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PREFACE

The original proposal that IIASA should undertake a study
in the Forest Industries was first proposed by Finnish repre-
sentatives in 1978 and it was incorporated into the Research
Plan for the Institute for 1979. Preparatory work was carried
out during 1979 and on 8-11 January, 1980 an inaugural Workshop
on these topics was held at IIASA with 40 participants from 12
countries. The countries represented in the meeting contribute
about 70% of the world's total trade of Forestry products.

This really was an indication of the interest in the proposed
study.

This publication includes most of the material presented at
this Workshop. One paper (by L. Hultkranz) was not actually
presented but the text was distributed to the participants.

The Appendix includes a short summary of the Workshop with the
agenda, list of participants and some background material for
IIASA's Forest Industry project.

The workshop supported the proposed project giving useful
feedback for the continued planning and work of the project.
It was also decided to publish the material of the workshop as
an IIASA Collaborative Paper so as to document the work of this

international meeting.

I take this opportunity of thanking all authors for their
contribution to the Workshop and in this publication. It is an
example of successful international collaboration.

Paavo Uronen
MMT
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GENERAL PART




KEYNOTE ADDRESS
by

Mr. Pentti Rautalahti

Forest industry is a world wide industrial line based on

the use of natural resources. Naturally its most important
raw material is wood. The other important resource similarly
important to the industry is energy. The industry uses a lot
of all known forms of fuel such as o0il and coal. The feature
worth mentioning is that the forest industry can easier than
other industries use the so called renewable natural resources
as an energy source. Of course this means first of all wooden
biomass. A good example of this use is a modern sulphate

mill, in which the only inout is wood.

The other characteristic of the industry is high capital

intensiveness. Thanks to its long age the industry is also
a very mature industrial area. These two factors mean that
changes in the forest industry are slow. This goes for both

products and the basic structure of the process.

However, continuous changes and evolution take place in
numerous separate details. During a longer period of time
this evolution has been almost revolutional. Good examples
of the evolution in the forest industry are the improvements
carried out in process control and automation. At least

in Finland the forest industry has actually been the pioneer
in all central applications in this field.

The first process computer in Scandinavia was installed in

a Finnish paper mill as early as 1963. Operations Research
applications started also in forest industry including at a
very early stage comprehensive process and corporation models
based on the use of computers.



Thus the forest industry has very long traditions on the
" use of systems analysis methods. The project that will now
be launched will therefore very naturally continue the work
carried out earlier. '

Against the background of the development work performed

in Finland it is only natural that the Finnish forest
industry has taken the initiative in the project concerned.
We have not, however, done so for general or purely
scientific reasons. I should like to emphasize the following
fact: Finland's aim is to get through this project such
results as can be applied in practice and can contribute

to the profitability of the industry.

It goes without saying that Finland will give its full
support to this project concerned. A proof of this is that
the reference organisation of the project in Finland is
the Research Committee of the Central Association of the
Finnish Forest Industries, which is the formal body
representing the whole Finnish forest industry.

As we will now start to set targets for this project
I take the liberty of suggesting the following criteria
for the basis of the discussion:

1. The project and its results should be as
applicable as possible and contribute to the
productivity of the industry.

2. The scope of the project must be as wide
as possible covering the whole process from
forest to markets so that all areas of this

chain are well balanced.

3. It might be advisable to stipulate the time
schedule of the project as specifically as
possible. The follow up of the project should
be defined, e.g. in form of seminars.




Under the criteria, the following targets and results from
the project are desirable:

1. Preparation of a comprehensive state-of-the-art
report on system analysis methods in the forest
industry: what has been done, difficulties in
the application at the practical level.

2. A tool that would help the decisidn making within
the industry in 10 to 15 years time span. The tool
is not necessarily a mathematical model;

a collection of statements of cause and effect,
probable trends with different assumptions, etc.
could also be useful to the industry.

3. The use of the above mentioned tool ¢to analyze,
how to develop material, enerqy, capital and
human resource productivity with possible environ-
mental and social side effects.

I should also like to express my pleasure for the decision
made in favour of taking this project in the IIASA programme.
I rest assured that IIASA as a multinational organization is
the most suitable forum for this study. We have reasons to
believe that it could not be carried out so efficiently and
successfully in separate countries. An international
organization is ideal for this purpose, because the forest
industry itself is international. The efforts made by many
countries can be combined, and surely the results from a
coordinated international study could be more profound than
if the research projects would be carried out separately in
each country. The views and findings of both eastern and
western countries can be taken into account under joint
leadership. This will greatly increase the value of the
study to any country concerned.

Good luck and good results to the project.



THE FOREST INDUSTRY - ISSUES FOR THE EIGHTIES

An Overview of Important Issues Facing the Forest Products
Industry in the United States, by, P. E. Wrist

In considering the issues facing the U. S. forest industries

during the eighties, five broad areas emerge. They are:

-

Continued availability and reasonable cost of

our basic raw material.

Environmental protection in our forestry oper-
ations, manufacturing plants, and in the ultimate
disposal of our products.

Energy supply and conservation, and an increas-

ing level of self-sufficiency.

Increcased capital efficiency, both in the use of
existing assets and in the creation of future
ones. |
Product specifications that more accurately re-
flect the performance demanded by the market's

intended use requirements.

I will concentrate my remarks on these areas and would stress that

I am reflecting primarily an industrial and private sector viewpoint.

From a national policy viewpoint this list is clearly incomplete.

Other issues, affecting forest use, arise outside the industrial

sector and must be considered in an overall national forest policy.

These additional issues are important factors of the national forest

assessment program that has recently been undertaken by the U. S,

Forest Service, about which Dr. Clark Row and others will be talking

later in the program.
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The Supply and Demand of our Basic Raw Material - Forests.

Any analysis of the supply/demand relationship for U. S. Forest
products must take into account two important structural
characteristics.

1. The very decentralized and heterogeneous nature
of forest ownership.

2. The structural integration that has tqken place
over the past two decades between industrial
enterprises in the previously separate lumber
and solid wood products sectors on the one hand
and those of the pulp, paper, and paperboard
sectors on the other. .This integration has led
to increased options for optimizing resource use

and greater overall utilization efficiencies.

Let me briefly talk about the diversity of ownership issues - and

its relationship to a broad industry concern for increased pro-
ductivity. The U. S. forest system approximately covers 740 million
acres of forest land, or one-third of the land area. Of this total
approximately two-thirds, or 488 million acres, are considered-as
suitable for "potential" use as commercial forest land. Of these
potential commercial forest lands, 14 percent are owned by the

forest products industry,28 percent by state and federal governments,
and 58 percent by private farmers and landowners, estimated to ex-

ceed 4 million in number,

There is a very wide range in the level of forest management prac-
ticed - both regionally and by ownership class - and also a wide

range of management objectives. These differences are reflected in



-7

forest productivity statistics. As a class, industry owned lands
have the highest average productivity, 58 cu.ft. of new growth per
acre per year. Other private lands average 45 cu.ft. per acre per
year, and those of public (government) land average 35 cu.ft. per
acre per year. These figures reflect the differing emphasis

placed by the ownership groups on forest management objectives,
uses, and priorities. The realizable yield of forest products

from the nation's commercial forest lands is therefore influenced
as much by public policy determinations and by ownership objectives
as much as it is by the normal biological factors of climate, soil

character, and fbrest type.

Let me briefly summarize the results of a major study started five
years ago and just completed by the U. S. forest products industry.
Anticipating the need for higher output from our commercial forests

in the near future, a study was initiated to determine the existing
productivity of the commercial forest lTands and the potential and
cost for more productive management strategies in the future.

The examination was carried out for each of 25 major forest produc-
ihg states, representing 83 percent of the total commercial forest
lands. Within each state forest areas were categorized by forest
type, soil characteristics, present productivity, and present
management level. For each category the optimum prqductivity
practices were identified from some twenty or more alternatives.
These alternatives were limited to prdven and acceptable manage-
ment techniques. Estimates were made of the cost of changing from
present to the optimum management practices, and only those which

met normal industrial investment criteria were considered to be
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economically practical. Improved management practices were found
to be economically justified for about 28 percent of the com-

mercial forest lands at today's prices; and further, if adopted,
these improvements were estimated to increase the nation's annual

growth rate by 50 percent over existing levels.

For each of the areas in which investment was economically attrac-
tive, the study identified a preferred management strategy. 1In
many cases the change required consisted of clearing the existing
stand and replanting with improved stock. 1In some soil classes
the preferred stock required a change from hardwood to softwood

forest.

The next step of this project is to consider implementation
strategies. These must clearly invb]ve consideration of social,
financial, taxation, and other factors in addition to purely
forestry factors. There are also transitional problems to re-
solve, concerned with the optimum use of cleared stock and the
rate at which the conversion should occur. Developing and
evaluating alternative strategies will entail quite sophisticated
systems analysis, whether we are concerned with the issue

‘nationally or on a more limited regional or even corporate level.

The second factor I mentioned is the structural change in the
forest products industry itself. Historically major companies
were readily characterized as primarily lumber and solid wood
products producers or as pulp and paper companies. Each managed
its forest resources for one or the other of these two uses.

Increascd demands, limited rescurces, and other economic factors



have forced a change over the recent past. Today the output of

a forest must be used to serve a multiple of end products in order
to maximize economic return. Product values are ranked, and output
is allocated for maximum return. Pulpwood as such in many parts of
the country has disappeared and has been replaced by Tumber

residuals and other residues of the harvesting process.

These changes are expected to continue, and in the future the
potential use of forest biomass as a fuel source will further

modify the allocation process.

The next three issue areas - Environmental, Energy Use, and
Capital Efficiency in an increasingly capital intensive industry -
all represent externalities whose importance has dramatically
increased in the past decade. Prior to 1970 there had been

very few significant changes affecting our industry for a great
many years. The industry had matured and its systems and sub-
systems had been optimized with respect to the significant
variables. As a result, most technological improvements were

of an incremental nature.

During the 1970's however, we were suddenly faced with dramatic
escalations in three cost sectors - environmental protection,
energy, and capital construction - dramatic even when judged in

relation to the inflation that occurred in nearly all cost sectors.

Fortunately, there has been one other dramatic change in the same

time period of a more favorable nature, the availability of

increasingly sophisticated electronic and computer based process
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control and production management systems.

The impact of these four external forces has suddenly created some

new and challenging opportunities for system analysis application.

Because of the high degree in which the generation of wastes,

energy use, and capital equipment are interrelated throughout the

manufacturing processes, it is only possible to respond to signi-

ficant changes in one or more of them by looking at the response

of the system as a whole.

In the limited time available I will merely touch on three broad

categories of problems that are of management interest and which

offer opportunities for systems analysis.

A.

Evaluating the economic impact of governmental environ-

mental requlations.

Over the past five years our industry's capital
expenditures have risen from an early level of

6 percent of annual expenditures on manufacturing
plant to an average level of over 30 percent. In
addition operating costs for the new pollution
equipment have also risen dramatically. Similar
cost increases have been encountered over the same
time period by other basic industries such as
chemicals, steel, nonferrous metals, petroleum, etc.
Most government attempts to eQa]uate the economic
impact of these regulations have essentially con-
sidered the difference between equilibrium

economic scenarios before and after the imposition
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of the new regulations. Unstated, however, in
these analyses were the assumptions that the
changes occurred without any system interactions
and that they occurred at a sufficiently slow rate
so that there were no significant, transient
disturbances imposed on the system by the

changes. To date the findings of these model
studies bear little relationship to dbserved ex-
perience, and the result has been a wide divergence
between the positions taken by government and
industry on the development of environmental

policy.

Although the details of environmental regulation
vary from country to country, I have found wide
interest in developing improved methodology for
evaluating the total economic impacts of major
environmental regulations. With the limited re-
sources available to society, it is important,
even in the pursuit of a socially desirable goal
such as environmental protection, to seek an
optimum balance between cost and benefit and
between regulation and economic impact. Economic
impact of a regulation is not simply measured in
terms of capital investment Alone but must also
include such hard to define effects as accelerated
obsolescence of the existing capital stock; uneven
application of costs to affected plants and the

dislocations this creates in the relative
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competitive structure within the industry;
diversion of capital from other uses such as new
capacity, productivity investments, and research
and development; construction and other delays
caused by regulatory permit negotiations, etc.,
etc. The most important effects that should be
of concern to the regulators are very often the
interactions and the transitional imﬁacts, which
are not captured when we ignore the system

dynamics.

The American experience suggests a need for more
accurate economic modeling methodology for evalu-
ating the impact of major regulatory change on an

industrial economy.

- Energy and material modeling systems for process

industries.

The need to conserve energy and water use in our

manufacturing processes, plus the desirability of

" reducing waste discharges, has focused renewed

interest on the use of energy and material
balances around the process. Flow balances have
been used frequently to account for water use
throughout a process. Today we have interest
also in the flow of materials in both the solid
and the solution state, as well as energy in its
various forms. In the case of energy in addition

to its quantity, measured, for example, in joules
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or Btu's, we must also consider its quality
since this determines the opportunities for

re-use within the system.

A number of computer based systems have been
developed for system optimization such as
GEMS, ASPEN, and one developed by Paprican.
These models depend very heavily on empirically
derived inputs and are not very adaptive for
energy related problems. Improved techniques
are certainly needed. Typical problems being
faced include:
- estimation of equilibrium levels of
solute buildup in partially closed systems.
Many materials normally present only in
trace amounts can eventually build up in
closed systems to levels which create

severe corrosion problems.

- whole tree chipping presents operating
problems in the mill and the need for
system changes to eliminate undesirable
contaminants such as bark and grit. The
options of how and where to do this in
the system are many - in the woods,
woodyard, digester, bleach plant, or paper
mill. Selecting between these many options,
which involve different technologies and

trade-offs between encrgy and chemical use,
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- etc., makes a system analysis approach

essential.

- wood may be used interchangeably as a
fibre raw material or as a source of
fuel. The option between the alternative
uses occurs at several stages throughout
the process. Again, economic optimization
of the manufacturing process requires a

systems analysis approach.

Process and Production Management Control.

A large number of minicomputer based control
systems are now available and in use on almost
every unit process within the manufacturing
process. We are now facing the challenge of
integrating these subsystems into a total
process and production management control
system - with hierarchial levels of integration

and supervision.

Problems that have been encountered include -
(1) training of qualified personnel within
the mills to run and maintain systems
after they are installed by the experts.
(2) analysis of benefits before an invest-
ment decision is made. Decisions are
frequently made on faith and justified
(or not) retroactively. In the case of

new facilities the decision is often
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one of expediency to recognize the lack

of experienced labor,

To date many systems have merely automated existing
operator strategies with benefits limited to those
of eliminating operator error or neglect. We are
only just beginning to exploit the benefits of

using the ability of computers to use other more
advanced control strategies. For example, initial
control systems for recovery boilers automated
normal operator strategies. Reliability improved,
but steam flow stability did not improve because of
uncontrolled variations in heat value of the black
liquor, which arise from variations fn the raw
materials and the pulping process. Second genera-
tion controls which use residual oxygen levels in
the flue gas as a surrogate for heat release are now
in use, and these have made stable steam flow
possible. Further improvement in control strate-
gies, based on fundamental knowledge about our
systems rather than the automation of the empirical
methods used in the past, offer the potential for an

increased level of economic benefits.

In clesing T will only mention by title another opportunity for
systems analysis - that of identifying the critical properties

required of our products in their use in the marketplace system.
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For example, corrugated cases are a major end product of our
industry, but their function in the economy is to protect goods
in the distribution system. Ignorance of the critical perform-
ance requirements encountered during actual use has often led
to overdesign of our products to avoid costly failure in use.
This overdesign often, however, represents a potential waste of
raw materials. Systems approaches to improve product specifi-

cations are now being made by a number of investigators.

Likewise, printing paper and communication papers are used as
components in other consumer systems, and the performance re-
quirements and, indeed their continued use, will depend to a
large degree on how the needs placed on these systems change

in the future.

fn his opening remarks Dr. Tomlinson mentioned the interest of
ITIASA in the systematic study of the innovation process. 1
have talked of many major changes taking place in our industry.
Historically, the industry has become mature, heavily capital
intensive with slow turﬁover of capital stock, and, therefore,
biased to slow change. Managing changes of the magnitude we
have been discussing calls for innovative approaches, and I am
sure we will be interested in any advice or methodology that
ITASA can offer for stimulating innovative change within

industry.
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STATEMENT OF PROBLEMS OF CANADIAN FOREST PRODUCTS INDUSTRY

The statement of Dr. K.M. Thompson, acting on behalf of Pierre R.
Gendron, on the problems of the Canadian forest products industry was based
on the June 1978 report of the Forest Products Industry Consultative Task Force,
chaired by Ian A. Barclay. It was prepared after discussion with the other
Canadian participants but the author takes full responsibility for the contents.

In his remarks, Dr. Thompson pointed out that other studies such as
"Review of the Canadian Forest Products Industry', ITC-Canada, November 1978,.
and '"The Outlook for Timber Utilization in Canada to the year 2000", by
K.L. Aird and J. Ottens, Canadian Forestry Service, July 1979, should also be
consulted by those wishing a more detailed view of the industry.

1. General Problems

The concerns of the Canadian forest products industry is largely in
four areas: the cost disadvantages relative to its competitors in the United
States, the investment climate relative to the United States, the difficulties
in generating adequate capital, and the maintenance of the forest resource.
These broad concerns are expressed more specifically under nine headings.

2. Specific Problems

a. Investment, Modernization and Taxation

Among points to consider under this heading is that the industry is
a cyclical one with very high capital needs. Although the industry is at present
earning large profits these are the result of three factors: a strong demand
for its goods, an exceptionally high operating rate due to lack of investment
in recent years, and a favorable exchange rate. The first and third of these
factors could change quickly due to events outside the industry, and the second
could change due to investments resulting from the current profits. Thus, a
period of prosperity is in general only one part of the cycle.

Other points that should be considered by anyone doing a systems
analysis of the industry are its regional character, the structural changes
needed due to the introduction of new technology, for example in saw milling,
and the effect of changing policies of taxation. '

b. Forest Resource and Management

Although Canada is now cutting only about two~thirds of its allowable
annual cost as presently defined, it appears that the entire supply of wood will
be needed by 1990-2000. Wood costs are already of concern, and it is recognized
that the remaining third of the wood supply can only be obtained at a much
higher cost.

Canada is faced with the challenge of converting from the exploitation
of its forests to the management of this resource. Any system studies dealing
with this situation would be very helpful. Points to consider in this are that
much of the forest is crown land administered by the provinces. Methods of
payment for forestry are worth attention, as are the use of different species
and pressure on the forest as a source of fuel. Analysis of timber growth and
supply is a major topic for systems analysis in the Canadian view.
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c. Environmental Control and Pollution Abatement

Pollution abatement with its accompanying high capital requirements
is of considerable concern. The newsprint industry with its large number of
small sulphite pulp mills is a special case in point. Systems analysis of
environmental control, the basic reasons for it, its effect on capital flows
and other resource industries such as fishing and tourism would be of interest.

d. Energy

Energy costs are very important to the industry. It should be noted
that the form of energy required must be considered. For example, the production
of newsprint requires a great deal of electrical power for the manufacture of
mechanical pulp. Technical trends, such as the introduction of thermomechanical
pulp, can increase the requirements of electrical energy. On the other hand
much of the electricity used in the Canadian industry is generated from water
power and as a result the extra cost in electricity is often more than offset
by savings in wood cost. The degree of offset varies from region to region.

Studies of mill operation to reduce energy needs are underway, as
are studies of the trade-offs between fibre and fuel. Further systems analysis
in these areas would be welcome.

e. Transportation

Transportation is of importance to the industry because it represents
a significant percentage of the delivered cost of the product. In addition it
is important to the country as a whole because transportation of forest products
is the largest single source of revenue for Canadian railways. A factor that
may or may not be unique to Canada is that legislated freight rates on another
commodity, in Canada's case grain, are in part subsidized by the forest industry.

f. Research

It is generally recognized that, although research and development is
essential in order to improve the competitiveness and productivity of the forest
products sector, the research effort related directly to the forest industry
is small as compared with the industry's major competitors.

Systems analyses which would be of great interest include a study of
the effectiveness of different financial incentives for research, and the
choice of areas of research and development which will have the greatest impact.

g. Market Development

There is clearly a need for more reliable forecasts of the demand for
forest products. In this connection, the relation of demand with gross national
product appears to have changed in recent years. Studies of the world market
for forest products and the linkages with the national economies have perhaps
the highest priority for Canada.
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Under the same heading the effects of tariff policy and changes in
the exchange rate are of great concern. Also, the development of new technology
such as the recent developments in electronic communication could have a great
impact.

h. Competition Policy

This is related to tariff policy which was referred to under the
heading of market development. It is referred to here because studies of the
effect of different competition legislation would be of great interest.

i. Labour/Management Relations, Unemployment Insurance, and Manpower

The labour cost disadvantage of the Canadian forest products industry
relative to the United States industry, due to lower productivity and higher
wages is of concern. There is a regional dimension to this problem, both
with regard to the problems of attracting labour to remote areas and the
dependence of small towns on a single, forest industry establishment.

With regard to systems analyses it is noteworthy that one recommendation
of the task force was the appointment of a group of economic advisers with
specific expertise in the rorest products industry to produce short-term and
long~-term economic forecasts and analyses of current economic matters relating
to the industry.

3. Conclusion

In conclusion it was stated that the Canadian forest products industry
needs an improved ability to:
a. compete
b. attract new investment, and
c. share in serving the future growth in world requirements for forest

products.

It was felt that applied systems analysis could be of great help in
providing this ability.
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FORESTRY & FOREST INDUSTRIES,
JAPAN

Shinsuke T. Konari

Japan has a book edited in 720 and titled Nihon-Shoki or Chronicle of
Japan which tells the story of ancient Japan from its pre-historic times.
We read in this book a lovely story. It is about a god of predominant role
in our mythology who, together with his sister goddess, designed the

life of people living on this land. It goes--- the god pulled out some of
his moustache and chest hairs, strewed them about on the soil, and
whereupon sprang up and grew cypress, cedar and maki(podocarpul
macrophyllus). The god then taught people to use cypress for building
palace, cedar for ship, and maki for making coffin -—. This cypress

is very high tree of our particular species.

Traditionally, Japan has been the land of wooden construction, and for
this reason, many of its old structures of great historical values have
been lost by fires never to be seen. But, we can imagine the splendour
of our earlier days' wooden structures from what have been left safe

to this day. It is impressive to see that cypress lumbers have lived for
the past 1, 300 years supporting heavy constructions. These cypress
had lived well over 1, 000 years on the soil before they were cut, and
thus another 1, 300 years supporting and forming grand and high-rising
buildings with almost the same strength as that of newly logged ones.

Incidentally, our skilled carpenters used lumbers cleverly. ‘When a
tree trunk was split into quarter, they applied the south quarter of the
trunk to form the sunny side, and when a trunk is of a tree growing on
tne northern side of a mountain, to form a shady part of a building.
This way, the lumbers could live in their harmonious biological place-
ment.
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Such craftmanship and philosophy is gone today. We talk about changes
of life joking on those undisciplined builders who ignore the top and the
down of a piece of lumber.

We must leave emotion and esthetic perhaps. Our economy today is
consuming a large quantity of wood as elsewhere in the advanced eco-
nomies, and to live up to the requirements today and future, we are
being forced to grapple with the knotty problems of how to best grow,
utilize and sustain wood resources, and at the same time, of how to
most logically import what is short in our domestic wood supply.
Vis-a-vis today's actualities, the position Japan is placed in would be
regarded as a pivot of possible developments in the world wood/fibre
demand-supply picture. :

** FOREST RESOURCE, JAPAN

Coming to the subject of this gathering, I begin with an explanation
on our general situation.

Japan's woodland covers a little over 25 million hectares occupying
68 % of its whole land space, of which, roughly one third is national
forest and the rest privately owned. Also, the total timber stock,
calculated at 2. 1 billion m3 at present, is divided into 56 % softwood
and 44 % hardwood. Japan originally was a hardwood land or lauri-
lignosa zone which extends arcuately from south China and north
‘Indochina. Suda-Jii or pasania is the ultimate phase of plant life
transition in Japan's central open fields.

In the past years, while overcutting, we launched extensive reforesta-
tion activities which now is recorded at 9.4 million hectares with 800
million m3 in stock representing 37 % of our whole timber stock. These
reforestations are almost 100 % softwood, their major species being
cedar, cypress and pine.

Back in 1960s, Japan's timber stock was down at 1.9 billion m3. With
restrained cutting thereafter and active reforestation continued, it

has increased to 2. ] billion as above quoted, and will continue to grow
to somewhere between 2.5 and 3. 0 billion in the future. At present,

82 % of these reforestations are young and under 25 years age class
staying behind production front yet. This is one of the structural
features of Japan's forest resource today.

Wood felling in the past 25 years ranged 115 to 150 m3/hectare, and
we felled 80 million m3 in a peak year in the overcutting 60s. OQur
current annual felling of 44 million represent 2 % of the total stock of
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2.1 billion m3. Apgainst this, according to the governmental sources,

the softwood reforestations are to show the average 5 m3/hectare

yearly growth with cedar substantially higher and pine/larch lower

than the said average growth. Hence, the standard cutting cycle of

40 years would yield 200 m3/hectare when matured. Or,if 2.5 %

up yearly growth is to be assumed, 2.8 billion m3 of productive

timber stock would balance with yearly felling of 70 million m3. A recent
FAO publication indicates that Japan's wood production will be defi-

nitely for the increase though with a diminishing share for hardwood.

** USAGE DISTRIBUTION AND PER CAPITA CONSUMPTION

Shown in Figure-1 is year to year transition of Japan's domestic log
production as well as its wood import including equivalent wood volumes
of imported pulps and other forest products.

As seen here, the import came to top the domestic supply in 1969. The
current yearly import is ranging around 70 million m3, of which log
alone amounts to 45 million representing one half of the world total

log trade. Our major log suppliers overseas are; Southeast Asia

with 22 million for one half of Japan's total log import followed by

US's 12 million and USSR's 9 million m3.

No less outstanding than this heavy log trade is Japan's massive wood-
chips import which is presumed to have been somewhere between 14
and 15 million m3 in 1979. The actuals for 1978 were;

US N-chip 7 million m3 Australian L-chip 2.7
USSR " 0.7 SE Asian " 0.8
NZ " 0.4

TTL incl. others 13,3

Our wood distribution by industries is shown in Figure-2 where the
following points will be noted:

1).  Unit yield for lumber at sawmills stands at around 75 % which
compares favourably with North American 50 %. Different log size and
close utilization practice naturally influence on the unit yield.

2). Recovery rate of waste wood, close to 50 %, is apparently
higher than the world average.

3). On the surface, woodchips import dependency rate for pulp
making stands in 45 % range. However, when domestic waste wood-
chips supply is traced back to their origins, the real import dependency
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is known to be close to 70 %. Many of our sawmills are operating
on imported logs.

4). The least dependent on overseas wood supply are fibre/particle
board industry.

5). Veneer production is 95 % dependent on wood import from SE
Asia which, however, appears to be decisively for the decrease in
the near future. Also, the cost competitiveness would be questioned
here.

Else, fuelwood now takes only a slight portion. Fuelwood once amounted
to 30 million m>. However, marked demand-shift had occurred with

the progress of the oil age, and, fortunate for paper industry, this
fuelwood resource offered itself as an additional fibre supply source

for the expanding pulp production.

Now with paper industry, Japan's paper industry has passed three
turning points to this day.

Firstly, penned in relatively small islands after the war, the industry
exerted desperately in 508 to make use of the then unutilized hardwood
resource--beach, birch, oak and the like. Japan in this field could
be regarded as a world pioneer.

Secondly, in 60s, the industry could recourse to the then idle fuelwood
resource which helped expand domestic pulp production greatly.

Thirdly, in 70s, the industry exploited and expanded new wood supply
channels with ocean-hauled chip import using exclusive vessels, which
now shares some 45 % of the total fibre furnish to the industry (excl.
recycled papers furnish).

Again, as seen in Figure-2, Japan's per capita wood consumption
stays in the neighbourhood of 1 m3. It was in 0.75 m3 range in 60s
‘which would be comparable to the present day West European niveau.
The consumption had shown gradual increase till it marked 1 m3 in
1970. Thence on, it has been fructuating between 0.9 and 1.1 m3
following the movement of the general business cycle, i.e., the trend
has been tending to level off in 1 m3 range.

What in future then ? My feeling is that, even with continued economic
growth permitted, it would rather be doubtful to expect the per capita
consumption to rise over 1.2 m3, Overall wood availability, long-term
estimates of housing start, lumber consumption per house building,
wood cost competitiveness vis-a-vis other building materials, paper
consumption trend and other factors all combined seems to me to
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indicate to this modest movement in the future.

** PROBLEMATICS IMPLICIT

As seen in the above, Japan is heavily involved in the world wood
trade both to support itself and to give impetus to the wood-exporting
economies. Today, in the face of the increasing tension over the
availability of the world wood resources and craving for further
possibilities in the wood/ﬁbre economies, Japan would have not a
few things to tackle with by itself in the first place. Shortly in the
following, I will give some of its problematics.

* FUTURE WOOD IMPORT

Notwithstanding the increasing domestic supply, Japan will have to
look for the continued import on the modest increase toward future.
However, from the indications overseas, Japan's present pattern of
the import seems doomed to undergo some alteration.

-SOFTWOOD-

East Siberia, the richest softwood resource remaining in the world,
naturally is the first-hand factor both for USSR and for Japan or for
the whole East Asia, though the productivity there would have to be
well managed.

Softwood log import from Pacific US might have its problems toward
future ( a partial replacement of US log by North American lumber
tninkable as a possibility ).

New Zealand reportedly would have to wait for the second growth to
expand its softwood felling. Increased softwood supply to Japan from
Qceania may be expected in the long run.

SE Asian as well as Chilean softwood could hopefully meet the future

need of Japan.,

By the way, in Japan's house building, US log has been used for foun-
dation and pillar, USSR log has been for beam and rafter, and SE
Asian log for board(35 % ) and veneer. While, our domestic wood

is generally of higher grade and somewhat expensive for all purposes,
The traditional housing specifications are yet -widely observed in Japan,
being better fit for the climate and the life style, The traditional ones
are more wood-saving and thus less expensive in overall building

costs at present,
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-HARDWOOD-

The industrial hardwood species Japan is now importing from SE Asia
are becoming increasingly scarce items. Lauan (Shorea and Para-
shorea), for example, is feared to be exausted in less than 10 years
if the current rate of felling be continued. This is noticeable in

Sava znd Sarawak. Also, the movement of SEALPA (SE Asia Lumber
Praducers Assn.) should play an influence.

S EAsian plantations are presumed to be for fibre grade rather than
for quality sawmilling. Hitherto unused bardwood species, if exploited,
would also include fibre grade.

Oceania could remain Japan's stable hardwood trade partner. But,
much could depend on Japan's actual need and its approach to this
area if the trade volume is to be sizably increased.

In this connection, and particularly in SE Asia, there would be ever
stronger local aspiration for certain processings of the material log

and for Japanese funding and assistance for this purpose. Some one

half of SE Asian wood felling would be at any event for export regardless
of their exporting forms. All these reasonabilities should be questioned
in the light of global economy and economical efficiency.

* PRICE FORMATION

The price relation between soft- and hardwood as well as between
domestic and overseas supply willbe keys to form the future demand-
supply order and the trade pattern.

For one thing, it is often pointed out in Japan that, if the import should
decrease, more of domestic thinning would be offered to the market,
and that, should the price hike too rapidly, the consumption would
naturally be kept down or replaced by other construction materials.
Also on the other hand, it appears admittable to surmise that there
may be a room for future wood price to move at a bit higher scale than
the movement of the general wholesale prices in order to reach at a
stable relative price and demad-supply equilibrium. In Japan, wood
growers' costs are not being fully conpensated at present.

Looking back on the past domestic situation, the scarcity of woodworkers,
the deeper interior operation with Japan's adversely mountaineous topo-
graphy and lack of well-organized woodroad networks have been among
the causes of the decreased yet expensive wood shipment. A greater
part of our woodworkers have been working on by-work.

However, sizeable investments are and will be made for woodroad
preparation, ‘and recent social life seems to tell that woodworkers
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would be procured only if their wages be assured on all-year employ-
ment basis or otherwise.

* PAPER INDUSTRY

Again particularly on our paper industry which is my field. Paper
and paperboard production for the business year 1979 (Apr. to next
Mar. ) is currently estimated at 17. 9 million tons (7.7 % increase
over the previous business year) against the estimated domestic
demand of 17. 7 million tons. The corresponding woodpulp production
including dissolving grade is estimated at 10.2 million tons. Some
1. 8 million tons of pulp was imported. For the domestic woodpulp
production, the average wood imput has been relatively stable at 3,3
m3 per one AD ton of pulp (50% hardwood furnish).

