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Abstract
An applied partial equilibrium model ofthe forest cluster has been developed and implemented to assess Ihe impact of

changing market conditions for the sawmill industry. The focus of this study was to analyze the sawiiiill indiistry and the
interdependeneies between the different sectors in the forest cluster. The dependencies and relationships between the seetors
using forest-based raw materials implies that changing market conditions in one sector could have profound effects on other
sectors. The analysis indicated that both production and consiimption patterns are sensitive to changes in the demand for sawii
wood products. There are also significant differences between different intennediate inputs and between dilTercnl sectors iii their
responses to these changes, Also, certain sectors and inputs would gain market share while others would lose tiiarket shares.
Furthermore, changing output market conditions for the sawmill industry have significant effects on the factor prices and on
UiL- (low of intermediate inputs between the forest cluster sectors. In general, the price for sawlogs is reduced by between 9 and
25 pctccnt depending on scenario. Even a small reductioii in the demand for sawn wood products has serious effects on the price
Ibnnatioii and on the quaiititative flows in the cluster.

T,he interdependeneies ofthe various seetors in the forest
cluster, the traditional forest industries and forestry, are well
documented and should come as no shock for practitioners
and scholars alike with some knowledge ofthe industry. Even
the increasing role ofthe energy sector, as a relatively new
entrant, has been well studied. A sector's output is another
sector's input, which is true regardless if wood products or
energy generation is the final output, hlowever. little attention
has been given to the nature and scope ofthe interdependen-
eies from an economic perspective. The relationships and in-
tegration between the users of forest resources in their pro-
curement behavior and trade of raw materials are cotnplex and
poorly known. Since iarge and profound stnictural changes
are expected in the European forest cluster, a better under-
standing ofthe interaction among the different actors is essen-
tial. Thus, research in the devcloptnent of reliable methods
that elucidate and describe the interdcpeiidencies and coniiee-
lions in the forest cluster is motivated.

One key sector in the forest cluster is the sawtnill industry.
Besides their procurement of sawlogs from either domestic or
foreign sources, sawtnills produce by-products that are impor-
tant inptits for the pulp and paper industry, the wood panel
industry, and for the energy sector. The sawmill industry is
involved in many different production., consumption and trade
activities that occur in geographically diverse locatioiis. A
change that occurs in one locatioii. either in deniaiid or supply
structure, affects the coiiditions for the cluster in other locations.
Accordingly, to analyze and predict long-term development

trends in the sawmill industry and its effect on other sectors is
an important and complex task. No other sector in the forest
cluster has such a cential position afTeeting the entire cluster.
Thus, the sawmill industry affects, through sti'uctural changes
and exogenous shocks, the eiUire forest cluster. In a wider
perspective, this also has repercussions on regional and na-
tional economies. As a consequence, it is impoiiant to analyze
the affect changing market coiiditions for sawn wood prod-
ucts might have on the foresl cluster and bioiuel inarkets.
There exists, thus, a considerable need to understand the mu-
tual economic effects in the forest cluster from a chatiging
sawmill indiistry. The analysis will indicate how changing
market conditions tbr the Swedish sawmill industry affects
the forest cluster on a tiational level. Changing inarkct condi-
tions for the sawmill industry are expected to give rise to me-
diutn to long-term consequences for the industry sectors in-
cluded in the forest cluster. In regard to the forest industry's
economic significance on national and regional economies,
changing market conditions for the sawmill iiidustry will have
profound effects on society, both national and regional.
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Changing market conditions for the Swedish sawmill in-
dustry are conditional on many factors, which all could affect
the demand for sawn products. In general, the factors can be
derived through the domestic and foreign markets character-
istics. For instance: (1) Investment levels might be reduced in
Sweden and diverted to countries and regions that can yield a
higher return to the invested capital; (2) New products (e.g.,
plastic and ceramics) suitable to be substituted for wood prod-
ucts are constantly being developed and improved upon re-
ducing the demand for sawn wood products; (3) The domestic
economy has a relatively lower growth rate; (4) An expansion
ofthe Russian savvmilling industry would increase the inter-
national supply, which would have profound impacts on trade
between regions; (5) Competition is most likely to increase.
and highly developed countries, such as Sweden, will lose
market share due to relatively high production costs and lower
marginal returns to capital compared to low-cost countries.
Moreover, the competition is also likely to increase within
domestic markets. This will especially be the case with rela-
tively lower value-added commodity products, where the
critical factor in competition is the production cost; and (6)
Changing public policies could have large effects on the de-
mand for sawn products.

