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ABBTRACT

The Scandinavian countries are approaching full utilization of the regrowth

in domestic forests, and the forest industry is facing a period of much slower
expansion in volume than in the past, Slower growth implies problems for the
industry, forestry, and society at large. The "transition" from ample to scar-
ce wood resources could take several forms, depending on actions taken both
inside and outside the forest sector. A system dynamics simulation model has
been constructed to describe different possible transition paths, and to high-
light potential problems. The model purpose: is not to predict what will actu-
ally bappen in the future, but to describe possible futures:in an internally
consistent way. Such insights about the consequences of various management
strategies are useful "to interest groups as a basis for discussing how to
reach their goals. Within the industry, there is a tendency toward temporary
overexpansion of capacity. The forest sector's ability to survive under slow
grovwth conditions could be enhanced by technological und organizational reme-
dies. Thr necessary remedies will be less traumatic the earlier one accepts
and acts upon the problems of finite wood supply.

+
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INTRODUCTION
The Scandinavian countries are approaching full utilization of the re- -

growth in their domestic forests. Except in the unlikely event of ever in-

creasing fibre imports, the Scandinavian forest industryl is facing a period

of much slower expansion in volume than was common over the last seventy-five

years. The industry will approach fibre constraints before its competitors

in international commodity markets, and must decide how to survive while ex-
panding less rapidly than the compgtitors. Constraints on volume, implying
one more obstacle in the unceasing search for lower production costs, are
serious in an industry with economies of scale and rapid technological inno-
vation., From & societal point of view,.unless wood products become the unli~-
kely beneficiaries of everlasting increases in value added, the presence of
limits will necessitate a steady reduction in forest sector employment when-
ever productivity increases. Wood constraints“will consequently force painful
adjustments where rural populations traditionally rely on fibre processing.
Over the next few decades, of course, the "transition" from amplé to scarce
wood resourées,can take several forms, depending on mctions ﬁaken both insid;
and outside the forest sector.

This study2 was undertaken to clarify the possibilities and threats in-
herent in the coming transition, and to establish an internally consistent
basis for discussing goals and possible straﬁegies to make the transition
less disruptive. A causal simulation model has been constructed to highlight
the forces thought to govern the transition, and to elucidate various possible
development paths through the'forthcoming critical 10 to 50 year period. The
model structure and behaviour, as well as insights gained from their analysis,
should help to provide a background for strategic choices posed by the forest

industry transition. The modeling effort focuses on long-term developments

s
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averaging. approximately 5 years in length -~ for instance, seasonal variations
in wood reﬁovals, the imbalance in fibre supply and consﬁmption, inventory
fluctuations, and business cycles. In fact, all variables explicitly discussed
here could be considereq 5-year running averages of their real-world counter—
parts.

The analysis focuses on "Scandinavia" (here defined as Norway, Sweden,

and Finland), but should be applicable to other situations where an export-
oriented forest sector is approaching the end of an era of rapid expairsion in
production volume. Since most of the conclusions to this study are relatively
independent of the parameter values used here, the stud& should have wider

applicability than might-initially be expected.

HISTORICAL OVERVIEW

Developments in the Norwegian forest indust}y between 1900 and 1975 are
typical of the who;e Scandinavian region. Therefore, the following historical
sketch of Scandinavian'developments is illustrated well by the Norwegian time
series in Figuresvl through 8. The Scandinavian forest industry has been expan-
ding relatively uniformly since 1850, except during World War II (FIgure 1).
The associated increase in fibre use vas @ade possible largely by shifting
wood from fuel purposes to industrial processing, and by removing e larger
fraction of the gross increment (i.e. the annual fibre production in the
forest). From the late 1950's Norway also relied on some imports, mainly from
Sweden. In Sweden, industrial use of wood increased by only 50 per cent. Cur-
rently, industry consumes more than 90 per cent of total removals. Total fibre
use now approximates or exceeds gross increment in all Scandinavian countries,

although.a new emphasis on silvicultural activities may change this pattern
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(Figure 2).

Yhe last 75 years have seen limited improvements in the sector's round-
wood yield, defined as the aggregate product volume obtained per cubic metre
of roundwood.deliQered to industry (Figure 3). Improvements reflect higher
fibre utilization in forestry, and less waste and iﬁcreased recycling in the
industry. Cains have approached 40 per éent in Bweden. .

Most of the output from the forest industry has been exported, mainly to
European markets. Finland and Sweden, with per capita production volumes 3 and
2.S‘times that of Horway, are particularly export-oriented, but even Norway
exports a significant fraction of its production (Figure k). The degree of
refincment (or value added per cubic metre of wood) has increased, particularly
in the post-war period, probably reflecting higher labour costs and emerging
wood constraints (Figure 5 and Figure 6).

