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TAXING PoLLuTiON IN AN OPEN
EcoNnomy— AN ILLUSTRATION FROM
THE NoRrbic PuLP INDUSTRY

RunAR BRANNLUND AND BENGT KRISTROM®

ABSTRACT

This paper extends the analysis of Brinnlund and Kristrom in considering
the imposition of a chlorine tax upon the Swedish forest sector. Here, the ef-
fects in both the Swedish and the Finnish forest sectors are modelled. Exam-
ined is the situation where a tax-induced increase in the price of chlorine
shifts the Swedish supply function, which has repercussions for prices on the
European pulp market, and results in a change in the quantity supplied by
Finland. Welfare effects are estimated, as are the effects on the environment.
It is found that much of the effect on the European market of the Swedish
supply shift is dissipated through an increase in price, with only a small pro-
duction increase appearing in Finland.

Keywords: Cholorine tax, environmental taxes, equilibrium demand curve,
forest sector.

INTRODUCTION

When evaluating environmental policies, it is desirable to
consider the effects policies in one country have upon other
countries. It is not necessarily the case that a policy which
succeeds in reducing emissions from one source, or a set of
sources, succeeds in reducing overall emissions. Transmit-
ted through the markets, reductions in emissions from one
country could have attendant effects in other countries,
which result in increased levels of pollution.

One possible instance where this occurs is in the Euro-
pean pulp industry. Both Sweden and Finland supply pulp
to European paper producers. Both nations” pulp manufac-
turers generate pollutants which flow into the Baltic Sea.
The concern is that either country, acting unilaterally, may
succeed in reducing pollution from one or the other side of
the Baltic, yet fail to reduce pollution overall. Such a policy,
in the absence of significant local pollution effects, would
be successful only in inflicting costs upon its home-coun-
try producers.

* Runar Brdannlund, Department of Economics, University of Umed, S-90187
Umed, Sweden. Email: runar.brannlund@econ.umu.se.

Bengt Kristrom, Department of Forest Economics, SLU, S-901 83 Umead, Swe-
den. Email: bengt.kristrom@sekon.slu.se.
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This paper examines a specific policy, a Swedish chlo-
rine tax, with a view towards such considerations. This type
of tax has been proposed and defeated in the Swedish Par-
liament on more than one occasion. The interest in reduc-
ing the use of chlorine in pulp bleaching processes results
from such processes’ release of chlorinated organic com-
pounds. Such compounds are usually measured by the pa-
rameter AOX, and despite being relatively recent in their
discovery, these pollutants have received a great deal of
public attention.

The chlorine tax is a particularly interesting example of
an environmental tax, in that its initial incidence is largely
confined to one industry. Obviously, such industry-specific
incidence can be contrasted with that of energy-related
environmental taxes, such as carbon and sulphur taxes,
whose effects are distributed throughout the economy.
Thus, as focused upon in Brannlund and Kristrom (1993),
analysis of this tax provides an opportunity to consider
welfare effects both as they are felt directly in the industry
using the taxed input, and in supplier and related indus-
tries. Further, as is done here, the fact that the chlorine tax
is largely confined to one sector of the economy allows the
analysis to be readily extended to include a second coun-
try.

Since the net effects on the environment are calculated,
what results from the treatment here is a more comprehen-
sive understanding of the benefit side of a given policy.
Moreover, in generating measurements of the attendant
welfare effects in both Sweden and Finland, we are able to
explicitly link net environmental effects with specific sec-
tor costs. Thus, in doing so, this analysis goes some dis-
tance towards addressing the often raised concern that fail-
ure to consider environmental policies in the context of the
international economy leads to inaccurate estimates of true
attendant costs and benefits.