The Japan Pulp and Paper Research Institute filed last fall a future
demand forecast collected by employing Delphi method. According
to the file, 25 million tons niveau paper consumption is expected to
come around 1993-94. If so, it will be translated to 2.7 %/p.a. in-
crease. The mean of the responses for a probable time of 200 kg
per capita paper consumption was for 1995, which again can be trans-
lated to 2.8 % /p.a. growth with an available population transition
estimate in consideration.

The above can be compared to Japan's 9.1 %/p.a. growth recorded
in the past 20 years and the world's 5.4 %/p.a. growth in the past
30 years. This mild growth will still be higher than the earlier said
conservative wood consumptjon estimate.

Though Japan is rich in its economic data, forecasts made by usual
regression, whatever the employed historical materials, tend to
produce unacceptably big values for the future. Curvilenear ex-
pression, like logistic curve, also does not appear to fit so well
because of the recent vigourous performance of Japanese economy.

The above growth estimate apparently has considered on wood, water,
land and energy supplies and waste paper recovery limitation on the
one hand, and on changing life mode and economic setup on the other.
There are not a few people who estimate even under 2 %/p.a. growth
toward 2000.
Note: -Japan's population estimate is now under review with
the late tendency for lesser birth rate.
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If such be the case, the present industrial structure and the trade
pattern might be sustained wholly or for a greater part into the future,
subject to non-occurrence of any grave disturbance in the overseas
wood supply and in the international price relation.

Whatever the coming situation, however, there are observed several
points of concern now prevailing in the industry, and some of which
with apparent reasons and some possibly a bit overstated.

These are:

1). possible difficulties of wood import,

2). desire for local wood processing in the exporting countries,

3). scarcity of additional mill-sites in Japan,

4). shortage in additional water supply in Japan, and

5). possible deterioration in the competitiveness of domestic pulp

production.

Certainly, wood import situation may be a delicate one. There would
be ever stronger aspiration for local pulp production in the wood ex-
porting countries., But a modern pulpmill construction requires a
huge amount of investment. Where comes the necessary fund and the
software from ? As said elsewhere in this report, SE Asia, USSR
and Oceania will be among the areas of the challenging themes for

- the industry.

Speaking of SE Asia, it is feared that any single Japanese company
of any single industry would not construct and operate a big modern
mill without difficulty, and this could apply for a pulpmill too.

Hence, it would naturally be studied to build there modest-sized
industrial complexes of , say, power, metal, cement and forest
products. Thus, energy, technologies, supplies, port facilities,

work force, education and the rest could supplement each other
conponent of the complex activities, and enhance the labour quality
and the local living conditions as a whole. So, a multi-industry con-
sortium might be a key to developing the area.

In another -angle, it might also be worthwhile to study on the feasibility
of semi-processed crude pulp production, or on the feasibility of sugar-
cane or sugar-cane/wood complex for production and export of bagasse
or bagasse/woodpulp, fuel alcohol and others, finding means to all-
year bagasse feed and anti-fermentation.

While with Japan itself, the major question will be what form of
import would be the optimum for the industry to fill shortage in the

fibre furnish in the future.
Woodchips import made to this day has its strong points in;
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utilization of Japan's rich tidewater location,

utilization of the accurmulated capital stock,

savings in the total construction and operation costs,

econmy and flexibility of the rationalized integrated operation,
stabilized material flow (important) and so forth.

G W -
RS g L N e

Save wood cost, the manufacturing seems less expensive and more
efficient in Japan. On top of these, the manufacturing is done just
amidst the huge consuming market.

Only, the ocean freightage for woodchip transportation tends to become
more disadvantageously costly than that for pulp'and paper. Anyhow,
being heavily dependent on waterbourn transportation, big mills of

the industry will be more concentrated on litoral locations as they
actually have been in the past.

About availability of additional mill-sites, our survey shows that
there are more of the available land spaces than generally thought.

A closer limitation rather seems to be the availability of additional
water supply which would allow only for 15 to 20 % fresh water supply
increase under the presently available techniques of water utilization.
However, this allowance can be translated to more than 50 % addi-
tional water availability when recycled.

Certainly things cannot be decided on only from seperate physical
possibilities, and changing structure, if it should change, of the
whole national ecanomy and of the paper industry could act on each
other's future formation. In this connection, price relation or relative
prices will be among the decisive factors. How could we set off our
handicaps with our diligence and our high-tension productive society ?

I have not done any study worth introducing on this serious question.
I only did a fragmental and simple check on the past performance of
the woodchips price relation as follows.

exponent a = 0.374

a b . b 0.053
Cq = k T4 Cpp S5 ----- S —0.639

where: Cgq == domestic woodchip price index
-k = constant :
T4 = domestic wood quotation (construction grade)
Cm= imported woodchip price index
Sm== import ratio in the total woodchip supply
--- calculation made on the past 12 years series.
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Domestic woodchip price has been formed under the greater in-
fluence of domestic wood market quotation than that of woodchip im-
port price, but it has had the greatest exponent on the woodchip
import ratio. It should be noted in this regard that log and woodchip
imports have both been on the increase during this period thus
affecting on our wood market -- log, lumber, woodchip and others
all inclusive,

Also, with bleached sulphate pulp, wood cost has been on 408 % of
the total manufacturing cost, which would be comparable to the
Scandinavian counterpart but is definitely higher than the North
American and Brazylian 208 %. Here, the difference between 20s
and 408 % might be construed as applicable for the portion which
counterbalance unstabe and thus possibly expensive manufacturing
and long-distance transportation costs to Japan of overseas pulp
production., I wonder if such is not of some indication. Very simply
to justify Japan's pulp production with imported woodchips;

Mg = (T2 —Ti1)+M+ o

where: Mg = domestic pulp manufacturing cost
. T2 = ocean freightage for pulp

T1 = ocean freightage for woodchip

Mo == overseas pulp manufacturing cost .

== addjitional t

o = geditionel ot and ppstatigglemente which may
If I may further add, the cash coefficient ( total fund input versus
total added values ) for our paper industry has been around 3 subject
to slight fructuation caused by Japan's business climate, an indication
of fund requirement for pulp and paper mill operation in Japan.

I hope I so far could give something of Japan's wood situation and its
problematics today toward future.
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ONF THE USE OF SYSTEM ANALYSIS

FOR THE DEVELOPMENT OF THE USSR FOREST SECTOR,

Dr, Alexandr Iakunin

The USSR leads the world in the size of its forested area,
;n its timber resources and in the volume of timber cut,
The timber and woodworking industry plays an important role in
the country's economy, The annual volume of timber harvested amounts
to about 400 million cubic metres, the output of sawn timber amounts
to I00 milliom cubic metres and the annual chipboard and fibre-board
production runs to 5 million and 500 million square metres( cor-
respondingly), It is common knowledge that logging industry ( as
an extractive one) is considered to be the basis for forest and
woodworking industry development, Nowadays, the soviet timber indu-
stry potential means more than a thousand of modern wood producing
enterprises, well- equipped with up-todate machinery.
A distinguishing featuré of scientific and technological progrees
in the industry is the trend for compfehensive mechanization of
all the processes with the aim of full exclusion of manual operations,
Bvery process is carried through by a special set of machines and
equipment, At present, cutting and logging operations as well as
transportation. are fully mechanized: it means that an operator
does not come into close contact with a tree or a log by himsgelf,
A number of new machines and mechanisms for the mechanization
of such operations as logging, skidding, timber transportation
have been recently developed,

In practice the development and utilization of new systems
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of machines appegrs to be rather complicated problem from both points

of view: scientific and technology, as well as socially,
The system is to meet the following requirement: to encrease the

volume of harvested timber without any damaging expansion of timber
cutting areas with taking account the problems of subsequent refores-
tation and forest protection,

Besides, the climate conditions are quite different throughout the
country ,New systems of machines are characterised by their great
complexity so the cperation and maintenance of them will requare high
level of professoinal training of all those engaged in the process,
Here comes the necessity to raise the level of workers' professional
training, as well as to develop new methods of production management,
6ne more problem presents interest in this connection: social consequen-
ces after introduction of new systems of machiness specific changes
in labour, reputation of any forest profession, worker's age etc,
bespito the large areas covered with forests, the soviet goverment

is subsequently keeping the line _to supply the country with large
amount of timber on account of more rational utilization of a tree
biomass without any damaging expansion of timber cutting arecas,

This task is being fulfilled by complete use of woodwastes as well

as by increasing the output of final products on the basis of low-
quality wood and secondary raw materials such as sawdust, chip,
shavings etc,

Despite the latest increased volume of fibreboard, chipboard and
technological chip production, still the larger portion of a tree
biomass is not fully used s%?ar.

It is conceived that profound systems anaiysis of present situation
and future development in biomass and low-grade wood utilization

as well as information exchange on this matter between National

Member Organizations (NMO) might be of great usefulness,
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According to economists® estimation, by 2000 year wood consumption

will acount to 4=4,5 billion cubic metres, En this connection it
becomes necessary to develop structural mod;ls on consd%tion and pro-
duction of raw wood materials which can be uged for long- term develop~-

ment of forest sector, Besides, due to increasing demand for wood pro-
ducts in future the problem of rational intergration of forest explo-
tation and silviculture is becoming more and more acute, Here there
some questions which requare proper systems analysis and economic back-
ground, what optimal period of felling cycls shoud be determined in
order to minimize the damage from ecological point of view but at the
same time to increase the volume of timber harvested; what the opti-

mal organizational structure of wood industrial enterprises shoud be
adopted; what methods of plantation management shoud be considered

the best ones; and some other questions,

An important task in fof%asting the development of forest sec-tor

is to solve the problem of optimal forms of integration of forest
expldkation and silviculture on the basis of systems analysis,

And it would be advisable to include this item into IIASA research
plen,

The woodworking industry like other branches of forest sector has

made subhstantial technological progress over the last few years,

The steady high rate of production volume is due to the mass—-scale

modernization and reconstruction of the wood working plants,

Besides, forward- looking technological processes are being introduced
at a large number of woodworking enterprises throughout the country,

In ?0-s great emphasis is being made on chipboard and fibreboard produ-

ction which results in more efficient utilization of é&ree biomass

(up to 92-93%) as %@eans of solving the problem of more rutional

utilization of raw wood materials,
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At present, & large number of factories specializd in chip- ang
fiberboard production have been constructed and pat into pperation,
Their preeduction capacity ranges from IIO0 thous, cub, m, up %o

250 thous, cub, m, The forest industry increases furniture production
a-t a high rates during the period of the last eight years volume

of f-urniture production has been increased by 2,2 times,

The introduction of specialized high—capacity complete plants and
the use of chemicals result in a steady growth of furniture output,
Past scientific and techmological progress plus organizational me-
thods(concentration, process and object specialization)will enable
to encrease average capacity of furniture plants by 31, 2 per cent
a-s compared with I975,

Nowadays strong efforts are being teken to increase the volume in
output of prefabricated wooden house building, Towards the end of
the current five—year period the enterprises are to increase the
output of prefabricated wooéwhouses bypnaﬁytimes on the basis of
concentration and specialization of product%on as well as by using
modern building materials and new highly eff%ient machinery and
equipment,

As a whode woodworking industry at present includes thousands of
enternkises of different capacities: there are same woodworking
plants of comparatevly small production capacity (up to 0,5- 1,0
thous, cub, m, of raw wood processed per day). At the same time
there is a gigantic wood industrial complex such as Bratsk industrial
complex, the daily output of which accounts to 20 thous, cub, m,
Besides the introduction of new techniques the main problem to be
solved whithin the woodworking industry is to determine the optimal
forms of concentration, specialization as well as of integration,

As far as these forms are concerned, it should be beared in mind

the most important factors upon which the scale and location of
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industrial enterpriseés depend. Among them are the following:

- natural and economical conditions of each region;

- labour and raw material resources;

=transportation conditions etc,

This task is very complicated, that is why it requires profound
systems analysis,

The soviet economy developes according to the planning system thus

the developing of planning horizon for a long period of time is

of special importance for our country,On the basis of & dynamic

linear programming we have developed optimgsational model by which

we can solve the problem of how to produce maximum amount of final

products ( such as sawn timber, panels, furnijure etc,) at the least

cost and maximum economy in capital investments,

Alternatevely the situation in the country is this that the manufact=

uring of the same forest product in different regions of. our country

may result in saving production and transportation cost , but at the

same time the situation may require additional capital investments

on creating ifrastructure,

The presented model gives the possibility to develop alternatives

and choose the optimal solution, The concept of the model is to

minimize +total annual cost and.capital cost for production and
transportation of raw wood and final products, as well as to utilize

tree biomass at a maximum level, As any other model , the presented
one has I9 inputs and I2 constraints, Here there are some of taer

( the basic ones) 3

I, the volume of forest harvested should not exceed the upper limits
of cutting ares;

2, production and distribution of raw wood materials, as well as

production and distribution of intermediate and final products should

be balanced in the proper way and with respect tos
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I, wood assortment by species and size;

2, sawn timber and plywood by types;

3. furniture, prefabrikated wooden houses, matches etc,;
fireboard and chipboard;

5. woodwastes of harvesting and woodworking processes,

Becaugse of the necessity to take into considerations the
total annual cost and capital cost in different periods of time,
we are to reduce mentioned factors to the total cost on the uni-
fied basis, For this purpose in practice we use the following
formulas (2):

the first one: reduction to the total capital investiments;

the second one: reduction to the specific annual cost on
present basis,

Our conclusion is the following:

There have been presented a large number of models for
forest sector development, All of them are of great interest and
usefulness for each country presented here, because each country
by using other's country experience in model building will have
the possibility to improve their own models, No doubt that vari-
ant calculations made for a certain region development on the
bagis of several models could be of great interest, We also
think that some countiries could use thege models to forecast
theit own forest sector development, We are sure that the results
comparison would be of great usefulness for all the countries,
That is why we propose that IIASA will stimulate such a collabo-

ration,
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fIkyuuH A.T.
Jupexrtop BIMIIMCIH necnpoma

O IPMEHEIM CUCTEMHOTO ANAJM3A B PEULM
OTAENEHHX TPORIEM PA3BUTIA JIECHO.! ¥ IEPE-
BOOBPAEATHBAKIIE] TTPOMHIMIEHHOCTH CCCP

JlecHan @ mepeBOOGpAGATHBAKIAA IPOMHEVIEHHOCTD 3aHMMAET Baki-
HOE MEeCTO B DKOHOMEKE CTpaHH. Exeromuo B CCCP 3aroTamnuBaeTcsH
npmepro 400 MIH.KOM. IDPEBECHHH — 9TO OOJblle YeM B KaROU-IEGO
IpyToii crpane; mpomssomuTca I00 MIH.KYS.M.IIIOMATEPUAIOB -

Takxe GOJbIE, TEM B IpyTnx cTpaHax; 5,0 MIH.KOM. IDPeBEeCHOCTPY-—
REUEHX ILINT, OoKoJao 500 MIH.KB.M. IPeBeCHOBOIOKHHMCTHX ILIHT ¥
- COJIBIIOE KOJUYECTBO IPYyToil TPOIYKIMI.

BasrcoM, (yHIAMEHTOM JIECHO# I JepeBooSpadaTHBAawmeH ITpOMHI-
JEHHOCTY, KaK HU3BECTHO, fABRIAETCA JeCO3aTOTOBHTEJIbHAA, NOCHBarmas
OTPaciIb IIPON3BOLCTBA. ’

B Hacrosmee BpeMA JIeCO3ar0TOBUTENPERE HOTeHIN-
al OTpacia® COCTamriIfgeT OoJee THCSYY KPYIHHX JeCONDOMHIVIEHHHX IIpel-
IPUATHA, XOPOLIO OCHAmMEeHHHX CaMOil COBpeMeHHO# TeXHMKOH. JOCTHIHYB
IPaKTHYEeCKY IIOJIHOZ MeXaHV3alli Ha BCeX OCHOBHHX TeXHOJIOTUYECKIX
olepamyax 5 JIeCO3ar0TOBUTEJILHOU OTpacay, B HacTodllee BpPEMA pena—
eTcA Cojee CIOmHadA 3anavya — BHEIPAETCA MALMHHHE CIOCO0 NPOL3BCLCT-
Ba, Ip¥ KOTOPOM IIOJIHOCTEN HCHINYAETCA DYy4YHOX TPYL Ha 3aroTOBKE
¥ TPaHCIODPTMPOBKE IPEBECHHH, T.e. padowiil He BCTYNAeT B HENOCDEH-—
CTBEHHH! KOHTAXT C IIpeIMeTOM prﬁa ~ IepeBoM, OpeBHOM.

IJIA oCymecTBIEHUA 3TO# 3alaydl yxe CO3TaHH M IIPOMOJIZanT Helpe-
PHBHO COBEDLIGHCTBOBATLCA CIEIMalbHHE CHCTEMH MALIH, |

PazpaloTKa ¥ BHEIpEHIE MAlMHHOTO cllocoda IPOU3BOLCTBA, Kak
IIOKa3HBaeT Halle NPaKTHUKa, ABIAETCA CJIOXHOIN HAYIHO-TEeXHUYEeCKOHd H

couualtrHoil mpodiemoii. Ee CIOXHOCTL HAYMHAETCS Yyi&€ C canioro Hakada,
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C MOeM CHUCTEMH, C HeOUXOImMOCTM CO3IAHIA KOMILIEKCa MallMH pas-
HHX 70 Ha3HAUYEeHMW, HO B3aUMOYBA34HHHX IO TEXHOJOT'MM, IIPOU3BOIM-
TeJLHOCTH M, KeJIATEJIBHO, II0 TEXHWYECKOMy OOCIyzMBaHMO. CucTeMa
MallfH NOJIRHH OTBeYaTh TaKke TPeCOBaHWMI . Jeco3aroTOBUTENBHOI'O
IIPOM3BOLCTBa ¥ JIECHOI'O XO3fiicTBa, T.e. OHa IOJIXKHA cnoéOGCTBOBaTL
He TOJBKO 9fXpeKTUBHOH ZoOHdIe Jeca, HO M IO BOSMOXHOCTH He HapyuaTh
JIECHYO Cpely, yannbaﬂ HeoOXONIMOCTE HOCHeIynmero CHCTPOI'0 BOCCTa-
HOBJIEHNA, YJydleHWs OXPAHH H 3aliTH JecoHacaxmeHui. JoGaBmi X
éTomy, YTO JIeCOPACTUTEJNbHHE M KIUMATHYYECKNEe yCJIOBUS Y Hac BeChia
Pa3HOOGPA3HH: OT TaexRHHX paltoHoB Culmpu N0 CyOTpomnKoB KaBrasa.

HoBHe MalMHH - BeCEMa CJOKHHE ar'peraTH I MX SKCILIyaTalja
TpedyeT BHCOKOHl KBaJUQUHAINM KaK padodrX,HENOCPEICTBEHHO 32HATHX
Ha S5TUX MauMHaX, TaK ¥ MHREHepHOI'0 IlepCoHaka, JUPaBIANNEI'0 BCEM
IMKJIOM DacOTH.

OTchra BHTEKaeT HeOOXONVMOCTDH IOBHIEHUS YPOBHA IOINT'OTOBRU
9TUX KaTeropuil paCOTHHKOB, a Taxie DpaspaCOTKE CoJee COBEPIEHHHX
OPUHIMIIOB yOPaBIE€HUS IIPOM3BOINCTBOM. B 3TO# CBA3K LJIA HAC Taxkxe
IpeICTaBIAeT FHTEDEC He TCJAEXO DKOHOMIYECKEE, HO ¥ COIEATLHHS
IIOCJENCTBUA BHELPEHHA HOBOH CHCTEMH MAlMH: KaK M3MEeHAeTCA Xapak-
Tep TpyIa, NPECTHEHOCTD Ipodeccwuii, Bo3pacT padoTaplyX X T.n.

HecMoTpss Ha Or'pOMHHE JIECHHE 3allacH, B Haliei CTpaHe INOCIEno-
BaTEJBHO OCYMECTBIAETCA KypC Ha TO, YTOGH BO3PACTAWIME HOTPEeCHOC—
T¥ B IpeBeCHHe OCeCleYuBaTh IPeMyLeCTBEHHO 3a CYeT dojlee IOJHO—
T0 MCIOJIB30BaHlsg CHOMACCH IepeBa NPH MUHIIIAJIBHOM YBEJUIeHUN
00BEMOB JIeCO3ar'0OTOBOK. |

OTa 3azajya pewaeTcA 32 CYET CO3NaHuA Ge30TXONHHX IPOL3BOLCTE,

YIydienys! CTPYKTYPH NPOM3BOLCTBA, YBEMYEHHA BHIYCKA NPOIYKINNI,
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HCIOJIB3YWIEH B KAUeCTBE MCXOZHOTO IPOIYKTa HU3KOKAUECTBEHHYD
IPEBECUHY, BTODHYHOE CHPLE - OIWIKH,WeIy, CprxKy X T.O.

HecmoTpss Ha TO, YTO B CEMHIECATHX TOIaX 665em BHI[yCKa Ta-
ko#t mpomyxumu (ICIH, OB TeXHOTOTIYECKO! WEeNH X XpP.) HEeIPEPHBHO
yBeJuuUBaJICA, BCe ele 3HAYUTENBHad 49acTh OMOMACCH OepeBa He
HECHIOJb3yeTCA.

llpencrannaeTcd, 4TO IVIyOOKM CHCTEMHHH aHaIU3 COBPEMEHHOI'O
COCTOSHNA ¥ IEDPCIEeKTUBHHX HalTpaBIEHNU KUCIONb30BaHUA OMOMACCH
IPEBECUHH, BRINYAA CyYbd, KODY, IHU, HUBKOKAYECTBEHHYK LpeBeECH-
 Hy JIECTBEHHHX HOpOﬂ,gfggﬁgﬁ yHQopMarmeit 10 3TOMy BOIPOCY MEXIY
‘cTpaHami-YieHand JICA Mo OH OKa3aThCA BEChMa IIOJE3HHM.

[lo pacueTran 5SKOHOMICTOB IOTDeCIEHHE IPEBECHHH B MHApe K
2000 romy cocraBuT 4-4,5 MIDL.KOM.

B cea3M ¢ BO3pacTanmyM CIPOCOM Ha UPEBECHHY B INIeDCIEKTHBE
BCe OocTpee OyLeT CTOATH IpolieMa HamboJee pPalMOHaTIBHOI'O codyera-
HUA OPraHM3alMOHHHX QORI JIECOBKCIVIyaTalynl N BHpAIRIBaHUs Jeca.
3IeCh ¥MeeTCA DAL BOIDOCOB, KOTODHE HY&LAKWTCA B XOPOULEM CHCTEM-—
HOM aHaju3e ¥ SKOHOMITYECKOM OOCOCHOBAHMM: Kakoll ciaeryeT yCTaHODUTh
0COpOT PyOKM C TeM, YTOCH MaKCIMaIBHO cOepeudb Jeca OT BHPYORH
U BMECTE C TeM YBeJHYUTH OOneMH 3aTOTOBKU HpeBeCHHHfﬁgggE§AHLHHe
(OPMH KOMILTEKCHHX JIECHHX NDEIUDUATEHE; KaKne CIelyerT cunTaTh Hau-
Jyvynme QOPMH OPraHU3aIMy ILIAHTAIMOHHHX JIECHHX XO3MHCTB, KaKue IOJIR-
HH OHTL OOTHMEJIBbHHE OPTaHM3aIlIOHHHE (QOPMH KOMIUIEKCHHX JieCHHX
NpenupUMATUY M DAL IPYyT'EX BOIPOCOB.

CucTeMHHI aHaJU3 M IMPOTHO3 ONTMMAJIBHHX HAIPABICHUII coueTa—
HUA JIeCODKCILUIyaTallull ¥ BHDallIBaBNA Jeca ABIAETCA BaxHO#l 3amavell

IIPOTHO3NPOBAHNUA PA3BUTUA OTPACHM M OHWIO OH XeJaTeJbHHM, YTOCH
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9TH TeMH Hal OTpaxeHue B IUIaHax paloTH JCA.

Bucoxuil TexXHMYeCKull ypOBEHBb Pa3BATHA UMEET B Hauell cTpane
7 JepeBoodpadaTHBanlias ITPOMHILIEHHOCTE.,

JepeBooCpadaTHBanle OPENIPASTHA, Kak IPABWIO, CHCTEMATH—
YEeCKN MOIEPHE3NPYWTCH, IepeocHamanTcsd HOBHM OCOPYIOBaHMEM, BHeO~
PAeTCA HOBafd TEXHOJOTUA H OpraHusamus pacoT.

IpemyniecTBEHHOE pasﬁnTﬁe B CEMUIECATHX Toflax MOIyIWIO Ipo-
M3BOLCTBO JIPEBECHOCTDYXEUHHX ¥ IPEBECHOBOJIOKHLCTHX ILIMT, JTH
IPOX3BOLCTBE IO3BOIANT NOBECTY KOBQQUIMEHT MCHONb30BAHUA OHO-
MaccH IepeBa X0 92-83%, YTO OYeHb BAX¥HO B PelleHEE IPOGIeMH
PALIMOHAABHOTO KOMILIEKCHOT'O HCHOJB30BAHUA LPEBECHOT'O CHpbHA.

B cTpaue HOCTpoeHH 1t BBEIEHH B JelicTBHE MHOTHE 3aBOIH IIO
OpPOR3BOLCTBY ICH. Taxk, HallpuMep, MOIHOCTH 3aBOLOB OO IPOU3BOLCT-
BY IpPEeBECHOCTDYy:REYHHX ILIET cocTaBifeT oT 1I0 mo 250 THC.KOM. B TCH.

BrCcOrmm TeMIIaMi pas3BUBaeTCA MeSeJbH2sd IPOMHUIEHHOCTE.
3a BOCEMB MOCHSHHEX JET OCLeMH IPOM3BONCT3a MeGeNH YBEeJUIWINCh
B 2,2 paza. Hapauwsanue 0CBLEMOB ITPON3BOACTBa MEGeNH, IOBHIEHNS

ee KadecTBa U OCHOBIEHHE ACCOPTIMEHTA nocmmramTc&'pa CYeT BHeN-

PEHEA CHeImaTu3XpPOBaHHOI'0 OCOPYIOBaHHA. B MeCeJIbHO{ IPOMHMIEHHOCTH

npoBonuTCcA Covbllag padoTa IO ROHueHTpauﬁH MeOeJIbEOro IIPON3BOLCTB2
¥ ero cruemyamisalim,

BeceMa 3@PeXTMBHHE MEDH B HAaCTOfllee BpeMA NPEHIMARTCA TaKxke
IO pasBUTUI 32BOLCKOTO IEPEBAHHOTO IOMOCTDOEHEA.

HemaBHO NIDVHATO pelieHUE 3HAYUTENBHO YBENHIUTH B IDELCTOAUEM
NATHACTHY NMPOU3BOLCTBO MNaHENBHHX IEePEBSHHHX INOMOB 3aBOJCKOTO U3~

TOTOBEHUA.
Taxue TeMIH POCTa IPOM3BOICTB2 INOMOB, B IPOWIONM HE MMEBLIE



-43-

OpeueneHTa, Takxe CyLyT ofeclevulBaTbCA Ha OCHOBE KOHLEHT palul
¥ clielliajy3aliy nponaBonCTBa 1, KOHEYHO, 3a CYeT nepeocnémeﬁnﬂ
IpeIuprATILI BHCOKOIPOM3BONUTENIEHHM COBPEMEHHEM OGOPYIOBAHMEM.

B mesoMm mepeBoolpalaTHBaKliaad OTPaCIb HACYMTHBAET B HACTOf-
mee BPEeMA HECKOJBKO THCAY HPEemNpUATHA palnmdHoll MaclTaCHOCTH.
JMenTCcA CPaBHETENLHO HECOJNBbIME IPeIUpUATHA, IepepadaTHBawlje
B cytru 0,5-I,0 THC.KGM. CHDBSA.

JienTCA TUTAHTCKEE JIeCONPOMHIIEHHHE KOMILIEKCH — HaIpHMep,
BpaTcruit xommwiexc, nepepaCaTuBawimit B CyTKE Oouee 20 THC.KOM.GbIPBS.
Iia mepeBooOpadaTHBawme oTpaciy OmHOE M3 BaXHHX IPOGIEM,

IOMIIMO BHEIDEHHA HoBOH TEXHIRY, ABNACTCA BPPEeKTHBHOE peleHHe
3a7a9y ONTIMATBRHHX (OPM KOELIEHTpallMil, CHeLZaiN3aldyd H KOMOKHIPO-
BaHUA HPOHBBOHCTE;

Ecnm X sToMy I0OaBHTH, YTO (QODMH KOHLUEHTpaIN, CIEeLUaTIi3alni,
KOMCUHIDOBaHUA ITPENIPUATYI, X DasMelieHue, pasiePHd BO MHOI'OM 3a-
BHCAT OT IPUPOIHHX ¥ SKOHOMIYECKEX YCJIOBH# COOTBETCTBYWIX pe-
THOHOB, KOTOPHE BECEM& pasHOO0pas3HH, CHPBEBHX I TPYIOBHX DECYDCOB,
TPaHCIOPTHHX IIOTOKOB ¥ MHOTHMX IPyT¥X (PakTOpOB, TO 3Ta 3alava ARIA-
eTCA BeChMa CIOXHOU ¥ TpelfyeT LA CBOEI0 pelieHUA INIyOOKOI'O CUCTEl-
HOT'O0 IIOZXOIA.

Hama crpaHa ABIIETCA CTPAHOW, TIE SKOHOMMKA ILIAHUPYeTCH, X
nbsTomy I Hac mMeeT GOJBLIOE 3Hayenue paspacoTia IepCHeKTHBHHX
IUIaHOB Da3BETHA ¥ pas3MelleHNd JIECHOH M mepeBooCpalaTHBawiieil Ipo-
MHEUWIGHHOCTH e 1o 0oy '
ficnonsays "\ ammeiioro IPOTPAMMPOBaHIIA MH pa3paloTalyl ONTHILGI3allk-
OHHYK® MOIEJE, KOTOpasd HO3BOJAAET PELMTEH NMPONIEMy - Kak 00ecClevylTh

MaKCHMAIBHHH OObeM KOHEUHOH HpomyKimH (miwioMaTepHatioB, IUIMT, Qa-
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HEPH, MeCeJu T.ZX.) IPDH MUHUMAIBHHX TEeKyuMX 3aTpaTaX ¥ MaKCHMATb—
HOI 3SKOHOMMM KAllMTANOBIONKEHKM. ATBTEPHATUBHOCTD CUTYAIM COCTONT
B TOM, 9TO IIPOM3BOLCTBO ONHOR U TOit Xe IPONYKIE B pasHHX paiio-
HaxX MOXeT NpHBECTM K 3KOHOMIE 3aTpaT Ha NPOL3BOILCTBO M TPaHCIODP-
TYDPOBKY CHpPBAZ M TOTOBO# NPOIYKIDM, HO B TO e BpeMdA IOTpeGoBaTh
TONONHUTENBHHX KalNTaJOBJIOXEHIE Ha CTPOUTENBCTBO IPOM3BOACTBEH-
HHX 0GBEKTOB, TPEHCIOPTHHX IyTel, CO3HaHue HHQPaCTPYKTYPH.

Mozens IpefoCTaBIAET BO3MOXKHOCTD OIPENeJNTH aJbTEpPHATHBH
¥ BHODGThH ONTMMAIBLHOE DelieHHe.

Ha ceMmHape GHWIO HOJMOZEHO O HaJMIMy OQIBILOI'0 KOJMYECTBA MO-
Ieselt pas3BUTUA JECHOT'O CEKTOpa, pa3paldoTaHHHX B PA3HHX CTpaHax.
Bce OHH IPENCTaBIANT MHTEpeC ¥ NOIB3Yy IIA KAXNOX OTHENBHON |
CTDaHH, TaX KaR.KaEHaH CTpaHa, HCIOIB3YA OIHT IPyTro# o cosma-
HUD MomeJsie#t, OyZeT HEMEeTh BOSMOXHOCTD JIYYMTL CBOX COOCTBEHHHE
paspadoTki. HecorHeHHHE WHTepeC MOTYT IPeNCTaBUTH TaK®e U Ba-
PUSHTHHE PaCUeTH BHIOIHEHHHE ILJIA OJHOT'O KAaKOoT0-Iu00 peT’oHa
II0 HEeCKOJIBKIM MoIesaAM. MH mosaraeM, 4TO aHaIN3 B CpPaBHEHUE
Monesiell OyIyT IOJE3HEMH IIA BCEX CTpaH—qneHOB JCA uz mosTouy
npenaaraem; IT00K ¥ICA COOCOGCTBOBAN TAKOMY COTDPYIHEIECTBY.
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INTEGRATED UTILIZATION OF TROPICAL FORESTS

Detlef Noack, Hamburg

INTRODUCTION

About half of the forests of the world are located in the
tropics. But at present the immense potential of tropical forests
is in striking contrast to the modest contribution they now make
to human welfare. In many tropical countries large areas of
forests are hitherto unexploited or exploited to a very limited
extent by selective extraction of very few commercial woods, well-
known and well-introduced in international timber markets. But
these forests contain substantial volumes of little-used and
lesser-known wood species which normally correspond to more than
B0% of their total volume. In order to assess the potential util-
ization of tropical moist forests it is therefore necessary to
bring into fuller use also these lesser-used unknown species.