Industry growth has been based upon rapid expansion of production volume,
thereby making possible quick adaptioﬁ to new technological and market condi~
tions. As a result, reel costs of production have fallen at a rate similar to
costs of foreign competitors. Much of the reduction has been realized through
exploitatign of economies of scale, particularly in the pulp and paﬁer industry,
but lately also in sawmilling (Figure 7). Fu;ther increases in the averagé scale
_of productio; seem likely.

In the forest industry, scale increases have ehgendered higher labour pro-
ductivity and an ability to pay competitive wages. In forestry, mechanization
has led to the same results. Productivity has increased sufficiently quickly,
both in forestry snd the foregt iqdustry, Bo as to loweritotal employment
(Figure 8 ). Similarly, the average scele of production has increased faster
than the total volume of production, thereby forcing a reduction in the number
of production sites (Figure 7). Both centraliznfion and reduction in total .

employment have had negative effects, particularly in one-company towns and

-lth -

THE PTRANSITION PROBLEM

Costs of salowv growvwth

The historical overviewv suggests that the Scandinavian forest indﬁstry
is approaching the maximum wood consumptfon possible without reliance on fa~
reign supplies. To be able to sustain domest@c consumption, Scandinavia appa-
rently must reduce the growth rate in industrial use of fibre to the growth -
rate in sustainable fibre supply =-- a disturbingly low figure compared to the
5 per cent per year growth in volume over the last 30 years. The wood constraint
i; actually,somewhat less rigid because new forest resources have usually be-
come available dJriné past periods of scarcity. However, the industry will 1i-
kely encounter increasing difficulty in expanding capacity at the traditional
pace.

The real reasop for concern about wood limits is the costs -- financial
ané intangible —- associated with slow growth in production volume. Such costs
tend to reduce profitability, possibly enough to force a decline in the econo-
mic activity of the forest sector. Such an outcome would be more likely, first,
if foreign competitors continue to expand rapidly, making larger scale of pro-
duction feasible, and second, if the Scandinavian industry remains a producer
of commodities, and thereby is subject to continued competition from foreign
eommodity producers.

At the company level, a fixed fibre’supply implies that new plants cannot
be constructed without a simultaneous closing of enough other production fa-
cilities to release the necessary fibre. The industry can face such a situa-
tion in two ways, each associated with increased production costs. In periods
of expanding capacity, firms tend to continually add capacity in excess of

closings. A large fraction of existing plants are therefore "modern" (construc-
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ver unit produced. Horeover, the average "modern” plant can be kept in opera-
tion long enough to spread investment costs ovér a large production volume,
implying a'lou.average capital cost per unit produced. At stable volume, on
the other hand, additions to capacity must be equéled by closings. The firm
can i) waintain traditional addition ;ates and increase closings, or ii) main~
tain truditional closing rates and cut back on additions. Excess investment
funds can be used to renew existing plants without changing capacity. The first
sfrategy under stable volume entails shorter productive life for the average
plant by dint of a higher capital cost per unit produced. The latter strategy
implies that the average plant will be more "oldfashioned" -~ that is, entai-
ling higher variable cost rer unit -~ because plants are less well, adapted to
current market preferences and technological conditions. in short, limits on
volume induce higher production costs in single firms. By "higher".is meant

higher relative to the foreign competitors who have sufficient wood to expand

at the optimal rate.

Limits on the industry does not necessarily mean limits on individual
firms, which can expand at each other's expense. Stiil, limits on the in@ustry
must eventually incregse costs for the single firm. If the failing firms are
acquired by'successful firms in an orderly fashion from the outset, the pro-
duction cost increases described above will be absorbed by the remaining com-
panies all aléng. But as long as many small firme stay in the industry, the
process ol concentration is more likely to be associated with losses diffused
among owners and creditors. ?rodqction cost increases o#ly start to appear in
the books of surviving producers when they are so few and big -~ as will even-
tually happen due to the pressures of economies of scale —- that the industry
cannot accept anything but orderly fusions for fear of damaging its image and
thereby increasing the cost of credit. Furthermore, as_time goes by, firms in

the industry will be ﬁlagued by the higher wood costs of less accessible re-

e i
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Limits on volume entail other costs, aside from the uncertainty inflicted
by a sagging industry: reduced employment for workers as productivity increases,
fewer production sites for rural districts as plant scale increases, and pos~

sible strain on the forest ecosystem due to the scarcity of wood.
Commodity exporters

Our analysis of the implications of cost increases brought sbout by slow

growth begins with a clarification of our assumptions about the nature of the

‘Scandinavian forest industry. The consequences for the study conclusions of

relieving the most uncertain assumptions are discussed at the end of the paper.
!