The purpose of this paper is thus 2-fold: (a) develop an ana-
lytical framework that captures and quantifies the interdepen-
dencies in the forest cluster, and (b) analyze the distributional
effects from different plausible production changes in the
sawmill industry on the allied forest and energy sectors.

Materials and methods
Computable General Equilibrium models (CGE) allow en-

dogenous interaction of all sectors in an economy, while
Computable Partial Equilibrium models (CPE) allow that
some sectors in an economy can be treated as exogenous
(Bruce 1988, Xie et al. 1996, Alavalapati et al. 1997, Buon-
giorno et al. 2003). The basic difference between partial and
general equilibrium analysis is in the treatment of prices. In
the former, all prices other than the price ofthe good being
studied are assumed to remain fixed whereas in the latter, all
prices are variable and all markets clear. Hence, secondary
effects are ignored in partial equilibrium models. These mod-
els are generally based on a set of input demand and output
supply equations. There are equations representing the behav-
ior of economic agents such as producers, consumers, inves-
tors, govemment, and foreign markets. Most models rely on a
specific year's (benchmark or baseline) equilibrium data set
to specify the numerical relationships in the model. Generally.
all economic agents are assumed to optimize their objective
function, subject to relevant constraints, allowing for the rel-
evant markets to clear, and transactions are conducted at equi-
librium prices. The quantity supplied must exactly match the
quantity demanded for every factor of production and for all
goods and services consumed. Hence, all interactions among
the included markets are taken into account and, conse-
quently, all interrelationships between sectors are explicitly
considered. In addition, the maximizing behavior of eco-
nomic agents determines which variables that is to be mod-
eled, either endogenously or exogenously.

A CPE model can shed some light on the interaction be-
tween the sectors within the forest cluster. For example.
Dixon et al. (1982) develops a multisectoral model that has
been used to estimate the impact of a range of economic

changes on Australia's forestry and wood-based industries as
shown by Bruce (1988). The analytical approach herein is
based on a computable partial equilibrium model ofthe Swed-
ish forest cluster. The Forest Cluster Model (FCM) encom-
passes production from sawmills, pulp and papermills, the
wood panel industries and from the energy sector. In addition.
it encompasses the modeling of the markets for both ilnal
products and intermediate goods related to the forest cluster.
The model is designed to study short-term effects on various
actors in the forest cluster that might occur after the conditions
on the output market for the sawmill industry changes.

The forest cluster model (FCM)
Due to differences in input mix and input prices, production

costs vary across the sectors in the forest cluster. Furthennore,
production costs also vary within a specific sector due to
variations in productivity across individual plants. In general,
the production cost for a given technology and sector can be
described by an industry cost function

'(p'; Q) [1]

where:

Q' is the output of industry / which is treated as fixed,

p' is a vector of input prices.

The cost function is treated as additively separable in input
prices and output, or f'(p*; Q') - ^ (p') + h' {Q\ where ^ {•)
is homogenous of degree one and h' () is increasing and con-
vex (// > 0, h" > 0). This formulation implies that a shift in
factor prices will have an equal effect on all plants with a
given technology in a given industry (Chambers, 1994). The
first order derivatives with respect to input prices give the
conditional input demand functions (Varian, 1992).

:̂ (p';e';
[2]

where x' is a vector of conditional input demand for industry /.
The model includes both national and international markets
for all intennediate products. The international prices are de-
termined by global supply and demand. In addition, in tbe
production processes, substitution is possible between raw
material inputs in as far as the individual industries have a
strictly positive demand for the raw material.

Figure 1 depicts the relationship between inputs and out-
puts for the FCM sectors. For the sawmill industry, the con-
ditional input demand consists of choosing between domestic
or imported sawlogs in order to satisfy a fixed composite de-
mand for sawn wood products. The decision is based on the
relative price between domestic and imported sawlogs. Saw-
mills are assumed to minimize costs subject to the fixed com-
posite demand for sawn wood products, ln addition to the
production of final goods, sawmills produces sawdust and
woodchips in fixed proportions to the input quantity. As a by-
product, share a ofthe vector of total sawlogs input x* is con-
verted to woodchips (i.e., one unit of sawlogs gives an output
of a units of woodchips). Similarly, share fi ofthe vector of
total sawlogs input x̂  is converted to sawdust (i.e., one unit of
sawlogs gives an output of (i units of sawdust). It is further
assumed that sawmills trade their products in competitive
markets in which they act as price-takers.
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Figure 1. — Input and output relationships for the sectors in the FCM.