This goal evidently necessitates some modifications of the current
practices of exploitation and industrial conversion.

HETEROGENITY OF TROPICAL FORESTS AND ITS INFLUENCE ON THE
POTENTIAL OF UTILIZATION

Characteristically, tropical rain forests are a mixture of
a large number of tree species with a wide spectrum of ages and

diameters. The vast majority of the species occur very infrequently.
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Because of their heterogeneous botanical composition natural
tropical forests produce timber with widely varying properties.
This can be rather inconvenient for the mass production in wood

industry.

The timber volumes of tropical forests may range from 150
to about 400 cubic meters per hectare, but much of the timber has
not been shown to be useful for products other than fuel. At
present, however, fellings are mostly highly selective by extract-
ing logs for export and for the production of primary wood products
as lumber, veneer and plywood. The harvest of this selective
felling often is only a few per cent of the total timber volume.

This selective felling of commercially preferred species has
some striking disadvantages:

-- the unused species are considered as weeds so that the
remaining forest area.is highly degraded or devaluated;

-- potentially useful species are destroyed;

-~ the unused species interfere with the harvesting of
valuable species and increase the cost of their recovery;

-- timber harvesting, even on a highly selective basis,
often opens up hitherto inaccessible areas for agricultural
settlement which leads to further degradation or destruc-
tion of tropical forests by clearance burning and shifting

cultivation.

As a result the total forest area in the tropics is decreasing
at rather a fast rate which is estimated to be at least in the
order of 12 million hectares per year. These conditions show

clearly that it is necessary to change over from selective felling
to a systematic larger scale logging. This change cannot only be
considered from the viewpoint of wood technology but must also

take into account the special ecological features of tropical
forests. All further considerations about the utilization of
tropical forests are therefore made on the principle pre-requisite
that the utilization will conform to long-term decisions about the
land use as well as with silvicultural needs and forest management
regulations. Land use policies are necessary to provide the frame-
work for developing exploitation methods and techniques.
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We therefore have in the first run to concentrate our efforts
on those large areas of natural tropical forests which will be con-
verted into new kinds of land use which generally allow clear fell-
ing such as forest plantations with fast-growing species, land for
agri-silviculture, agricultural land, water reservoirs, etc. These
are the tropical forest areas of large extent which must be utilized

more efficiently in future.

GENERAL TRENDS IN CONSUMPTION AND DEMAND OF WOOD AND WOOD PRODUCTS

The utilization of tropical forests must be further considered
in close connection with local and world demand for wood and wood
products. As we know from statistics and prospects of FAO we have
to expect a steady increase in demand for timber and forest pro-
ducts, and also the consumption of paper and paper products will

continue to grow rather fast. |

A very important feature of wood demand is that tropical coun-
tries use large guantitites--more than 80% of the total cut--as
fuel, and in many parts of the developing world there is expected
to be an increasing demand for fuelwood as a source of energy for

cooking and heating.

These general developments in consumption and demand of wood
and wood products are of great importance to the wood producing
countries and will influence their industrial development. On the
whole, it can be expected that the trend of a growing volume of
processed wood entering international trade will expand further.

PRESENT SITUATION OF THE PRODUCTION OF WOOD AND FOREST PRODUCTS
IN COUNTRIES WITH TROPICAL FORESTS

It is true that wood producing developing countries have been
able, during the last decade, to expand local industrial processing
to some extent. But, nevertheless, the value of exports of wood
and wood products from tropical countries is only in the order of
15% of the world's total trade of these products, and much more
striking is the fact that the proportion of wood exported as round-
wood in its raw unprocessed state from these countries is still
rather high (about 70% of the volume equivalent), with the result
that many tropical countries have to import too many manufactured

wood products.
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All in all, rather few forest industries have been established
up till now. The principle conversion in tropical countries is
still sawmilling, and the current trend is to convert a larger
portion of the logs into sawnwood and export the timber in sawnwood
rather than in log form. Furthermore, there is some processing of
plywood and veneers and very little of other panel products such
as fibre board and particle board. The production of pulp and
paper has only a limited amount so far, but it is of high local

importance.

As a consequence of this situation a growing number of tropical
countries are limiting exports of logs and have started investment
programs in order to build up their own forest industries aimed at
meeting expanding domestic requirements and at substituting log
export more and more by exports of processed wood.

DEVELOPMENTS TO A MORE EFFICIENT, INTEGRATED UTILIZATION OF
TROPICAL FORESTS

A complete, integrated utilization of currently under-exploited
forests means that at least theoretically all the trees in the
forest are used for producing forest products required at local
and foreign markets. The ultimate solution to the problem of
utilizing all the species as well as 'mill and forest residues may
well be the integration of different mechanical and chemical pro-
cessing methods. Such an integrated utilization will be the ideal
goal which at least can be realized under especially favorable
conditions. Well-known examples of such an integrated operation
to commercially utilize the complete tropical forest resource are,
for instance, two companies located in the Philippines. Both
companies export logs and manufacture the primary wood products of
lumber,'veneer and plywood. To utilize their manufacturing resi-
dues and smaller diameter trees, one company manufactures hardboards
and the other pulp and paper (newsprint, linerboard, corrugated
paper). Both companies generate a large share of their energy
requirements by burning bark and residues from manufacturing.
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UTILIZATION OF LESSER-USED SPECIES BY MATCHING END-USE
REQUIREMENTS WITH WOOD PROPERTIES

But for many tropical forests this complete utilization will.
still be an unattainable goal because of different factors which
influence the structure of forest products industries within a
country or region. Therefore, it will often be a first, but impor-
tant step in the direction of a more efficient, integrated utiliza-
tion to utilize a far greater proportion of the forest which means

a much greater number of species of timber.

Current marketing of timber is typically species oriented and
the ultimate use of the wood and the form in which it is used is

often unknown to the primary processor.

One important step to reach a more intensive exploitation of
tropical forests by utilizing a greater portion of the up-to-now
lesser-used species will be a fundamental change in utilization
policy. Instead of species oriented extraction of individual trees
the timber selection in the forest and the processing of wood
should be end-use orientated by grouping a number of lesser-used
and well-known species having similar properties with respect té

their specific end-uses.

An end-use property classification defines for each type of
timber products the properties of significance and their levels
such that timbers meeting these property requirements can be ex-
pected to give a satisfactory performance both in manufacture and

use.

With regard to tropical woods, especially to lesser-used wood
.species, the knowledge of the relation between wood properties and
end—use.requirements is therefore of considerable importance to their
utilization. It is an important task of research and development
in the field of tropical woods to determine those use-related wood
properties. This task needs close cooperation of all forest pro-
ducts laboratories in the world working in the field of tropical
wood research. To enable this cooperation, the International Union
of Forest Research Organizations (IUFRO) has established a special
Project Group (P5.01) on "Properties and Utilization of Tropical
Woods".
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WHOLE TREE UTILIZATION OR BETTER USE OF THE AVAILABLE RAW
MATERIALS

The current use of tropical woods is rather wasteful; firstly,
in harvesting wood for lumber, appreciable quantities of useful
wood are left behind in the forest. Further considerable losses
occur in logging and in transportation. Finally, there are re-
markable quantities of residues from processing because production
methods are mostly rather rough and simple.

More intensive utilization by better use of the available
raw material may often be the only solution to ensure economic

production.

If the only conversion facility available to a tropical forest
is a sawmill--as it is often the case--then the utilization poten-
tial of the forest will be rather limited. Therefore, a further
general step for improving the utilization of tropical forests is
a better utilization of the trees, which are cut in the forests,

by:
-~ improving wood felling,
-- reducing the residues of harvesting and processing,

-- introducing different methods of horizontal and vertical
integrated processing in wood industry especially in
order to utilize more fully low value timber as well as
forest and mill residues.

-- improving the classifying of logs into raw material for
different converting processes of the wood industry accord-
ing to their wood quality and log form,

-- using wood and residues of other processes as a source of
energy, especially as fuel for domestic purposes and for
processing.

In most tropical countries timber industries are still-at
preliminary stages. But in future, an increasing part of wood
species of tropical countries will be processed on the spot. Com-
binations of various production methods of the wood industry must
be established in order to make a complete utilization of tropical
forests possible.
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The wood industry is not prepared to used species with un-
known processing performances. Therefore, studies are necessary
on the relation between wood properties and the requirements wood
has to meet by serving as raw material for different technologies

and production methods.

An integrated approach to the utilization of tropical Qoods
demands the establishment of wood industry complexes especially
designed to utilize the available resource as efficient as possible.
Those wood industry combinates therefore consist of different con-
version processes which are adapted to the local conditions and
which are integrated horizontally and vertically. Wood waste
from conversion units, such as sawmills, veneer and plywood mills,
may often be a very important raw material source both for wood-
based panels (particle boards and fibre boards) and for wood pulp.
But it must also be recognised that the mill waste often provides
the fuel for power supplies and heating in wood processing plants.

The concept of an integrated utilization of tropical forests
requires a variety of processing techniques which complete each
other. The starting unit to utilize tropical forests normally is
a sawmill, because lumber manufacture tends to be high in labor
intensity, low in capital and process energy requirements, and
produce a timber product which is of high utility value for housing
and other purposes. Typically, an integrated conversion complex
will in the first stage consist of production units for sawnwood,
veneer and plywood. But a better utilization of the raw material
can be reached, if processes are included that produce particle
board, fibre board or pulp and paper products and, last but not
least, fuel. But in addition, also the production of other pro-
ducts of primary wood industries, for instance sleepers, block-
boards, cement-bonded wood-wool boards, may be of significance.

ADAPTATION OF PROCESSING TECHNIQUES

In order to realize a more efficient integrated utilization
of tropical woods it is a fundamental prerequisite to adapt the
different processing techniques and camcities to the particular
conditions of each individual case. Most mills in tropical coun-
tries may require especially designed equipment or at least ex-

tensive modification of existing equipment. In this respect,
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development of low cost machinery with smaller capacity and

less sophisticated construction, which‘gives products of good
quality but which may require substantial labor force, is greatly
needed. This approach is also in accordance with the latest con-
cept of FAO to promote the installation of small-scale wood-based

panel plants and of small-scale pulp and paper mills.

It is evident, however, that an integrated utilization of
tropical forests by a combination of a variety of different pro-
cessing techniques can only be successful, if it can rely on
skilled managerial and operational personnel.

FUEL AS A COMPONENT OF INTEGRATED UTILIZATION

It is important to point out that by far the most widespread
single use for wood in most developing countries is for fuel, and
a further increasing demand for fuelwood is to be expected. On
the other hand, fuel provides an efficient use of wood which
would otherwise be wasted, of trees left in the forest and later
destroyed in the cause of land clearance as well as of waste pro-
duced in the course of processing.

This situation calls for a systematic strategy of collecting
and processing suitable raw material for a well-ordered fuel pro-
duction. It is obvious that this production of fuel should be
an important component to a more efficient, integrated utilization
of tropical forest.

IDEAL MODEL OF COMPLETE, INTEGRATED UTILIZATION OF TROPICAL FORESTS

If the preceding considerations are followed consequently, they
will result in an integrated utilization of the complete resources
of tropical forests in those cases where a total clearance of the
natural forest area is in accordance with the general policy of
forest utilization then depends greatly on fundamental decisions--
made directly after felling--about what tree and which part of a
tree respectively shall be determined to which conversion process.

The most valuable logs of decorative wood species will be
used for veneer production whereas logs of good gquality and shape
with larger diameters should préferably be utilized in plywood
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production, especially when the wood has a low to medium density
or when its conversion to sawnwood meets with difficulties in saw-
ing or drying. Other logs of good quality will then be allocated
to lumber production, if the wood properties are in line with the
requirements of end-uses. A large portion of hitherto unused
tropical hardwoods ‘as well as of forest and mill residues can be
utilized as raw material for reconstituted boards or pulp products.
And the remaining wood resources which cannot be used for producing
forest products should be converted into fuelwood, charcoal or
used as fuel for power-generation and heating in wood processing,
respectively. Especially charcoal will be a valuable outlet of
both very dense and silicious timber.

In future, the raw material supply of the established wood
industry will increasingly be met by plantations. Therefore,
reforestation should not only be carried out with fast-growing
species having relatively short rotation periods, but from the
viewpoint of wood technology larger parts of the man-made forests
should also contain slow-growing species with valuable wood pro-

perties.

But in the beginning we have to solve many still existing
problems connected with a complete, integrated utilization of the
natural tropical forests. This requires strong efforts in research
and development in order to meet the challenge of the next decade
which surely will be to utilize the valuable natural resources as

efficient as possible.
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0. Eckmiillner, Vienna: Forestry and Forest Industry in Austria.

AUSTRIA is often said to be a "Kammer-Staat'", i.e. a State, where the influence
of the "Chambers" is a very important one. In fact, the Chambers of Agriculture

& Forestry, the Chambers of Trade & Commerce, the Chambers of Workeérs & Employees
and last, but by no means least, the Labour Unions play an important role. These
four institutions cooperate in the so-called "Paritdtische Kommission", in which
they are equally represented; their task is an advisory one to the Government.
This works very well and the result is social peace; strikes are almost unknown
in Austria.

Forestry is represented by the Chambers of Agriculture & Forestry, Forest Industry
by the Chambers of Trade & Commerce. These two big Chambers have, as their own ad-
visory institution, the "Federal Timber Council" (Bundes—Holzwirtschaftsrat), in
which forestry and industry are equally represented. This Federal Timber Council
is the institution, where all the problems of common interest to forestry and fo-
rest industry are being discussed and where normally a consensus is reached. The
Council informs then the two Chambers and asks them to take the necessary steps
with the Govermment. Of course, all this concerns economic problems only. Prob-
lems of a wide range - concerning environmental questions or so - are being
dealt with in Parliament.

AUSTRIA has 7,5 million inhabitants, 250.000 of them being forest owners, of which
600 only big ones with more than 500ha. 80Z of the Austrian forests are privately
owned. One could expect that the political weight and influence of 250.000 forest
owners and their families might be a considerable one, but in fact more than 907
of them are farmers and these farmers are first of all agriculturists and have al-
ways had extremely difficult problems with the ever increasing overproduction of
of practically all - milk, butter, cheese, cereals, cattle, pigs, hens and eggs,
fruit and wine etc. In relation to agriculture forestry has almost no problems and
there are only few people fighting for forestry! Politically forestry is more or
less absent in Austria.

AUSTRIA is very mountainous, two thirds of her forests are situated in the Alps.
The forest area is 3,7 mio ha, that is 447 of the total area and 0,5 ha per capi-
ta. Almost 800.000 ha = 207 are protection forests near the timber line or on very
steep slopes. The area of "commercial forests" is, therefore, only 2,8 mio ha.

The main species are spruce, pine, larch and fir, together 857, and beech (mainly
in the famous "Vienna Woods") and oak, ash, elm and maple, together 15%. The gro—
wing stock is in total 770 mio cbm overbark, that is 255 cbm/ha. The annual growth
is 19 mio cbm overbark, i.e. 6,3 cbm/ha. Both, growing stock and annual increment
are steadily increasing, because the annual cut, the wood harvested, is only 10 to
12 mio cbm underbark, that”s about 20%Z less than the annual growth. Thus, the Aust-—
rian forests become richer in volume of wood and in growth, but also bigger in area,
because every year around 5000 ha of marginal agricultural land is being turned to
forestry and afforested - without any change in property.

Sales on the stump, i.e. of standing timber is almost unknown in Austria; a forest
owner, who isn"t able to harvest his wood himself, would be regardeal "impotent'.

SAWMILLING: Austria has about 3000 sawmills, of which only few are big omnes with
100.000 to 200.000 cbm roundwood input per year. About 300 sawmills, however, close
down every year, mainly small ones, and production is concentrating with bigger
mills. The main equipment are frame-saws; the output of sawnwood is 0,67 cbm per

] cbm of sawlogs. The residues (337) are at a rate of 857 industrially utilized,
mainly in the pulp, particle board and fibre board industry. Total input of sawlogs
is 8 to 10 mio cbm, of which 5 to 10Z are being imported. There is a remarkable
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trend to the processing of small-sized logs, down to 10 or 12 cm @.

The sawnwood - 5,5 to 6,0 mio cbm - 1is used in Austria with about one third;
two thirds are being exported, mainly to Italy, Germany, Switzerland, but also
to the Mediterranean countries and to the Near East. On the World Market for
sawn softwood this small country of Austria is the fifth biggest exporter, after
Canada, USSR, Sweden and Finland.

PULP & PAPER: Austria has a fairly developed pulp and paper industry with a high
rate of exports (about 507). Almost all mechanical and chemical pulp produced

in Austria is further processed to paper and cardboard, so that almost no.. exports
of these semi-products are made, but big exports of finished goods. However, the
raw material, the pulpwood, has to a high degree (30-407) to be imported from
CSSR, Hungary, Yugoslavia, Roumania, Poland and the USSR., but it is -mainly beech
and pine, of which the Austrian pulpwood production is insufficient. A problem of
growing interest is the distienction between sawlogs and pulpwood; in former times
roundwood up to 20 cm @ was pulpwood, bigger roundwood was sawlogs. But now much
small-sized roundwood is bought by sawmills to a higher price than pulpwood. Of
course, forestry is very happy about this development. Nowadays even fuelwood is
becoming a competitor to pulpwood, as it is going to replace oil and has in some
places already got a higher price than pulpwood.

WOOD BASED PANELS:

Particle Board production began in Austria in 1954 and is still increasing. Home
consumption is now about half a million cbm annually, i.e. 75 cbm/1000 capita.
About the same amount - half a million cbm -~ 1is being exported. The composition
of the raw material has greatly changed; it is now: 7Z conifers, 27% hardwood,

647 residues.

Within fibreboard only hardboard shows a satisfying development. Home consumption
is 45.000 to 50.000 t, corresponding to 6 - 6,5 t/1000 capita. The share of exports
is 30 to 407 of total production .

Insulation board shows a steady decrease in production as well as in consumption.
Two thirds of the production are being exported.

With regard to plywood the development is still worse. Home consumption consists
of about 10.000 cbm, home production however is only about 3000 cbm,

Home consumption of wood based panels in total has reacehed about 207 of the home
consumption of sawnwood. A further increase up to 307 is expected for the years
around 2000.
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SYSTEMS ANALYSIS IN FORESTRY AND
THE FOREST INDUSTRY: AN OVERVIEW

Paavo Uronen
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PREFACE

This paper is a survey discussing the use of systems
analytical methods in planning and decision making in the
forestry and in the forest industry. The number of papers
and studies discussing different applications of systems
analysis in this sector is wide and rapidly increasing.
However the real uses of these methods in practice is hard
to predict. So there is clearly a need for detailed state-
of-the-art studies at two levels: in research and in
practical uses of these methods in the forest.

The paper was presented at the IIASA Forest Industry
Workshop, January 8-11, 1980.
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SYSTEMS ANALYSIS IN FORESTRY AND
THE FOREST INDUSTRY: AN OVERVIEW

Paavo Uronen

INTRODUCTION

Systems analysis, i.e., modeling, simulation, optimiza-
tion and planning techniques, etc., has been widely used in
separate areas of the forestry sector since the end of the
1950's. If we ¢consider the whole sector, (i.e., from silviculture
and timber management to the operation of the mills and market-
ing of the final products, there are totally different appli-
cation tasks and therefore the methods and solutions used vary
greatly. 1In the forestry area, for example, the LP-applications
are typical but in the mill operation real-time control and
optimization systems have wider use.

The development in the whole area of applications has been
very rapid. Chappelle (1977), for example, gives statistics
concerning the increase of LP-applications in forestry in the
US: there were two applications in 1955 and 105 in 1970. The
application here means that it is a study of application not
necessarily used by foresters or managers. Today, there are
hundreds of publications on the application of different methods
or systems analysis in the forestry and forest industry. So it
is impossible in this kind of overview to list and evaluate all
or most of them. This survey is, therefore, designed to
take a look at the whole area, i.e., all methoas in all appli-
cations. The aspects discussed will remain very general and
no detailed comments on most individual papers can be made.

Some studies mentioned here are merely taken based on the ab-
stract only if the application or method applied is new or of
special interest just to show the whole range of possible appli-
cations and methods.
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The general feature here is that most applications still
are on paper, i.e., the researchers are speaking and writing to
each other. The number of real applications is still quite low.
There are several reasons for this, including:

-~ difficulties in getting all the data needed for the
application;

-- local needs for modification and adoption;

-- complicated programming and hardware requirements;
-- need for special staff;

-~ misconceptions and reluctance against new ideas;

~- lack of practical results, i.e., cost-benefit analysis
of these methods; and

-— difficulties in handling multiple-usage problems and
stochastic situations.

Lately there have been several computer program packages
constructed for different (mostly timber management) applica-
tions, and these packages may promote the practical use of the
methods. On the other hand, a "solution package" may have the
tendency to modify the problem to fit better with the program
package and thus the solution may loose some important local
features necessary for decision-makers. The rapid development
of computer technology will also ease the usage of systems
analysis. One example for stock inventory systems is a micro-
processor packed in a backpack for data gathering on the site.

What might be useful in this connection is a study concern-
ing real applications, results, experiences and problems in
using systems analysis in forestry and the forest industry.

The results of this study could then be used for directing R&D
in the area to real problems,

In the following sections, the whole wide area will be
divided into: timber management, forest sector economy, plan-
ning of industry, land usage, production and operation, and
other applications. Each field of application will be briefly
discussed with a related Table that indicates the typical tasks
and typical methods used. The reference numbers utilized in
these Tables refer to the publications, etc., listed in the
Reference Section. (Refer to the Notes Section for proper
referencing of these numbers.)

TIMBER MANAGEMENT APPLICATIONS

The basic and most important problem to be solved in timber
management is the temporal and spatial scheduling of silvi-
cultural and harvesting activities during a planning period
(50-100 years) in order to maximize (or minimize) the objective
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function and fulfill all constraints. The objective function
used may be: present net worth of the stock, stock volume,
return rate of investment, allowable cut, sustained long-term
yield, timber production costs, etc. The constraints include,
a.o., allowable annual cut, labor force available, reforesta-
tion area, capital available, etc. 1In order to be able to
solve this kind of long-term planning problem a simulation
model for timber yield and growth must also be available.

Linear programming is a widely studied method for the solu-
tion of this problem. Table 1 shows an overview of selected
application studies in the timber management area and we can
easily see how dominant the linear programming method is. Many
reference numbers will occur twice (or more) because modeling
is essential in all methods. Many published studies could also
be put in some other area too in this quite arbitral classi-
fication. Some modifications of LP, for example goal program-
ming and also non-linear and dynamic programming, have been
studied, but so far the practical use of these methods have
been very limited. The practical use of LP has been limited to
big corporations with enough special staff and forest land, or
to public forest owners and organizations, for example in the
U.S. and Australia (Australian Forestry Council 1978; Navon 1971).

There are certain limitations in the use of LP in the above
problem. First of all, the model, the objective function and
the constraints should be linear; how well this is justified in
each particular case is dependent on many factors, a.o. silvi-
culture, species, validity of growth model, terrain, etc. Also,
in this kind of long-range planning the question of uncertainty
and the stochastic nature of the process are rather important.
Additionally, more will be discussed about the multiobjective
nature of forest management, thus the optimal production of
timber will not be the only objective (e.g., recreation, use of
forests, wilderness, wildlife, natural watershed, forage, con-
servation, etc. can be taken as additional contraints or goal
programming can be used). This is closely connected with the
area of land usage and it will be discussed later.

A major type of problem closly connected with timber
production and harvesting activities is the planning of logging
and transportation of timber. Here also, as can be seen from
Table 1, linear programming is mostly studied and applied. Some
very interesting studies concern the use of optimal control
theory in timber management (Andersson 1976; McDonough and.

Park 1975; Mitchell 1976; Newnham 1973). The LP-program packages
developed will be very helpful in calculating the outcome and
effects of different policies, activities and choices; it does
not, however, solve the principal problem: what should be the
real objectives, constraints and policies? This question will
be especially important in the case of multiuse or product-mix
of the forest lands.
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FOREST SECTOR ECONOMY APPLICATIONS

Table 2 shows a collection of typical applications in
forest sector economy applications. Most of these include
modeling and simulation only: this is understandable because,
for example, the optimization of a forest sector economy
(regional or national) is a very complicated multiobjective
task. Some studies are now underway in this direction. The
modeling methods used are typical econometric models; input-
output modeling (Rafsnider 1975), cost-benefit analysis, and
systems dynamics for regional and national sectors, regression
models or time series forecasts for global trends and market
studies. For industry development and reforestation projects
also some LP applications exist.

The main problem here is the long-term forecast for this
sector on global, national and also regional levels and how to
use these forecasts. They can not be used in individual corpo-
rations or mills; possibly their best use can be found in discus-
sions between different interest groups (industry, forest owners,
government, labor unions, environmentalists) when the future
development or choices concerning the forests usage are explored.
Typical examples of these kind of studies on a national level
are Jegr (1978), Kallio, et al. (1980), Randers and Lonnstedt
(1979), and Randers, et al. (1978).

PLANNING OF INDUSTRY

There are several modeling and simulation studies (region-
al and national) concerning the planning and evelopment of the
forest industry (pulp and paper or sawmills and other mechanical
forest industry). These studies are mainly based on forecasts
and trend models for demand and supply possibilities and the
parameters in these models are estimated based on historical
data. These trends are then used in simulation studies for the
different locations of mills and the different production mixes
and sizes of mills.

The optimal mill location problem has been solved by the LP-
technique in some simple cases taking, for example, only the
transportation costs into account (Abel 1973). LP technique
and investment cycle theory have also been used in some invest-
ment policy studies. The possibilities of dynamic programming
and systems dynamics have also been studied in this area
(Randers, et al. 1978; Ruprich 1974). Table 3 summarizes the
studies in these topics.

What was stated in the previous section is also very valid
here; the models and solutions are so aggregated on the national
and regional level that they are not very useful for real projects;
they can serve as implications for future trends and possible
investment policies. However, these models assume a constant
technology and adhere to the existing pattern and trend in world
markets and consumption. This can not be true in the long-term;

80 what is really needed here is the study of consistent world
trade study and the study of technological change in this area.
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For one corporation and mill, more detailed and technical
models have been built, but these naturally include so much
proprietary data and information that very little has been
published (Zackrisson 1977).

LAND USAGE

As previously mentioned, the multiobjective use of forest
land is now becoming a target of many discussions between policy-
makers, industry, and forest owners. There will be competition
for land between agriculture, timber production, recreation,
general conservation, wildlife, forage, etc., on the one hand,
and for the timber (i.e., biomass) produced in forests, between
the traditional industry (pulp, paper, mechanical), energy pro-
duction, and the chamical industry, on the other. 1In this
connection, when national and regional multiple-use of forest
lands is planned (this concerns especially Public Forests, and
also a big corporation) the use of systems analysis can be help-
ful.

Several studies in this area have already been made as can
be seen from Table 4. The most studied method in solving the
above described optimal product-mix problem is the LP-technique.
The difficulty here is how to formulate the objective function,
and how to evaluate the value of non-commodity products; for
example, recreation usage or wildlife of forests. One method
is to take the production of timber as the objective and the
demand on other uses as additional constraints. (This has been
done, for example in Timber-RAM; see Navon 1971.) Goal program-
ming is also quite a well studied method in this application. It
is believed that the development in multicriteria optimization
theory will soon give more powerful methods in the solution of
these kinds of problems; however, the main difficulty still
remains: how to evaluate and put value on different competitive
products?

The problem will become still larger as it is not just the
forest owner alone who will be involved here: many different
interest groups (government, labor unions, environmentalists,
recreation users, etc.) will be interested in this question and
so the long-term policy concerning forests will be a target of
great interest. Flick (1975) has suggested the use of input-
output analysis to solve the value problem in multiple usage
of forest land. For this kind of situation the possible use
of gaming and value analyses have also been studied (Country-
man 1974; Henne 1978).

PRODUCTION AND OPERATION OF MILLS

This area of systems analytical applications in the forest
industry is well-developed and it includes the wide range from
process control into the planning and investment models for a
corporation. Concerning the process control studies and appli-
cations, there are so many that only some of the recent surveys
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have been listed in Table 5 (Gee 1977; Keyes 1975; Uronen and
Williams 1978). These applications mostly use guite simple
mathematical models of the technological process to be controlled
and optimal control theory in a straightforward manner. The

use of a digital computer and also special measuring instruments
are essential for all of these applications.

In recent years, increased interest in more management
type applications in this industry has arisen; the allocation of
resources, production planning, coordinated operation of differ-
ent units and subprocesses, management information systems, etc.,
are typical examples (Ahlsholm and Pettersson 1970; Edlund and
Rigerl 1978; Leiviska and Uronen 197%9a, 1979b; Oliviera, etal.
1977; Uronen and Williams 1978). This, together with rapid
development in computer hardware and software, will mean a more
increased integration of these tasks and operations into a hier-
archical management, information, planning, operation and control
system of the mill. This will definitely be the most important
topic for further research and development in this area.

OTHER APPLICATIONS

There are a lot of interesting applications of systems
analysis in special purposes related to the forestry/forest
industry as listed in Table 6. Road planning and transportation
planning applications with network analysis or LP-solutions are
closely related to timber management and/or industry location
problems, as earlier discussed. Fire detection and control sys-
tems and tree improvement application of the LP-technique are
quite well studied and special cases have been documented.

It is obvious that more and more computerized resource
information, data collection and analyzing systems, databanks,
and display and mapping systems are needed (e.g., in connection
with the satellite surveying of forest resources, etc.).

PROGRAM PACKAGES

Table 7 gives alist of some well-known computer program
packages developed for certain application in the forestry/
forest industry area. Most of them are for timber management
applications, and the LP-technique is the most common solution
method used. In using these programs it is necessary that all
relevant data (e.g., yield, growth, prices, labor costs, etc.)
is made available. The usefulness of these programs is natu-
rally connected with the limitations and problems discussed
earlier, as in connection with timber management applications.
The main use is in the rapid calculation of different choices,
but the most important part of the problem--the section of
objective and the setting of values and constraints--must be
solved by the decision-maker himself. It is to be expected
that more and more of these kinds of program packages will be
developed and used.
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Table 7. Program packages.

Name of Refer-

package eénce Application area

TRES 68 Timer mesource growth projectian

FOREST 15 Simulation of timber growth

STANDSIM Simulation of timber growth and yield

FORSIM 8 Simulation of timber growth

RADHOP 8 LP program for rationalizing yield flows
through time to meet market requirements

MASH 8, 86 Maximizing the present net worth

ADVENT 57 Budgeting in forestry management

PUBLIC 12 Land management planning

Timber RAM 75 Forest management planning

TEVAP 2 74 Forest management planning

ECHO 109 Forest management planning

FOCUS 108 Forest fire control planning

LOGPLAN 81 Logging plan model

SVEN 9 Land usage planning

RAA 67 Resource allocation

INFORM 118 Informations system for management

TRIS 118 Total resource information system

WRIS 118 Wildland resource information system

AUTOMAP 118 Automatic mapper

CIsC 118 Continuous inventory of stand conditions

PROGNOSIS 118 Model for stand development

TIMADS 118 Timber management systems

TRAS 118 Timber resource analysis system

WIPS 26 Woodlands information and planning

ECOSIM 118 Ecosystem simulation

RCS 118 Resource system simulation

RDS 118 Road design

OPTLOC 118 Optimal road location

RAM 118 Resource allocation

FRES 118 Forest range environment studies

MULTIPLOY 118 Investment simulation

TAG 118 Transportation analysis
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Table 7. (continued)

Name of Refer-

package ence Application area

WRAP 45 Planning of wildland resources
ECHO 115 Harvesting optimization

GELO 59 Mapping of forested areas
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SUMMARY

The number of publications discussing the use of systems
analysis in the forestry/forest industry area is large and this
survey will not cover all of these. However it can not, based
on published reports, be concluded to which extent these methods
are really used in everyday decision-making by management. Two
dominant application areas can be identified: timber management
and process control. Two other growing areas can also be seen:
land usage and management information systems in mills. Based
on this overview, several questions can be asked:

-~ There is a certain theoretical and methodological readi-
ness in using these methods. Why are they not used
more widely in forestry or in the forest industry?