THE ENVIRONMENTAL PROBLEM AND THE EcoNoOMIC
MoDEL

The firms use chlorine in the bleaching process. As many
as 300 different types of chlorine substances are discharged
into the sea. It takes a long time for these substances to
break down and when they do so, some may become even
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more poisonous than before. Since the composition of
bleached pulp mill effluents is very complex, it is almost
impossible to characterize the impact of every substance
on the environment. Indicators, like AOX (Absorbable Or-
ganically Bound Halogen) and EOCL are therefore used as
proxies for the potential damages from such effluents. AOX
is a broad spectered measure covering several chlorine com-
pounds, including those that are believed to be harmful to
the environment and those that have limited effects on the
eco-system. One problem with using AOX as an environ-
mental indicator is that there can be large variations in AOX
concentrations in undisturbed eco-systems. EOCL is a nar-
row spectered measure covering those chlorine compounds
which currently are believed to be harmful to the environ-
ment. In recent studies AOX has therefore been replaced
with EOCI (Extractable Organic Chlorine) (see Grimvall et.
al., 1992 and Sodergren, 1993).

It is clear, though, that the effects are greater close to
the factory, but measurable effects have appeared as far
away as up to 50 km from the source. The biological effects
of the discharge of chlorine are claimed to be injuries to
fish spines and changes in their vertebrae, see Auer (1996)
for a detailed scrutiny of the ecological evidence. There are
also serious physiological effects, such as damage to fish
livers and immune systems. Some of these effects, especially
lowered reproduction capability, constitute a serious threat
to the survival of the population of some species.

The analysis here builds directly upon the model devel-
oped in Brannlund & Kristrom (1993). There the objective
is to estimate the welfare change in Sweden resulting from
the imposition of a chlorine tax, and to consider equilib-
rium effects in three industries — the pulp industry, the for-
est industry, and the sawmill industry. An econometric
model is specified, and the supply and demand curves for
the three industries are estimated. The general equilibrium
welfare change is shown to be the integral of the general
equilibrium demand curve for chlorine over the tax-induced
change in chlorine price.

In the analysis here, a similar model is constructed for
the Finnish forest sector. Accordingly, profits for individual
pulp manufacturers in each country take the following
form:
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where P, is the price of pulp; w,, are the prices of inputs in
the production of pulp with i =, ¢, v, ¢ referring to the
inputs of labour, energy, pulpwood, and chlorine respec-
tively; and I?p is the fixed capital stock. The index k=S, F
denotes profits and prices in Sweden and Finland respec-
tively. Included in the price for pulp is the exchange rate,
which means that the Swedish and Finnish pulp industry
will meet different prices in local currency.

In the forest sector, profits take the form:

kook ook Lk
nf =11 (w),, wk,, w:K}) ()
where w, is the price of sawtimber; w, is the wage rate in
forestry; and Kf is the fixed forest capital stock.

Finally, profits for firms in the saw mill industry take
the form:

L =T (P wh, wh,, wh,:KY) (3)
where P, is the price of sawnwood; w,; are the prices of in-
puts in the production of sawnwood with i =1, e, v refer-
ring to the inputs of labour, energy, and sawtimber respec-
tively; and again K, is the fixed capital stock.

Underlying this construction is a number of assumptions.
The supply function of chlorine is assumed to be completely
elastic in both Sweden and Finland. The labour and energy
supply functions, as well as the sawnwood demand func-
tion, are also assumed to be infinitely elastic in both coun-
tries. In addition, although there are regulations on the
emissions of chlorinated compounds we do not explicitly
include this into the model®’. Further, the model is viewed
as applicable in the short run®.

! Regulations regarding chlorine pollutants were not in effect in Finland dur-
ing the period examined. Such regulations did come into effect subsequently.
In Sweden the regulations on the emissions of AOX is set on the plant level and
they generally differs between plants. For an analysis where these plant level
emission standards are taken into account we refer to Brannlund & Liljas (1993),
Brannlund & Lofgren (1996), and Brannlund & Kristrom (1996).

2 One can note that the duration of the short run, over which the capital stock
is assumed to be fixed, may, in practical terms, be shorter than what would
ordinarily be the case. Both countries’ pulp industries have recently made dra-
matic, chlorine-directed changes in their capital stock over a relatively short
period.
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Important to note is that we disregard the fact that the
sawmills are producing wood chips, as a by-product, which
is sold to the pulp mills. Given that wood chips and pulp-
wood are perfect substitutes, which is a reasonable assump-
tion, we would expect that the price of wood chips equals
the price of pulpwood (in terms of fibre content). Thus it
should be clear that the profits for the firms in the sawmill
industry are affected directly by the pulpwood price. This,
however, does not change the structure of the model as long
as the wood chips supply per unit of sawtimber is inde-
pendent of the price®. On the other hand, our empirical re-
sults might be biased since we obviously have omitted (at
least) one variable in the demand equation for sawtimber.
In that sense one can say that the model is misspecified.
The main reason for not including wood chips into the
model is lack of reliable time-series data.