The forestry sector produces pulpwood, sawlogs and har-
vest residues (forest chips). The potential supply of harvest
residues is assumed proportional to the harvesting of round-
wood and cannot exceed the fixed proponion. Thus, the sup-
ply of haivesting residues is conditional on the actual round-
wood harvesting level. That is. share 6 of the vector of total
rouridwood supply q*̂  is the total availability of harvest resi-
dues (i.e., one unit of roundwood harvested produces B units
of harvesting residues). The study assumes that roundwood
markets are perfectly competitive and that forest owners
maximize their total revenue subject to costs. Marginal costs
are assumed to be an increasing function of harvested volume.
It is further assumed that the harvest level cannot exceed the
antiual growth, guaranteeing a sustainable utilization. The
supply of roundwood is exogenously determined to assure
sustainable harvest levels.

The conditional input demand for the energy sector is based
on cost-minimizing behavior. Weak separability is assumed
in the energy sector's choice between forest fuels and other
fuel types, making them separate decisions. The conditional
input demand veetor consists of sawdust and woodchips from
the sawmill industry and harvest residues (forest ehips) from
the forestry sector. The choice of forest fuel is then deter-
mined by their relative price. The conditional input demand
is optimized as to satisfy a demand for bioenergy. which is
assumed to be a fi.xed proportion of the total energy demand
in Sweden.

The veetor of input choices for the pulp and paper industry
consists of imported and domestic pulpwood and domestic

woodchips. The choiee between domestic and imported pulp-
wood is deeided by relative prices. Furthermore, the pulp and
paper industry is assumed to aet as price-takers in both the
input and output markets. The conditional input demand
is optimized to satisfy the total aggregated demand for paper
products where the export price acts as price signal. The
demand for domestic pulpwood cannot exceed the domestic
supply of pulpwood, hlowever. the total demand for pulp-
wood. both imported and domestic, ean exceed the domestic
supply where import in that case fills the slack.

The conditional inpul demand vector for the wood panel
industry consists of sawdust and woodchips. it is assumed that
the production function exhibits a weak separability between
fiber raw materials and the other inputs. This indicates that the
wood panel industry makes its input decision regarding fi-
brous raw materials independent of the employment of other
inputs. The wood panel industry's conditional input demand
is detennined based on satisfying a total aggregated demand
for wood panel products. Import price is the upper limit on the
domestic market clearing price.

Implementing FCM

The model developed is static and designed to endogenously
determine the market clearing price and quantity for included
markets. Implicitly, the model assumes that the production
capacity for each industry is exogenously detennined, indicat-
ing that it is a short-temi model. In addition, for all industries.
it is assumed that they choose input quantity to be able to
satisfy the demand for their final products {Q') whieh is
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assumed eonstant. Thus, the input demand is conditional on
satisfying the demand for the final output (e.g., sawn wood
products and paper products). The implementation of the
FCM is based on two general behavior approaches: (I) the
forestry sector, representing forest owners and their decision
to harvest roundwood and extract harvest residues, is assumed
to maximize their revenues with an increasing marginal cost;
and (2) the pulp and paper industiy, the sawmill industry, the
wood panel industry and the energy sector are assumed to
have the same struetural behavior and, therefore, the same
empirical specification. For that reason they are discussed
as a group.

The model specification for the forestry sector is based on
Kaltio et al. (2004). The starting point in defining the round-
wood supply is the observed harvesting quantities q^ which is
a vector consisting of all roundwood categories, observed
roundwood prices, p^ and estimated inverse supply elastici-
ties of roundwood categories, e. Thus, the inverse roundwood
supply function can be specified as

p'^ip^+yWf [3]

where *p' is an exogenous cost component in roundwood
prices that does not depend on the harvesting levels, q' is
roundwood harvest levels, p*̂  is roundwood prices, and y^
is a shift parameter that account for the factors affecting the
roundwood supply other than prices. The value of v*̂  is cali-
brated by substituting baseline scenario values forq^ p^ E and
tp'in Equation [3],