-- What are the bottlenecks in the use of these methods
and programs?

-~ Should cost-benefit analysis be applied to the use of
systems analysis?

-— What are the main problems to which R&D should be
concentrated?

-—- How could the existing models (e.g., in yield and
growth of biomass) be improved?

-- Do local circumstances change too much from place to
place to enable the development of general models or
program packages?

In addition to this, it is evident that technological change,
the competition of land and raw materials, changing patterns in
world trade and production, etc., will turn the planning of a
forest sector into a very dynamic and complicated task. The
decision must be made based on models, forecasts and data
available: here effective use of systems analysis can be of
great help. But even at its best, it will be only a set of
tools; the final decision will always lie with the people, the
management of the industry, and other decision-makers.




-73-

NOTES

The Reference Numbers contained in this section relate to

Tables 1-6.

in the References.

VOO EWN

—
N 20O
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15.
16.
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F.G. Adams, et al. (1973)
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F.J. Andersson (1976)

Anon (1979)

Australian Forestry Council (1978)
B.B. Bare, et al. (1975)

E.F. Bell (1975)

G. Bengtsson (1977)

D.R. Betters (1978)
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THE COMPARATIVE ECONOMICS OF PLANTATION FORESTRY:

AN OVERVIEW*

by Roger A. Sedjo**

Introduction:

Although plantation forests make up only a small fraction of the world's
total industrial wood supply, they are becoming increasingly important as the
natural forests of the world decline reflecting utilization of the natural
stands and/or land clearing for nonforest uses. As this process continues,
greater portions of the remaining commercial forests represent regrowth,
much of it as the result of the conscious intervention of man. Commercial
plantation forests, those planted and actively managed for their commercial
wood values, are gradually replacing the natural forests in many regions of
the world.

Three tyﬁes of major plantation activities can be characterized as
ocurring simultaneously across the world. First, in temperate regions
that traditionally produced the majority of the world's industrial wood--
Northern Europe and North America--plantation forestry typically involves
the utilization of indigeneous species. Second, other temperate regions
that have not been traditionally major industrial wood producers are common-
ly utilizing exotic temperate climate species (largely North American) that
exhibit rapid growth and desired merchantibility. Third, some tropical regions

have found that exotic species (tropical pines, eucalyptus, gmelina) from

* Presented at the IIASA Forestry Workshop, Laxenburg, Austria, January 8-12, 1980

** Director, Forest Economics and Policy Program, Resources for the Future,
Washington, D.C., U.S.A.
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other tropical regions exhibit desirable growth and merchantibility

characteristics. While experience with exotic plantations in the tropics

is limited, results thus far are so dramatic that some knowledgeable observers

maintain that tropical regions will eventually become dominant wood suppliers.
Within this context this study will examine the economics of commercial

plantations in various regions, ‘including representatives of the three regional

types discussed above, and make preliminary assessments of the comparative

economics of products from a typical plantation forest with each region.

Plantation Experience:

Plantation forests of some -type exist in almost every country. However,
commercial plantations are important in only a relatively few regions. In
Europe and North America--the world's major supply of industrial wood--the
natural forests are gradually giving way to managed plantations. The process
is most advanced in Europe, except for the USSR, where plantation forests
have been maintained for hundreds of years. In North America plantation
forests developed in the US South in the 1930s and have become increasingly
important since World War II. Initially, U.S. plantations involved merely
reforestation with little if any subsequent managememt. However; in recent
years in the US South and Pacific Northwest commercial plantations, utilizing
a range of practices, have become prevalent. By contrast, plantation forestry
in Canada is still in its fledging stages due to the large inventories of
natural forest still available.

Outside of Europe and North America, several regions have developed large
plantation forests. New Zealand currently has about one million hatares in
plantation forests, most of it in exotic confier from North America. New

Zealand is adding to these forests at a rate of some 50 thousand hatares per
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year. Australia has also introduced exotic plantations, particularly confiers,
on a large scale to provide for her domestic long fiber requirements. Plan-
tation forestry of various types is under way in Japan, the Philippines,
Indonesia and Malayasia. India has undertaken large scale plantation

forestry activities. Turkey and Iran have also undertaken significant plantation
activities with a view to commercial industrial outputs. Numerous parts of
Africa have also been involved in various forestry schemes. Plantations have
been created in Kenya and Tanzania in East Africa utilizing a variety of
tropical confier species. South Africa has undertaken large plantations of
various speeies, particularly P. radiata. West Africa has been involved

in planatation schemes utilizing eucalyptus, gmelina and tropical pines.

Of all the nontraditional producing areas of the globe, nowhere have
commercial forest plantations become more important than in South America.
Plantations of P. radiata have been in place in Chile for about 75 years. In
recent years the planting activity in Chile has increased substantially.
Significant plantation activity ¥s also underway in Columbia, Surinam and
Argentina. In Venezuela interest in large commercial plantations has become
serious only within the past decade or less. However, the level of activity
is substantial, involving hundreds of thousands of hatares, and the potential
great due to the availability of large areas of land with few alternative
uses. However, the country with the most active commercial forestry section
is clearly Brazil. Within the past 10 years Brazil has planted some 3 to 3.5
million hatares of new plantation forests, both confiers and nonconfier. 1In
addition, the potential for expansion is vast and every indication is that
the Brazilians intend to continue this expansion.

Although plantations are still only a small fraction of the world's

total forested area the current areas involved belie their true potential.
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Industrial potential is the result of not only more land being converted
into forest plantations, but also of the probable volumes of output. These
are likely to be large, since the physical productivity of the plantation
is usually large due to the likelihood of location in regions of high
biological growth and also due to management practices which increase usable
growth.

Many observers anticipate a growing scarcity of wood through the remainder

of this century and into the next accompanied by an attendent rise in the
relative price of wood products and the primary forest resource. Given
these expectations it is certainly prudent to investigate the potential of
plantation forests in meeting future demand and to recognize that the possibility
of higher future real stumpage prices may provide incentives for forestry

investments not previously economically justifiable.

Study Objectives:

The purpose of this study is to undertake a broad general analysis of the
comparative economic potential of wood growing plantations in a number of
locations around the globe* for pulp and lumber production for major world
markets. The study is not designed to evaluate specific sites or specific
existing plantations, but rather to investigate the comparative economic
potential for wood plantations in a number of world regions based upon the
biological possibilities that are known or believed to exist, the locations
of the regions with respect to major world markets, and the species and
quality of the wood that can be produced. The focus of this analysis is
economic as opposed to financial. A region may enhance or diminish the
finacial viability of investments in forest plantations by altering the

set of taxes, subsidies, etc. that apply to that region. However, it is

* The regions to be investigated include the Pacific Northwest of North America,
the U.S. South, the Nordic countries, South Brazil, Amazonia, Central Brazil,
West Africa, South Africa, New Zealand, Chile, Australia and Bormeo.
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our intention to focus upon the inherent economic fundamentals created by
biological and locational considerations. Not only is the study focus
economic, but it is directed at the economics of plantation forestry alone
and not to the economics of pulp or sawmills. To maintain this perspective,
the study will assume that nonwood production costs of pulp and sawmills are
identical worldwide. This is in keeping with the objective of the study which
is to provide a general assessment of the economics of timber growing production
for world markets in the various regions of the globe selected. It should also
be noted that since our study is directed at production for the world market,
the economics of production for local or regional markets are ignored and may
well be quite different from the study's findings for the world market.

The study makes no pretext of generating definitive results. The future
is always uncertain and we see it at best darkly. Rather the objective of
the study is to identify in a systematic fashion several important factors
that will determine the economic viability of plantations in various regions
around the globe for production of world markets, to investigate the trade-
off between the identified important economic and biological factors, and to
utilize existing data to assess, in a general fashion, the comparative economics
of production in several potentially important regions. The analysis for
regional potential utilizes the construction of a representative plantation
for a region and hence is regionally but not site specific. It goes without
saying that there is considerable variation between sites, even within a region,
and hence the reader cannot apply the results of the study to a particular
site in the absence of additional site specific analysis. Finally the study
does not incorporate ecological and envirommental considerations into the
principal methodological approach. However, a chapter of the study will be

devoted to an assessment of the state of current scientific thinking with
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regard to the ecological and environmental implications of forest plantations,

particularly in the tropics.

Conceptual Approach:

The conceptual approach treats the world market for pulp and lumber--
Japan, the Northeast U.S. and Western Europe--as a well integrated market
where price differentials for the homogeneous commodities are wholly explained
by transport and related costs. Transport costs are treated as a function
of distance. Mills are distributed in various regions throughout the world and
are part of fully integrated mill/plantation operations. For each region
under investigation a representative plantation/mill complex is constructed.
Since our focus is the plantation activity, we assume that mills are every-
where identical emboding identical technology and having identical nonwood
costs including the desired return to capital. Such a perspective is
necessary to allow the analysis to focus upon the economics of the plantation
aspects of production rather than an intermixture of plantation and mill
considerations. Utilizing the above ''model' the implicit value of wood
delivered to the mill can be deduced as the difference between the world
market price of the commodity and the sum of the international transport
costs plus the nonwood mill production costs. Harvest and local transport
costs are removed from delivered wood costs to obtain the implicit price of
stumpage.

Utilizing the implicit stumpage price for the various regional plantations
together with specific information regarding the productivity and
costs of the regionally representative plantation, an estimate of the
discounted present value (DPV) of the various regional plantations can be

obtained.
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Two different production regimes will be examined, a) an operation that
is directed solely to the production of bleached kraft pulp, and b) a
production operation that views lumber as its major product with the
thinnings and wood residuals being utilized for pulp production.

In addition, alternative scenarios will be examined which incorporate
a wide array of assumptions. These will include in the most abstract (simple)
form an analysis which focuses exclusively upon biological growth of a pulp-
wood operation focusing upon the importance of biological growth alone in a
pulpwood plantation. Subsequently, international transporation costs will
be introduced and the trade-offs between location, biological growth, and
perhaps rotation length, will be examined holding other costs constant.
Sensitivity analysis will be undertaken to determine the extent to which the
results will vary as changes in growth rates, international transportation
costs, and plantation costs occur. Systematically the analysis will introduce
additional considerations which will add to the complexity of the analysis
as they add to the analytical realism. This complexity will include integrate
sawtimber/pulpwood plantations. In its most detailed form the analysis will
incorporate regionally specific management costs for integrated plantation
complexes with regionally specific biological production functions and
plantation costs with international transport costs. Throughout, the focus
will be upon the world market which is treated as well integrated.

Utilizing the above described conceptual approach, the analysis will
estimate a unique discounted present value (DPV) for each regional, species,
different set of production outputs, etc.

A ranking of DPV for each scenario will provide an estimate of the
capitalized value of the particular forest site for timber production over

a long time horizon. However, in itself, the DPV will not indicate the economic
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viability of a particular site since land acquisition costs and plantation
development costs have not been considered. An economic interpretation of
the meaning of the various DPV is as follows: The DPV indicates the amount
of initial investment that the rational investor should be willing to pay
in order to bring that land into a forest plantation operation of the type
discussed above, i.e. the price he is w&lling to pay for the asset. If the
acquisition and development costs are equal to the DPV, the implication is
that the project will return to the investor a percentage return equal to
the discount rate used in the analysis. If the acquisition and development
costs are less than the DPV, the return will be greater than the discouﬁf
rate used in the analysis. If the acquisitions and development costs are
greater than the DPV the project returns do not cover the opportunity costs
of the land and capital required to get the plantation on stream. The
analysis does not attempt to assess the development costs for each region
since these costs would obviously be highly site specific. However, certain
broad observations are made for the various regions based upon knowledge of

that region acquired in undertaking this project.

Some Specifics:

The specific approach has several dimensions. First, a representative
plantation is being developed for each of the regions, species, and plantation
types under consideration. The object is to represent a typical or average
plantation for the region. Each representative plantation will specify a
production and management regime consistent with common practices in commercial
plantations within the region. This will include species, major product
(pulpwood or sawtimber), rotation length, biological growth rate, and a set

and time profile of management practices (these include site preparation,
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planting, cleaning, thinning, harvesting, etc.) utilizing available data,
the costs of the various management activities will be identified. A
region may have more than one representative plantation. For example,
Southern Brazil has several possible representative plantations including
a pine fiber plantation, a eucalyptus sawtimber plantation, etc. The

same will be true for other regions. In all, perhaps 20-30 representative
plantations will be constructed. However, we anticipate that the analysis
will focus on a subset of these.

Second, a global matrix is being developed that relates world markets for
pulp and sawtimber to the raw material supplies in the various plantations.

As noted, the world markets for pulp and sawtimber are defined as being Japan,
the U.S. Northeast, and Western Europe. Prices in these three markets are
defined as not differing by more than the cost of transportation between

them. Pacific Northwest Region of North America (PNW) establishes the
baseline market prices with the world market prices equaling the PNW price
plus transporation costs from the PNW to that region. The rationale for

this procedure is that the PNW has traditionally competed simultaneously

in the three segments of the world market under consideration.

For a particular commodity in the world market a comcentric  zone framework
can be developed. For example, the mill price of the pulp at the plantation
will equal the world market price minus transport costs. Therefore, as the
plantation mill increases its distance from the relevant world market, the
mill price of the pulp will decrease. Utilizing the above perspective and
the knowledge of the nonwood costs, the residual can be assigned as the implicit
wood price delivered to the mill. The substraction of the harvests and
transport costs leaves a residual that is the amount left for stumpage or

the implicit stumpage value. To cite a specific example, suppose that the
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world market price of long-fiber bleached kraft pulp is $450 delivered to

the world market. Suppose that the nonwood costs of production of a typical
mill utilized worldwide is $310. This figure would include not only the normal
return to the capital but also the costs of the power, chemicals, labor, and
other nonwood inputs. The residual, $140, would be available to cover
transportation costs to the world market and wood input costs delivered

to the mill. If transport costs to a region were (say) $50 per ton for

pulp, a residual of $90 per ton would be available to cover wood costs. One
ton of pulp requires about 4.7'm3 of pine per ton of woodpulp, therefore,

the implicit residual per 53 is $19.1S per m3 at the mill. If harvest and
wood transport costs to the mill are about $12 per m3, the implicit stumpage
value is $7.15 per m3. Should pulp international transport costs rise from
$50 to $75, only a $65 residual would be available to cover delivered wood
costs, i.e. $13,83 per m3. After $12 has been removed for harvest and
transport costs, a residual of only $1.83 per m3 is available as the implicit
stumpage value. Using this procedure estimates of regional stumpage prices
can be obtained.

The above illustration demonstratesvthe importance of location and shows
that an increase in transportation costs will directly impact upon the
implicit stumpage value. Of course, to the extent that nonwood mill costs
or harvest and delivery costs to mill are reduced, the residual value of the
stumpage is increased.

Finally, the time profile of costs and outputs of the regional rep-
resentative plantation will be combined with the estimate of regional
stumpage value deduced from the transportation matrix to estimate a DPV
for the various regions. Alternative scenarios based on different assump-

tions concerning costs, discount rates and future prices will be examined.
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Appendix

Comparative Economics of Timber Plantation

Overview

A. International and World
Market Considerations

Conceptual Approach

World Transport Matrix

(implicit regional stumpage prices)

Representative Plantation

Regionally Specific

Biological Production Function

(regional physical output)

Regional
Discounted Present

Value -

Management Regime

(regional physical inputs and costs)
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B. International and World Market Considerations

World Mark Price of Relevant
Qutput Per Unit

less international transport costs
per unit to various regions

Implicit Price Per Unit of Output
at Regional Mill

less nonwood mill costs
per unit output

Implicit Mill Costs (Price) of
Wood Inputs per Unit Output

Adjust by Technical Coefficient

Implicit Mill Costs (Price) of
of Wood per Unit Wood

Less harvest and transport to
mill costs

\Vg

Implicit Stumpage Price
Per Unit Wood
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C. Biological Production Functions

Biological Growth is dependent upon:

a)
b)
c)

d)

Region (average site conditions)
Time
Species

Management practices

D. Management Regime and Costs

a)
b)
c)
d)

E. Outputs

F. Regions

Qutput mix desired
Region
Species

Costs for region

Bleached Kraft pulp
B. K. pulp and lumber

(species)

Pacific North West (Douglas Fir)
U.S. South (Loblolly Pine)
Nordic (N9rway Spruce)

Amazonia (Gmelina, Tropical Pine)
Central Brazil (Eucalyptus)
Southern Brazil (Loblolly Pine)
Chile (P. Radiata)

New Zealand (P. Radiata)
Australia (P. Radiata)

Borneo (Tropical Pine)

South Africa (P. Radiata)

West Africa (Gmelina)
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ABSTRACT

This paper describes a dynamic linear programming model for
studying long-range development alternatives of forestry and
forest based industries at a national and regional level. The
Finnish forest sector is used as an object of implementation and
for numerical examples. Our model is comprised of two subsystems,
the forestry and the industrial subsystem, which are linked to
each other through the wood supply. The forestry submodel de-
scribes the development of the volume and age distribution of
different tree species within the nation or its subregions. 1In
the industrial submodel we consider various production activities,
such as saw mill industry, panel industry, pulp and paper industry,
as well as further processing of primary products. For a single
product, alternative technologies may be employed. Thus, the
production process is described by a small Leontief model with
substitution. Besides supply of wood and demand of wood products,
production is restricted through labor availability, production
capacity, and financial resources. The production activities
are grouped into financial units and the investments are made
within the financial resources of such units. Objective functions
related to GNP, balance of payments, employment, wage income,
stumpage earnings, and industrial profit have been formulated.
Terminal conditions have been proposed to be determined through
an optimal solution of a stationary model for the whole forest
sector.

The structure of the integrated forestry-forest industry
model is given in the canonical form of dynamic linear programs
for which special solution techniques may be employed. Two
versions of the Finnish forest sector models have been imple-
mented for the interactive mathematical programming system
called SESAME, and a few numerical runs have been presented to
illustrate possible use of the model.
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A MODEL FOR THE FOREST SECTOR

M. Kallio, A. Propoi, and R. Seppdlad

1. INTRODUCTION

As 1s the case with several natural resources, many regions
of the world are now at the transition period from ample to scarce
wood resources. Because the forest sector plays an important
role in the economy of some countries, long-term policy analysis
of the forest sector, i.e., forestry and forest industries, is
becoming an important issue for these countries.

We may single out two basic approaches for analyzing long-
range development of the forest sector: simulation and optimi-
zation. Simulation techniques (e.g., system dynamics) allow
us to understand and to quantify basic relationships influencing
the development of the forest sector (see Jegr et al. 1978,
Randers 1976, Seppdld et al. forthcoming). Hence, using a simu-
lation technique we can evaluate the consequences of a specific
policy. However, using only simulation it is difficult to find
a "proper" (or in some sense optimal) policy. The reason for
this is that the forest sector is in fact a large-scale dynamic
system and, on the basis of simulation alone, it is difficult to
select an appropriate policy which should satisfy a large number
of conditions and requirements. For this we need an optimization

technique. Because of the complexity of the system in question,
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linear programming (Dantzig 1963) may be considered as the most
appropriate technique for this case. It is worthwhile to note
that the optimization technique itself should be used on some
simulation basis; i.e., different numerical runs based on dif-
ferent assumptions and objective functions should be carried
out to aid the selection of an appropriate policy. Specific
applications of such an approach for planning an integrated
system of forestry and forest industries have been presented,
for instance, by Jackson (1974) and Barros and Weintraub (1979).

Already because of the nature of growth of the forests,
the model should necessarily be dynamic. Therefore, in this
paper we consider a dynamic linear programming (DLP) model for
the forest sector. In this approach the planning horizon (e.g.,
a 50-year period) is partitioned into a (finite) number of time
periods (e.g., 5-year periods) and for each of these shorter
periods we consider a static linear programming model. A dynamic
LP is then just a linear program comprising of such static models
which are interlinked via various state variables (i.e., different
types of "inventories", such as wood in the forests, production
capacity, assets, liabilities, etc., at the end of a given period
are egqual to those at the beginning of the following period).
In our forest sector model, each such static model comprises
two basic submodels: a forestry submodel, and an industrial
model of production, marketing and financing. The forestry
submodel describes also ecological and land availability con-
straints for the forest, as well as labor and machinery constraints

for harvesting and planting activities.

The industrial submodel is described by a small input-out-
put model with both mechanical (e.g., sawmill and plywood) and
chemical (e.g., pulp and paper) production activities. Also
secondary processing of the primary products will be included
in the model, in particular, because of the expected importance
of such activities in the future.

The rate of production is restricted by wood supply (which
is one of the major links between the submodels), by final demand
for wood products, by labor force supply, by production capacity

availability, and finally, by financial considerations.
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The evaluation criterion in comparing alternative policies
for the forest sector is highly multiobjective: while selecting
a reasonable long-term policy, preferences of different interest
groups (such as government, industry, labor, and forest owners)
have to be taken simultaneously into account. It should also
be noted that forestry and industry submodels have different
transient times: a forest normally requires a growing period of
at least 40 to 60 years whereas a major structural change in the
industry may be carried out within a much shorter period. Because
of the complexity of the system, it is sometimes desirable to
consider the forestry and the industries on some independent
basis, each with its own objective(s), and to analyze an inte-
grated model thereafter (see Kallio et al. 1979).

The paper is divided into two parts. 1In the first part
(Sections 2-4) we describe the methodological approach. 1In the
second part (Section 5) a specific implementation for the Finnish
forest sector is described and illustrated with somewhat hypo-

thetical numerical examples.,

2. THE FORESTRY SUBSYSTEM

Mathematical programming is a widely applied technique for
operations management and planning in forestry (e.g., Navon 1971,
Dantzig 1974, Kilkki et al. 1977, Newnham 1975, Naslund 1969,
Wardle 1965, Ware and Clutter 1971, Weintraub and Navon 1976,
Williams 1976). 1In this section we follow a traditional formu-
lation of the forests' tree population into a dynamic linear
programming system. We describe the forestry submodel, where
the decision variables (control activities) are harvesting and
planting activities, and where the state of the forests is
represented by the volume of trees in different species and
age groups. Because the model is formulated in the DLP frame-
work, we single out the following: (i) state equations which
describe the development of the system, (ii) constraints which
restrict feasible trajectories of the forest development, (iii)

planning horizon, and (iv) objective function(s).
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2.1 State Equations

Each tree in the forest is assigned to a class of trees
specifying the age and the species of the tree. A tree belongs
to age group a (a = 1,..., N=-1) if its age 1s at least (a-1)A
but less than aA, where A is a given time interval (for example,
five years). 1In the highest age group a = N all trees are in-
cluded which have an age of at least (N-1)A. (Instead of age
groups, we might alternatively assign trees to size groups speci-
fied by the trees' diameter.) We denote by wsa(t) the number of
trees of species s, s = 1,2,3,..., (e.g., pine, spruce, birch,
etc.) in age group a at the beginning of time period t,
t=20,%1,..., T.

S
aa'
group a that will proceed to the age group a' during time period

Let «a (t) show the ratio of trees of species s and in age
t. We shall consider a model formulation where the length of
each time period is A. Therefore, we may assume that aza.(t)

1s independent of t and equal to zero unless a' is equal to a+1

(or a for the highest age group). We denote then aza,(t) = az
with 0 < ai < 1. The ratio 1 - ai may then be called the attri-

tion rate corresponding to time interval A and tree species s in
age group a. We introduce a subvector w,(t) = {wsa(t)}, speci-
fying the age distribution of trees (number of trees) for each

tree species s at the beginning of time period t. Assuming neither
harvesting nor planting, the age distribution of trees at the
beginning of the next time period t+1 will then be given by

asws(t) where o° is the square N x N growth matrix, describing
aging and death of the trees resulting from natural causes. By

our definition, it has the form

0 0 0
S
a, 0 0
as =10 as
S s
_0 .« Oneq %y
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Introducing a vector w(t) = {ws(t)} = {w_,(t)}, describing
tree species and age distribution and a block-diagonal matrix a
with submatrices a° on its diagonal, the species and age distri-
bution at the beginning of period t+1 will be given by aw(t).

We denote by u+(t) and u (t) the vectors of planting and har-
vesting activities at time period t. The state equation describ-

ing the development of the forest will then be
wit+1) = aw(t) + nut(t) -—wu (e) , (1)

where matrices n and w specify planting and harvesting

s . + - .
activities in such a way that nu (t) and -wu (t) are the incre-
mental change in numbers of trees resulting from planting and

harvesting activities, respectively.

A planting activity n may be specified to mean planting of
1)

one tree of species s which enters the first age group (a
during period t. Thus, matrix n has one unit column vector

for each tree species s. The nonzero element of such a column
is on the row of the first age group for tree species s in equa-
tion (1).

A harvesting activity h is specified by variables uh(t)
which determine the level of this activity (e.g., final harvest-
ing, thinning, etc.). The coefficients wzh of matrix w
are defined so that w:hug(t) is the number of trees of species
s from age group a harvested when activity h is applied at level
u;(t). Thus, these coefficients show the age and species dis-

tribution of trees harvested when activity h is applied.

Sometimes the harvesting activities can be specified simply
by the numbers of trees of species s and age a harvested during
time period t. There is some danger in this specification, however,
because the solution of the model may suggest that only one or
very few age groups will be harvested at each time period t.
This would of course be unrealistic in practice. Therefore, it
is recommended that each harvesting activity is defined through

a tree distribution corresponding to actual operations.
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2.2 Constraints

Land. Let H(t) be the vector of total acreage of different

types d of land available for forests at time period t. A land

type d may refer, for instance, to a soil type. Let Gz be the

area of land species d required by one tree of species 2 and age
group a. We assume that each tree species uses only one type
of land d; i.e., only one of the elements sz, d=1, 2, ...,
is nonzero. Thus, if we consider more than one land type, then
the tree species s may also refer to the soil. Defining the

matrix G = (Gid), we have the land availability restriction
Gw(t) < H(t) . (2)

In this formulation we assume that the land area H(t) is
exogenously given. Alternatively, we may endogenize vector H(t)
by introducing activities and a state equation for changing the
area of different types of land. Such a formulation is justi-
fied if changes in soil type over time 1s considered or if some
other land intensive activities, such as agriculture, are included

in the model.

Besides land availability constraints, requirements for
allocating land for certain purposes (such as preserving the
forest as a water shed or as a recreational area) may be stated
in the form of inequality (2). In such a case (the negative of)
a component of H(t) would define a lower bound on such an alloca-
tion, while the left hand side would yield the (negative of)

land allocated in a solution of the model.

Sometimes constraints on land availability may be given
in the form of equalities which require that all land which is
made available through harvesting at a time period should be
used in the same time period for planting new trees of the type
appropriate for the soil. Forest laws in many countries even

require following this type of pattern.

Labor and other resources. Harvesting and planting acti-

vities require resources such as machinery and labor. Let

R;n(t) and R;h(t) be the usage of resource g at the unit level
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of planting activity n and harvesting activity h, respectively.
L . + + - -

Defining the matrices R (t) = {Rgn(t)} and R (t) = {Rgh(t)} ,

and vector R(t) = {Rg(t)} of available resources during period

t, we may write the resource availability constraint as follows:

RV (t)u¥(t) + RT(B)u™(t) < R(t) . (3)

Wood supply. The requirements for wood supply from forestry

to industries can be given in the form:
S(thu (t) = y(t) (4)

where vector y(t) = {yk(t)} specifies the requirements for dif-
ferent timber assortments k (e.g., pine log, spruce pulpwood,
etc.), and matrix S(t) transforms quantities of harvested trees
of different species and age into the volume of different timber
assortments. Note that the volume of any given tree being har-
vested is assigned in (4) to log and pulpwood in a ratio which

depends on the species and age group of the tree.

2.3 Planning Horizon

The forest as a system has a very long transient time: one
rotation of the forest may in extreme conditions require more
than one hundred years. Naturally, various uncertainties make
it difficult to plan for such a long time horizon. On the other
hand, if the planning horizon is too short we cannot take into
account all the consequences of activities implemented at the
beginning of the planning horizon. As a compromise we may think
of a planning horizon of 50 to 80 years. Thus, if one period
represents an interval of five years, the model will constitute
10 to 16 stages. It should be noted that such a planning horizon
is unnecessarily long for the industrial subsystem and too short
for the forestry subsystem. In order to eliminate the latter
difficulty, it is desirable to analyze a stationary regime for
the forests. In this case we set w(t+1) = w(t) = w, for all t.
Similarly planting and harvesting activities are taken indepen-
dent of time; i.e., u'(t) = u’ and u"(t) = u~, for all t. The

state equation (1) can then be restated as
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+
w=oaw + nu - wa . (1a)

Imposing constraints (2) through (4) on variables w, u+,
and u , we can solve the static linear programming problem and
find an optimal stationary state w* of the forest (and corre-
sponding harvesting and planting activities). This approach
has been used, for instance, by Rorres (1978) for finding the
stationary maximum yield of a harvest. The solution of a dynamic

linear program with terminal constraints

yields the optimal transition to this stationary state.

Another way of introducing a stationary state is to consider
an infinite period formulation and to impose constraints w{t) =
w(t+1), u (t) = u (t+1) and u'(t) = u’(t+1), for all t > T. If
the model parameters for period t are assumed independent of time
for all t > T, then the dynamic infinite horizon linear program-
ming model may be formulated as a T+1 period problem where the
last period represents a stationary solution for periods t > T,
and the first T periods represent the transition from the ini-

tial state to the stationary solution.

There is a certain difference in these two approaches of
handling the stationary state. In the first approach, when (5)
1s applied, we first find the optimal stationary solution in-
dependently of the transition period, and thereafter we deter-
mine the optimal transition to this stationary state. 1In the
latter approach we link the transition period with the period
corresponding to the stationary solution. The linkage takes
place in the stationary state variables which are determined
in an optimal way taking into account both time periods simul-

taneously.

2.4 Objective Functions

The forest management described above, has a very multi-
objective nature. For example, the following objectives have

been mentioned (Dantzig 1974, Steuer and Schuler 1978):
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1) obtaining higher yields of round wood; 2) preserving the
watershed; 3) preserving the forest as a recreational area;

4) making the forest resilient to diseases, fire, droughts, etc.
Some of these objectives may be included in objective function(s),
while others can be given as constraints. In Section 2.2 we

considered some of these types of objectives as constraints.

A common objective which is also used as an objective
function is the discounted sum of net income in forestry. This

profit may be expressed as. a-linear combination of the decision

variables:

T-1
L

t=0

B(t) [ (t)u"(t) - JT(e)u™(e)1 . (6)

Here J (t) accounts for the mill price of the wood less trans-
portation and harvesting costs at unit level. Vector J+(t)
refers to planting costs at unit level and B(t) is a discounting
factor. For illustrative purposes we shall use this objective

function for forestry.

2.5 Forestry Model

In summary, our forestry model may now be stated as
follows. Given state equation (1), an initial state w(0) = w0
and a terminal state w(T) = w*, find such nonnegative controls
{u”(£)} and {u (t)} (¢ = 0,1,..., T-1), which satisfy con-
straints (2) through (4), yield nonnegative state vectors w(t)

and maximize the aggregated profit defined in (6).

In this problem the vector y(t) of wood supply, the (vec-
tor of) available land H(t), and the availability of labor and
other resources R(t) are given exogenously. Therefore, policy
analysis for forestry on the basis of only this submodel is very
limited in its possibilities. We shall link below this submodel
with an industrial submodel describing transformation of

wood raw material into products.
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Note that our formulation may also be considered as a
regionalized forestry model. 1In this case we only have to
extend the meaning of various indices (tree species s, planting
activity n, harvesting activity h, land type d, resource g, and
timber assortment k) to refer, in addition to the above, also

to various subregions within the nation.

3. THE INDUSTRIAL SUBSYSTEM

We will now consider the industrial subsystem of the forest
sector. Again the formulation is a dynamic linear programming
model. We discuss first the section related to production and
final demend of wood products, then the financial considerations

and the complete industrial submodel thereafter.