In structuring the model, we place the analysis in an or-
dinary Marshallian framework. We view the imposition of
a chlorine tax as causing a shift backward in the Swedish
supply curve for pulp. With Sweden and Finland being two,
among several, pulp producers selling onto the European
pulp market, this shift of the Swedish supply curve is
viewed as resulting in a backwards shift of the European
aggregate supply curve. As a result of this reduction in
supply, prices on the European pulp market are expected
to rise. Such a price increase will cause an increase in Finn-
ish output.

Welfare Measures

As in Brannlund & Kristrom (1993) our welfare measure is
defined in terms of profit changes. Naturally, a broader
definition of welfare change includes the effect on human
welfare through the change of environmental quality. In-
cluding the value people place on environmental changes
is, at least in principle, straightforward. Data limitations
preclude such an extension, however.

The welfare measure is then the value of the change in
Swedish and Finnish profits, i.e., it is the cost of a chlorine
tax. To simplify the exposition somewhat, we assume that
input-prices in Finland remain fixed even after a Swedish

3 If this is not the case we can think of cases in which sawmills buy timber and
convert it to chips, which is sold to the pulpmills.
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chlorine tax has been imposed. This is an innocuous as-
sumption, whence the impact on Swedish input markets
has been found to be small.

DErINITION 1. The welfare measure is defined by:
AT +ATT, = A(TTE +TT{ +TT5 + 1T} )

where capital S, F refers to Sweden and Finland respec-
tively, and superscript s, p, f to the respective industries. A
key finding in Brannlund & Kristrom (1993) was that we
can measure all welfare effects by simply studying the equi-
librium demand curve for chlorine; i.e. the demand curve
for chlorine along the equilibrium price path. In the cur-
rent case, we need to take into account the possible price-
repercussions in the market for pulp. Because Sweden and
Finland are “big players” on the Western European mar-
ket, it is reasonable to expect price changes for pulp. This
price change will, as we remarked above, be assumed to
leave prices intact on the Finnish-input markets. We sum-
marise the result by the following definition and proposi-
tion.

DEerINITION 2. The equilibrium demand curve for chlorine is
defined as:

S _ xS (1S .S pS* pF*
ch _XPC(erC'wpv'Pp ’Pp )
where w, = wgv(w,fc ,-)is‘the market-clearir}g price for pulp-
wood, and P)’, k=S, F is the market-clearing price on pulp
in each country.

ProposiTiION 1. The area under the equilibrium chlorine de-

mand curve measures the welfare impact of price changes in all
markets;

ATL = [ - X3 dw,
d

where d is the path of integration between the initial and
after-tax price of chlorine, and the asterix signifies the use
of an equilibrium price of pulpwood and pulp.
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ProoF.
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where Y[ and X| are supply and demand of good j in coun-
try k respectively.
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Now utilise the assumption that all markets are in equi-
librium. e.g. Y7 +Y, =X, Y} = where j = pv, sv, and X,
is the demand for §wedlsh and ﬁlnmsh pulp. Then we are
clearly left with the statement in proposition 1. Q.E.D.

We need to comment on the way the pulp-market equili-
brates. We assume for simplicity that only Swedish and
Finnish pulp-suppliers are affected by the Swedish chlo-
rine tax. This assumption does not change the logic of our
result, since the key to the result is that markets are always
in equilibrium.

Proposition 1 shows that all we need to calculate our
welfare measure is the equilibrium demand function for
chlorine. However, for non-marginal changes of the tax we
must calculate new equilibrium prices. To do this we need
to know, apart from the ordinary Swedish demand func-
tion for chlorine, the demand and supply functions in the
Swedish roundwood market, as well as information about
the supply and demand functions for Nordic pulp in the
European pulp-market. Given this information we are not
only in a position for calculating the total effect, but also
in a position for calculating the distributional effects of a
chlorine tax, i.e., how much of the tax burden is carried by
pulp producers, forest owners, and sawmill industry.
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The problem with the European demand function, is
solved in the most simple way by assuming that the de-
mand function for Nordic pulp is:

which means that we assume that the demand elasticity for
Nordic pulp is 0.5.