For the various forest industries and the energy sector, the
functional fonn for the cost function in Equation [I] is based
on a calibrated eonstant elasticity of substitution (CES) for-
mulation with n variable inputs and constant return to scale
for every sector (/ = s, p. w, e). In its calibrated form the CES
cost function explicitly incorporates baseline values for input
demand x'. input i>nce p'. cost c'. output of final products
Q', and cost shares X.'. In addition, the elasticity of substitution
is also explicitly incorporated p. In this form the production
function is written

[4]

The only ealibrated parameters k represent the cost shares
at the baseline values and are calculated as

[5]

The corresponding eost function in the calibrated form ean
then be written as

Where a ^ I/I + pandc' = X,,p,,x',,. From tbe cost function it
is possible to derive the conditional input demand by taking
the first derivative with respect to the input prices

[7]

The inverse input demand function can then be expressed as

[8]

The two first terms indicate how the price changes in re-
sponse to cost or input demand changes in relation to the base-
line scenario. The last tenn reflects how changes in the pro-
duction of final goods affect input prices in relation to the
baseline scenario. The marginal cost function is defined as

[9]

where tp' is an industry specific exogenous input cost compo-
nent that does not depend on the production level, 7) is an
industry and input factor specific cost component that de-
pends on the input demand, ^V is a capacity parameter greater
than unity, and AJ- is the industry and input specific input con-
straint. Hence, for low values of .vj, the marginal cost is close
to tp'. I f.vj = k'^ the marginal cost is equal to 9' + 7' and is rapidly
increasing as .v) grows. The specification of the marginal cost
function is intended to approximate the higher production
costs associated with expanding the utilization of input factors
above a certain level. Hence, the industries are ehoosing an
input with given input capacity,'

Input choice and thus the input price level is determined by
cost minimizing behavior (min,. c' = \* p'). The competitive
environment is assumed to be that of a standard competitive
market where the equilibrium condition stipulates that mar-
ginal costs must equal input price levels.

Key model parameters
Econometric studies have established a positive correlation

between wood stumpage price and supply trom private forest
owners, whieh supplied almost 60 percent of the roundwood
in Sweden in 2002 (National Board of Forestry 2004). For
instance, Toppinen and Kuuluvainen (1997) obtain price elas-
ticity estimates for short-term pulpwood supply to 0.4 be-
tween the years 1960 to 1992. For sawlogs supply. Kuulu-
vainen et ai. (1988) obtained a price elasticity of 0.53 and
Tikkanen and Vehkamaki (1990) obtained a price elasticity of
0.68. More recent studies have produced more mixed results.
For example, in Toppinen and Kuuluvainen (1997). the
sawlogs supply elasticity was estimated to be insignificant or
very small, and in Toppinen (1998) it was estimated to 1.9.
Intermediate input substitution elasticities for the different fi-
brous raw materials are obtained from previous research. Few
empirical studies, on the necessary level of details, however,
have been condueted on the input substitution possibilities for
the European forest cluster in general and for the Swedish
forest cluster in particular. The substitutions elasticities em-
ployed are derived from various sources (Rehn 1995. Baard-
sen 2000, Samakovlis 2001, Kangas and Baudin 2003, Lund-
mark and Soderholm 2003). Uusivuori and Kuuluvainen
(2001) finds that cross-price elasticities of derived demand
based on maximum-likelihood estimation show that substitu-
tion between different categories of imported wood in world

The term capacily should not be interprclcd as an absolute limit on input quan-
tity, Ralher. it can lie viewed as a break-point at which further quanlitie.s become
considerably more cosily because of. for example, major refitting needs.
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Table 1. — Baseline values for FCM calibration.'

Sector Woodchips Sawdust I'lllpWlKKl Residues Output

-(million m')

Pulp & paper industry
Sawmill indusU'y

Wood panel industry

Rncrgy seclor

Net import

Domestie supply'

Input priee'

12.2
--

1.1

O.I

--

II.',

M.5
--

--

- •

6

25.5

-'
34.8

--
. .

0.97

33.8

• -

—

3"
—

130

11.8°
16.8'

0.5"

6.7"

--

NA

-

3.2

3,6

"Source: National Board ol I uicsliy {2mA). L.iiiidiiiiiik aiul Sodurholin (2()(Ma; 2004b).
^The innpul for tlic pulp aiui paper industry' and for the wood panel indusiry is measured in million tons.
'The outpui tbr the s;iwmill industry is measured in million m'.
''The output tbr ihe energy secror is convened trom TWhto iTullionm' using the following conversion factors:
2.4 MWh per ton and 0.8 ion per m' both with 50 percent MC.

