfilled

pEx + E2 = 0.

3. In this case such questions as the effect of environmental policy
on trade equilibrium and the term of trade may be analyzed. Also,

13 Note that if this condition is not fulfilled, Sector 1 may decline relatively
less since the first term in equation (1.6) in the appendix is negative.
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if the model is suitably extended, the effects of environmental policy
on the balance of payments or the exchange rate may be studied.
Finally the interesting question arises that the traditional gains from
trade will be reduced, if a country specializes in the production of
the pollution-intensively produced commodity. This is due to the fact
that in a situation where no environmental policy is undertaken, com-
parative cost advantages are distorted and consequently the gains from
trade are not specified correctly.

Appendix

I.

(I.I) D = at {a2 z ( - F[" - F2") + z2 Fj" F2"} + a., z2 F[" Fr
2" > 0

Define Z, and Z2 as

1 '^ 1 ~T r 2 ' 2 " 1 — 1 2 ^ 1 1 — 2 2 '

Z /TPr" t ft1*1" \ « JJ1' «0 Jp*"" IT1*" / t j ' IT1' U' J?' \

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

dz D

dR2

dz D

dR[ Z3 F2"

Hz~ ~~ D D

dr r r . dRj

z 2 F[" Fr
2 (H[ F[ - H 2 F2)

II.

(Ill) A = - b , D - , a , D2 F[2
 Z (F[" + Fr

2") + z1 F[ F[" FT
2 (D'1Y F2 + D2Y

Define At = - b2 Zx + F^ F2
2 D'17 (

FI + Fl")

dR< A,
(IL2) ST'-T

10 Zeitschrift fiir Wirtscliafts- und Sozialwissensehalten 1978/3
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(II.3)

(II.4)

( I L 5 ) dz

with

dR,
dz

A2

dR[
dz

A
dp

Horst Siebert

4
A

= *>2 Z2 + F j F2D2Y

A

= -,b2Z,-F[F2B ^1YF2

~ i(F[" + Fr
2") F[2F'2

2 + (b2 - Q^) ( - pF;zx + F2Z2) - F

d (RJR?) l
b2 (R,2 Zj + R t Z2) +

" + Fr
2) (R2F2DlY -

Summary

The paper analyzes the problem how environmental policy affects sector
structure, the allocation of resources, relative price (and comparative advan-
tage) and national income. The frame of reference is a two-sector model in
which production generates pollutants as a joint product. The model is closed
with respect to the demand side and with respect to the receipts from the
emission tax. Conditions with respect to production, emission and demand
are specified under which resource use in the pollution-intensively produc-
ing sector will fall, resource use in the abatement activity will increase, the
relative price of the pollution-intensively produced commodity will rise and
national income will fall. Possible extensions are indicated.

Zusammenfassung

Der Artikel untersucht die Frage, wie Umweltpolitik die Sektorstruktur,
die Faktorallokation und den Relativpreis (damit den komparativen Preis-
vorteil) und das Volkseinkommen beeinfluBt. Der Bezugsrahmen ist ein
Zwei-Sektor-Modell, in dem Emissionen als Kuppelprodukte der Produktion
entstehen. Das Modell ist in bezug auf die Nachfrageseite geschlossen. Es
leitet Bedingungen ab, unter denen der Ressourceneinsatz im umweltinten-
siven Sektor sinkt, in der Entsorgung steigt, der Relativpreis des umwelt-
intensiven Gutes steigt und das Volkseinkommen sinkt. Mogliche Erweite-
rungen werden aufgezeigt.
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