The market clearing condition on the European pulp
market is then:

X, = Y; + YpF (5)

From equation (1) and (5) it is then possible to solve for the
equilibrium price for pulp,Pp.

This means that the equilibrium price for pulp will de-
pend on the chlorine tax. This in turn means that in order
to obtain an appropriate measure of the welfare change,
due to a chlorine tax, the change in consumer surplus in
the pulp market has to be added to the change in profits.
The change in consumer surplus can be found by integrat-
ing equation (4) over the relevant price interval.*

EmPIrRicAL MODEL AND DATA

In estimating the model outlined in the previous section
we follow the approach taken by Brannlund and Kristrom
(1992) and (1993), which means that we use a Restricted
Generalised Leontief functional form (GL) for each profit
function in the model. Due to the assumptions we make
we only need, for the case of Finland, one profit function,
the one for the pulp industry. For the case of Sweden we
specify GL profit functions also for the forestry sector and
the sawmill industry.” Then, by applying Hotelling’s lemma
we obtain the supply functions for pulp in each country, as
well as the input demand functions in each country, i.e.,

* In the empirical section we do not include the consumer surplus in our calcu-
lations of the welfare change. The reason for this is mainly that the effect on
the pulp price is very small, which means that the change in consumer surplus
will be very small.

5 The GL profit function has the desired property of linear homogeneity in
prices. Symmetry, on the other hand, is imposed in the estimation process.
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From the discussion above it is clear that we do not need,
for our particular purpose, estimates of all parameters in
each profit function. What we obviously need to estimate
is the demand function for chlorine in Sweden and Finland.
However, in order to estimate the Swedish equilibrium
demand curve for chlorine, X;C, the equilibrium prices for
pulpwood and sawtimber in Sweden must be calculated,
as well as the equilibrium price on the pulp market. Since
prices on pulpwood, sawtimber and pulp are determined
by the equilibrium conditions on the pulpwood, sawtimber
and pulp market respectively, we need estimates of the
demand and supply functions for pulpwood, sawtimber
and pulp. A minimum requirement to “close” our model is
then estimates of eight equations; chlorine demand in Swe-
den and Finland, pulpwood demand and supply in Swe-
den, sawtimber demand and supply in Sweden and pulp
supply in Sweden and Finland. Gains in efficiency (lower
variance of the estimated parameters) would be obtained
if all equations in the model were estimated simultaneously.
However, because of lack of data, we have chosen to esti-
mate the whole system of supply and demand equations
only for the Swedish pulp industry. For the Swedish for-
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estry we estimate only the pulpwood supply and sawtimber
supply equations, and for the sawmill industry, only the
sawtimber demand equation. For Finland we only estimate
the required equations, i.e., pulp supply and chlorine de-
mand.

The data we use are annual time series data, collected
from Swedish official statistics (mainly SOS Industry but
also from the Yearbook of Forest Statistics). Unfortunately
we have no time series data on the capital stock in the pulp
industry and sawmill industry. There is, however, data
available on production capacity in the pulp industry,
which is used as a proxy to the capital stock. In the case of
the sawmill industry not even capacity data are available
on a time series basis. We have tried various approxima-
tions for the capital stock in the sawmill industry, includ-
ing time and lagged production of sawn wood. The results,
however, seems to be quite insensitive to whether we in-
clude such an approximation or not. One explanation for
this might be that the actual capital stock has been, more
or less, constant over the time period considered here. This
is strengthened by the fact that there is no clear trend in
the use of sawtimber during the period 1960-1988. There-
fore, in the final estimations we have chosen to omit this
variable. In Finland, time series data was found in the Year-
book of Forest Statistics, the Yearbook of Industrial Statis-
tics, and the annual Statistical Tables. All of these are pub-
lications of Statistics Finland. In addition, certain other data
for Finland, including the time series for chlorine consump-
tion, was provided by the Federation of Forest Industries.