'"Based on Navrcn et al. (2000) the supply of woodehips and sawdust is calculated as a fraction of 34.3 and 10.4
percent ofthe input demand for sawlogs by ihe sawmilling industry. The supply of harvesting residues is based
on a fratlion ol' 15 perceni ol'lhe total rouiidwood harvesting level.

'Mea.sured in SHK per m'.

impoils is fairly low. By contrast, substitution between im-
ported wood and domestically produced wood is high. Long-
run own-price and cross-price elastieities are larger in abso-
lute terms than short-run elasticities. Moreover, they find
strong substitutabiiity between domestic and imported wood
in the long run. Nilsson (2000) estimates the substitution and
cross-price elasticities for domestic and imported roundwood
and gets mixed results.

FCM calibration
The baseline scenario constitutes the norm to which com-

patHsons ofthe hypothetical scenarios implemented are eon-
ducted. The baseline scenario is established in the numerical
examples that follow. The model is calibrated to the 2003 in-
put market conditions, both in total and for each individual
industry.

The calibrated parameters for the roundwood stipply func-
tions can be obtained using observed price and quantity data.
The baseline roundwood prices are volume-weighted aver-
ages of pine and spruce delivery prices in 2003. which was
386 SEK per m* for sawlogs and 234 SEK per m' for pulp-
wood (solid volume excluding bark) (National Fioard of
Forestry 2004). Furthermore, the domestie demand was 33.8
and 25.5 million m-* (solid volume excluding bark) for
sawlogs and pulpwood. respectively. The supply function
parameters were defined to equate the price elasticities of
roundwood supply at baseline values with the given price
elasticity estimate. The calibration ofthe conditional input de-
mand depends on baseline values for the input detnand. input
price, cost, output of final produet and cost shares. Table 1
sutnniarizes the baseline input demand, net import, domestic
supply, input price, and output by industry sector and inter-
mediate input.

Results
Three development paths are elaborated to describe de-

mand conditions for the sawmill industry. They are not in-
tended to be exhaustive, nor do they have to be entirely exclu-
sive; they should, however, be consistent. Firstly, scenarios
should be seen as descriptions of possible development paths
given a change in the demand for sawn wood products. Sec-
ondly, several alternative reasons may cause the change in
demand, but the simulated market reactions should remain the

same. Thirdly, the magnitudes ofthe
change in the detnand for sawn
wood products are based on discus-
sions wilh representative of the in-
dustry and not on scientific projec-
tions, whieh are lacking for Sweden.

Overall, the scenario analysis
clearly demonstrated that the forest
cluster is sensitive to the policy and
economic frameworks surrounding
the Swedish sawmill industiy. Dif-
ferent market sizes for the sawmill
output leads to distinct outcomes in
terms of production volumes, price
changes, market size, trade volumes,
and share of different inputs in the
production process. The analysis in-
dicated that both production and
consumption patterns are sensitive
to changes in the demand ofthe saw-

mills final produets and raw materials. There are also signifi-
cant differences between inputs and between sectors in their
responses to these changes. Furthermore, certain sectors and
inputs would gain market share while others would lose. The
results in Table 2 present the percentage change in the input
demand, factor prices, and net import compared to the base-
line values for the three implemented scenarios.

The minor reduction scenario
The sawmill indusiry is meeting the reduced demand for its