3.1 Production and Demand

Let x(t) be the vector (levels of) of production activities
for period t, for t = 0, 1,..., T-1. Such an activity i may
include production of sawn wood, panels, pulp, paper, converted
products, etc. For each single product j, there may exist
several alternative production activities i1 which are specified
through alternative uses of raw material, technology, etc. Let
U be the matrix of wood usage per unit of production activity
so that the wood processed by industries during period t is given
by vector Ux(t). Note that matrix U has one row corresponding
to each timber assortment k (corresponding to the components
of supply vector y(t) in the forestry model). Some of the
elements in U may be negative. For instance, saw milling con-
sumes logs but produces raw material (industrial residuals) for
pulp mills. This byproduct appears as a negative component in
matrix U. We denote by r(t) = {rk(t)} the vector of wood raw
material inventories at the beginning of period t (i.e., wood
harvested but not processed by the industry). As above, let
y{(t) be the amount of wood harvested in different timber assort-
ments, and z+(t) and z (t) the (vectors of) import and export
of different assortments of wood, respectively during period t.
Then we have the following state equation for the wood raw ma-

terial inventory:
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T(t+1) = r(t) + y(t) = Ux(t) + 27 () - 27(t) . (7)

In other words, the wood inventory at the end of period t is

the inventory at the beginning of that period plus wood harvested
and imported less wood consumed and exported (during that period).
Note that if there is no storage (change), and no import nor export
of wood, then (7) reduces to y(t) = Ux(t); i.e., wood harvested
equals the consumption of wood. For wood import and export we
assume upper limits z¥(t) and 2z~ (t), respectively:

2Pe) <zt(t) and 2T(t) <zT(B) . (8)

The production process may be described by a simple input-
output model with substitution. Let A(t) be an input-output
matrix having one row for each product j and one column for each
production activity i so that A(t)x(t) is the (vector of) net
production when production activity levels are given by x(t).
Let m(t) = {mj(t)} and e(t) = {ej(t)} be the vectors of import
from and export to the forest sector, respectively, for products
j. Then, excluding from consideration a possible change in the

product inventory, we have
A(t)x(t) + m(t) - e(t) =0 . (9)

Both for export and for import we assume externally given bounds

E(t) and M(t), respectively:
e(t) < E(t) ' (10)
m(t) < M(t) . (11)

Production activities are further restricted through labor
and mill capacities. Let L(t) be the vector of different types
of labor available for the forest industries. Labor may be
classified in different ways taking into account, for instance, type
of production, and the type of responsibilities in the produc-
tion process (e.g., work force, management, etc.). Let p(t)
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be a coefficient matrix so that p(t)x(t) is the (vector of)
demand for different types of labor given production activity

levels x(t). Thus we have
p(t)x(t) < L(t) . (12)

We will consider the production (mill) capacity as an en-
dogenous state variable. Let g(t) be the vector of the amount
of different types of such capacity at the beginning of period
t. Such types may be distinguished by region (where the capac-
ity is located), by type of product for which it is used and by
different technologies to produce a given product. Let Q(t) be
a coefficient matrix so that Q(t)x(t) is the demand (vector)
for these types of capacity. Such a matrix has nonzero elements
only when the region-product-technology combination of a produc-
tion activity matches with that of the type of capacity. The

production capacity restriction is then given as
Q(t)x(t) < q(t) . (13)

The development of the capacity is given by a state equa-

tion
g(t+1) = (I-8)g(t) + v(t) ’ (14)

where 6 is a diagonal matrix accounting for (physical) depre-

cation and v(t) 1s a vector of investments (in physical units).
Capacity expanSions are restricted through financial resources.
We do not consider possible constraints of other sectors, such
as heavy machinery or building industry, whose capacity may be

employed in investments of the forest sector.

3.2 Finance

We will now turn our discussion to the financial aspects.
We partition the set of production activities i into financial
units (so that each activity belongs uniquely to one financial

unit). Furthermore, we assume that each production capacity
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1s assigned to a financial unit so that each production activity
employs only capacities assigned to the same financial unit as

the activity itself.

Production capacity in (14) is given in physical units.
For financial calculations (such as determining taxation) we
define a vector g(t) of fixed assets. Each component of this
vector determines fixed assets (in monetary units) for a finan-
cial unit related to the capacity assigned to that unit. Thus,
fixed assets are aggregated according to the grouping of pro-
duction activities into financial units, for instance, by region,

by industry, or by groups of industries.

Financial and physical depreciation may differ from each
other; for instance, when the former is defined by law. We
define a diagonal matrix (I-§(t)) so that (I-8(t))qg(t) is
the vector of fixed assets left at the end of period t when
investments are not taken into account. Let K(t) be a matrix
where each component determines the increase in fixed assets
(of a certain financial unit) per (physical) unit of an invest-
ment activity. Thus the components of vector XK(t)v(t) determine
the increase in fixed assets (in monetary units) for the finan-
cial units when investment activities are applied (in physical
units) at a level determined by vector v(t). Then we have the

following state equation for fixed assets:
g(t+1) = (I-8(t))q(t) + K(t)v(t) . (15)

For each financial unit we consider external financing
{long-term debt) as an endogenous state variable. Let 2 (t)
be the (vector of) beginning balance of external financing for
different financial units in period t. Similarly, let 2+(t)
and & (t) be the (vectors of) drawings of debt and the repayments
made dufing period t. 1In this notation, the state equation for

long-term debt is as follows:

L(t+1) = 2(t) + V() - LT (&) . (16)
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We will restrict the total amount for long-term debt through
a measure which may be considered as a realization value of a
financial unit. :This measure is a given percentage of the total
assets less short-term liabilities. Let u(t) be a diagonal
matrix of such percentages, let b(t) be the (endogenous vector
of) total stockholders equity (including cumulative profit and

stock). Then the upper limit on loans is given as

[(I-u(t)]a(t) < u(t)b(t) . (17)

Alternatively, external financing may be limited, for in-
stance, to a percentage of a theoretical annual revenue (based
on available production capacity and on assumed prices of pro-
ducts). Note that no repayment schedule has been introduced in
our formulation, because an increase in repayment can always be

compensated by an increase of drawings in the state equation (16).

Next we will consider the profit (or loss) from period t.
Let p+(t) and p-(t) be vectors whose components indicate profits
and losses, respectively, for the financial units. By definition,
both profit and loss cannot be simultaneously nonzero for any
financial unit. For a solution of the model, this fact usually

results from the choice of an objective function.

Let P(t) be a matrix of prices for products (having one
column for each product and one row for each financial unit)
so that the vector of revenue (for different financial units)
from sales e(t) outside the forest industry is given by P(t)e(t).
Let C(t) be a matrix of direct unit production costs, including,
for instance, wood, energy, and direct labor costs. Each row
of C(t) refers to a financial unit and each column to a pro-
duction activity. The (vector) of direct production costs for

financial units is then given by C(t)x(t).

The fixed production costs may be assumed proportional to
the (physical) production capacity. We define a matrix F (x)
so that the vecfor F(t)g(t) yields the fixed costs of period t
for the financial units. According to our notation above,

(financial) depreciation is given by the vector §(t)g(t).
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We assume that interest is paid on the beginning balance of debt.
Thus, if e(t) is the diagonal matrix of interest rates, then the
vector of interest paid (by the financial units) is given by
e(t)f(t). Finally, let D(t) be (a vector of) exogeneously given
cash expenditure covering all other costs. Then the profit be-

fore tax (loss) is given as follows:

pT(t) - p(t) = P(t)e(t) - C(t)x(t) - F(t)g(t)
| (18)
- 3(t)g(t) - e(t)a(t) - D(t) .

The stockholder equity b(t), which we already employed

above, satisfies now the following state equation:
b(t+1) = b(t) + [I-t(t)]p (t) - p (t) + B(t) , (19)

where t(t) 1is a diagonal matrix for taxation and B{(t) 1is the

(exogenously given) amount of stock issued during period t.

Finally, we consider cash (and receivables) for each finan-
cial unit. Let c(t) be the vector of cash at the beginning of
period t. The change of cash during period t is due to the
profit after tax (or loss), depreciation (i.e., noncash expen-
diture), drawing of debt, repayment, and investments. Thus
we assume that the possible change in cash due to changes in
accounts receivable, in inventories (wood, end products, etc.)
and in accounts payable cancel each other (or that these quan-
tities remain unchanged during the period). Alternatively, such
changes could be taken into account assuming, for instance, that
the accounts payable and receivable, and the inventories are

proportional to annual sales of each financial unit.

Using our earlier notation, the state equation for cash is

now

clt+1) = c(t) + [I-t(t)Ipt(t) - p (t) + §(£)q(¢t)
(20)
+ 27(t) - 27(t) - K(t)v(t) + B(t)
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3.3 Initial State and Terminal Conditions

In our industrial model, we now have the following state
vectors: wood raw material inventory r(t), (physical) production
capacity q(t), fixed assets g(t), long-term debt £(t), cash c(t),
and total stockholders equity b(t). For all of them we have an
initial value and possibly a limit on the terminal value. We
shall refer to the initial and terminal values by superscripts

0 and *, respectively; i.e., we have the initial state given as

- -0
ro) =% , q) =q° , J©O =3 .
(21)
p0y =% , c =<, by =12 ,
and a terminal state restricted, for instance, as follows:
* * - —*
r(T) >r » a(T) > g » 9(T) > g /
(22)
%*
l(T) < 2 ’ C(T) > C

The initial state is determined by the state of the forest in-
dustries at the beginning of the planning horizon. The terminal
state may be determined as a stationary solution similarly as we
described for the forestry model above.

If we consider the wood supply y(t) being exogenous, we
now have an industrial submodel which may be analyzed indepen-
dently from the forestry submodel. A more complete duscussion
on objectives will be given in the next section, but for illus-
trative purposes, we may choose now the discounted sum of indus-

trial profits (after tax) as an objective function:

T-1

§OB(t) [(I-t(t))p (t)-p_(£)] . (23)
t=0

Here B(t) is a (row) vector where components are the discounting

factors for different financial units (for period t).
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3.4 Industrial Model

We may now summarize the industrial model. Given initial
state (21), find nonnegative control vectors x(t), z+(t), z-(t),
m(t), e(t), v(t), 2+(t), () p+(t), and p (t), and nonnegative
state vectors r(t), gq(t), q(t), 2(t), c(t), and b(t), for all t
which satisfy constraints and state equations (7) - (20), the
terminal requirements (22), and maximize the linear functional

given in (23).

As was the case with the forestry model, our industrial
model may also be considered being regionalized. Again various
indices (such as production activities, production capacities,
etc.) should also refer to subregions within the country. Var-
ious transportation costs will then be included in direct pro-
duction costs. For instance for a given product being produced
within a given region there may be alternative production acti-
vities which differ from each other only in the source region of

raw material.

4. THE INTEGRATED SYSTEM

We will now consider the integrated forestry--forest in-
dustries model. First we have a general discussion on possible
formulations of various objective functions for such a model.
Thereafter, we summarize the model in the canonical form of
dynamic linear programming. A tableau representation of the

structure of the integrated model will also be given.

4.1 Objectives

The forest sector may be viewed as a system controlled by
several interest groups or parties. Any given party may have
several objectives which are in conflict with each other.
Obviously, the objectives of one party may be in conflict with
those of another party. For instance, the following parties
may be taken into account: representatives of industry, govern-
ment, labor, and forest owners. Objectives for industry may be
the development of profit of different financial units. Govern-

ment may be interested in the increment of the forest sector
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to the gross national product, to the balance of payments, and
to employment. The labor unions are interested in employment
and total wages earned in forestry and different industries
within the sector. Objectives for forest owners may be the
income earned from selling and harvesting wood. Such objec-
tives refer to different time periods t (of the planning horizon)
and possibly also to different product lines. We will now give
simple examples of formulating such objectives into linear

objective functions.

Industrial profit. The vector of profits for the industrial

financial units was defined above as [I—r(t)]p+(t) - p-(t) for
each period t. If one wants to distinguish between different
financial units, then actually each component of such a vector
may be considered as an objective function. However, often

we aggregate such objectives for practical purposes, for instance,
summing up discounted profits over all time periods, summing

over financial units, or as in (23), summing over both time

periods and financial units.

Increment to gross national product. For the purpose of

defining the increment of the forest sector to the GNP we consi-
der the sector as a "profit center" where no wage is paid to the
employees within the sector, where no price is paid for raw
material originating from this sector, and where no taxes exist.
The increment to the GNP is then the profit for such a center.

We will now make a precise statement of such a profit which may

also be viewed as the valued added in the forest sector.

Let P'(t) be a price vector so that P'{(t)e(t) is the total
revenue from selling wood products outside the forest sector.
Let C'(t) be the vector of direct production unit costs ex-
cluding direct labor cost and cost of raw material which origi-
nates from the forest sector. Let R(t) and R(t) be vectors of
unit cost of planting and harvesting activities, respectively,
excluding labor costs. For simplicity, we may assume that these
latter two cost components include both operating and capital
cost for machinery. The direct operating costs (excluding wages

and wood based raw material) is then given, for period t, by
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C'(t)x(t) + ﬁ(t)u+(t) + R(t)u (t). Also the import and export
of wood based raw material influence the GNP. Let i(t) and i(t)
be price vectors for imported and exported wood raw material,

respectively, and let M'(t) be the price vector of imported

wood based products (to be used as raw material). Thus, the
following term should be added to the GNP of period t:
Z(t)z (t) - 2(t)zV(t) = M' (t)m(t). The influence of the change

in the wood inventory may be neglected in our model. For the
fixed costs all except the labor costs will be taken into account.
Let F'(t) be the vector of such costs per unit of production
capacity, let ¢'(t) be the vector of depreciation factors, and

€' (t) the vector of interest rates (for various financial units).
Then the negative increment of the fixed costs, depreciation

and interest to the GNP is given by F'(t)q(t) + &'(t)g(t) +

+ e'(t)a(t). Summing up, the increment of the forest sector

to the GNP of period t is given by the following expression:
P' (the(t) - C'(t)x(t) ~ rR(t)ut(t) - R(eru™(x) - Z(t)z" (¢)
T (t)z () - M'(E)m(t) - F'(t)q(t) - & (£)3(t) - e'(t)g(t).

Increment to balance of payments. The increment of the

forest sector to the balance of payments has a similar expression
to the one above for the GNP. The changes to be made in this
expression are, first, to multiply the components of the price
vector P'(t) by the share of exports in the total sales e(t);
second, to multiply the components of the cost vectors C'(t),
R(t), ﬁ(t), and F'(t) by the share of imported inputs in each
cost term; third, to multiply each component of €' (t) by the
share of foreign debts (among all long-term debts) of the fi-
nancial unit; and finally, to replace the depreciation function
§'(t)q(t) by investment expenditures K'(t)v(t), where K' (t)

1s a vector expressing investments in imported goods (per unit

of production capacity).

Employment. Total employment (in man-years per period) for

each time period t for different types of labor, in different

activities and regions, has already been expressed in the left
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hand side expressions of inequalities (3) and (12). The expres-
sion for forestry is given by (part of the component of) the
vector RT(t)ut(t) + R™(t)u  (t) and for the industry by the vec-
tor v(t)x(t).

Wage income. For each group of the work force, the wage

income for period t is obtained by multiplying the expressions

for employment above by the annual salary of each such group.

Stumpage earnings. Besides the wage income for forestry

(which we already defined above), and an aggregate profit (as
expressed in (6)), one may account for the stumpage earnings;
i.e., the income related to the wood price prior to harvesting
the tree. Such income is readily obtained by the timber assort-
ments if the components of the harvesting yield vector y(t) are

multiplied by the respective wood prices.

4,2 The Integrated Model

We will now summarize the integrated forestry-industry model
in the canonical form of dynamic linear programming (Propoi and
Krivonozhko 1978). Denote by X(t) the vector of all state vari-
ables (defined above) at the beginning of period t. 1Its compo-
nents include the trees in the forest, different types of
production capacity in the industry, wood inventories, exter-
nal financing, etc. Let Y(t) be the nonnegative vector of
all controls for period t, that is, the vector of all decision
variables, such as levels of harvesting or production activities.
An upper bound vector for Y(t) is denoted by Q(t) (some of whose
components may be infinite). We assume that the objective func-
tion to be maximized is a linear function of the state vectors
X(t) and the control vectors Y(t), and we denote by y(t) and
A(t) the coefficient vectors for X(t) and Y(t), respectively,
for such an objective function. This function may be, for
instance, a linear combination of the objectives defined above.
The initial state X(0) is denoted by XO, and the terminal re-
gquirement for X(T) by X*. Let T(t) and A(t) be the coefficient
matrices for X(t) and Y(t), respectively, and let £(t) be the
exogenous right hand side vector in the state equation for X(t).
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Let $(t), £(t), and y(t) be the corresponding matrices and the
right hand side vector for the constraints. Then the integrated

model can be stated in the canonical form of DLP as follows:
find Y(t), for O <t < T-1, and X(t), for 1 <t <T, to

T-1
maximize § (y(t£)X(t)+A(t)Y(t)) + v(T)X(T) ,
t=0

subject to

X(e+1) = T(t)X(t) + A(t)Y(t) + €(t) , for O

| A
o+
| A
-3
|
—

P(E)X(t) + R(E)Y(E) = w(t) |, for 0 < t

| A
3
1
—
-

0 < X(t) , 0 <¥(t) < %) , for all t ,
with the initial state
0

X(0) =X ’

and with terminal requirement

>

The notation for the constraints and terminal requirement
refers either to =, to < or to >, separately for each constraint.
The coefficient matrix (corresponding to variables X(t), Y (t),
and X(t+1)) and the right hand side vector of the integrated

forestry-industry submodel of period t are given as

=r(t) =A(t) I g(t)

¢(t) Q(t) O p(t)

respectively. Their structure has been illustrated in Figure 1

using the notation introduced in Sections 2 and 3.
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5. APPLICATION TO THE FINNISH FOREST SECTOR
5.1 Implementation

Two versions of the integrated model were implemented for
the SESAME system (Orchard-Hays 1978) (a large interactive mathe-
matical programming system designed for an 1BM/370 and operating
under VM/CMS). The model generators are written using SESAME's
data management extension, called DATAMAT. An actual model is

specified by the data tableaux of the generator programs.

Our two versions have been designed for the Finnish forest
sector. Both of them may have at most ten time periods each of
which is a five year interval. In each case, the country is
considered as a single region. The main differences between
our small and large version are in the number of products,
financial units, and the tree species considered in the forest.

Table 1 shows the dimensions of the two models.

For the small version, the seven product groups in consider-
ation are sawn goods, panels, further processed mechanical wood
products, mechanical pulp, chemical pulp, paper and board, and
converted paper products. For each group we consider a separate
type of production capacity and labor force. In this small
version, we have aggregated all production into one financial
unit. Only one type of tree represents all tree species in the
forests. The trees are classified into 21 age groups. Thus,
the interval being five years, the oldest group contains trees
older than 100 years. Two harvesting activities were made avail-
able: thinning and final harvesting. The main timber assort-

ments in consideration are log and pulpwood.

The larger version has the following 17 product groups:
sawn goods, plywood, particle board, fiberboard, three types of
further processed mechanical products, mechanical pulp, Si-pulp,
Sa-pulp, newsprint, printing and writing paper, other papers,
paperboard, and three types of converted paper products. Again
for each such group we have a separate type of production capacity

as well as labor force. The production is aggregated into seven
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Table 1. Characteristic dimensions of the small and the large
versions of the Finnish forest sector model.

Smal; Large

version version
Number of time periods * 10 10
Length of one period in years* 5 5
Number of regions 1 1
Number of tree species 1 3
Number of age groups for trees* 21 21
Harvesting activities® 2 6
Soil types 1 1
Harvesting and planting resources 1 1
Timber assortments 2 6
Production activities 7 17
Types of labor in the industry 7 17
Types of production capacity 7 17
Number of financial units 1 7
Number of rows in a ten period LP 520 2320
Number of columns in a ten period LP 612 3188

x
The value may be specified arbitrarily by the model data. The
numbers show the actual values being used.
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financial units: saw mills, panels production (plywood, particle
board, and fiberboard), further processing of primary mechanical
wood products, mechanical pulp mills, chemical pulp mills, paper

and board mills, and production of converted paper goods.

Three species of trees appear in the larger version: pine,
spruce, and birch. For each of these we apply the same 21 age
groups as in the small version. The two harvesting activities
(thinning and terminal harvesting) and the two main timber
assortments (log and pulpwood) are now considered separately

for each of the three tree species.

The data for both of the versions of the Finnish model was
provided by the Finnish Forest Research Institute. It is par-
tially based on the official forest statistics (Yearbook of
Forest Statistics 1977/1978) published by the same institute.
Validation runs (which eventually resulted in our current formu-
lation) were carried out by contrasting the model solutions
with the experience gained in the preceeding simulation study
of the Finnish forest sector by Seppdld, Kuuluvainen and Seppald

(forthcoming).

5.2 Numerical Examples

For illustrative purposes we will now describe a few test
runs: two with the small version and one with the larger one.
Most of the data being used in these experiments corresponds
approximately to the Finnish forest sector. This is the case,
for instance, with the initial state; i.e., trees in the forests,
different types of production capacity, etc. Somewhat hypo-
thetical scenarios have been used for certain key quantities,
such as final demand, and price and cost development. Thus,
the results obtained do not necessarily reflect reality. They
have been presented only to illustrate a few possible uses of
the model.

For each test run a ten (five year) period model was con-
structed. Labor constraints both for indsutry and for forestry
were temporarily relaxed. At this stage, no further processing

activity for mechanical wood products but one activity for
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converted paper products was considered. Both wood import and
export were excluded, and pulp import to be used for paper pro-
duction was allowed only in the larger version of the model.

The assumed demand of wood products is given in Table 2. At

the end of the planning horizon, we require that in each age
group there is at least 80 percent of the number of trees ini-
tially in those groups. For production capacity a similar
terminal requirement is 50 percent. Initial production capacity
is given in Table 3 and the initial age distribution of trees

in Figure 8 below.

For the first run the discounted sum of industrial profits
(after tax) was chosen as an objective function. Such an ob-
jective may reflect the industry's behavior given the cost
structure, price development, and other parameters. The results
have been illustrated in Figures 2 through 7. The mechanical
processing activities are limited almost exclusively by the
assumed demand of sawn goods and panels. The same is true for
converted paper products. However, both mechanical and chemical
pulp produced is almost entirely used in paper mills, and there-
fore, the potential demand for export has not been exploited.
Neither have the possibilities for exporting paper been used
fully. As shown in Figure 5, paper export is declining sharply
from the level of 5 million ton/year, approaching zero towards
the end of the planning horizon. This is due to the stongly
increasing production of converted paper products. The corre-
sponding structural change of the production capacity of the
forest industry over the 30 year period from 1980 to 2010 is
given in Table 3. (The sudden decrease in production of panels
and converted paper products is a "planning horizon effect"
which often appears in dynamic LP solutions. Usually it is due
to inappropriate accounting for the future in terminal conditions.
For instance, in our case only a reasonable state was required

at the end of the planning horizon, while an optimal stationary
state might have been more appropriate.)
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Table 2. Assumed annual demand of wood products in Runs 1 - 3.
Period Sawn Panels Mech. Chem. Paper and Converted
wogQd pulp pulp board paper prod.
Mm3/y Mm3/y  Mton/y Mton/y Mton/y Mton/y
1980-84 7.0 1.7 .02 1.2 4.8 0.5
1985-89 7.5 2.0 .01 1.1 5.8 0.7
1990-94 8.0 2.2 .01 1.0 7.0 0.9
1995-99 8.8 2.5 .01 0.9 8.3 1.2
2000-04 9.3 2.8 .01 0.8 9.8 1.6
2005-09 9.7 3.2 .01 0.7 11.6 2.1
2010-14 10.2 3.6 .01 0.7 13.2 2.9
2015-19 10.7 4.1 .01 0.6 15.1 3.8
2020-24 11.2 4.6 .01 0.6 17.1 5.1
2025-29 11.6 5.2 .01 0.6 19.2 6.9

Table 3. Production capacity initially and in 2010 according
to Runs 1 - 3.

Production capacity

L Year 2010
Product Initial Unit

Run 1 Run 2 Run 3

10.2  10.2 M m3/year

Sawn wood 7.0 10.2

Panels 1.7 3.6 3.6 3.6 M m>/year

Mechanical pulp 2.2 1.9 2.2 0.5 M ton/year
Chemical pulp 4.0 4.3 5.8 5.0 M ton/year
Paper (and board) 6.2 6.2 7.3 8.7 M ton/year
Converted paper 0.5 2.9 2.9 2.9 M ton/year

and board products
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The use of wood has been shown in Figure 7. At the be-
ginning the industrial use of wood increases from about 40
million m3/year to the level of 45 million m3/year and stays
rather steadily there. According to Figure 6, the industrial
profit increases from the annual level of .2 billion dollars
towards the end of the planning horizon to around .5 billion

dollars per year.

For the second run we have chosen the discounted sum of the
increments of the forest sector to gross national product as an
objective function. The results have been illustrated using

dotted lines in the same Figures 2 through 7.

Compared with the previous case, there is no significant
difference in the production of sawn goods, panels and converted
paper products for which export demand again limits the produc-
tion. However, there is a significant difference in pulp and
paper production. Pulp (both mechanical and chemical) is now
produced to satisfy fully the demand for export. Paper produc-
tion is now steadily increasing from 5 million ton/year to nearly
9 million ton/year. Paper export is still declining again due
to increasing use for the converting processes of paper products.

Therefore, the export demand for paper is not fully exploited.

The bottleneck for paper production now is the biological
capacity of the forests to supply wood. The use of round wood
increases from about 40 million m3/year to the level of 65
million m3/year. The increase in the yield of the forests may
be explained by the cﬁange in the age structure of the forests
during the planning horizon. Such change over the period 1980-
2010 has been illustrated in Figure 8.

We notice a significant difference in the wood use between
these first two runs. We may conclude that in the first run
(the profit maximization) the national wood resources are being
used in an inefficient way; i.e., under the assumed price and
cost structure the poor profitability of the forest industry
results in an investment behavior which does not make full use

of the forest resources.
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Figure 8, Age distribution of trees in 1980 and in 2010 according to Run2,
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The third run is the same as the first cne except that the
larger version of the model was used and pulp import was allowed
to be used in paper mills. The production of sawn goods and con-
verted paper products, as described by broken lines in Figure 2,
still meet the export demand. However, panel production is
declining and it fallswell below the level of the previous runs.
The reason is that panel production is now considered as a sepa-
rate financial unit which cannot afford to keep up its production
capacity. Thus, an increase in panels production appears to be
possible only if it is supported from other product lines. |
Similarly, the use of spruce for mechanical pulp appears unprofit-
able so that its production is declining. Production of Si-pulp
(for which spruce pulpwood is used) grows steadily from 5 million
ton/year to about 10 million ton/year. No spruce is used for
Sa-pulp but both the use of pine and birch for Sa-pulp increase
over time so that the total production of chemical pulp increases
from about 3.5 million ton/year to the level of 7 million ton/
year during the planning horizon. Thus chemical pulp production

somewhat exceeds the amount produced in the first run.

Paper production in this third run exceeds the level ob-
tained in both previous runs. The reason is that imported
pulp is now allowed to be used in paper mills. (Note that in
the second run, the raw wood supply was the limiting factor for
paper production.) As a consequence, total paper production
increased from 5 million ton/year to above 11 million ton/year.
The share of newsprint is about one fifth and the share of
printing paper one guarter. Only paperboard production appears

to decline.

From the production curves of the primary uses of wood,
i.e., sawn goods, panels and pulp, we may conclude (comparing
with the second run) that wood resources are again being used
inefficiently. It appears that, under the assumed price and
cost structure, fiber (pulp in particular) import to be used
as raw material in paper mills is more profitable than the use

of domestic wood raw material.
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6. SUMMARY AND POSSIBLE FURTHER RESEARCH

We have formulated a dynamic linear programming model of
a forest sector. Such a model may be used for studying long-
range development alternatives of forestry and forest based
industries at a national and regional level. Our model comprises
of two subsystems, the forestry and industrial subsystem, which
are linked to each other through the raw wood supply from forest-
ry to the industries. We may also single out static temporal
submodels of forestry and industries for each interval (e.g.,
for each five year period) considered for the planning horizon.
The dynamic model then comprises of these static submodels
which are coupled with each other through inventory-type of

variables; i.e., through state variables.

The forestry submodel describes the development of the
volume and the age distribution of different tree species within
the nation or its subregions. Among others, we account for the
land available for timber production and the labor available
for harvesting and planting activities. Also ecological con-
straints, such as preserving land as a watershed may be taken

into account.

In the industrial submodel we consider various production
activities, such as saw milling, panel production, pulp and paper
milling, as well as further processing of primary products. For
a single product, alternative production activities employing,
for instance, different technologies, may be included. Thus, the
production process is described by a small Leontief model with
substitution. For the end product demand an exogenously given
upper limit is assumed. Some products, such as pulp, may also
be imported into the forest sector for further processing. Be-
sides biological supply of wood and demand for wood based pro-
ducts, production is restricted through labor availability, pro-
duction capacity, and financial resources. Availability of
different types of labor (by region) is assumed to be given.

The development of different types of production capacity depends
on the initial situation in the country and on the investments

which are endogeneous decisions in the model. The production
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activities are grouped into financial units to which the respec-
tive production capacities belong. The investments are made
within the financial resources of such units. External financing
1s made available to each unit up to a limit which is determined

by the realization value of that unit. Income tax 1s assumed
proportional to the net income of each financial unit.

The structure of the integrated forestry-forest industry
model is given in the canonical form of dynamic linear programs
for which special solution techniques may be employed. (See,
for instance, Kallio and Orchard-Hays 1979, Propoi and Krivonozhko
1978). Objectives related to gross national product, employment
and profit for industry as well as for forestry have been formu-
lated. Terminal conditions (i.e., values for the state variables
at the end of the planning horizon) have been proposed to be
determined through an optimal solution of a stationary model

for the forest sector.

Two verisons of the Finnish forest sector model have been
implemented for the interactive mathematical programming system
called SESAME (Orchard-~Hays 1978). Both versions are ten period
models with each period five vears in length. In neither case
has the country been divided into subregions. The main differ-
ence between these versions are in the number of production
activities and in the number of financial units. No distinction
has been made between the tree species in the smaller version
whereas pine, spruce, and birch are considered explicitly in
the larger one. The complete model amounts to 520 rows and 612

columns in the smaller case, and to 2320 rows and 3188 columns
for the larger model.

A few numerical runs have been presented to illustrate
possible use of the model. Both the discounted industrial
profit and the discounted increment to the GNP were used as
objective functions. The results obtained illustrate a case
where the internal wood price and wage structure results in
a rather poor profitability for the forest industries. This
in turn amounts to an investment behavior which provides insuf-

ficient capacity for making full use of the wood resources.
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However, because of somewhat hypothetical data used for some
key parameters, no conclusions based on these runs should be

made on the Finnish case.

The purpose of this work has been the formulation, imple-
mentation and validation of the Finnish forest sector model.
Natural continuation of this research is to use the model for
studying some important aspects in the forest sector. For in-
stance, the influence of alternative scenarios of the energy
price and the world market prices for wood products would be of
ihterest. Furthermore, the studies could concentrate on employ-
ment and wage rate gquestions, on labor availability restrictions
and productivity, on new technology for harvesting and wood
processing, on the influence of inflation and alternative tax-
ation schemes, on land use between forestry and agriculture,
on site improvement, on ecological constraints, on the use of
wood as a source of energy, etc. Given the required data, such

studies can be carried out relatively easily.