All time series spans over the period 1963 to 1988. In
order to estimate the parameters of the system we used the
iterative seemingly unrelated regression (SURE) model
with symmetry restrictions.®

REsuULTS

The regression results are presented in Table Al in Appen-
dix A. Most of the estimated parameters are significantly
different from zero and the goodness of fit, in terms of R?,

¢ This may not be the best way to estimate the parameters of the model. Since
we have endogenous right hand side variables there might be problem with
simultaneity bias.

198



JourNAL ofF ForResT Economics 3:3 1997 TAXING POLLUTION IN AN OPEN ...

is acceptable for most of the equations. A problem, how-
ever, is the low Durbin-Watson statistic for some of the
equations, which may be an indication that the model is
misspecified.

Given the results in Table A1l it is possible to calculate
short-run supply and demand elasticities. We have chosen
to present the elasticities evaluated at the mean of all vari-
ables.

As expected, for the Swedish pulp industry all of the own
price demand elasticities are negative and all own price
supply elasticities are positive. Specifically interesting is
the negative chlorine demand elasticity, since it may im-
ply that the prevailing regulations on chlorine emissions
are not binding. In general, however, the elasticies are quite
small in magnitude, which implies that there are small sub-
stitution possibilities in the short run.

Other interesting results are the small magnitude, —0.01
and —0.007, of the cross-price elasticities of pulpwood de-
mand and pulp supply with respect to the chlorine price.
This implies that a change in the chlorine price has a very
small effect on pulpwood demand and pulp supply in Swe-
den.

If we look at the elasticities in the forestry equations,
we find that all own price elasticities have the expected
positive sign, and their magnitude resemble the results
from other studies.” Also it can be seen that pulpwood and
sawtimber seem to be substitutes in production, as ex-
pected. In other words, an increase in the pulpwood price
will redirect cutting capacity towards pulpwood. This lat-
ter result, however, is not significantly different from zero.
For the sawmill industry, we conclude that the own price
demand elasticity is negative as expected.

If we look at the Finnish elasticities we see that they re-
semble the Swedish ones quite well. An important excep-
tion, though, is the very low Finnish chlorine demand elas-
ticity.

7 In Brannlund (1988), the pulpwood supply elasticity ranges between 0.6 and
0.8, depending on specification, and sawtimber supply elasticity ranges between
0.4 and 0.8. The estimation period used is 1953 to 1986.
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TasrLe 1. OutruT SuPrPLY AND INPUT DEMAND PRICE ELASTICITIES
EVALUATED AT THE MEAN OF ALL VARIABLES.

PuLpr INDUSTRY, SWEDEN

Pulp  Wood Labour Energy  Chlorine

Pulp 0.170 -0.124 —-0.025 -0.009 -0.007
Wood 0.386 -0.479 0.103 0.002 -0.012
Labour 0.318 0.414 -0.756 0.002 0.022
Energy 0.308 0.021 0.007 -0.264 -0.073
Chlorine 0.682 —-0.387 0.178 -0.214 —-0.258

FORESTRY, SWEDEN

Pulpwood Sawtimber Labour
Pulpwood 0.79 -0.07 -0.72
Sawtimber —-0.05 0.30 —-0.24

SAWMILLS, SWEDEN

Sawtimber =~ Lumber Labour  Energy

Sawtimber —-0.40 0.48 -0.78 0.69

PuLp INDUSTRY, FINLAND

Pulp  Wood Labour Energy  Chlorine

Pulp 0.11 -0.005 -0.01 -0.05 -0.04
Chlorine 0.004 -0.001 —-0.001 0.001 —-0.004

To summarise, we have found that all output supply
functions have positive own price elasticities, and all in-
put demand functions have negative own price elasticities.
The demand elasticities for the pulp industry, in both Swe-
den and Finland are all less than one, implying that an in-
crease in the price of a specific input will decrease the use
of it while its cost share will increase.