Output largely commodities

Scandinavian forest industry output is largely commodities. That is, the

‘product origin or brand name is irrelevant to the consumer who could as well

turn to alternative suppliers. This characteristic is likelf to remnin true.
Processing the enormous volume of fibre (around 100 million cubic metres per
year) into custom-made products at a distance frca the consumer seems impro-
bable. The bulk of the volume is not likely to be processed beyond planed

sawnwood, medium quality paper, and impregnated fibre- and particle board.
Froduction mainly for export

Current production in Scandinavia far exceeds domestic eonsumption.

Finland, Bweden, and Norway export 60, 60, and 15 per cent, respectively, of

their sawnwood, and 90, 80, =nd 70 per cent of their paper production. In

addition, each exports roughly one-third of its pulp production. The Scandina-
vian countries, with the possible exception of Norway, seem destined to be
exporters for a long time to come, even with rapid growth in domestic consump-

tioan,
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Limited possibility to dictate prices

The Scandinavian industries cannot dictate product prices at will, be-
cause the output is & commodity and because the three countries have relati-
vely swall market shares. Norway's export is sold largely in markets where the
ilorwegian éhare is around 10 per cent of imports and much less of total con~
sumption. All of Scandinavia, hqwever, often covers about one-fourth of a fo-
reign market, wﬁich could give the region some influence if the producers could

manage to establish an efficient cartel.

Significant economies of scale

liconomies of scale are pronounced in pulp and paper production: in 1970,
the production cost’ in a 30 000 ton per year plant was typically twice the

cost in an optimal plant -- at that time 300 000 tons per year. Smaller, but

similar economies are present in sawmilling.

: Rapid, internationally available, technological advance

The rapidity of technological advance is illustrated by‘the opéimal scale
in pulp and paper production moving from the order of 100 000 tons in the
1950's to 300 000 tons in the 1970"s and planned integrated plants of 800 000

tons per year in the early 1980's.
Elastic limites

The Scandinavian forest industry has approached apparent limits before,
but has usually overcome shortages through various remedies. When it is im~-
possible to inerease wood supplies through relocation or improved transporta-
tion, the sector is left with the following six ways of increasing production

volume in a sustainable way.

-1 -~

Less fibre to non-industrial use
. .

Much of the receunt expansion of the forest industry was based on wood
released from fuel and farm uses. Currently, only 10 per cent of wood pro-
duction goes for non-industrial purposes, signaling an end to Lhis alternative

source,
More import of fibre

One obvious suggestion is to import wood, but the regional industry ap~
pears uneasy about excessive dependence on foreign suppliers. Such suppliers
way. not even be available in the future, since individual countries increasing-

ly want to utilize their own raw material. The analysis presented in this paper

is based upon the assumption that no import of wood takes place.

Increased reuse of fibre

Since the fibre in peper and paper board can be reused several times

without losing all its strength, collection of used fibre would seem to be a

" - significant source of raw materiml. That is so, but not in countries exporting

around 80 per cent of their paper production. Only through a costly, large—.
acale importation of used paper could recyciing supply more than 10 per cent

of the demand in pulp production.
Higher fibre yield in industry

More output can be obtained from a given input of fibre through reduced
emissions, increased use of sawmilling residue, and less use of fibre as fuel.
In spite of some past savings, around 40 per cent of the fibre still leaves

the production processes as waste, mainly during the production of cellulose.
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Incrcased fibre utilizetion in forestry

One can increase deliveries of fibre to industry per conventional unit
of roundwood by processing bark, branches, tops, and roots; by using other
speciés, and removals with smaller dimensions; and by reducing the natural
loss. In this way, fibre production could probably be increased by 50 per cent

above thie current level without an increase in the gross forest increment,
Increased forest growth

Increased forest growth per ﬁectare and year over the rotation period
snould be attainable through silviculture, use of new species, and further ex-
pansion of the-forested area. Norwegian estimates predict a potential increase
in forest increment of about 60 per cent; Swedish estimates are somewhat higher.