Further research requiring a larger modeling effort may con-
centrate on regional economic aspects, on linking the forest
sector model for consistency to the national economic model, and
on studying the inherent group decision problem for controlling
the development of the forest sector. The first of these three
topics requires a complete revision of our model generating pro-
gram and, of course, the regionalized data. The second task
may be carried out either by building in the model a simple input-
output model for the whole economy where the non-forest sectors
are aggregated up to ten sectors. Alternatively, our current
model may be linked for consistency to an existing national
economic model. The group decision problem has been proposed
to be analyzed, for instance, using a multicriteria optimization
approach (Kallio, Lewandowski, and Orchard-Hays forthcoming)
which is based on the use of reference point optimization
(Wierzbicki 1979).
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APPENDIX: NOTATION

Indices

a, a' age group of trees (range 1,..., N)

type of forest land

type of resource for forestry activities
harvesting activity

production activity (of the forest industries)
industrial product

timber assortment

planting activity

tree species

+ n B X w P O au O

time period (range 1,..., T)

State and control variables

b(t) stockholders equity at the beginning of period t
b = b(0) initial level of stockholders equity
c(t) cash (and receivables)at the beginning of
period t
c0 = c(0) initial amount of cash
c* terminal requirement for cash
e(t) = {ej(t)} export (and sales outside the forest sector) of

forest products during period t
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beginning balance of external finan-
cing for period t

initial balance of external financing

terminal requirement for external
financing

drawings of debt during period t
repayments made during period t

import of forest products during
period t

profits of period t
(financial) losses of period t

production capacity at the beginning
of period t

initial level of production capacity

terminal requirement for production
capacity

fixed assets at the beginning of
period t

initial value of fixed assets
terminal requirement for fixed assets

timber assortments inventory at the
beginning of period t

initial level of timber assortments
inventory

terminal requirement for timber
assortments inventory

level of harvesting activities during
period t

level of harvesting in a stationary
solution

level of planting activities during
period t

level of planting in a stationary
solution

level of investments (in physical
units) during t

number of trees at the beginning of
of period t

initial number of trees

terminal requirement for the number
of trees

number of trees in a stationary solu-
tion



x(t)
X(t)
x0 = x(0)

*
X

y(t) = {y (t)}
Y (t)
27 (t)
2z (t)

Parameters

s
aa'

o (t)

0., 0.
B(t)
y(t)

e(t)
y(t)

d(t)
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level of production activities during period t
state vector at the beginning of period t
initial state

requirement for terminal state

supply of timber assortments during period t
level of control activities during period t
import of timber assortments during period t

export of timber assortments during period t

ratio of trees of species s and in age group
a that will proceed to age group a' during
period t

matrices of coefficients a:a.(t)
discounting factor

objective function coefficients for the state
vector X(t)

coefficient matrix for the state vector X(t)
in the state equation

physical depreciation rates
financial depreciation rates

age interval in an age group of trees (e.qg.,
five years)

interest rates for external financing

right hand side vector of constraints for
period t

coefficient matrix for the state vector X (t)
in constraints for period t

matrix relating planting activities to the
increase in the number of trees

objective function coefficients for the con-
trol vector Y (t)

coefficient matrix for the control vector Y (t)
in the state equation

matrix relating harvesting activities to the
decrease in the number of trees

coefficient matrix for the control vector Y (t)
in constraints for period t

labor requirement for different production
activities

tax factors for the industries during period t



A(t)
B(t)
C(t)
D(t)
E(t)
F(t)

P(t)
Q(t)

R(t) = {R_(t)}

RY(t) = f?ﬁ (t)}
gn

R™(t) = {Rgh(t)}

S(t)

T
U
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upper limit to external financing as a
percentage of total assets less short term
liabilities

right hand side vector for the state equation
of period t

input-output matrix for the forest industries
stock issued during period t

direct unit production costs

exogeneously given costs

upper bound on demand of forest products
fixed costs (per unit of production capacity)

land requirement of the species in various
age groups

land available for forests
identity matrix

objective function coefficients for harvesting
activities (an example)

objective function coefficients for planting
activities (an example)

investment costs per capacity unit

labor available for forest industries
upper limit on import of forest products
number of age groups for trees

prices of forest products

matrix of capacity requirements for production
activities

resources available for forestry activities
resource usage of planting activities
resource usage of harvesting activities

matrix transforming the trees harvested into
volumes of timber assortments

number of time periods

usage of timber assortments by various pro-
duction activities



-146-

REFERENCES

Barros, 0., and A. Weintraub (1979) Planning for Vertically
Integyrated Forest Industry. Presented at Tenth Inter-
national Symposium on Mathematical Programming, Montreal.

Dantzig, G. (1963) Linear Programming and Extensions. Princeton,
N.J.: Princeton Univ. Press.
Dantzig, G. (1974) Determining Optimal Policies for Ecosystems.

Technical Report 74-11. Stanford, California: Department
of Operations Research, Stanford University.

Jackson, B. (1974) Forest Products in the United Kingdom Economy.
Ph.D. thesis, Departnient of Forestry, Oxford University.

Jegr, K., E. Miller, and K. Thompson (1978) PAPRISIM 1 - A
Dynamic Model of the Canadian Pulp and Paper Industry.
Pointe Clair, P.Q.: Pulp and Paper Research Institute
of Canada.

Kallio, M., W. Orchard-Hays, and A. Propoi (1979) Linking of
Optimization ilodels. WP-79-83. Laxenburg, Austria:
International Institute for Applied Systems Analysis.

Kallio, M., and W. Orchard-Hays (1979) Experiments with the
Reduced Gradient Mehtod for Linear Programming. WP-79-84.
Laxenburg, Austria: International Institute for Applied
Systems Analysis. '

Kallio, M., A. Lewandowski, and W. Orchard-Hays (1980) Applica-
tion of a Multicriteria Optimization Method Using Reference
Objectives. Laxenburg, Austria: International Institute
for Applied Systems Analysis. Forthcoming.



-187-

Kilkki, P., K. Kuusela, and M. Siitonen (1977) Timber production
programs for the forestry board districts of southern
Finland. Folia Forestalia 307, The Finnish Research
Institute (in Finnish).

Newnham, R. (1975) LOGPLAN, A Model for Planning Logging Opera-
tions. Information Report FMR-77. Ottawa: Forest Manage-
ment Institute, Canadian Forestry Service.

Navon, Daniel I. (1971) Timber RAM--A Long Range Planning Method
for Commercial Timberlands Under ultiple-Use Management.
USDA Forest Service Research Paper PSW-70. Berkeley,
California: Pacific Southwest Forest and Range Experiment
Station.

Ndslund, B. (1969) Optimal rotation and thinning. Forest Service
15.

Orchard-Hays, W. (1978) Anatomy of a mathematical programming
system. Design and Implementation of Optimization Soft-
ware, edited by H. Greenberg. Netherlands: Sijthoff and
Noordhoff.

Propoi, A., and V. Krivonozhko (1978) The Simplex Method for
Dynamic Linear Programs. RR-78-14. Laxenburg, Austria:
International Institute for Applied Systems Analysis.

Randers, J. (1976) A System Dynamic Study of the Transition From
Ample to Scarce Wood Resources. Hanover, N.H.: Publications
of Resource Policy Center, Dartmouth College.

Rorres, C. (1978) A linear programming approach to the optimal
sustainable harvesting of a forest. Journal of Environmental
Management 6.

Seppala, H., J. Kuuluvainen, and R. Seppdld. The Finnish Forest
Sector at the Turning Point (in Finnish). Forthcoming.

Steuer, R. and A. Schuler (1978) An interactive multiple-objective
linear programming approach to a problem in forest manage-
ment. Operations Research 26.

Wardle, P. (1965) Forest management and operational research:
a linear programming study. Management Science 11.

Ware, G., and J. Clutter (1977) A mathematical programming system
for the management of industrial forests. Forest Science,
17.

Weintraub, A., and D. Navon (1976) A forest management planning
model integrating silvicultural and transportation acti-
vities. Management Science 22.

Wierzbicki, A. (1979) A Methodolcgical Guide to Multiobjective
Optimization. WP-79-122. Laxenburg, Austria: International

Institute for Applied Systems Analysis.



-148-

Williams, D. (1976) Integrating Stand and Forest ilodels for
Decision Analysis. Ph.D. thesis, Department of Forestry,
University of British Columbia.

Yearbook of Forest Statistics 1977/1978. Official Statistics

of Finland XVII A:10, The Finnish Forest Research Institute.




-149

STRUCTURAL CHANGE IN THE FOREST INDUSTRY:

A FRAMEWORK OF MODELS

BSrje Johansson



-150-

STRUCTURAL CHANGE IN THE FOREST INDUSTRY: A FRAMEWORK OF MODELSH)

B6rje Johansson
Department of Economics
University of Gothenburg

1. INTRODUCTION

In a county like Sweden the forest industry constitutes a sector which
is extremely oriented towards the world market. At the same time this
industry is characterized by a set of basic rigidities. Firstly, the
supply of inputs from the foresty sector is determined by a slow growth
process in regionally concentrated areas. Secondly, the paper and pulp
sector, here called '"paper and paper products industry', is characte-
rized by a high capital coefficient and the capital equipment has, in a
historical perspective,shown an extraordinary long durability. Thirdly,
different sectors of the forest industry are highly concentrated to a

distinct set of separated regions.

In this paper a set of models are suggested as a fundamental basis for
medium and long-term analysis of the forest industry. An introductary
and detailed presentation is given of a vintage model. Moreover, the
paper outlines different ways to connect this model with dynamic input-
output models, programming models, capital formation analysis and
scenario-oriented forecasts. The ambition of the paper is to provide

an overview of certain models which are planned to be utilized in a
research project, focusing on the forest industry from a regional and

interregional perspective.

*) This paper summarizes a presentation given at |IASA in January 1980,
Several of the ideas in the paper have sprung from discussions with
A. Andersson, U, Strémquist and H., Persson.
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2 A FRAMEWORK FOR ANALYZING STRUCTURAL CHANGES [N THE FOREST
INDUSTRY

The expansion of the forest industry in Sweden had its take off phase
in the second half of the nineteenth century. A low price on the raw
material supplied by the forest sector stimulated the growth of the
manufacture of paper and paper products. During a period of about

100 years the production technique developed relatively slowly,
smoothly following the expansion of the market. The growth of forest
industry production relied on the availability of cheap raw materials.
However, in the long-run the process could not avoid ''the Ricardian
law", with the result that harvesting now has been pushed farther and

farther into less favourable forest areas.

The growth of the demand for paper and pulp between 1860-1960 made

it possible for the industry to gradually combine the introduction of

new production techniques with a capacity expansion. This may be re-
garded as a basic feature of a very long non-dramatic period of growth.

At the end of the 1950s, the forest industry of Sweden ran into a
situation of excess demand for rew materials which brought about structur-
al changes in the competition conditions of the forest industry in

Sweden as well as in the other Nordic countries.

2.1 Recent Development Patterns in the Swedish Forest Industry

Together with iron and steel procuction the forest industry forms 'the
traditional exportation sectors' of the Swedish industry. During the
1950s more than half of the total value of exports emerged from these
sectors. During the mid-seventies this figure had declined to about
one fourth. This decline was the result of a long-term change of the
composition of the Swedish industry. The change of the relative posi-
tion of the traditional export-sectors is contrasted by the fact that
the proportion of total industry investments going to these sectors

has continued to be high throughout the Sixties and Seventies.

It has been suggested that a series of prosperous years for the forest
industry during the Fifties and the early Sixties gave rise to an

investment activity which continued in spite of a discouraging develop-
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ment of the relation between demand and the capacity of the foresty

sector. The investment pattern is illustrated in Table 1, which pro-

vides a ranking of countries with investment priorities.

Table 1 The proportion of total industry investment going to

sectors of forest industry, 1965-1975. Percentage

Wood and wood Paper and paper

products products Total
Finland 8 23 31
Sweden 8 17 25
Canada 7 15 22
Norway 7 8 15
Austria 6 6 12
USA 3 6 9

On the basis of a thorough classification (comparison) of the industry

sectors in Sweden with regard to the vintage structure and profitability

of each sector one may characterize the forest industry sectors during

the period between 1965-1977 in the following way:

L]

The paper and paper procuct sector, which includes the pulp industry,
has held a medium profitability position with a mixed vintage struc-
ture. The sector has had a large proportion of its total employment
in establishments in which the gross profit has been too small to
cover fixed costs; for a large number of these establishments the
gross profit has, on an average, even been negative during the

period.

The wood and wood product sector has had a more favourable develop-
ment. However, this sector has also had a rather large proportion
of its employment in establishments with low or negative gross pro-
fits. But as opposed to the paper and paper product sector, this

sector has, on an average, had a high profit level,
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During the period between 1975-1977 the vintage structure, or in other
words, the obsolescence pattern of the Swedish forest industry changed
unfavourably. Only a small part of this change can be explained by the
general economic recession during these years. The number of persons
employed in obsolete parts of the forest industry increased to a level
corresponding to around 15-20 per cent of total employment in the
forest industry. Although this change occurred in both of the forest
industry sectors considered here, the wood and wood products sector
succeded nevertheless to retain a significant share of its establish-
ments in a high profit position. The paper and paper products sector
was less fortunate in this respect; here only a small part of total
employment was allocated to competitive establishments at the end of

the period.

A significant feature of the forest industry is that its present pro-
blems are concentrated to certain specific regions which makes the
structural change process not only an industrial policy concern, but
even more of a regional policy problem. The methods and system of
models suggested in the subsequent sections are designed to incorporate
regional characteristics and dependencies of the forest industry. The
system of models is also designed to capture the importance of trans-
portation costs, world market prices, energy and harvesting costs during

the next two decades.

2.2 A system of models for the analysis of the forest industry

In this section we shall introduce a set of conditions which a medium
and long term analysis of the forest industry should fulfil. We shall
also suggest a system of models which satisfies these conditions; this
system consists of three groups of models, describing domestic multi-

sectoral growth, world trade, and domestic structural change.

An industry sector is an interconnected part of a multisector system.
This means that a model of structural change and growth of a sector
must be related to a multisector growth model. When the latter type

of model is used as a basic framework, each single sector can be fore-
casted and analyzed as part of a consistent multisector scenario which
also constitutes a reference system for the analysis of structural

change within a sector.
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Domestic multisector growth models of standard input-output type depict
economic systems in which price and wage levels are system-wide. In a
closed model these prices are obtained endogeneously as a solution to
the model; they will therefore represent domestic prices. In an open
model the domestic price formation must be tied to international price
movements. This type of approach is particularly relevant for the forest
industry which, today, is of a highly international nature. This implies
two things: The price formation takes place on the world market, and
transportation costs play a significant role in that price formation

process.

In order to capture medium and long-run market reactions to the supply
and demand from different countries it is necessary to construct and
make use of a world market trade model. Such a model must be able to
produce consistent trade scenarios. To examine trade consistency one
must build a multisector trade model in which trade patterns are de-
scribed by a matrix that classifies trade flows in two dimensions:
Delivering sector (type of product) and Delivering country (groups of

countries).

A domestic multisector input-output model illustrates the average
sector relations and average input requirements for each sector. Changes
occurring in the input-output table over time are usually brought into
the model exogenously by means of some supplementary model, often in

the form of a statistically determined trend equation.

We shall suggest a model system which focuses on the differences bet-
ween establishments in each sector. Each establishment is given a
sector-specific vintage classification depicting productivity, profita-
bility and input requirements of the establishment. In the following
sections the outline of such a model system is sketched. The models

in this system are called 'structural change models'. These models are
designed to use price and quantity information from a world trade

model as input. A domestic structural change model may use a combina-
tion of world trade information and information from a domestic input-
output model. With this type of information input, the models are requir-

ed to trace the expected domestic consequences in terms of structural
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change. Such changes may include investment in existing establishments,
exit and entry of establishments, and product development. These types
of processes also imply alterations of profit level, productivity and

input requirements.

The estimation of the effects of the structural change process may be
regarded as the final step in a structural analysis. These structural
effects may, in addition, be used to determine the gradual changes in
domestic input-output coefficients. In medium term forecasting one
may even have a closed-loop linkage between a dynamic input-output

and a structural change model.

The flow of information between the three sets of models discussed is
described in Figure 1. The information flows are shown to emphasize
the possibilities of making consistency tests and of forming converging

iteration loops.

Figure 1 A system of models for medium and long term analysis
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3 A VINTAGE MODEL FOR STRUCTURAL ANALYSIS OF THE FOREST INDUSTRY

A basic feature of the approach to structural analysis developed in
this paper is a regional specification of each industry sector and
of the forestry sector. In addition, the model system is required to

satisfy the following conditions:

*+ Aggregation from the regional level must be consistent with the

national multisector model.

* The model system must focus on existing rigidities in the adaption

process of the production systems of each sector.

+ It must be possible to estimate and run the models with no other

data input than industrial statistics produced annually in Sweden.

To fulfil these requirements we shall utilize a vintage model formula-
tion which has strong connections with putty-clay models in which the
basic distinction is that between ex ante and ex post. This type of
models stresses the existence of significant substitution possibilities
ex ante, before the installation of capital in the establishment; it
also stresses the property that ex post, after the concrete design of
the installed capital equipment, factor proportions and input require-
ments are rigid with a narrow ranqge of feasible variations.] A vintage
model suggested here relies heavily on putty-clay production theory,
but it is intended (developed) to focus on regional characteristics and
to allow stochastic formulations which depict ageing and renewal pro-
cesses and which make it possible to interpret model results by means

of statistical theory.

3.1 Distribution of Establishments over the Input Space, and Produc-
tion rigidities

Consider an establishment with a given organisation and capital equip-

ment. For this establishment there exists production rigidities. We

shall assume that these rigidities can be represented by the following

assumption of putty-clay type:

1) Among others, we may here refer to Johansen, L (1959), (1972),
Salter, WFG (1960), Phelps (1962), (1963), Solow, RM(1967).
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(a.1) There exists for the establishment a capacity limit x, such that
the output, x, satisfies 0 € x $ x.

There exist ng input coefficients a],...,ana, such that the
necessary input of resource j is determined by the equation
v. = a. x, where Vj denotes the consumption of resource j, e.g.,
réw materials, energy, and other variable input.

There exist n_ labour input coefficients Sysee5Sn such that
s

s
the necessary input of labour of type j is determined by the
equation S. = s. x, where S, denotes the number of persons

occupied with task j. 1)
Let (ql,...,qn ) be the price vector associated with the vector
a
(a1,...,an ) and let (w],...,wn ) be the vector of wage levels
a S

associated with (51""’5n ). In the subsequent analysis we shall use
s

a price index q and an input coefficient a,, such that

(2) Lq.a. =qa

where v denotes the aggregate input of variable resources.

We shall also use a wage index w and a labour input index ag such that

where S denotes the total number of persons employed.

Aggregation of the type described in (2) - (3) generally involves more
or less accurate approximations.]) With the aggregate input coeffici-

ents a, and a, we shall construct a two-dimensional input space, consist-

v
ing of all non-negative pairs (a, , ag) as described in Figure 2. In

Figure 2 each establishment j is represented by a triple (x°, ai, ai)
describing the capacity and input coefficients of establishment j. The
shaded area depicts the domain of the (av, as)- space in which the pro-

duction capacity is positive.

1) One should observe that in certain applications labour input may,
contrary to the assumption, be modelled as completely rigid in the
short run so that Sj(t) =Sj(t-1).
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Figure 2 |1lustration of the distribution of capacities in the
B input space

NV
)
<

The existing capacity rigidities of an establishment are in (2)-(3)

represented by the fixed a, and ag coefficients. However, reinvestments

s
may change the coefficients. Therefore, we have to observe that these
coefficients should be medelled as fixed for each given year t; this is
emphasized by using the notation a, (t) and ag (t). With this exten-

sion of the model, the rigidities must now be related to the fact that
economic incentives for reinvestments Wwill develop in a step-wise, non-
continuous way. This argument will be extended in the subsequent sections.

As a step in that direction the following price determined variables are

introduced:

(4) Q(t) = p(t) x(t), where p(t) denotes the output price and x(t)
the output year t ; Q(t) denotes the value of sales.
v(t) = q(t) a,(t) x{(t) = q(t) v(t), where q(t) denotes the
input price at year t; V(t) denotes input costs
F(t) = Q(t) - v(t); F(t) denotes value added
W(t) = w(t) as(t) x(t) = w(t) S(t) , where w(t) denotes the wage

level year t; W(t) denotes the wage sum.
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B(t)/F(t) ; b(t) denotes gross profit share

Assuming that establishments and their production capacities are con-
tinuously distributed over the input space, we may use the variables
in (4) to obtain the price determined version of Figure 2 in Figure 3.
In the latter we illustrate the distribution of value added, F(av,as),
over the input space. The marginal distributions F(as), F(av), B(ag)

and B(a,) are also shown.

3.2 The vintage model assumption

One of the most important features of the vintage approach is the
distinction between the technical or physical lifetime and the economic
lifetime of the production system in an establishment. This is a dis-
tinction between physical depreciation and economic obsolescence. in-
creasing obsolescence may empirically be observed as a successively
decreasing stream of quasi-rents, here called gross profits and denoted
by B(t) . This process reflects the economic ageing of an establishment;
it may continue until gross profits no longer cover any part prime costs,

i.e. until gross profits becomes zero or even negative.

During a certain time-span new plants are being constructed and some of
the existing plants may be renewed as a result of reinvestments. The
growth of technological knowledge implies that gradually newer and more
efficient plants are introduced. With regard to the forest industry sec-
tors one should also recognize the gradual opening of new areas for har-
vesting. The competition from new establishments and new harvesting
areas are two important factors which cause the decline of gross profits

in establishments which are growing old.

Our observation unit is an establishment, and this unit is analyzed as
an organisation which consists of subsystems. The capital equipment
(durable resources) in different systems will generally have different
dates of construction. The durable resources may also be replaced

through reinvestments at different dates, in different subsystems.
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Figure 3 Value added and gross profits distributed over the
input coefficients

k‘ F(as )
F(a,)

F(as,av) = Distribution of value added on the input space

F(as) = Distribution of value added on the labour input space
F(av) = Distribution of value added on a -input space

B(as) = Distribution of gross profits on the labour input space

B(av) Distribution of gross profits on the av-input space
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When one or several subsystems are renewed, the aggregate input coeffi-
cients a, and ag may change. Such a change is assumed to raise the

profit share of the establishment.

We shall consider a set M of vintage indexes T, such that

(5) M={t: t=1,...,n}, and such that increasing values

of T indicate increasing economic age (obsolescence).

Condider next the set E = b: {1 2b > - «} and let ET‘: E,

such that

(6) &, =1{b:(1,1-0,11) 2 b > (1-0,17)}
for all TEM

With this construction we shall introduce a mapping T:E + M

such that

(7) T(b) =1 if be g .

In order to arrive at a precise interpretation of the concept of vin-

tage incexes we shall first study the following equation:
(8)  b(t) =1 - w(t)a (t)/(p(t) = q(t)a,(t))

which shows that when the wage rate and the prices fluctuate, the gross

profit share, b(t), will also fluctuate. This implies, in turn, that
the vintage index value of an establishment will fluctuate. Moreover,
investments in an establishment will generally reduce the value of
ag (t) and av(t), and such changes will increase the value of b(t).

Finally, for new establishments and for establishments which receive
new capital equipment, learning effects may imply a successive reduc-
tion of input coefficients over a sequence of years. Assume that for
each group of establishments with the same vintage index investments,
market fluctuations and capacity variations occur and affect the
individual production unit in a perceivably random fashion. Then it
is possible to regard the index value 1(t) of an establishment at a
sequence of years as the outcome of a stochastic process. In line

with this argument we shall introduce the following assumption:
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(a.2) For each industry sector we assume that the transition of esta-
blishments from vintage index i to index j can be described by
a probability number 0 £ hij(t) = 1, such that hij(t) assignes
to establishments with index i€ M in year t-1 a probability

of receiving index j€ M in year t.

The vintage classification as described in (5) - (7) might be regarded
as meaningful, if the probability of having a constant vintage index,
T, is higher the lower the index value is. Table 2 illustrates that
in this sense, it is meaningful to consider a vintage index even for

the manufacturing industry as a whole.

Table 1 Structural constancy of b-values in the Swedish manufactu-
ring industry 1968-1967

Index | b-value in an Proportion of esta-  Proportion of value
value | establishment blishments which added in establishments
T year t change one index which change one index
class or less bet- class or less between
ween year t and t+l] year t and t+1
1 b>0,9 94 98
2 0,9>b>0,8 76 90
3 0,8>b>0,7 70 88
4 0,7>b>0,6 70 82
5 0,6>b>0,5 70 84
6 0,5>b>0,4 71 80
7 0,4>b>0,3 71 80
8 0,3>b>0,2 69 75
9 0,2>b>0,1 63 67
10 0,1>b>0,0 51 45
11 0,0>b>-0,1 43 43
12 -0,1>b>-0,2 52 43
13 -0,2>b 55 33
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3.3 Gross profits and capital costs

The gross profit, B(t), of an establishment shall cover fixed costs
of different types. From this point of view B(t) may be specified in

the following way:

(9)  B(t) = C () +C,(t) +Cy(t) + N(t)
C](t)= fixed overhead costs
Cz(t) = repair and maintenance costs
C3(t)= capital depreciation costs
N(t) = net profit

We shall also introduce a variable, B°(t), called gross pay-off, which

is defined algebraically in the following way:
(10) B2(t) = B(t) - (c,(t) + C,(t))

In table 3 the average values of the cost components in (9) are illu-

strated for two main subsectors of the forest industry.

Table 3 Fixed cost components in two subsectors of the Swedish
forest industry. mean values in per cent of value added
for the period 1969-1977.

Wood and Paper and

wood products paper products
% %
B/F = b Lo 52
C1/F 7 10
C2/F 3 4
C3/F 7 17
N/F 20 17
B®/F = b° 30 38
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On the basis of (9) and (10) we may calculate two profitability rates

in the following way:

(11) &%) = Bo(t)/K(t), where K(t) denotes the value of fixed,
real capital, and where 60(t) denotes the pay-off
rate,

8% (t) = N(t)/K(t), where &§%(t) denotes the net profitability

rate.

1)

Table 4 Pay-off rate and net profitability.
Average values 1969-1977

§° 8 K(t) /F(t)
Paper and
paper products 5,6 2,5 6,8
Wood and
wood products 21,4 14,3 1,4

The results in Table 3 and 4 represent mean values. In order to get

a picture of the industry structure we have to consider the distribu-
tion of establishments, value added and employment over a scale of
profit shares. In the subsequent sections we shall introduce analyti-
cal instruments for a description of the distributions and the analysis

of structural change.

3.4 Quasi-supply Functions

In this section we shall introduce quasi-supply curves of the Salter-
type.z) Such a curve describes how, for a sector, the labour cost

(wage sum) in per cent of value added is increasing as marginal groups
of establishments are added to the sector, starting with the establish-
ments that have largest gross profit shares (small wage shares) and
moving to establishments with gradually decreasing profit shares. With
this construction we obtain a marginal cost curve which may be inter-

preted as a quasi-supply curve.

1) Capital values are estimated by the Central Bureau of Statistics (SCB)

2) Salter, WEG (1960).
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Figure 4 describes the quasi-supply curve of the paper and paper pro-
duct industry in Mid-Sweden. A curve which is constructed in this way
has a specific merit: It is standardized in such a way that the vin-
tage structure in different regions may be compared unambiguously.

This is illustrated by Figure 5.

Figure 4 Quasi-supply curve of the paper and paper products industry
in Mid-Sweden 1974
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Figure 5 Quasi-supply curves of the wood and wood products
industry in two regions 1977
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In order to derive the quasi-supply function braically we shall
utilize the set E and its subsets & defined in (6). For each set

£, we construct the set a(ET) of input coefficients, such that
(12) a(g;) = {(a,,a;): bla,,as) €E.}, TEM
b(ay,a;) = (p- qa, - wag)/p-qay

For each set a(f;) one may calculate the corresponding value added

FT in the following way:

- caal)gl
(13) F.= I (p-qa,)g,
JEJT
Jr = index set which enumerates all establishments, such
that their input coefficients belong to a(g.r),
gJ = the capacity utilization in establishment

JE Jp, TEM,

We also need the average gross profit share, by, of establishments

in the index set JT. This value is calculated as follows:

(14) b = B/F;

d-waé) g7

o
]

T '26 (p-qa
J&J,

From (13) and (14) we may arrange the pairs (bT , FT) in the sequence

T=1,2,... such that bT >b From this sequence we may finally

T+1°
construct a discrete quasi-supply function, U, which is non-decreasing:

T n A
(15) V(ZF/ZF)=UF)=1-br, T=1,...,0n;
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(12) - (15) shows that the U-function changes as a reflection of changes

of input-coefficients, prices and wages. Such changes are illustrated

in Figure 6.

Figure 6 Quasi-supply curves in Mid-Sweden. Paper and paper
products industry 1974 and 1977.

50 1(30‘/,

3.5 Quasi-demand Functions

The quasi-supply function describes how 1- bp is increasing as U(ET)

is increasing. A quasi-demand function may be regarded as a ''dual'' con-
struction. This type of demand function shows how labour productivity
in a sector is decreasing marginally as establishments are added to the

sector according to the sequence T=1, ..., n.
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Let ST denote the number of persons employed in establishments belonging
to the index set Jr » and let W denote the average wage level in the
same set of establishments. In set T the labour productivity is then

defined as

(16) F_/S

/5S¢ T=1,...,N

The quasi-demand function, D, can according to (16) be defined as

follows:

T ~ T N
(17) D.(ii]si)= o(sT)= FT/ST, T=1, «.., N} iE S. =8

~

As long as F./S; > w;, S, represents the number of persons who can be
employed in establishments with non-negative gross profits. In this
sense the function E shows the demand for labour. As w; in increasing
faster than FT/ST, the '"demand" §T will gradually be reduced. (f we
write Fk/Sk = Bk
gross profit per employed in establishments belonging to index set 'k'

+ w, where w = Wy for all k €M, BK will denote the

This is illustrated by Figure 7.

Figure 7 Quasi-demand curve describing labour productivity
and gross profit per employed.

F/S
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The quasi-dcmand function for labour can be used to desribe the
cmployment effects of alternative time-paths for the price variables
p, q and w, conditional to selected productivity changes. Since pro-
ductivity changes may be related to investment policies, it is thus
possible to determine national and regional policies for capital
formation as a function of cmployment targets for different industry

sectors,

Quasi-demand functions may also be estimated for different variable
inputs, e.g., wood and energy. In our model setting such a curve may

be constructed by forming the following sequence of ordered pairs

T,
(18) (01, v]), (QF, v! +v2), AU (V- LI VA B
i=1
T T T T T T
© = (p-wa))/ a, » v =ax

The construction in (18) may easily fail to be a step-wise declining
function. The quasi-demand function for labour in (17) will, however,
correspond to a montonous ranking of labour productivity if the wage
level is approximately constant for all establishments. This follows

from the construction in (16) which may be reformulated as

(19) Fr/st = (p —qaz)/az = w/(1-b")
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4 STRUCTURAL CHANGE MODELS. OUTLINES AND SUGGETSTIONS

This section presents a set of models and methods for analyzing struc-
tural change in the forest industry. The time perspective is medium

and long-term. The presentation consists of short summarizing discrip-
tions of different models and approaches. The presentation illustrates
how the vintage model introduced in section 3 can be used to formulate

1)

forecasting and programming models. ° The focus of the presentation is

the intersection between structural change and capital formation.

4.1 Regional and sectoral projections based on price forecasting

We shall here consider a forecasting period extending about 5 years
ahead. The starting year is signified by t  and the terminal year
by t. . Suppose that the quasi-supply and quasi-demand structures at
date tg are known. For every conceivable forecast of how the price
variables will develop, one may wish to examine how the supply and de-

mand structures are affected by the price changes.

Let, for a given sector, p, q and w denote a price projection such
that p(ts) = p, g(ty) =q, w(t*)==W.2) Using p and q one may construct
an index AT showing the effect on value added in each index class

of the forecasted price changes. It is then possible to calculate the

following value added effect of the price prediction:

]

(20) ET A Fr (to), where ET denotes the value added in class T
the terminal year, given constant productivity between
tO and t*);

Ar = (p - aaj)/(p(to) - q(tg)al)

The corresponding gross profit share may be expressed as follows:

1) Some of these models are described in detail in Johansson, B,
Strémquist, U (1980).

2) These price variables may, in addition,be specified for each separate
region.
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(21)  bp = [FT - VvsT(to)] /F;

Since (21) is calculated specificly assuming constant producti-

vity, b, may have changed from the initial position br(ty) & of that

T
ture, it becomes necessary to utilize reinvestment programmes which

b ET. If the ambition is to restore the original quasi-supply struc-

bring the establishments back to their initial profit share position.
In addition one may formulate investment programmes which expand the
production capacity, and which bring about a desired employment level

as well as a desired form of the quasi-supply curve.

Suppose now that we have estimated, for each class T, the capacity
utilization in the initial year ty. Let “T(to)’ 0 <ur <1, bea
capacity coefficient for index class 7. It is then possible to deter-
mine the effect of a capacity utilization shift between year t, and

ty in the following way:

ma
i

(22) ET/uT(tO), where ?T signifies the value added that will

obtain at full capacity,

o¥
It

e Fe - walx o)) /7,

where X to) signifies the full capacity level in year t,.

7
Obviously, investment programmes should be calculated on the basis of

(22) rather than from (20)-(21).

L. 2 Projections of regional prices on wood

The projections in the previous section contain a forecast, q, of

how the input price will change during the forecasting period. The
concistency of such a forecast may be checked by considering the inter-
action between the supply of wood and the demand for wood. The latter
will reflect different production levels in the forest industry as a

whole.

As a starting-point, let us introduce a forecast showing
the cost structure of the harvesting process in the terminal year.

For each region such a forecast may be formulated as a step-wise
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cost function of the type illustrated in Figure 8. Such a cost function

could be regarded as a function describing the supply of wood.