Furthermore, the estimated parameters are used to cal-
culate the reduced form for the equilibrium price for pulp,
and the equilibrium prices for pulpwood and sawtimber in
Sweden which, in turn, is plugged into the demand equa-
tion for chlorine. The resulting general equilibrium demand
function for chlorine is then used to evaluate our welfare
measure AIl. For comparative reasons, we also evaluate our
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TABLE 2. FOREGONE ProriTs IN MiLLioN SEK AND THE EFFECT ON
CHLORINE CoNsUMPTION (Tons) FrRoM A 5 SEK/KG Tax oN CHLORINE
IN SWEDEN.

i ii S F
AT AT AX,. AX,,

467.1 462.1 -76859 (-52 %) 6.8 (0.004 %)

i Includes price adjustment on pulpwood and sawtimber

i No price adjustment on pulpwood and sawtimber

welfare measure with the ordinary demand curve, i.e., the
case when the chlorine tax does not have any effect on other
prices. The change in profit is evaluated for 1988, and the
tax imposed is the proposal put forward by SOU 1989:21, 5
SEK/kg chlorine. We also present the effect on chlorine
consumption.

To interpret these numbers, let us begin with the con-
ventional partial equilibrium view. In this case, the quasi-
rent loss is 462.1 million SEK for the pulp industry.

When we allow for repercussions in the Swedish
roundwood market, the change in loss in the entire Nordic
forest sector is approximately 467.1 million SEK. This means
that the partial equilibrium estimate, in this case, is a good
approximation to the “true” general equilibrium estimate.
The similarity between the partial and general equilibrium
measures implies that the ordinary demand curve and the
general equilibrium demand curve are very similar. An
explanation of this result is the low magnitude of the cross-
price elasticity of pulpwood demand with respect to the
chlorine price, —0.01, which simply means that there will
be a very small change in pulpwood demand as a result of
the chlorine tax. The low elasticity can, in turn, be explained
by a small cost share for the chlorine input in combination
with a small elasticity of substitution between wood and
chlorine. In addition, the low cross-price elasticity of pulp
supply with respect to the chlorine price in Sweden, 0.007
implies a very moderate decrease in pulp supply in spite
of the sharp increase in the chlorine price. This together
with the low Finnish pulp supply elasticity explains the
similarity between the partial and general measure. To ob-
tain an estimate of the net loss for society, we have to sub-
tract the revenue from the chlorine tax, approximately 370
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TaBLE 3. EFFECTS ON PULPWOOD, SAWTIMBER AND PULP VOLUMES AND
Prices FROM A 5 SEK/KG Tax oN CHLORINE IN SWEDEN (PERCENTAGE
CHANGES).

AX;, AXS AY; AY; Aw;, AwS  Ap,
-1.41 0.07 -1.0 0.07 -216 -0.18 1.01

million SEK, which means that the deadweight loss is ap-
proximately 90 million SEK.

If we look at the effect on chlorine consumption, and
hence on the environment, in the two countries we see that
there is a considerable reduction in Sweden (52 %), while
the increase in Finland is almost neglectable. Thus, it does
not seem to be the case that a unilateral Swedish policy
action in this area is offset by an increase in Finnish con-
sumption.

Distributional Effects
The effects on the Swedish forest owners and the Swedish
sawmills, in terms of roundwood prices and volumes, as

well as the effects on market for pulp are illustrated in Ta-
ble 3.

The equilibrium prices of pulpwood and sawtimber in
Sweden are both marginally reduced, suggesting that the
sawmills make slightly higher profits since they are able to
enjoy a lower price on sawtimber. While the equilibrium
prices of sawtimber and pulpwood go down slightly, the
equilibrium volumes of sawtimber rise marginally, and the
pulpwood volume is reduced somewhat. As a result of the
repercussions the forest owners profits will decrease, to
some extent, due to the direct effect, i.e. the shift of the
demand curve for pulpwood, but at the same time they will
increase due to the indirect effect, i.e. the shift of the sup-
ply curves for pulpwood and sawtimber. It can, however,
using a revealed preference type of argument®, be shown

8 Let p be a vector containing the initial price of pulpwood and sawtimber, p'
be the corresponding vector after the introduction of a chlorine tax. Then we
have that p > p'. Suppose further that q is the profit maximising output bundle
at price p, and q' is the profit maximising bundle at price p'. Then we have that
P9 = pq'and p'q' 2 p'q. However, since p > p', we have that pq' > p'q', which
implies that pq > pq' > p'q’, which means that the initial profit is larger than
the final profits.
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that the net effect on the forest owners are negative since
the price of both pulpwood and sawtimber are lower after
the introduction of a tax on chlorine. It should be pointed
out, however, that this effect is very slight due to the small
changes in prices and volumes. Due to the upward shift of
the Swedish supply curve for pulp, the equilibrium price
for pulp will increase, but only with 1 %. The reason for
this small effect is, as we already mentioned, the small
magnitude of the cross-price elasticity of pulp supply with
respect to the chlorine price, i.e., the shift of the supply
curve is very small. As a consequence, the loss in Swedish
market share to the Finnish industry, due to a unilateral
policy shift, is almost neglectable.