In sum, the listed remedies could theoretically sustain a production
volume 4.6 (= 1.1 x 1.1 x 1.0 x 1.4 x 1.5 x 1.8) times greater than today's
~= a 30 per cent increase. However, this rosy prospect actually would have
to surmount serious difficulties -- possible ecological danger, intelligent
use of ligning ~- whose salut%on would extepd the long delays inherent in the
rotation period. Jf a century were to expire ﬁefore full exploitation of the
increased, potential yield, volume maximally could grow 1.3 per cent per year
during this period, much slower than the average of 5 per cent per year gince
World War TT. The cost of obtgining fibre in some of the suggested ways could

also prove prohibitive, further slowing the growth in production volume,
Expanding com petitors

Currently, almost all of Scandinavia's forest product export goes to
Europe. The major foreign competitors in these markets are, besides any local
industry, Canada, the USA, and the USSR, countries whose forest resources could

well accomodate another 10 to 30 years of expansion at traditional rates without

N
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) prohibitive cost increases. Global shortages and high prices may still®surface

in the short term (over 5 years or so), but the resulting high profitabi]ity
would only h#sten the seemingly inevitable entry into the market of tropical
countries backed by essentially unlimited fibre volumes. So, except tor brief
interludes while technologies are being developed and capacity installed, the
Scandinavian forest sector will probably continue to face competitors unham-
pered by wood constraints and capable of expanding volume at the optimal rate
for market and technological conditions. As Scandinavian growth stalls, these
competitprs will come to dominate the markets and set prices according to their

own (low) production costs.

I
Entering the transitio n

The following view emerges: the Scandinavian forest industry is one of
many expanding competitors in an international commodity market. The Scandi-
navian industry is currently approaching flexible wood constraints that will
increase fibre costs and slow further growth in Scandinavian production volume,
while the competitors are free to continue thei traditional expansion. In
summary, the transition problem can be phrased as follows: If

= the Scandinavian forest industry continues to focus on the pro-
duction of commodities for international, competitive markets,
and if
- significant economies of scale in -investment and production or
rapid technological advance in production equipment continue,
and if
- foreign competitors continue their rapid expansion in production
volume with ample wood resources available to support such ex-
pansion,
then constraints on wood availability and the resulting slower growth in total
capacity is likely to bring about an increasingly uncompetitive cost level in

the Scandinavian, forest sector, and possibly a reduction in sector activity.

Such a decline will take time, decades rather than years, and could well he
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counteracted by movements in other factors affecting relative costs, including

labour costs and exchange rates.

A PERSPECTIVE ON THE TRANSITION

Growth pressures

What forms might the trensition from ample to scarce Qood take? Will the
tradition of growth prevent needed resFr&int? Will stable volume cripple the
forest industry? A better perspective on growth pressures and consiraining for-
ces would help clarify potentiel forest industry trends over the next 50 years.
The conventional wisdom argues that “growth is necessary”, but the underlying
reasoning is rarely brought forward. Various groups desire expansion in the
production volume of individual plants, of production sites, and of the indus-

:try as a whole for a variety of reasons:
Individual forest products producers

As previously discussed, constant volume implies higher costs. Therefore,
individual producers whose goal is to remain competitive and profitnblevvehe-
mently oppose such an equilibrium condition. The impreséion that companies
value growth above all explains why expansion in production volume is the
simplest strategy for reducing costs. Although investments will be maintained
at the highest possible pace, the resulting bene}its will be less when con-
straints on volume become tighter. If rigid limits are placed on volume, some
stop-gap measures may be substituted for further expansion. A company can re-
duce costs by terminating investment, and hope thét lower capital costs would
more than compensate for the higher variable costs incurred by increasingly

outdated plants. Or, the company might reduce unit trnnéportation costs by

PR
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focusing on a nearby market.AMoving into other product lines only helps in
‘he Qhort term; there is little remson why profitability should remain higher
for certain types of product in a market with relatively free entry for new
producers. Finally, rapid changes in the product mix can often meet resistanc;
in markets. But such solutiohs are not lasting, and expansion of scale seems
necessary to keep abreast of competitors using all means to reduce costs, in-
qluding increased scale. Tremenduous pressurevﬁill therefore bLe brought to
bear to expand capacity. One method of so doing is to acquire the wood supplies

of domestic competitors by building huge, new plants capable of offering the

highest wood price.
i

Forest industry workers

Forest workers seek reiatively stable employment and wages in line with
the (growing) economy average. The necessary accompanying increase in output
pervperson is achieved most simply through increased scale, implying expansion,
A rigidly fixed production yolume would force a decline in employment in pro-
portion to productivity when the product mii is held constant. The likely re~
sponse to such a decline uou;d be pressure for increAsed value added and there-

fore more potential employment per cubic metre of fibre.