Figure 8 A forecast of the cost function of wood harvesting
in a region

A
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V¥ Wood supply
(Harvesting volume)
a = supply price on the world market (including costs
of transportation to Sweden)
q, = regional supply price (excluding transportation
costs)
;t = feasible supply of wood from harvesting area k

Figure 8 illustrates a wood supply curve showing the unit cost, ct,

for each specified interval, vt , of the supply axis. If k signifies

a marginal harvesting area, we may assume that the supply price in
region r will be higher than ct. For each region we may specify a tran-
sportation cost coefficient, frg , such that the ''spot price" c. is

transformed to a destination price Ctg in the following way

k
(23) ¢ = Crfrg , where r denotes delivering region and g desti-

nation region.
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k .
Let c be a regional cost function such that ct = c_ ( vl) ,
i=1

i ™

where ;: denotes a supply quantity. Then (23) defines, in a system
with n regions, an n-tuple of destination-specified cost function
such that Ceg = frgCr . Since each region is a potential supplier,

}.

we end up with an nxn-matrix of cost functions c= ﬁcrg

Going back to (18) we may specify a function @, for each region r

such that
k k T T
(24) o = @ ( L v.) where v, is a quantity consumed (demanded)
=1

in region r

Assume that ¥, is formulated as a non-increasing function. Then ¢
represents a potential supply system and the vector w=={®r} repre-
sents a regional demand system. The problem of finding a vector of
regional prices q=={qr} may be approached as a generalized tranship-
ment problem. Disregarding the question of formulating a practically
solvable model, the following optimization problem may be used as a

reference system:

(25) min LI
k r
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4,3 Regional investment programmes for industry sectors

In section 4.1 we have sketched how projections of value added and
gross profits in vintage classes may be derived from different price
forecasts. In this section we shall show how this type of projections
can be utilized in an analysis of regional investment programmes. The
type of model sketched here is intended to describe how regional em-
ployment targets can be fulfilled with the help of regional capital

formation in industry sectors.

It is possible to outline a framework in which models can selected

according to the following alternative perspectives:
-~ Intersectoral and interregional allocation of investments
- Intersectoral allocation of investments in one region

- Interregional allocation of investments in the forest industry.

In order to illustrate the approach we shall select a model version

3
~

which specifies an employment goal, S for each industry sector j

jre
in one single region r. However, from the outline of the model it is

possible to imagine how other versions may be obtained.

With regard to region r, sector j, and index class T, we first con-

sider the following projection of the kind described in section 4.1:

(26) F}r = value added at full capacity,
}r = employment at full capacity,
l/a}r = labour productivity.

We next consider technical coefficients which may be obtained by com-
bining external information with empirical estimates of the vintage

model outlined in the previous sections:

T . - .
(27) kjr = investment coefficient of sector j, class T;
k}r = investment coefficient of new establishments in

sector j;
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l/a?r labour productivity in new establishments, sector j;

interest requirements with regard to investment in

ke
]

sector j.

Finally the following variables are introduced:

(28) Au}r = productivity increase in sector j, class T,
T T .
Ujr - ]+ AUjr’

T

bjr = gross profit share in sector j, class T;

gjr = gross profit share in new establishments, sector j;
l}r = capital formation in sector j, class T;

I?r = capital formation In new establishments, sector j ;
Aijr = employment in new establishments.

The relation between investment and labour productivity is assumed to

have have the following form with respect to the terminal year t*:

T T T T T .
(29) Ijr = kjrAujrSjr/ajr’ all j and T

¥ = k* A% /o% L an

I T T T !

By definition the gross profit shares are determined as follows:

T o~ T T
(30) bjr = wertJ.r/uJ.r

b, = 1-w. of

Jr Jr Jr

We may assume that the employment targets of region r have been selec-
ted in such a way that all production can be sold at the forecasted
price. With this assumption we introduce an objective function, in (31),
which indirectly puts negative weights on investment costs and posi-

tive on gross profits:
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(31) Min & p.l. +Zp.I%

-z bl ul St /ol -Tb. AST /a,
jrojryrt Tjr -
J J
To this function we add the following sectoral constraints together

with the associated shadow prices:

. _ * L
(32) (i) Sjr = ASjr+ ESjr, er

T

Gi) ST 2 sT ., &
Jr Jr

(iii) A§J.r 2 As?r; Gj."r
Constraint (i) reflects the employment target and er may interpreted
as an employment subsidy or tax, depending on its sign. Constraints
(ii) and (iii) reflect capacity limits in old and new establishments.
The shadow prices 6}r and 6?r denote gross profits minus capital costs
and subsidies per employed. The following optimum condistions charac-

terice the solution of the programming model

T T T, T T , T |, ~ T _
63 [5], oS 005 /e - e 6, ] =

ASE [p.k. Jot - (1-w, of )/a* +8% - v, ] =0
Jrjp J ogr jr Jjr jr jr Jjr Jjr

The basic part of the solution concerns the distribution of investments
T
I,
jr

and I?r for all j and 1. Moreover, we may focus the interest on
the employment subsidies Yi, g

ire It also possible to consider subsi-
dies exclusively going to establishments such that 6§r = 0.

Due to lack of space we shall not discuss solution algorithms or the
character of the solution. However, in Figur 9 a solution is illustra-
ted for one sector. We should also add that interesting extensions of
the model can be obtained by introducing constraints of integer type

and by considering a sequence of several periods. In its present form
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Figure 9 I1lustration of a solution to the programming

model

N
7

<

L/ Yir
///////
QL //7
: Z 9 e
®jr s}r //C:::i:;;izlff:;gff

the model could be used to trace the effects of alterations of the

employment targets, Sjr

and of the assumptions about technical

development reflected by the equations in (29).




-178-

4.4 Intercation between structural change models

In section 4.1 a ''projection model' is introduced and specified in
(20-22). The projections in this model may be combined with objectives
concerning (i) the change of production volumes, and (ii) the distri-
bution of value added and employment over vintage classes in a sector.
In order to fulfil these objectives it may be necessary to shut down
certain establishments and to increase the capacity and productivity
in new and already existing establishments. |f a capital formation
analysis is added to the projection model, it becomes possible to

derive investment programmes which satisfy the given objectives.

It is possible to connect a dynamic input-output model with the
projection model. Capacity requirements and changes of input coeffi-
cients in the input-output model may then be determined on the basis

of the investment analysis in the projection model.

Suppose that the input-output model includes relations describing the
price formation process. One may then form a closed loop such that

the results from the input-output model are used to determine the price
and quantity projections which enter the projection model. This kind of
closed chain is illustrated in Figure 10, The figure also shows how the
""employment policy model', outlined in (26) - (33), may be connected to

the model system discussed.



Figure 10 Interaction between structural change models
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S  THE ORGANIZATION OF DATA AND A DYNAMIC DESCRIPTION OF THE
STRUCTURAL CHANGE PROCESS

The type of analyses and the models suggested in this paper require a

set of detailed and consistent data about the industry. We shall, in

this final section,describe some of the information available in Sweden's
Industrial Statistics. We shall also show how we have organized this
information. Finally, we shall indicate how this organization of data
may be utilized to formulate a dynamic model of the structural change

process.

5.1 A cross-classification prineciple

[n this section we shall describe an already existing information system
based on information about individual establishments.I) The information
system is used for sectoral and regional analyses of the industry. There-
fore the system contains a cross-classification of each establishment

with regard to

-~ Region and county

- Sector

- Time (year)

- The gross profit share of each establishment

(vintage classification)

In addition the informationsystem contains a cross-classification of
the profit share of each establishment for pairs of years. This infor-

mation is summarized in matrices, X(t)={xij(t)}, of the following

type:

1) This system is characterized in Johansson B, Stromquist U (1980).
The system is designed not to reveal information about individual
establishments.



-181-

(34) xij(t) specifices (for a region and/or a sector) the number
of establishments which belorged to index class i in year t-1

and index class j in year t;

i €{M,*}, where M = {1,...,n} is the set of vintage indexes

introduced in (5) and where i = *‘) signifies a class which

contains the establishments entering the market in yéar t;
1)

j €{M,0}, where i = o signifies a class which contains the

establishments leaving the market in year t.

To every matrix X(t) one may specify three different types of associated

matrices denoted by Y(t) = {yij(t)} such that

(35)  for the set of estahlishments belonging to cell (i,j)

yij(t) specifies:

- the number of employed, or
- the wage sum, or

- the value added

One may also consider matrices | (t-k) = {Iij(t-k)}, where Iij(t-k)
denotes the capital formation year t-k, k >0, in the set of

establ ishments belonging to cell (i,j)zz With this latter type of
matrices one may estimate how the investment process affects the vintage

position of establishments, with a time~lag of k years.

Combining the three types of Y-matrices one may determine a quasi-supply
and quasi-demand curve for each row i of the original matrix X. Utilizing
the marginal distributions of the type Xj = X;: one may calculate the
over-all quasi-supply and quasi-demand curve; associated with each mat-

rix which may refer to a region and/or a sector.

1) In short, i = * denotes “"entry' and i = o denotes ‘texit''.

2) The existing information system does not yet include investment
variables, but is planned to do so.
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5.2 Dynamic descriptions of the structural change process

The matrices specified in (34) and (35) may be used to check the
relevance and reliability of the vintage model assumption introduced

in section 3. In particular, the matrix X(t) can be used to estimate the
transition probabilities hij(t), introduced in (a.2). This can be

done in the following way:

(36) hij(t) xij(t)/xi(t-l), i £

h,.(t)

. [x;; (t) + % (t) - x; ()17 %, (t-1);

xi(t—1) = jén xij(t) + xio(t)

Analogous probabilities may be estimated from the three types of
Y-matrices. We then end up with four matrices of the type H(t) = {hij(t)}
With this construction the structural change process can be

described as a transition process such that

(37)  x(t)

I

x(t-])Hx(t),

y(t) y(t-1)Hy(t)
The system in (37) may be used to analyze structural change scenarios
in the form of guasi-supply and quasi-demand curves related to stable

1)

solutions of the transition system.

In order to incorporate the fact that the gross profit share is in-
fluenced by market fluctuations, the transition probabilities may be
estimated as functions of short run changes of the price variables

p(t), w(t) and q(t). In this way it is also possible to observe the degree
to which as(t) and av(t) are influenced by variations in the

2)

capacity utilization.

1) See Johansson B, Holmberg | (1980).

2) Observe that (a.1) assumes these coefficients to be constant.



-183-

REFERENCES

Johansen L (1959), Substitution versus Fixed Production Coefficients
in the Theory of Economic Growth: A Synthesis, Econometrica 27

No 2, pp 157-177

Johansen L (1972), Production Functions, North-Holland

Johansson, B, Holmberg | (1980), The Distribution of Vintages and
Profits of Establishments in Regions. A Stochastic Model,
University of Gothenburg (presented at an IIASA-conference
in March 1980)

Johansson B, Strémquist U.(1980), Vinster och Sysselsdttning i

Svensk Industri, SIND, Stockholm (Profits and Employment in

the Swedish Industry)

Phelps E S (1962), The New View of Investment: A Neoclassical Analysis,
The Quarterly Journal of Economics L XXXII1,4, pp 548-567

Phelps E S (1963), Substitution, Fixed Proportions, Growth and

Distribution, International Economic Review, pp 265-288

Salter.V E G (1960), Productivity and Technical Change, Cambridge

Solow R M (1967) Some Recent Developments in the Theory of Production,

in Studies in Income and Wealth, vol 31, (ed) Brown M.




Lars Hultkrantz

-184-

Wood Supply and Demand in Sweden

Introduction

Since the beginning of the 1970's the annual wood consumption
capacity in Sweden has greatly exceeded forest growth. This im-
balance has been aggravated by rising oil prices which make wood

competitive also as a fuel.

The way forestry, the forest-based industry and government handle this
situation will have significant effects on the whole economy. The

forest-based industry has in several respects something of a key position.

First, the balance of trade is heavily resting on this industry. It
gives rise to 20 per cent of the exports but only 2 per cent of the

imports. Net earnings correspond to the cost of the oil import.

Second, the employment just makes up to 2 per cent of the country's
total. But a large part of this is in regions with a high rate
of unemployment. A number of small towns in those areas stand and

fall with this industry.

Finally, the pulp and paper industry is both a main energy consumer
and supplier. 40 per cent of total industrial energy use is due to
it, but more than 60 per cent of the fuel it uses is own by-products
like bark, spent liquors etc. 30 per:cent of the own electricity con-

sumption is generated with such wood-based fuels,

The shortage of raw material facing the forest-based industry makes
it necessary to reduce capacity or/and to increase supply. This has

created demands on the government to intervene in various ways.

To mitigate the effects of a cutdown of capacity, the govermment is
asked to support, sometimes even to enforce, a vertical expansion of

the industry towards further manufacturing of semi-finished products
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which are now being exported. This is however no simple task. Compe-

tition is often already troublesome on the markets for finished pro-

ducts. In the case of paper there are even some threats of increasing
trade barriers as a result of a too rapid increase of the Swedish

paper-making capacity.

But measures have also been proposed for preventing a reduction in
industry's wood-consumption capacity. The industry itself and others
have suggested a regulation of the use of wood for heating purposes
in order to establish that only wood-materials without other use are
burned. To augment the supply various forms of subsidies have been
proposed. These aim to increase cuttings in periods of peak demand

and to stimulate growth-promoting investments.

In this paper I will discuss some aspects of the problem of how to

avoid or moderate a decrease of the existing capacity. My first point

is that the problem is not the result of an actual deficit of trees,

but of the policy to have a balance at each time between growth and har-
vest. My second point is that a regulation of wood-burnings may well

be unnecessary. This is the suggestion offered from an estimation of

industry's short run wood demand function.

Supply vs. industry's capacity

The parliament decided in 1979 that the ambjition of the forest policy
will be to achieve an average harvest level of 75 million m3 (gross
volume; inclusive bark and tops, but exclusive roots, stubs and branches).
This level corresponds to current growth (but exceeds expected growth

at the turn of the century).

This level of supply amounts to about 90 per cent of industry's current
full capacity wood consumption (a supply of 60 million m3 - net volume;
exclusive bark - versus 66,4 million m3 (net) for full capacity con-
sumption). This share becomes even smaller if the comparison takes
account of differences between regions and tree species. Table 1 shows
balances for the three regions defined in the map. The potential supply
of pine-wood will only suffice for an 80 per cent utilization of total
capacity. Instead, leaf-wood is in excess in all regions, There are also
important regional differences. The pine-wood balance is better in northern

Sweden, but worse in the two other regions.
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Table 1. Millions of m3 (net)

. Region 1 Region 2 Region 3 Total
dood Conifer Leaf Total Conifer Leaf Total Conifer Leaf Total Conifer Leaf Total
00
consumption
100 7 17.0 2.0 19.0 16.1 0.8 16.9 27.9 2.6 30.5 61.0
. . . . . . . 5.4 66.4
85 7 14.5 1.7 16.2 13.7 0.7 l4.4 23.7 2,2 25.9 51.9 4.6 56.4
Aimed supply 15.8 2.8 18.6 11.9 1.9 13.8 21l.4 5.4 26.8 49.1 10.1 59,2

This regards the level of supply to which the parliament is aiming.

The govermment forest policy (working through prohibitions to harvest
not fully grown forests - for the moment defined as having a growth-
rate over 3 per cent -, replanting duties, tax policy,

industrial policy, etc.) just sets up a frame for the actual wood
scarcity. The actual scarcity is of course an economic question;
depending on the shape of the demand and supply functions. An estimated
supply~curve for region 1 is shown = in an unconventional fashion -

in figure 1. It shows the net revenue per unit to the suppliers for
different supplied quantities when price is unchanged. The net revenue
is the current price (1979) less the cost of cutting, transport and
necessary replanting. The two curves in the figure demonstrate how mar-
ginal cost increases (net revenue when price is unchanged decreases)

when supply is increased.
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The supply at the current price is given from the intersection between the
supply curve and the zero-profit line. This amounts to a volume of 14
million cubic meters, corresponding to 72 per cent utilization of
industrial capacity. If the price is increased with 20 Sw. crowns

the supply goes up one million cuBic meters. The figure shows that the
supply elasticity is very high for the following quantities up to the
upper boundary - which is the aimed level set up by the parliament.

Thus it seems as if the economic shortage of wood relative to industry's

capacity is significantly higher than table 1 points out.

Industrial capacity is not the same as real production. Because of
especially the four year long recession 1975~1978 the total wood input
to industry during the 1970's was less than the forest growth. Market

demand was in other words a stronger constraint than the growth of the

biomass.

The relief in the balance situation was however only temporary. Demand

is expected to be growing during the 1980's, The sales potential 1982

has been estimated in an official report to correspond to a wood con-
sumption of 70 million m3 (net) or 90 million m3 (gross). If such a

level of sales and production will come true depends of course mainly

on which prices the industry sets on its output. But since wood costs for
most products make up more than 50 per cent of total costs, this means
that to a great extent it is a question of the price elasticity of

wood supply versus the elasticity of demand on industry's products.

Unused reserves

The industry has paid great attention to find out how wood supply can
be augmented. Import of wood-chips has been increased and now amounts
to 3 million m3 (whereas export comes up to 2 million m3). This is
however not expected to be possible to éubstantially increase any
further. Another fiber-source which has been thoroughly investigatecd
is waste—paper. Some papermills have the last years invested in
capacity for deinking of newspapers and magazines. The unused amount
which could be recycled is estimated to about 300,000 tons. This

. eaqs 3
means a saving of more than half a million m™ wood.
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A very significant reserve is the biomass which is now left in the
forests after the fellings. The total volume of this is estimated at
35 million m3. For ecological, technological and economical reasons
most of this cannot be taken charge of. Some 7 million m3, mainly
stubs, roots and small trees from thinnings, can be used for pulp
and particle board. This volume and 9-10 million m3 in addition can

also be used. as fuel.

Forest growth can be increased in the long run, through better planting
methods, more fast-growing plants, thinnings, etc., as well as in the
"short" run of about 10 years, particularly through draining and V

fertilizing.

These measures have the disadvantage of raising marginal costs in
forestry. Collecting and transport costs for whole-tree components

are in some cases fully comparable with those of conventional round-
wood, but typically they lie above. A more intensive forestry is not
only associated with higher investment costs but also with a significant
degree of uncertainty regarding the effects on environment and on the

sensitivity for diseases, weather, etc.

Hence there is a conflict between this way to increase supply and the

low price on industry's output which is required to maintain and increase
market squares. Since Sweden is already using more marginal land and

more intensive cultivation methods than the main and price-leading com—

petitors, this conflict is likely to be crucial.
One way to get around this dilemma, from industry's point of view, is
to let tax payers subsidize forestry. If this is the strategy of the

industry, it has apparently been rather successful during the last years.

The "balance philosophy"

There is, however, another way to increase supply without raising

1)

marginal costs.. ' This is to loose the tight connection between annual
growth and cuttings. Because of a favourable age distribution, with a

high portion of fully-grown trees (and, on the other side, a small

1) A number of qualifications should be made to this statement, but
I omit them here.
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portion of medium-old trees), it is possible to greatly increase

fellings for one or two decades on non-marginal land.

A relaxation of the upper bound constraints on fellings was actually
proposed in 1973 in an official report to the government. Two main

arguments were put in favour of this proposal:

The first point was that it is a bad use of capital to keep a big

amount of slow—growing trees. The money they represent can be used
in more profitable ways. Promising market projections at 10 to 20
years' sight and a large industrial capacity guarantee that it will

really be possible to transfer the old forest capital to other uses.

The second point concerned the long-run outlook for forest-~based
industry. According to the report there are two big threats to sur-
vival in the development of various substitutes to paper and wood
articles (such as electronics), and the ongoing building of the infra-
structure necessary for low-cost pulping in tropical countries (where
trees do not just live on the charity of the Golf Stream and where for

that reason growth is considerably more rapid than in Sweden).

This long-run uncertainty, the report concluded, is another good
argument for using up the current surplus of old trees. Another
policy implication, it could be added, is not to initiate large scale
investment programmes and to mainly rest on investments with short

pay—-off time.

The report was immediately met by very strong criticism claiming

that the policy proposed Was too short-sighted. A new analysis by a

new group was initiated. The final report of this group was delivered

in 1978. It advocated a very comprehensive and costly investment
programme (which to a large extent would be financed by loans and sub-
sidies from the government). This was due to criticism of among-oth-

er things the environmental aspects not fully adopted by the parliament.
There were, however, no elements in the final decision that could remind

anyone of the 1973 proposal.
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The report formulated the object of policy as to achieve a high
and smooth long-run production. As an operational definition of the
long-range aspect,'a production programme was demanded to produce a
volume of biomass in 2070 as least as big as 100 years earlier. The
éhoice of this criterion was not motivated, although it means a
significant restriction on the dynamics of the forestry (the growth
period of a tree is longer than 100 years in large parts of the

country) .

The report did not go deeper into the question of what should be
meant by a smooth production over time. Particularly, nothing is
said about what wood supply is required to get some sort of even
development of employment in industry. The report accepts, however,
no large difference between growth and harvest in any period. In the
‘alternative scenarios that were studied the biomass is in no case

allowed to decrease to less than 10 per cent under the 1970 level.

An alternative production strategy

This "balance philosophy" is however not necessarily a good approxima-
tion to a policy that gives a high, even and long-range production.

This is shown in figures 2 and 3.

Figure 2
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Production programmes 1, 2 and 3 are the ones which were studied

in the report. Programme 1 is the reference scenario, which assumes
an unchanged investment level and a constant production over time.
Programme 2 is the recommended programme, where forest growth and
cuttings are successively raised as a result of the large-scale in-
vestment programme. Programme 3 gives a smaller production than in
the reference scenario because of a higher ambition to take environ-

mental conservation into consideration.

The different strategies were studied in a very detailed computer model
desctibing the forest growth. Given a specification of cuttings and
various growth-promoting activities on different types of land, the
model makes a ten year forecast of the development of the total bio-

mass. The runnings can be repeated to get very long forecasts.

As a comparison to the three alternatives in the report, a fourth
programme, programme H, has been studied in the model on my request.
This follows the strategy of the 1973 report. Cuttings are high during
the next two decades and then go down. Investments are the same as in

the reference scenario.

Figure 3 shows the outcome. The total volume of the biomass is falling
faster in programme H, compared to the others, “till the turn of the
century. From then, however, it increases. This growth is more rapid

and starts earlier than in the "balance scenarios". At the terminal

date the stock is not just higher than the 1970 level but also exceeds
the stock of the other programmes. This result is of course due to lower
average age of the trees (and therefore hiéher growth rates, which is

the result of the fellings during the first two decades).
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Figure 3
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Programme H gives a wood supply during the next decade which will

suffice for full utilization of the current capacity in industry.

A sharp and immediate reduction in capacity, which is necessary even
in alternative 2, can be avoidéd. This means that no new investment
funds are required to replace production and employment opportunities
in rather new plants which are scrapped before they otherwise would
be. From this point of view alternative H is the most 'smooth"

programme.

Programme H also, as figure 3 showed, fulfils the "leng-range"

criteria of the report. It is even a strong candidate for being the

1)

"best" programme. ‘ If timber prices are assumed to be constant over

1) To choose the "best" it is necessary to make specified assumptions
about the costs associated with the adjustments to a changing
harvest level, future prices (or "social valuation") on timber and
the rate of interest.
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the 90 year period, the discounted value of alternative H is higher than
that of alternative 1 at every non—-negative rate of interest. At

an interest rate of 5 per cent the discounted value of the gross

income of alternmatives H and 2 breaks even. The costs of the latter

are considerably higher so net incomes will break even on a lower,
perhaps not even positive, rate of interest. A high uncertainty re-
garding future prices (which raises the risk premium of the interest
rate) or an expectation of falling prices in the long run will make

programme H even more favourable.

From the envirommental aspect, alternative H will mean a larger total
harvested area the next two decades. Since fellings have many negative
effects on the environment, this is a great disadvantage. On the other
hand, the very criticized measures in alternative 2 will be cancelled
or at least postponed. Even a short delay is useful, since a main cri-
ticism is that too little research has been devoted to the ecological

and long-run effects of that alternative before implementation.

Industry's short-run demand function

The seeds of policy H have hitherto not fallen into good grounds.
The problem of raw materials shortage remains. Thus, the next question

is to what extent this is worsened by the foreseen new (rather re-

turned) competition from heating stations.

The problem can be illustrated by a simple supply-demand scheme.

The E-E~curve in figure 4 represents industry's demand for wood,

while U~U is the supply curve. The equilibrium is established in point
J at the quantity J and the price p. Now the heating station's demand,
E'-E, is introduced. The heating stations can bid a higher price

than some of the industry plants. The market demand is therefore the
broad line E-E'. The new equilibrium means a higher price and a

smaller quantity, OA, for industry.

The industry's demand curve is possible to estimate on the basis

of the plant specific information which is the input to the offi-

cial industry statistics.
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.Quantity

Figure 5 shows a group of plants arranged in order of falling

ability to pay for one unit of wood input. The ability to pay,

the heigth of each staple, is the maximum price a plant can pay

for the wood when other variable costs are paid. In normal cases,

the plant also, besides the cost of the wood input, can cover

fixed costs and a certain profit. But in the marginal plant to

the right in the figure only the variable costs are covered. This,

plant is shut down if the price PR on wood is raised.

Figure 5
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The ER-EE curve formed by the staples is the industry's demand curve.
The price PR and the quantity V5 is the market equilibrium that is
established by the demand curve and a supply curve VS-U. If the
supply is diminished, i.e.'the supply curve is shifted to the left,
a new equilibrium will be set implying a higher price, a smaller
quantity of wood input and closing of one (or a part of it) or more

plants to the right in the figure.

This scheme is of course a simplification. Besides the measurement
problems - to measure the expected prices and costs and the opportunity
costs which are relevant to .the decision maker - shutdowns is only

one of a number of possible reactions to a higher wood price. Other
ways can be to improve the efficiency, change output composition,

close down one or two production lines etc. This means that the

curve E ~EX underestimates the imdustry's ability to pay. This bias

R
is however not likely to be very large.

Figure 6
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1)

I have estimated the 1979 demand curve ’ with a linear programming
technique. The results are shown in figure 6. The outer curve applies
to full capacity utilization in all plants, while the inner curve is
estimated on the assumption of 85 per cent utilization. From these
curves we can learn that a not inconsiderable part of the industry

is run wiﬁh a deficit in net income when operation costs are deducted.
At a wood price of 160 Swedish crowns these plants corresponded to
more than 10 per cent of the used wood. This is, with some exceptions,
the plants that are in an immediate danger of being closed (and

perhaps being replaced by new investments on the same locations).

I have also estimated demand curves for each of the three regions

shown in the map which accompanies table 1. The results are summarized
in figure 7. The losses of jobs in closed plants that are associated
with a certain price on wood are shown in the figure. It can be seen
that the "employment elasticity" is very high in region 1, the northern
part of Sweden, and considerably lower in the two other regions. At a
price of 193 Sw. crs.,plants with more than 6,000 employees are shut
down. This is two thirds of the industry's total employment in the
region. About 5,200 jobs disappear in the interval between 150 (which
roughly is the current price) and 193 Sw. crs. The corresponding

figure in region 1 is about 700 and in region 2 about 150,

Decrease of the 7.000 -
number of employees _ Region 1
6.000 -
5.000 -
4.000
3.000 A : Region 3
2.000 ~
Region 2
1.000 +
Figure 7 i r. /o
— T —T—r——Price, Sw.cr./m” (net)

20 40 60 80 100120 140 160 180 200°220 240 260

1) Sawmills' demand and demand on leafwood is not included, but
for a number of reasons this is not important for the use made here.
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These results from the regional estimations are very interesting,
since the costs of transporting for instance wood chips are rather
high. The very dominant part of the country's population and thus
the house heating plants are located to the southern and middle
regions. In these regions it will be necessary for the heating
plants to pay a very high price to get wood which is now used in
the industry. This result indicates that an increase of the wood-
based heating will mainly be limited to woodfuels which are of no
use for industry - and this even without any regulation. This does
not mean that there is ne scope for wood-based heating. The unused
reserves of tree components that are in "technical, economical

and ecological scope'" for this use are estimated to 16-17 million
cubic meters. This corresponds to 10 per cent of Sweden's o0il con-

sumption.
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APPLICATIONS OF SYSTEMS ANALYSIS IN U.S. FOREST SERVICE
ASSESSMENTS AND PLANNING
Clark Row

USDA Forest Service
Washington, DC, USA

In recent years the U.S. Forest Service has developed and used a number of sys-
tem analysis applications for both national and regional modeling of the forest
sector and in forest management. Those that this paper will discuss are those
used in assessing the national timber situation and in the detailed planning of

the publicly owned National Forests under the management of the Forest Service,

The Forest Service, a component of the U.S. Department of Agriculture, is re-
sponsible for much of the national situation assessment and planning done in
the forestry sector, as well as administration of significant areas of forest
(about 74 million hectares), a variety of assistance programs to private land-
owners, and forestry research. New legislation passed in the last five years
has required that previous types of analyses and planning be broadened and
strengthened. This could not have been possible without widespread use of sys-

tems analysis.

A number of additional systems have been applied to specialized applications
and in research. These will not be discussed. Many of the applications dis-
cussed have not yet been published in full descriptive form in the technical

literature.

The concerns of the Forest Service include all outputs frcm forest and natural

range lands, not just timber. This requires that we employ systems analysis
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models of other resources—-water, range, wildlife, and recreation. Often these
were developed primarily for agricultural analyses and will not be described
here. Of major importance is that the task of planning National Forest areas
for multiple simultaneous outputs has stretched our capabilities of systems
analysis to the fullest. However, without such techniques, analyses that meet

the requirements of the legislation would not be possible.

In the following brief descriptions of applications I will also mention areas of

active systems development.

Applications in resource situation assessment

The objective of the Forest Service's resource assessment just completed this
year (USDA Forest Service 1980b) is to measure the capability of the resources
covered to produce both market and nonmarket outputs, the trends of resource
conditions, demands for outputs, and likely availability of supply, and where
possible projection the trend of equilibrium market prices assuming continuation

of basic resource management trends, economic growth trends, and other factors.

This was possible to varying degrees for each resource. For some nonmarket out-
puts data availability and analytical tools sharply limited the analysis. A
detailed description of U.S. approaches discusses these limitations and the
historical development of the methodology (Row 1977). For timber, however, the
assessment covered a large number of factors and was published in considerable

detail separately (USDA Forest Service 1980a).
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The systems application models do not fall into easy categories. Some accomp-
lished limited tasks, while others integrated diverse information and results
of other models. Five aspects of the assessment were heavily dependent on

models.

Demands for processed timber products. Basic data on past consumption, exports,

and prices of processed timber products were assembled from a variety of statis-
tical sources and original surveys. The primary analytical techniques were

econometric procedures. One system, however, merits special attention.

The demand for residential housing was projected by a system called HOUSE
(Marcin 1972). Using demographic simulation techniques the model projects the
number of various types of households by char&cteristics related to their
preference of type of housing. Using changes in preferences and economic con-
ditions, as well as the inventory of housing units, allowed projection of the

need for new housing of various types.

Supply of timber for harvest. Like the demand for wood-based products, the

supply of timber is a topic the Forest Service has analyzed periodically for

many decades, as well as collected the basic resource data. The basic projec-
tion system is the Timber Resource Analyses System (TRAS) (Larson and Goforth
1970) developed several yeares ago. It is a timber stand projection technique

using growth, mortality, and harvest factors and trends by timber size class.

Research has developed a number of potential improved procedures for the dynamic

projection of regional timber resource situations. One of the challenges of
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future systems analysis applications is to evaluate, improve, and make such

new approaches operational.

Processing timber into processed products. Currently our knowledge of this area

is embodied in a series of coefficients and factors for product conversion, log-
ging, processing, and transportation costs, and constraints on locational shifts

over time.

These types of information is used by the TAMM model described in the next sec-
tion, but may be incorporated into a major model of the U.S. timber processing

industries.

Market equilibrium analyses. A basic problem encountered by the assessment of

the timber situation was a method to simulate the supply-demand equilibrium over
a number of decades. The basic tool developed, the Timber Market Assessment
Model (TAMM) (Adams and Haynes 1979), simulates the entire softwood timber
economy. It provides for three stages of production, six demand regions, nine

supply regions.

The solution procedure for the TAMM model uses reactive programming, and imple-
mentation of quadratic programming that iteratively tests components to see if

they improve the solution, a least cost objective.

This systems application has proved invaluable for both the assessment and for
a number of policy analyses. A major effort of the Forest Service will be to

improve and extend the system.
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Multi-resource interactions. One quite apparent fact is that the land resource

base in U.S. forestry and range cannot produce all the outputs for which there
is demand. Various uses are actively competing for the allocation of land. In
an attempt to assess these tradeoffs the Forest Service developed the Multi-
resource Use Interaction Model (Ashton 1980). This is a linear programming
application with activities representing a very large number of existing and
potential land management regimes for a detailed classification of land. This

system also is undergoing major refinement.

Management Planning for the National Forests. New U.S. legislation has also

required a great expansion of systems development application in National

Forest planning.