products by itself reducing its input demand for sawlogs,
which is reduced by 9.8 percent. The price of sawlogs de-
creases as a consequence ofthe shifting input demand by 8.7
percent. The forest owners compensate the reduced domestic
demand by increasing the export, affecting the net import
negatively by 2.0 percent. However, not the entire reduction
in the input demand for sawlogs can be compensated by an
increasing export. Since the supply of woodchips and sawdust
is directly proportional to the production of sawn wood prod-
ucts they will both be reduced, causing an equal increase in
their priee across the sectors. The factor price for woodchips
increases by 7.3 percent whiles Ihe price for sawdust increases
by 12 percent. This price increase has a profound effect on the
wood panel industry. Its entire input demand for woodchips
atid sawdust are reduced to zero, suggesting that the entire
sector is forced to close down its operations. The priee in-
crease of sawdust and woodchips also aflects the pulp and
paper industry and the energy sector but to a considerably
lesser extent. The pulp and paper industry would reduee its
input demand for woodchips by 2.3 pet cent but increase its net
import by 0.2 percent, while the energy sector would slightly
deerease its input demand by 0.6 percent. The energy sector
absorbs some ofthe woodchips supply previously diverted to
the wood panel industry. To compensate for the price increase
in the woodchips the pulp and paper industry increases its in-
put demand for pulpwood by 0.8 percent. The increased inpul
demand for pulpwood by the pulp and paper industry and the
reduced demand for sawlogs by the sawmill industry, which
affects the harvest level, indicates an increasing need to itn-
port pulpwood by 1.8 percent. The reduced harvest level gen-
erates lower supply of harvest residues, which are assumed to
be available in fixed proportions to the harvest level. This and
the increased quantities of woodchips and sawdust available

FOREST PRODUCTS JOURNAL VOL. 57. NO. 9 6 3



Table 2. — Results from FCM simulations (in % change).

Pulp & paper Sawmilling Wood panel

MRS" WCS" MRS WCS ES MRS WCS ES MRS WCS ES

Demand
Woodchips

Sawdust

Pulpwood

Sawlogs

Residues

Factor Price

Woodchips

Sawdust

Pulpwood

Sawlogs

Residues

Net import

Woodchips

Sawdust

Pulpwood

Sawlogs

Residues

-2.28

--

0.82

--

--

7.34

--

1.87

--

--

0,15

1,78

-6.55

--

2.35

--
...

21,1

--

5,37

--

--

0.42

5.10

2.28

-0.82

-7.34

-1,87

0,15

-1,78

100

-100

-100

-100

0,02 -0.62 -1.79 0,62

0,04 -1.02 -2.94 1,02

-9.78 -28,1 9,78

-1.46 -4,21 1,46

7.34

12.0

21.1

34.6

-7.34

-12,03

7.34

12,0

21,1

34,6

-7,34

-12,03

-8,65 -24.9 8,65

0,29 0,84 -0.29

•100

-100

•100

100

-0.00 -0,0! -0,04 0.01

-0,00 -0,02 -0,06 0.02

-2,04 -5.86 2.04

"Minor reduction scenario (MRS). Simulating a 10 percent reduction in the demand For sawn wood products.
''Worse case .scenario (WCS), Simulating a 30 percetit reduction in the demand for sawn wood products.
•^Expansion scenario (ES), Simulating a 10 percent increase in the demand for sawn wood products.

through the closure of the wood panel industry reduce the in-
put demand for harvest residues by the energy seetor by 1.5
percent. The price decrease corresponding to 8,7 percent on
sawlogs and the price increase eonresponding to 2.8 percent
on puipwood compared to the baseline values affects the for-
estry sector through changing the value of the forests. Com-
pared to the baseline scenario the forestry's total harvesting
revenue is decreasing from 20,817 to 18,802 million SEK.

The worst-case scenario

The 30 percent reduction in the demand for sawn wood
products causes the sawmill industry to reduce its input de-
mand for sawlogs by 28.1 percent compared to the baseline
values. The net import is also affected and reduced by 5.9
pereent. The reduction in the net import is, however, from an
already low level, which reduces the economic significance of
the changing trade pattern. More significant is the price de-
crease on the market for sawlogs. The redueed input demand
for sawlogs causes the price level to decrease by 24.9 percent,
profoundly affecting the forestry sector. Moreover, the reduc-
tion in the sawmill industry production level is limiting the
supply of its by-products. Both sawdust and woodchips are
considered by-products of the production of sawn wood prod-
ucts and are produced in fixed proportions to the production of
sawn wood products. Because of the reduced supply of saw-
dust and woodchips their market clearing price increases by
34.6 and 21.1 percent, respectively. The price increase makes
it profitable for the pulp and paper industry to substitute the
now relatively more expensive domestic woodchips for pulp-
wood and imports. This causes the pulp and paper industry's
input demand for woodchips to decrease by 6.6 pereent and its
input demand for pulpwood to increase by 2.4 percent. Some of
the pulp and paper industry's increasing demand for pulpwood

and woodchips is satisfied through increasing imports. The
import of pulpwood is increased by 5,1 percent and the import
of woodchips is increased by 0.4 percent. Perhaps, not sur-
prisingly, the wood panel industry is, as in the minor reduction
scenario, forced to close down its operations since they cannot
absorb higher input prices. The energy sector also reduces its
input demand for woodchips and sawdust as a consequence of
increasing faetor prices by 1,8 and 2.^ percent, respectively.
The price decrease corresponding to 24,9 percent on sawlogs
and the price increase corresponding to 5.4 percent on pulp-
wood compared to the baseline values affects the forestry sec-
tor through changing the value of the forests. Compared to the
baseline, the forestry's total harvesting revenue is decreasing
from 20,817 to I5,14]million SEK.