Local communities

Local communities dependent upon forest production will naturally try to
maintain their economic base. Attracting new business is difficult, and the
community will fight to avoid closing local plants. Their action is often
equivalent to lobbying for expansion of capacity. The cost to the local com-~
munity of closing -- loss of jobs and, ofter, the basis for a small service
sector -- is nearly always severe. If local economic survival is threatened

by ridig wood limits, a likely response would be to press vigorously for

[ —
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continued operation of local facilities and chanelling of the investigle gur-~
plus to continuous renewal at constant capacity, simply‘to delay the time of
negative gross margin. This measure can only be & stop-gap because the cost -
reduction per invested dollar is much lower if not accompanied by the addi-~

tions to capacity in which foreign competitors indulge.

Forestry workers

The simplest way for forestry labourers to secure enough, reasonale well-
paida work is to push for increased harvesting. Fixed limits on removals and
increused productivity will together reduce employment. A likely response then
would be pressure for increased silviculture which may, however, push wood

costs beyond the industry's capacity to pay for fibre,
Industry spokesmen

Organizatious such as The National Association of Forest Products Produ-
cers seck a smooth and profitable development of the industry. Their taék is -
much simpler if wood is ample and the coupling between firms is loose. In re-
sponse to a growing scarcity, spokesmen would publicize concerns about factors
perceived as limiting supply -- inactive forest owners, restrictive tax poli-
cies, biased estimates of forest growth, thereby hoping to get sanctions for
increased removals. When faced with rigid constraints end barred from wood
imports, industry spokesmen would be likely to press hard for horizontal inte-

gration into fewer and bigger plants to maintain industry profitability. Other
industry suggestions could inqlude proposals for vertical integration, demands

for tax breaks, subsidies, and even devaluation of the currency,
Layers of constraints

In total, the aspirations of several involved groups manifest themselves

- 1 -

as a vigorous pressure for expanded fibre use. The growth pressures are coun-
tered, on the other hand, by forces tending to limit utilization of” domestic

forest resources:
The institutional constraint

Society's interest in a continuing production of wood is refiected in
institutions charged with keeping removals at or below the sustainable level.
Examples are the set of values and practices embedded in the nation's practi-
cing foresters and transmitted through forestry schools and the formal forestry
legislation. Ideally, the institutional constraint would limit removnls so as

f : P .
to equal the long-term average gross domestic increment. The constraint would

"take effect through regulations and financial incentives aimed at forestry .

and the forest industry. But measurements of forest productivity are inaccu-
rate, and knowledge of the long~term effects of various forestry practices
is incomplete; it is difficult to steer wildly flﬁctuating Annual removals
toward the proper long-term averages, and impractical to police development
in tens and thousands of forests. Consequently, the institutional constraint
ik not rigid and probably'éannot compel production to exactly lie at the

sustainable level. But, over the long term, harvesting excesses will be ob-

vious, evoking new and more effective guidelines.,

The economic constraint

The economic constraint encompasses all usable (given current industrial
capacity to utilize uncommon fibre) fibre, regardless of type, dimension, and

origin, that would have been delivered to industry at current prices if there

were no institutional constraint. The economic constraint has a subjective
character —-= depending on suppliers’® personal judgments as to what represents

activity worth his time and effort. At any given time, their decisions could

My
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drive the rate of supply to exceed the current increment by mnny fold, bﬁt even
.vithout institutional constraints, forest owners would probably decide to pre-
serve some of the forest stock as a hedge against future shortages in fibre
production and revenue. It becomes profitable to harvest a larger geographi-

cal area when wood prices increase and more roads. increase accessibility.
Physical constraints

The industry cannot cut more wood than is available in the current mature
forest stock nor recycle more fibre than is available in suitable used materials.

llowever, this physical constraint will not be approached, unless both the in-

stitutionnl and the economic constraints are inoperative.
Instability or decline?

The relative dominance of the three constraints tends to vary over time
with conditions in the forest sector; Normally, the institutional constraint
is‘approximately equal to the sustainable fibre output. Its effect is felt
more readily than the economic constraint, which in turn comes to bear before
the physical constraint. This sequence of influeﬁces is understandable since
institutional constraints have been established in essence to avoid arriving
at the economic constraint. That is, without institutional regulation, it is
normally profitable to remove most of the standing volume —- or becomes so as
investments increase. But the development process over time can follow many
paths.