CONCLUSIONS

The above analysis suffers from a number of limitations.
Primarily, the analysis here must be viewed as static. A
more developed approach would allow for subsequent price
and quantity adjustments. As such, the results here likely
represent an upper bound of possible effects. Secondly, the
analysis here does not extend over a time horizon in which
the capital stock is allowed to change, and, as has been
noted, the pulp industry has modified its capital stock dra-
matically in response to environmental considerations. Fi-
nally, it must be recognised that Sweden and Finland are
large producers on the European pulp market. Thus the
industry, in a further analysis, could perhaps be better
modelled as one with a higher level of industrial concen-
tration than has been done here. Due to this it might have
been more accurate to do the analysis in a game-theoretic
setting. For example, the Swedish and Finnish governments
could be considered as two players in a simple pollution-
tax game. One outcome from such a setting would prob-
ably be that neither country launches the tax.

Nonetheless, as pollution problems are increasingly rec-
ognised as ones, which extend across national borders, and
as economists increasingly seek to model such cross-nation
effects, this paper provides one possible framework of
analysis. Moreover, while this analysis cannot speak to
productivity losses, changes in profits for a given industry
are found. Thus it permits some linkage between two often
associated, but rarely explicitly modelled issues, those of
environmental regulations and competitiveness.
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In the specific case here, the effects on Sweden were
shown to be reasonably well approximated by the Sweden-
only analysis. Extension of the analysis to consider effects
as transmitted through the European pulp market does
show the benefits of policy to be lessened, but to a very
little extent. It should be stressed that underlying this re-
sult are the particular elasticities of the pulp industry.
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APPENDIX A.

TaBLE Al. ESTIMATES OF THE RESTRICTED PROFIT FUNCTIONS FOR SWEDEN
AND FINLAND.

PuLpr INDUSTRY, SWEDEN

Pulp Wood Labour Energy Chlorine Capital R*> DW

Pulp 37315 -2247 -73.9 -18896 -173.0 1913  0.58 0.54
(1.89) (-2.14) (-1.32) (-3.42) (-2.42)  (4.98)

Wood -9.83 -10.6 -134.3 10.9 0.20 0.04 1.13
(-0.92) (-2.48) (-0.29) (1.80) (0.77)
Labour 7.04 -75.3 -8.21 0.17 0.84 0.25
(0.70) (-0.11)  (-1.08) (0.90)
Energy 42722 7078.8  -50699 0.43 1.46
(0.06) (2.26) (-3.16)
Chlorine -73.6 -0.75 0.22 0.24
(-0.88) (-0.36)
FORESTRY, SWEDEN
Pulpwood Sawtimber  Labour Capital R*> DW
Pulpwood 43.32 -3.56 -68.1 0.02 0.56 1.71
(3.25) (-0.52) (—4.63) (3.51)
Sawtimber 3.01 -23.4 0.02 0.42 0.95
(0.22) (-1.42) (3.84)
SAWMILLS, SWEDEN
Lumber Sawtimber Labour Energy Capital R*> DW
Sawtimber 651.5 -63.8 -19.6 60143 -0.33 0.81 1.50

(4.46) (~4.86) (-4.33)  (5.89) (-4.39)

FOREST INDUSTRY, FINLAND

Pulp Pulpwood Labour Energy Chlorine Capital R*> DW
Pulp 6762.2 -11.45 —43.4 —44600 -822.4 0.04 0.77 0.80
(3.98)  (-0.28) (—2.59) (-1.55) (-0.56) (8.11)

Chlorine 452 -73.4  -22086 -124141  -1.22 0.540.49
(1.14)  (-4.64)  (-0.72) (-13.06) (-5.49)
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