The expansion scenario

Overall, the simulation results for the expansion seenario
are the mirror image of the minor reduction scenario. When
the minor reduction scenario suggests reduction the expan-
sion scenario suggests increases. The one major exception to
this is the effect on the wood panel industiy. Instead of closing
down, it can under the assumptions in the expansion scenario
increase its input demand for woodchips and sawdust. The
increased demand for sawn wood products causes the sawmill
industry's input demand for sawlogs to shift outwards, in-
creasing the demanded quantity by 9,8 percent. As a conse-
quence, the price for sawlogs is also increasing by 8.7 percent.
The factor prices for woodchips and sawdust are decreasing
by 7.3 and 12.0 percent, respectively, owing to the increasing
supply. This suggests that not only ihc wood pane! industry
but also the energy sector and the pulp and paper industry can
substitute to an increasing utilization of sawdust and wood-
chips since it has become relatively less costly.
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Table 3. — Sensitivity analyses of FCM simulation results
(in % change).

Demand

Woodchips

Sawdu.st

Pulpwood

Sawlogs

Residues

l-aclor Price

Woodchips

Sawdust

Pulpwood

Sawlogs

Residues

Input price elasticity
increasing by 0,5 (%)

-6.48

-1.25

-8.41

-2,14

-6.65

.•5.25

1.21

4.87

2.22

7.05

Sensitivity analysis
The scnsilivity aiialy.ses are catried out in two dimensions.

I irst, Ihe ingoing baseline values are changed and then the
input demand elasticity is increased in order to test the sensi-
tivity of the FCM results. By allowing the input quantities
and prices in Table 1 to first inercase and than to decrease by
? percent the sensitivity of the FCM can be tested. The result
of the sensitivity analysis suggests that changing input de-
mand and prices have a proportional effect in the mode! re-
sults. Inilially. the FCM assumes an input demand price elas-
ticity of 0.5 for all the intermediate goods. This number is vt'ell
in line with the widespread perception that intermediate input
goods in the forest cluster are not very sensitive to price
changes, at least not in the short run {Sjostrom 2004. Lund-
mark 2003. 2005). However, given the key role played by the
elasticities in this study's results, a number of sensitivity
analyses have been conducted to check how sensitive the re-
sults are to these parameters. In the sensitivity cheek, the input
price elasticities are increased by 50 percent. The sensitivity
results are reported in Table 3 and should be intcipreted as
follows: If the input price elasticity for woodchips increases
by 50 pereent then the input demand for woodchips (the
weighted average of all sectors utilising woodchips) would
decrease by approximately 6.5 percent. Similar interpreta-
tions can be made for the other estimated input demands and
factor prices. Overall, the analysis indicates that the FCM pro-
duces relatively robust results.

Conclusions
The different sectors in the forest cluster do not operate

independently of each other. Many factors, such as the eco-
nomic conditions and relationships, shape the business envi-
ronment for the individual sectors. Understanding the interde-
pendencies in the operating environment is essential if exter-
nal impacts on the sectors and the consequences of their own
decisions are to be anticipated. Because this study aims to help
decision-makers to take into account the interdependencies
and to understand the linkages in the cluster, three alternative
scenarios are developed and described, and the main inliu-
ences on the sector are discussed.

The sawmill industry is identified as a crucial sector in the
raw material procurement in the forest cluster as well as in
its own procurement of sawlogs from the forestry sector, its

by-products, sawdust and woodchips. arc diverted to the pulp
and paper industry, the wood panel industry, and the energy
sector, and its demand for sawlogs dictated, to a large extent,
the generated revenues in the forestry sector. Therefore, the
scenarios assume changes in the market conditions for the
sawmill industry by allowing for reductions and expansion in
the exogenously determined demand for sawn wood products.
Furthemiore. one often neglected element in the forest cluster
is the energy sector. It is plausible to expect that tax policies
aiming to increasing the competitiveness of renewable energy
at the expense of fossil fuels and nuclear energy will continue
to occur. For instance, high emission taxes placed on the use
of polluting energy sources would increase production costs
of the energy sector and increase products prices, making it
profitable to substitute for nontaxed biofuel. An additional in-
crease in forest product prices is likely to occur along with
increasing competition for wood raw material when wood en-
ergy becomes a more attractive altemati\ e.