The interaction of growthepressures and conetraint;, th?ough a complicated
web of causes and effects, is commonly expected to bring aﬁout the smooth
transition sketched below (i), In this scenario,‘the industry is best served
by expanding all the way to the institutional constiraint, which instantaneously

and successfully regulates industry to the sustainable level. But grovth pres-

- 1hG -
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time

(i) smooth adjustment (ii) temporary overrun . (iii) decline
sustainable fibre production

mmm—e—snes  industrial capacity

" sures tend/to be strong and self-perpetuating; information is usually uncer-

tain; and delays in observation and reaction are usually long. Consequently,
the transition may well take the form of (ii), entailing a period of overex-
pansion before equilibrium is reached -- regulations becoming sufficiently
effective to resist growth pressures only after the unambiggous documentation
of overruns. Finally, regulation may be effective, but only by placing an un-
bearable-strain on the industry - lowering profitability enough to bring about
a decline in industrial capacity {iii). All three developments are possible,
although smooth adjustment would normelly be judged preferable, all else being
equal. Policies designed to influence the transition behaviour ought to be
guided by the answers to such questions as;ywhat mechanisms amplify the ten- '
dency for overruns? What factors reduce the likelihood of industry survival

at "constant" (sustainable) volume?
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THE TRANSITION MODEL

Model structure

To obtain further insight into possible transition patterns, the views on

structure and parameters embodied in the first three sections of this paper

have been formalized into quantitative assumptions contained 'in a computer

simulation model.3 The intent is to depict possible forest industry develop-
ment paths in an internally consistent vay, not to predict in detail what will
actually take place in the future. Consequently, although quantitative model-
iné techniques have been employed, the conclusions are qualitative. ‘

The central model assumptions are: no wood imp;rta,.continued export of
commodities, existence of economies of scale, and freely expanding cohpetitors.
The main chains of cause and effects implied by these assumptions are depicted
in the causal loop diagram in'Figure 9. The diagram represents the forces be-
lieved to underlie long-term trends in the Scandinavian forest sector.

Industrlal capacity changes through the net effects of ;nvesbment and clo-
sings. The rate of investment increases wlth past 1ndustry profitability, which
generate an lndustry surplus and attract investors. Closings occur when plants
are outdated or wood is unavailable. Profitability is determined by production .
costs (for processing and wood) relative to a sales pr1ce which equals the price-
setting competitors! costs plus a mark-up thaet falls with increasing overcapa-
city in the market. Foreign competitors adjust their capacity acecording to
ma?ket conditions, but are unaffected by wood constraints, The market for
forest products is assumed to expand exponentially. The prdcessing costs of the
Scandinavian industry are affected by the average scale of production and by
how well existing plants and product lines are adapted to current technological
and market conditions. The average degree of adaption 1ncreage3 not only with

new 1nvestments, but also with closings, which eliminate the leagt profitable
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plants. Transfers from other domestic sectors, in such forms as easy credit,
auhsidieé, and tax breaks, can sustain protitabilitf in times of declining
profits, while reverse transfers drain the industry in good times. Average
plant scale follous.oitimal scale {determined abroad and assumed to increase
exponentially) with a lag which is longer when there is popular resistance

against large-scale facilities due to rapid ceiiralization in the past. The

-number of production sites falls when capacity grows slower than the average

scale,
Wood price, relative to the competitors, increases when a large fraction of

existing fibre must be utilized because a bigger geographical range and broader

i .
selection of fibre qualities must be exploited. Wood price falls when the re-

moval infrastructure grows. Investment in forestry increases with stumpage,
which in turn moves parallel with return on investment in the industry. The
recommended cut, representing the institutional constraint, equals gross incre-
ment plus a positive (negative) correction for too much (I{ttle) mature forest.
The regrowth, natural decay, and age structure of the forest are determined

by its history .of removals (of mature forest), and by silvicultural actlvxtxes

* {which Jncrease the 1ncrement per hectare in young forests), Sector employment

depends upon total production value and the exogenously determined wage level,
The model explicitly contains three expected reactions to increasing fxbre

scarclty. 1) increased silvicultural activity, 2) 1nc;eused roundwood yield

(representing increases in fibre utilization in forestry, in industrial fibre

yield, and in reuse of paper), and 3) increased value added up to the maxi-

mum possible while remaining a conmodity producer,

vt



Simuletion runs-

The eight simulation runs in Figﬁres 10 - 17, starting from the same ini-
tial conditions, but conducted with slight parameter differencés reflecting
real-world policy alternatives, illustrate the behavioural tendencies of the
model system. The runs are also presented as hypothetical ﬁescriptions of the

behaviour of the Scandinavian forest sector over a 150-year period.
Basic run

Run 1 (Figure 10) shows a mode where the initial phase of rapid expansion
in industrial capacity I turns into & long period of slowly declining capacity,
even though the wood supply is ample (Lhe forest stock S increases monotonously),
The industry stagnates when more intense utilization of the forest drives up
the wood price W, paid by the forest industry, sufficiently to reduce the re-
turn on investment R until additions to capacity Fo longer exceed closings.
Reduced inveytment activity also means an increasingly éutdated industry rela-~
tive to foreign competitors (indicated by the decline in relative scale of pro-
duction 1). As a result, costs will increase further relatgve to international
market price and the initial decline in profitability will be accentuated. As
capacily deciines while the forest stock accumulates, wood becomes more abundant
(gross increment G climbs stendily) and ultimetely depresses wood prices enough
to create the profitability, in spite of rundown machinery, necessary Lo spur
a nevw growth period. In summary, Run 1 shows industrial stagnation and decline

caused by timber prices that are too high for industry to meet in the long run.

-150-

Reduced timber prices

The obvious remedy is to reduce timber prices. Such a policy, feasible
vhen the price is centrally negotiated, amounts to a reduction in stumpage.
Run 2 (Figure 11) shows the result of a 20 per cent reductionm in timber price.
Follouiﬁg a spectacular growth phase, capacity peaks earlier and declines
faster -- a result opposite to that intended. The "obvious" response does not
succeed in the long run because the lower price also reduces investment in’
forest roads and other support facilities, thereby leaving a largér fraction

of the fibre inaccessible at a given harvesting cost.
More accessible wood

The challenge of Run 1 is to make timber available at a given cost over
the long run. One solution might be to have the government establish a suf-
ficiently dense network of forest roads to make all wood sccessible at accep~
t;ble harvesting costs. Run 3 (Figure 12) shows that the result is indeed an
extended growth phase, but at the cost of a tremendous subsequent decline,
The reason is that forest owners now gain by harvesting more thén the gross

increment G, which soon thereafter reduces the forest stock S and ensuing re-

movals. In other words, the economic limit now exceeds the sustainable level.

Expansion is still ultimately curbed and reversed by eccessive costs. But now
the costs spring not from expensive harvesting, but from efforts to raise the
roundwood yield Y as traditional sources of wood are fully committed. Cheap

access to all forested land encourages a tendency for over-cut where institu-

tional regulations cannot stop expansion at an early stage.
More transfers

A typical response to initial signs of falling profitability, capacity, and

employment would be for industry to seek government support. Run § (Figure 13)

v
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shows how'increaped transfers T iﬁduce a further expansion and deeper subse-
quent decline than in Run 3>-- another result contrary to the intention. But
transfers are often difficult to obgserve, when for instance they take the form
of a tux reduction. Transfers both increase available funds and make the in-
dustry appear more heglthy. They not only reduce bankruptcies and clésinga,
but also facilitate continued investment and expansion. Furthernore, the re-
covery at the end of Run b is delayed because the society gradually removes
its transfer-based support when conditions improve. Increased transfers tend
to amplify instability by partly disguising the feedback signa}s concerning

the wood situation,
Stricter regula.t ion

Thie declining forest stock S in Runs 3-and b signified over-cut and in-
sufficient regulation of expansion. Run 5 (Figure 14) shows the effect of a
tighter institutional constraint. After an initial phase of rapid growth, \a
phace of rapid horizontal integration ensues as industry uttempta to remain
competitive while butting against the rigid institutional ceiling. In a third
phase, the resulting oppositiod to rapid centralization (decline in number
of production sites N) forces industry to delay closing oldfashioned plants.
Simultaneously, the wood scarcity pushes industry toward greater reliance on
non-traditional, more expensive fibre resources (roundwood ylPld Y increases).
The total effect is several decades of gradually decreasing competitive strength
(failing return on investment R), ending in an industrial decline which only
halts when there is room for a new expansion wave. Strict regulation entnils
costs associated with slow growth which exceed what industry can nanage in the

long run.

NP
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Small scale technology

The decline in Run 5 is partly due to an inabi;ity to utilize plants as
large as those operated by competitors. Run 6 (Figure 15) assumes a breakthrough
in small-scale technology: the development of & small plant with lower processing
costs than any other type of plant. All plants are now assumed to be built at
this optimum small scale (relative scu;e 1 equals 1.0). Employment E remains
the same, while the number of production sites M increases rapidly relative
to the earlier runs, completely eliminating the dlstress induced by rapid cen-
tralization. The policy has the further advantagea of postroning and softening
the 1ndust;y 8 declxne {which is still brought about by the other costs _of re~
gulatlons), and enabling an earlier comeback in sector activity after the de-
eline. The competitive small-scale technology reduces the severity of the de~

cline instigated by a forced slow growth in industrial capacity.
Support to recycling and increased yield

The industry cﬁn also be assumed to overcome another cost of pressing
against limits -- the.exira expense of developing and operating'eff]ueni re-
géneration and paper-recycling programﬁes, thereby increasing the "roundwood
yield" or the tonnage of final products obtained from each cubic meter of wood.
Run 7 (}‘igure 16) shows the effect of shifting all extra costs of increasedr
roundwood yield from industry to the governmentl As a result, the industry's
decline is greatly reduced. The small dip in capacity around year 100 reflects
a hole in the forest age structure -- a lack of mature forests -- caused by
intense removals in the preceding 50-year period. However, the problem solves
itself through the resulting ageing and accumulation when capacity temporarily

drops below the waximum sustainable level.