Tbe simulation results indicate that even a small reduction
in the demand for sawn wood products have serious effects on
Ihe price foniiation and on the quantitative flows of the inter-
mediate inputs. The model demonstrates that factor prices
tend to increase and that substitution effects put an upward
pressure on net imports and on the demand for different do-
mestic inputs. Since the production facilities in the forest clus-
ter are geographically dispersed and quite often located in ru-
ral areas, these consequences could have significant effeets on
local or regional economies.

The results indicate that the demand for roundwood {i.e.,
sawlogs and pulpwood) is also affected by changing market
conditions for sawn wood products. However, an analysis of
the impact on the forest value was outside the scope of this
paper. However, the issue is too important to be completely
overlooked in this discussion. Implicitly and tentatively, there
are two main elements concerning the forestry sector. First,
how will a reduction in the demand for sawlogs affect forest
value? Second, can the reduced domestic demand be compen-
sated for by an increasing export? The behavior of forest own-
ers in Sweden was not analyzed in this study, and the impaet
of price changes on their willingness to sell is open to specu-
lation. In general, there is still limited infonnation on the fac-
tors affecting the behavior of forest owners as well as round-
wood flows. However, there is some evidence that forest own-
ers are sensitive to price levels in their .selling behavior (e.g..
Loikkanen et al. 1986, Brannlund 1988). See Solberg and
Moiseyev (1997) for an overview. The reactions of forest
owners are important, especially in the worse-case scenario
where a significant decrease in the demand for sawlogs is ac-
eompanied by a decrease in the price of sawlogs.

Furthermore, the expansion scenario resulted in an in-
creased demand for sawlogs. However, if forest owners value
forest uses other than wood production, and if they are even
offered economic incentives to provide nonwood uses {for
public benefit), what kind of impact would it have on the
roundwood supply? Nevertheless, there should be alternative
strategies to secure the roundwood flow to the industry even
in the case when roundwood supply is restricted or reduced.
This is reinforced by the developing of domestic industries,
especially in the Baltic States and Russia, which will increase
the competition for roundwood and most likely decrease the
possibility to rely on increasing roundwood imports.
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It is important to note that in this study, alternative land uses
like conservation, agriculture, and energy production, were
not analyzed, but they affect the physical availability of land
for roundwood production. Furthermore, technical change is
also neglected in this study. These factors may have a pro-
found impact on roundwood availability. Changes in the eco-
nomic environment affect the forestry sector in various ways.
However, as a concluding remark, the feedback and im-
portance of the forestry sector to the remaining forest clus-
ter should also be mentioned. Significant changes in the for-
estry sector will affect the other sectors in the forest cluster
{the importance of forestry providing a domestic supply of
roundwood and providing the opportunity to utilize han-'est-
ing residues in the energy sector). The forestry sector must,
of course, carefully adjust to the needs of society, but the im-
portance of the sector also must be recognized in the policy-
making process.

In general, it is difficult to foresee policies that would dis-
favour forest products. However, the success of forest prod-
ucts is conditional on consumer perceptions and the ability of
the forest cluster to promote forest products as a renew-
able material. Being recyclable, forest products should bene-
fit from increasing environmental awareness if attitudes
are strong enough to have an impact on consumer behavior.
More stringent environmental standards and waste manage-
ment policies should favor forest products and increase their
competitiveness,

The international competition is most likely to increase and
the highly developed countries, such as Sweden, will lose
market share because of high production costs and lower mar-
ginal return to capital compared to lower income countries.
From the point of view of the forest industry in the EU, there
will also be increasing competition within the domestic mar-
kets. This will especially be the case with relatively low-
value-added commodity products, where the critical factors in
competition is the production cost, which would call for strat-
egies like product differentiation and specialization. Quality
can be used in competition but it is likely to decrease over time
since the production technology is converging between coun-
tries (Kangas and Baudin 2003).
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