Wh T Ay oA
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More silviculture “

The dip in Run 7 might be avolded by increased silvicultural activity
as wood limits are approached, Run 8 (Figure 17) shows tﬁat the most prominent
effect of the resulting higher gross increment G is to allow industry to re-
peat the pattern of Run T at a higher absolute levél of production. Phe in-
creased silvicultural activity simply moved the set of constraints outward,

giving room for more of the same behaviour.
Relief of central assumptions

One model run costs 50 cents and takes two minutes. A virtnally unlimited
number of policy experiments are therefore possible, For instance, any of the
current, central model assumptions of no imports, commodity production; export
orientation, and freely expanding competitors could be dismissed just as the
assumption of existing economies of scale was eliminated in Run 7. In general,
the offect of removing any of the central assumptions would be to improve the
long~term situation in the modél, and presumably for the.Scandinavinn forest
sector. However, completely eliminating all conditions leading to wood con-
straints must mean a corollary assumption of ever growing imborts, or ever-
lasting shifts to new,'more valuable products, or an ability to sell the full

production in domestic markets at cost plus a mark-up, or competition becoming

subject to similar constraints on wood as the Scandinavian sector.
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EPILOGUE

The 6bjectivea of our study are to attract attention to the coming “tran-
sition" from ample to scarce wood resources in the Scandinavian forest sector,
to describe the different possible transition paths, and to highlight poten-
tial problems. Hopefully, the model described here embodies these aspects of
Scandinavian forestry and the regional forést industry in an internally con-
sistent way. The goal is to establish & holistic basis for the strategic deci-
sions that will shape actual future development. Since the various societal
groups with interest in the forest sector are not likely to ngree.on one "“pro-
per" respoxise to the transition problem, our study does not seek one “optimal"
strategy. Instead, tﬁe search is directed toward outlining the consequences
of several strategies. Such insights would make a valuable addition to the
basis upon which each interest group decides how to attain their respective
goals,

Different people will draw different conclusions from our analysis. How-

ever, some general points must be agreed upon by all parties. The process of

adjusting industrial capacity to gross increment tends to be unatable, and more
‘80 whenever the existence of constraints is not confronted squarely. The abil-
ity of industry to survive over the long term while expanding no faster than
the gross increment itself, can be greatly enhanced by technological and or-

ganizational remedies, thereby stretching the potential slack over a louger

period.,
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' NOTES

Terminology used in this paper: Fibre = raw material in any form for the
forest products industry: roundwood, chips, dust, etc. Wood = fibre in,

the form of conventional roundwood. Forestry = the part of the domestic
econony which produces fibre. Forest industry = the domestic producers of
fibre-based products: sawnwood, pulp, fibre- and particle board, newsprint,
paper and paperboard. Forest sector = the part of the economy involved in
or affected by the production, processing, and sale of fibre-based products
-- that is, forestry, the forest industry, their dependents, conservalion
groups, part of the government, part of the research establishment, etc.
Competitors = the forest industries of foreign nations that compete with
the domestic forest industry in international commodity markets, Produc-
tion volume = the aggregate physical output of the forest industry, mea-
sured in metric tons of dry weight, not in value. 1 cubic metre of sawn
products is registered as .5 tons. Production scale = the output per pro-
duction site, measured in tons per year.

This paper provides a preliminary summary of a.six person year project
entitled "Society and Forest" sponsored by the Norwegian and Swedish
technical research councils (NTNF and STU) to study the utility of the
system dynamies approach for analyzing social problems. The problem defi-
nition and model analysis are largely based on the collective experience

of three eight-person discussion groups, recruited from the Scandinavian
forest sector, which met extensively throughout the project in Oslo,
Stockholm, and Helsinki, Since the paper covers e wide area in a few pages,
it is necessarily more assertive and less carefully defended than desirable.
More information about the project is available from the Resource Policy
Group, Gaustndalléen 30, Oslo 3, Norway.

The’ formal model is a state-determined set of highly non linear differen-
tial equations that are solved through numerical integration from a givem
initial state. The modei is written in DYNAMO.
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