The planning is being done in a cyclical time schedule within the heirarchy of
planning units. At the top is a national plan (called the RPA plan, finished
in 1980). Objectives and targets will be disaggregated to regions (9 adminis-

trative areas), and 121 administrative National Forest: units.

The detailed land and resource management plans to be developed by each National
Forest by 1984 must provide alternatives that meet the targets (if economically
feasible), but of course at various costs. Some alternatives may show that in-
dividual forests may exceed their assigned targets. In addition there are

numerous other factors, issues, and concerns that will influence the alternative

recommended or chosen for each forest.

National and regional planning. The basic systems tool for budget planning used

in the recent RPA analyses and in regional planning is ADVENT (Kirby 1978). It
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is also a linear programming application in which the activities are potential
major program directions in a number of areas by geographical units. The con-
straints are budget costs and output targets. It also computes measures of
economic efficiency (present net value and rate of return). The model was
effectively used to assess program tradeoffs and simulate cost curves for each

output.

National Forest Planning. Because the planning of National Forests requires

determination of long-term management prescriptions by detailed analysis areas,

a more comprehensive approach was required for National Forest planning.

A linear programming application called FORPLAN (Johnson and Jones 1979) was
developed from predecessor models that merely allocated and scheduled management
on the basis for timber, particularly TIMBER-RAM (Navon 1971). Over the last
several years FORPLAN has been refined to permit greater flexibility in manage-
ment prescriptions, input options, cost and price routines, and target and

spatial constraints.

The Forest Service is requiring that FORPLAN be used on all National Forests.
Detailed instructions on preparation of input and formulation of alternative
sets of constraints are being formulated. The economic guidelines call for an

objective function that maximizes the present net value of the forest to society.

In application to early plans of National Forests, FORPLAN problems have been
immense. Matrix sizes have ranged upward to 5,000 rows and 22,000 columns.
The basic role of the FORPLAN system is to generate such matrices and help in-

terpret the resulting optimal solutiomns.
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One major task facing the Forest Servie is to implement this FORPLAN system in
a comprehensive, consistent, and valid manner. It is already quite apparent
that we have major gaps in our knowledge in biological~-physical responses,

local economic systems, and the cost functions of our organizations.

An aspect of forest planning that FORPLAN does not nowihandle adequately is the
design of transportation systems. Several mixed integer programming systems
are under development currently (see King 1980). Whether they will be used to
develop transportation alternative subplans for FORPLAN or be integrated into

FORPLAN is not known at this time.

The Forest Service has also developed a special input/output model to measure
the impacts of each alternative on local and regional economies. It uses a
data base that includes a transaction matrix for each of the 3100 local counties

in the United States.

Specialized planning in the Forest Service also uses geographical data base
systems, timber growth and yield models, ecological interaction models, road

design models, pest and fire control and suppression models.

Summary

This brief discussion of application of systems analyses in U.S. Forest Service
assessments and planning illustrates both the earnestness of our efforts, but
also some of the shortcomings of present approaches and work that needs to be

done.
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Implementation of these systems on an operational basis is proving to be diffi-
cult, The systems have to be put on a daily operational basis, with constant
attention to even minor defects. Adequate documentation is difficult to pre-
pare and keep up to date. Hundreds of professionals have to be trained on
systems analysis principles and on using specific programs. Its a major chal-

lenge for the years ahead.
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SPATIAL INTEGRITY
IN FOREST PLANNING MODELS

Dennis P. Dykstra
Associate Professor of Forestry
Yale University
New Haven, Connecticut 06511 USA

Abstract: Accurate forest planning depends largely upon spatial infor-
mation. Yet many of the more commonly advocated forest planning models
either treat spatial data as though they were space-independent or make
assumptions regarding spatial relationships which cannot be supported.
This paper reviews the need for spatial integrity in four areas: the
sizing of forest management units, the definition of management unit
shape and contiquity, the recognition of environmental restrictions,
and the implementation of temporal (time/space) requirements. A simple
model which preserves spatial integrity to some extent and which can be
implemented as an extension of many presently existing forest planning
models is introduced.

Additional Kevyvwords: mathematical programming, optimization, branch
and bound, forest regulation.

Introduction

Forest planning models commonly identify a certain number of
hectares to be assigned to each of a set of possible silvicultural
systems over some planning horizon. Such models are usually driven by
an objective function expressing the desire to find the maximum total
volume which can be harvested or the maximum total discounted value
which may be realized from the forest over the planning horizon. Be-

cause forestry is a science which deals with the management of land areas,

Paper prepared for presentation at the workshop, "Forestry: 1Issues
for the Eighties", sponsored by the International Institute for Applied
Systems Analysis and held at IIASA headquarters, Laxenburg, Austria,
January 8-11, 1980.
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accurate forest planning depends largely upon considerations dominated
by spatial relationships. This paper is largely a plea that the need
for spatial integrity in forest planning models be recognized and
incorporated insofar as possible. Toward that end, we will discuss

the need for spatial realism in four areas: the sizing of forest
management units, the definition of management unit shape and contiguity,
the recognition of environmental restrictions, and the implementation

of temporal (time/space) requirements. Let use consider each of these

in order.

Forest Operations and Management Unit Size

As management unit size (area) increases, the per-hectare amortiza-
tion of fixed management costs over the area is steadily reduced. Plan-
ning models often assume that the variable costs of management, such as
harvesting and reforestation costs, are constant on a per-hectare basis.
If this model is assumed, then the total cost curve is seen as a mono-
tonically nonincreasing curve. Suppose, however, that variable costs
increase on a per-hectare basis as management unit size increases.

Then the total cost curve has a minimum. Thus, management units can be
either too small or too large for efficient operation.

There is good evidence to suggest that unit variable costs do

increase with increasing management unit size. As an example, consider
the harvesting component. For a small unit in gentle terrain, ground
skidding equipment, with low variable costs, may be used. If management

unit size is increased, more difficult terrain may be included in the
unit, necessitating the use of cable systems and more elaborate road

networks, or even the use of helicopters.
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By the same token, silvicultural prescriptions can have a signifi-
cant impact on management unit size. When cable systems are used, for
example, operating costs are higher in partial cuts than in clearcuts.
At the same time, certain fixed costs, such as those associated with
roads and with moving and emplacement of logging equipment, are also
higher. This tends to suggest that partial cut units should be some-
what larger than clearcut units in order to permit amortization of
these increased fixed costs over an adequate volume of timber.

A recent study by Sessions (1979) investigated the effect of yard-
ing distance, a measure of management unit size, on optimal thinning
and regeneration harvest scheduling. Sessions coupled a computer simu-
lation routine to estimate harvesting costs with a dynamic programming
optimization routine. The results of Sessions' analysis for average-

site Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) in the Pacific

Northwest are summarized in Table 1. For Sessions' study area, as unit
size increases, the number of entries into the stand is reduced as is
the total volume recovered. Optimal economic rotation in both cases,

as judged by the soil rent criterion, was 100 years.

Sessions also showed that total harvesting costs, in dollars per
cubic meter recovered, are a joint function of the volume harvested per
hectare and the mean diameter of the stand. Virtually all of the forest
planning models I have studied in detail, including the large-scale
models used by the Forest Service, USDA and by several large companies
in the USA, assume no such effect (Johnson and Scheurman 1977) .

In some cases, certain other management costs, such as reforestation
cost (Table 2) can be significant and may also depend upon unit size.

This is especially the case, as shown in Table 2, for hand planting on
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Table 1. Management unit size as a determinant of management

regime.

EerecT oF YARDING DISTANCE
oN OpPTIMAL THINNING
AND REGENERATION HARVEST SCHEDULES

STAND AcE
(YEARS)

Vorume CuT, me/HA

AYD=130m AYD=365m
(M*/HA) (Mm®/HA)

50
e0
10
80
90
100

9 0

O 0
479 0
54 540
74 0
309 322

TOTAL

916 | 02

(Sessions 1979)

units harvested by aerial systems or long-reach cable systems.

If we were to put these cost effects together, we might suggest a

silvicultural model similar to the one shown in Figure 1. In this model,

areas closer to roads are treated in one way and areas farther away are

treated differently. Note the importance of the spatial relationship

between the timber and the haul road in this conceptual model.

A final comment I want to make about management unit size concerns

multiple forest uses, such as timber and recreation. On public forests
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DOUGLAS-FIR PLANTING Co0STS

(2-1 STock, 1500/ Ha)

SLOPE
%

WALK-IN DISTANCE, M

150

450

Q00

30
60
90

135
135
150

150
160
175

220
235
295

Management unit size and planting costs for one region.

CosTs ARE $/Ha
SourcE: Maeperer 1973

especially, recreational-use tracts or other exclusive- or dominant-use
areas must normally be segregated, usually both spatially and visually,
from management operations. Forest planning models must be structured

so that they are capable of such special considerations.

Management Unit Shape

A criterion which, to the best of my knowledge, has only been
explicitly considered in one modern forest planning model (Dykstra 1976,
Dykstra and Riggs 1977) is that of optimal unit shape, or boundary con-
figuration. Perhaps the most common unit design is the rectangle. It
may be used in steep, rugged terrain suited to cable systems, or in more

gentle terrain where ground skidding systems are appropriate. It may
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PRESCRIPTION 2

7 FRESCRIPTION 1

/i

Figure 1. Conceptual model for silvicultural prescriptions which

recognizes the spatial dependency of forest management costs.

be used in patch cuttings or in large-scale clearcuttings. Other units
are designed by landscape architects to be aesthetically pleasing.
Neither type of unit may be close to being economically optimal for the
harvesting system used. Consider two nearby management units to be re-
generation harvested by cable systems (Figure 2). Though the "natural"
shape of a cable unit when the yarder operates from a fixed landing is
circular, one may question where the boundary between the units should
be placed. One of the important determining factors in this question
turns out to be topography, and this has almost never been considered
explicitly in forest planning models. Another important consideration

is timber type, and especially size and quality of timber relative to
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Figure 2. Interaction between adjacent cutting units.

landing location. If all of the large timber is located near one
landing, then optimal unit shape will turn out much differently than if
the timber is of uniform size and quality. Figure 3 illustrates a case
study described in Dykstra and Riggs (1977) for a very steep, heavily
timbered Douglas-fir stand in Western Oregon. Note the irregularity of
the unit shapes. An interesting corollary to this result is that in
uniform timber and terrain, optimal unit configuration tends to be

rectangular.

Environmental Restrictions

A consideration of emerging importance in essentially all forest
planning is that of environmental restrictions. These can have spatial

significance, as illustrated in Figure 4. Certain laws, such as the
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Figure 3. Optimal harvest unit shapes for a case-study planning

area in steep, rugged terrain. Numbered sites are landings

and radial lines represent cableways.

Oregon Forest Practices Act, and management direction by public agencies

have become sophisticated enough to require different levels of operation

on various parts of a cutting unit, according to differences in perceived

environmental hazards. Practices such as the requirement that stream-

side buffer strips
only on harvesting
of spatial reality

model, relative to

of standing timber be left can have an impact not
economics but also on unit design. Thus, the modeling
can be quite important if the integrity of the entire

the real system, is to be preserved.

Temporal Considerations

The National Forest Management Act of 1976 placed certain limita-

tions on the size of units which may be treated by clearcutting on the

National Forests in the USA. The Forest Service has interpreted this
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Figure 4. Environmental restrictions on a cable yarding unit.
Full-suspension zones are along major streams; logs must be
fully suspended above the stream in those areas. Partial

suspension is dictated by environmental hazard.

as including temporal restrictions on harvesting adjacent to existing
clearcut units (Knapp 1979). As an illustration, Figure 5 shows a
management compartment with 12 management units. Each of these is to
be clearcut, one every five years, and at least a decade must elapse
between the cutting of any two adjacent units. The units have been
ordered to meet this restriction. A recent planning effort on the

Six Rivers National Forest in Northern California explicitly recognized
this kind of restriction (Walker 1979), although not on a unit-by-unit
basis as shown here. Still, the restriction had a definite impact on
the harvest prescription for the forest.

Another temporal consideration is that of learning and forgetting
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Figure 5. Ordering the cutting units in a management compartment

to meet temporal restrictions on harvesting.

by logging crews. Figure 6 shows a '"learning curve" for a logging crew
studied over a three-year period. At the beginning of the period the
crew was assigned to a new cable yarder. The crew's productivity im-
proved markedly at the beginning of the study and continued to improve,
though less dramatically, during the entire study period. This result
has important consegquences for the estimation of harvesting costs.

Most cost-estimating procedures presume that crew productivity is a
constant, at least in the long run.

Perhaps even more significantly, the study suggested that, on an
annual basis, the crew was subject to "forgetting" and had to progress
somewhat to attain the productivity of the previous year-end. Figure 7
shows the annual learning curves for the same crew. Each winter the
crew was shut out of the woods by heavy snow for two to four months.
Start-up the following spring was thus always accompanied by reduced

productivity for a time.
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Figure 7. Annual learning curves for the same logging

study as in Figure 6.
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Conventional Mathematical Programming Models

We have considered a number of problems related to the spatial
integrity of forest planning models. Now let us consider just one of
these problems, management unit size, in the context of the conventional
forest planning approach. Usually such planning is done, if it is done
at all, by implementing one of the linear programming formulations
summarized by Johnson and Scheurman (1977). A variant of these formu-
lations, which assumes that the firm or agency faces a downward-sloping
demand curve, uses a quadratic, rather than linear, objective function
(Walker 1971, Johnson and Scheurman 1977). In either case, however,
the mathematical programming model would consider the forests shown in
Figures 8A and 8B to be equivalent. That is, management unit area is
not explicitly modeled in a spatial sense. This may lead to certain
significant problems. Any solution must, of course, be implemented on
the ground. There is no inherent trait in the conventional models which
would prevent a management prescription being specified for an area of,
say, 1 hectare (as in Figure 8B). While it might not be impossible to
undertake management activities on a management unit of such small area,
it is unlikely that a forest manager would be tempted to do so. Forest
managers are generally capable of recognizing economies of scale, even
if the planning models do not.

Forest planning models with "built-in" spatial integrity may make
some sense 1n some instances. An example is the "unit planning" approach
used in a linear programming mode by Burkhart et al. (1976) and in an
integer programming mode by Randall (1972). This approach identifies
management units at the outset and then preserves the identity of these

units throughout the planning horizon. The question asked by the planning
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A

PRESCRIPTION 1 (20% OF AREA)
[ PRESCRIPTION 2 (80% OF AREA)

Figure 8. Equivalent mathematical programming representations

of a forest area.

model, then, is "what should be the management prescription for each
of these planning units?" The disadvantage of this approach is that
unit boundaries are treated as constraints, rather than as decisions.
Thus, although spatial integrity is guaranteed by this method, "optimal-

ity" may be spoken of only in a more restrictive sense.

A Simple Spatial Model

An alternative mathematical programming formulation may be derived
which is a straightforward extension of the methods discussed by
Johnson and Scheurman (1977). Suppose we place restrictions on the
feasible area permitted for each type of management prescription. This
might be done by utilizing "if...then" constraints. As an example,

define xl = hectares assigned to management prescription 1 and x2 =
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hectares assigned to management prescription 2. Then, if we decide that
the minimum area which can be assigned to prescription 1 is 10 hectares
and the minimum area assignable to prescription 2 is 25 hectares, we
write

IF x, > 0, THEN x, > 10

1 1
IF X, 2 0, THEN X, 2 25
These constraints permit X and X, to equal 0, but if they are set to
any greater guantity, then the minimum limits apply.

There are two difficulties with this simple spatial model, although

it can be used to adequately reflect minimum (and maximum) management

unit areas. First, it adds to the number of constraints in the mathe-
matical programming model. Even worse, though, the constraints are
discontinuous. It is possible to convert the problem to an equivalent

0-1 programming problem which can treat these discontinuities (Watters
1967, Wagner 1969). The cost of the transformation, however, is that
the number of decision variables and constraints is greatly increased.
And, of course, we then have a 0-1 programming problem to solve, rather
than a linear programming problem.

An alternative solution technique which can be used with the linear
programming algorithm is illustrated for a forest of 26 hectares and
the two "if...then" constraints above in Figure 9. This technique is
a variant of the "branch and bound" technique developed by Land and
Doig (1960) for solving integer programming problems. The methodology
proceeds by first solving an unconstrained problem (i.e., without the
“"if...then" constraints). The optimal value of Xy for this solution

(node 1) is acceptable (more than 10 ha), but the optimal value of X,

is less than the minimum feasible area of 25 ha. Thus, we "branch" on
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® UNCONSTRAINED  SOLUTION
=117, X3=14.3
2*= $24,600

@ M1, x5=25
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Z*= $22y800
TERMINATE: FEASIBLE
SET 2**=$22,800

® ®i=26, X270
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TERMINATE: 2X¥< ™

Figure 9. Branch-and-bound solution procedure for the

problem with "if...then" constraints.

variable x setting up two candidate sub-problems at nodes 2 and 5.

2[
The problem at node 2 is the "unconstrained" problem plus the constraint

Xy 2 25; the problem at node 2 is the "unconstrained" problem plus the

contradictory constraint X, = 0.

Solving at node 2, we find that we now meet the constraint on X,

but we no longer meet the constraint on X Thus we form contradictory

1°
branches on X at nodes 3 and 4. The problem at node 3, however, is
infeasible because it would require that X + X, be greater than 26, our

area limit. The problem at node 4, on the other hand, is fully feasible
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for the original problem including the "if...then" constraints. Thus we
terminate this branch and save the value of the objective function at

node 4 as z**,

Although we have found a feasible solution, we have not yet

determined that it is the optimal solution. To do this, we must consider
the one possibility not yet considered: that it is "better" to have
Xy = 0 than to have Xy 2 25. And, as the solution at node 5 shows, it

is clearly not better to do so, thus proving that the optimal solution
is the one at node 4.

The major disadvantage of this solution method is that it may
add slightly or significantly to the computer time required to come
to a feasible solution. The advantage is that is provides a solution
more in line with the realities of forest management. Thus far I have
done very little testing with this approach, although I plan to do
more in the near future. Actual experience with the solution procedure,
in the context of real-life forest planning situations, will provide
a series of benchmarks which can be used to determine whether the
additional computational and analytical time required for this procedure
provides sufficient additional spatial integrity to make the effort

worthwhile.
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The management of private forest lands has traditionally been a matter
of serious social concern, Once timber prices rise to a level where invest-
ments in forestry can be justified on the same grounds as other business
investments, the forest products industry typically responds with intensified
timber culture on their land holdings. Although external effects (water and
air pollution from land management activities, for example) continue to.
warrant public attention, the level of timber production responds to ordinary
economic signals.

No such confidence can be found in the actions of the private nonindus-
trial forest owners. The broad official definition of these holdings includes
forest lands held by individuals or corporations who do not also own the
requisite equipment to convert logs into lumber, pulp or other secondary
forest products. In the United States these ownerships range in size from
one acre to over one million acres; about one third of the Boston metropolitan
area would be officially classified as private nonindustrial forest land.

This paper is concerned with modeling the behavior of these landowﬁers
in order to predict the amount of timber which would be supplied from these
lands under specified future conditions. But timber is not the only valuable
output from these forests. Nontimber forest products—--recreation, wildlife
and aesthetically pleasing views--may in fact be more valuable than the timber
outputs. Arguing for increased timber production on these lands rests on the
judgment that the value of the additional timber exceeds the value of the
nontimber outputs which must be foregone to obtain the additional timber

supply. This seems to remain an open question.
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With the limited scope of this paper firmly in mind, we will consider
the problem of modelling timber supply from these lands in four parts. First,
the private nonindustrial forestry situation in theé United States is briefly
explained. In that context, a model of landowner behavior is post&lated.

This disaggregate supply model extends the conventional theory of profit
maximization to include consideration of the nontimber values produced for
the landowner by his forest holding. The third section tests statistically
this model on a sample of forest landowners in New Hampshire. The final
section summarizes the conclusions of the analysis and suggests several

avenues for further research on this problem.

THE SITUATION IN THE UNITED STATES

Private nonindustrial forests occupy almost three fifths of the commercial
forest land in the United States, or roughly 15% of the nation's coterminous
land area. In 1970 about 45% of the country's domestic roundwood supply was
harvested from these lands. These circumstances lend easy credence to the
widespread official and professional concern over the management of these
forests. The private nonindustrial forest situation in the United States can
be defined in four dimensions: their contribution to the total forest land
base, their ownership, the timber supplies from them and the status of the
growing stock residing on them.

The Land Base. Table 1 shows the status of commercial forest lands

in the United States over the twenty-five years between 1952 and 1977. Before
considering these data, note that the precise official definition of "commercial
forest land" is somewhat different from the ordinary usage of those terms.

Commercial forest land is (USDA, 1973, Appendix III):
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i. ten percent occupied by forest trees of any size or formerly
having such cover,
ii. not developed for nonforest use nor withdrawn administratively
from timber production,
iii. capable of producing 20 ft3/acre/year (1.4 m3/ha) of industrial
roundwood in natural stands,
iv., found in parcel sizes of one acre or greater.
Consequently, timber production is probably uneconomic on much of this land.,
The following figures overstate to some unknown degree the actual land base
for timber production in the United States.

Table 1 shows that commercial forest land has been roughly constant over
the period, equaling about 500 million acres. There has been a slight decline
in public ownership which is likely to continue as more land is set aside for
wilderness uses. Most of the publicly owned forest land is held in the
national forests, but significant timber producing areas are held by other
fedéral agencies (Bureau of Land Management, Indian reservations, the Depart-
ment of Defense) and by the state governments.

Private ownarship of commercial forest land remained almost constant over
the period. Ownership of timberlands by the forest products industry (those
companies with the requisite plant and equipment to convert logs into lumbgr,
pulp and other secondary fores; products) grew by almost 10 million acres in
the past twenty-five years. In aggregate the nonindustrial lands, which
collectively comprise the majority of commercial forest land in the U.S.,
changed little in this period. It is these lands where the official and
ordinary definitions of '"commercial forest land" diverge to the greatest

degree, and here is also the focus of this paper's attention.
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Table 2 presents a more detailed analysis of the ownership of these lands.
By official definition farms must gain a small amount of income from agricul-
tural products (850 for places of 10 acres or greater; $250 for places of less
than 10 acres). There are two sources for statistics on farm forest ownership:
the Forest Service data reported in Table 2 and the dicennial Census of
Agriculture. Although they use the same definition of a "Farm, in 1970 the
Census of Agriculture found some 19 million acres less forest land than did
the Forest Service. The discrepance probably relates to differences in defini-
tions of "forest land" in the two surveys, but the precise source of the
discrepancy has never been identified,

Miscellaneous private owners are all the private nonindustrial forest
owners who do not qualify as farmers. As a residual category they display a
wide diversity of socioeconomic characteristics and forest ownership object-
ives. They are located in every region of the country, but concentrated in
the east.

While the total area held by the private nonindustrial owners as a group
has not changed significantly between 1952 and 1977, the composition of owner-
ship within this elass has shifted in a major way. Miscellaneous owners now
comprise a majority of the class, and hold one third the nation's commerical
forest land. Farm ownership has declined at a rate of about 1.6% annually,

Existing data do not permit any further national level analysis of the
forest land ownership patterns. The last comprehensive survey of forest land
ownerships was completed in the late 1940s and even that survey assessed little
more than the size of the holding. The next section provides some more de-
tailed information on the private nonindustrial holdings in the New England

region.,
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Owners in New England. New England is a small, heavily populated

(by U.S. standards) region located in the northeastern corner of the country.
The nation's forest products industry had its roots there (the first sawmill
in the country was established in the early 1600s in Maine). Since then the
locus of the forest products industry has shifted to the south and west leaving
this region a legacy of significant nonindustrial private land ownership.

Table 3 shows the shift in the kind of owner who holds these lands. The
1948 and 1973 data are not precisely comparable, as the former were derived
from complete surveys Af 23 towns in the region and the latter from a random
sample of owners throughout the region. We see a significant increase in the
number of business and professional ownership of forest land, coupled with a
decline in the number of farm ownerships. The trends in numbers of owners
are roughly paralleled by the trends in the area held, although the decline
in farm ownership is not as pronounced as the decline in their numbers. Thus
primarily the farms with small woodlots left farm ownership during this
period.

At the same time that farm ownership of forest lands is declining, the
importance of the remaining forest lands to farmers is also diminishing. This
can be seen in the data developed for Vermont which is shown in Figare 1. 1In
real terms, both the total sales of forest products from farms and the sales
per acre of forest land declined substantially over the past eight decades.
Where the sales amounted to about $7.00 per acre in 1900, they are only about
$1.00 per acre in 1970. The recent increases in demand for fuelwood has
probably reversed this steady downward trend, but it is unlikely that forest
prqducts will regain the relative position in farm income they held prior

to World War II.
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Concomitant to the shifts iIn the kinds of forest land owners in New
England has been a significant decline in the size of the holdings. A
partial picture of this trend can be seen in Table 4 which shows the decline
in the median size of holding between 1945 and 1973 for fivé New England
states. These data are not precisely comparable because the 1945 data refer
to only those holdings of less than 5000 acres (2000 ha) and the 1973 data
include all holdings. Consequently, the 1945 data underestimate the actual
median size of holding by some unknown amount. Because there are very few
holdings larger than 5000 acres in this region, the magnitude of the under-
estimate is likely to be quite small. Kingsley (1979) and Gould (1979)
discuss further the discrepancies between these data. In all five states
the decline in the median size of holding over the 28 year period has been
marked, ranging from a high of 84.4% in New Hampshire to a low of 67.17 in
Vernont. As we will see below, this decline in parcel size has significant

implications for timber supply from private nonindustrial forests.
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Domestic Timber Supply. In 1970 43.6% of the roundwood domestic supply

was harvested from private nonindustrial forests as Table 5 shows., According
to recent estimates by the Forest Service, this fraction is expected to in-
crease to 54.8% by 2000. Total output from the nation's forest will increase,
according to this forecast, by 5.2 million cubic feet and over four fifths of
this increase will come from the private nonindustrial forests. The role of
the private nonindustrial lands to timber supply is large and growing.

Status of Growing Stock. Consider this prognosis in light of the data in

Table 6. Private nonindustrial lands, in gross terms, appear to be in poor
condition to meet these new timber demands. Clawson (1979) has shown that
regional differences in forest land ownership account for much éf the differ-
ence in these gross measures of forest condition, Furthermore, it is difficult
to interpret these data without some knowledge of the age distributions of the
stands involved. But in any case, the current situation on private nonindus-
trial land does not warrant giided optimism that the Forest Service timber
supply projections can be met without increased investment in timber pro&uction
on those lands.

In sum, what many have called the private nonindustrial forest problem
in the United States can be characterized in three parts. These lands comprise
a majority of the timber production base, defined by the broad official
definition of commercial forest land. They contribute a significant fraction
of the nation's domestic roundwood production, and their contribution is
forecast to increase in the next two decades. But the condition of their
forests is perceived to be poor, and traditional levels of investment in
timber production will not call forth the needed timber, Added to these

circumstances is a decline in farm ownership of forest land, and as we wili
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see below, farmers are being more responsive to market incentives than are
the nonfarm private nonindustrial owners., The average parcel size of forest
land also appears to be declining. If there are scale economies to timber
production and harvesting, this apparent trend also bodes poorly for the
timber supply from these lands. Despite the importance of timber supply
from private nonindustrial forests, little success has been achieved in
modeling in quantitative terms the supply behavior of this class of owners.

The next two sections turn to this problem.

A MODEL OF LANDOWNER BEHAVIOR

Nonindustrial private forest owners are known to hold their land for
reasons which transcend maximization of either short term profit or present
value asset position. The most simple model which captures the nonpecuniary
values of forest lands characterizes the forest holding both as a productive
enterprise and as a consumptive good in itself. The aspects of a productive
enterprise occcur because through timber sales the forest is capable of pro-
ducing income which can be used for the owner's consumption of goods and
services., Forest land is also a consumption good because it canvproduce
direct utility to the owner through recreation, solitude, aesthetic pleasure,
or other amenity values. In deciding how much timber to sell, the owner
balances the value of the consumption made possible by the income derived
from a timber sale against the amenity values lost by harvesting that timber.

Suppose that a forest landowner derives utility from the consumption of
nontimber land outputs, (e.g. recreation, aesthetic amenifies) and all other
consumption. He makes timber harvest decisions as though he were>maximizing
a utility function subject to two constraints. First, his total outlay cannot

exceed his income which equals an amount exogenous to the model plus his
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redeipts from timber sales and less his cost of holding land. Second, the
combinations of timber and nontimber outputs are limited to those which are

technically feasible given his initial endowment of land. In symbols, the

problem
max u(r, y) (1)
t
subject to
y = ye + pt t -ct (2)
r = g(t,2) (3)
where

u(r,y) = a utility function defined over r and y

y = net Income available for consumption of nonland goods

y = income exogenous to the model
pt = price of timber (stumpage price)
t = amount of timber cut

¢ = per acre cost of holding land

£ = amount of land held

r = nontimber land outputs and consumption

g(t,2) = a function relating timber to nontimber land outputs,
At the outset, the limitations of this model should be noted, Tirst, equation
3 reflects the essential economic aspects of the forester's doctrine of multiple
use applied to the individual ownership. This relationship 1s notoriously
difficult to estimate and the model simply postulates its existence. Second,
the only income producing output from the forest land is timber. No grazing
or maple operations, for example, are assumed to take place. However, as

long as these activities can be considered only to affect the exogenous income

ye, and not the level of amenity outputs from the land, the model adequately
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accounts for them, Third, speculative gains associated with land owmership

are not explicitly considered in the model, If current timber operations do
not affect the perception of these gains, then this exclusion is not trouble-—
some, Since in this model the land endowment is fixed, such speculative gains
would enter primarily through the costs of holding land c¢, and can be treated
as simply a parameter of the model. Fourth, initially the land endowment is
fixed and the only decision to be made is the amount of timber to cut. Binkley
(1979) relaxes this assumption to considér the timber and land markets simul-
taneously. In a similar vein, the model is static: it considers only how much
timber is cut and not how much is reinvested in timber management.

Holding the parcel size constant, the solution of this simple optimization
problem can be found by substituting the constraints into the objective function,
differentiating the result with respect to t, setting this derivative to zero,
and solving the resulting equation. This procedure gives the o?timizing
condition as

uypt = -u g, (4)
where the subscripts are used to denote partial differentiation with respéct
to the subscript variable., At the optimum, the marginal value from an additional
unit of timbgr production equals the marginal value of the nontimber outputs
which must be foregone to obtain that unit.

This indirect supply equation can be examined in conjunction with the assumed
functional shapes (i.e. signs of the first and second derivatives of u and g) to
ascertain the resonse of the owner to changes in the variables of the model.

Binkley (1979) gives the details of the calculations, and the results are pre-

sented below:
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Variable Sign of affect of timber supply
¢ :
P +/-
e
y —
c +
L +

The ambiguous sign of the price variable occurs because an increase in price
will lead to increased timber outputs only if the income gained from that
increase more than offsets the utiliﬁy losses associéted with the reduction in
nontimber production. The sign of the price effect is likely to depend on the
income of the owner. The effect of exogenous income is as would be expected,
given diminishing marginal utility of income. Increases in the costs of holding
land are tantamount to decreases in exogenous income, so thef naturally lead to
increases in timber harvest. Thus ralsing property taxes, may, in the short
run, be an effective way to increase timber outputs although the long run
effects might be to shift land out of timber production and consequently re-
duce timber supply. In this model increasing parcel size leads to increases

in timber harvest through the same effect--larger owners are more "land-poor."
These theoretical expectations are generally confirmed in the empirical work

reported below.

AN EMPIRICAL APPLICATION OF THE MODEL

The desiderata for estimating this timber supply modél are data on the
amount of timber offered by an individual (say, annually), the stumpage price
associated with the amounts offered, owner and ownership characteristics, and
information on the technical tradeoffs between timber and nontimber outputs.
Unfértunately data directly in this form are not generally available and

existing data were adapted for the purposes of this research. The recent survey
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of forest land owners in New Hampshire (Kingsley and Birch, 1976) provided data
on owner and ownership characteristics and timber harvest behavior. These were
combined with stumpage price data to form the basis for the statistical esti-~
mates of the timber supply model,

The major limitations of the data used to estimate the model are four.
First, the supply variable is dichotomous, indicating oply whethér or not an
owner harvested timber in a specified year and not how much timber was actually
cut, This type of dependent variablé leads to a "stochastic utility" model of
choice, pioneered by McFadden (1973) to estimate the split of transportation
demand between modes, With a specific assumption about the distribution of
errors in the utility function (that they are Weibull), maximum likelihood logit
is the relevant estimator for the supply equation, and that procedure is used
below. Second, because the technical tradeoffs between timber and nontimber
outputs are not explicitly known, the models presented below are subject to
some unknown specification error. Third, the survey used in this study did not
determine the price offered at the time of the sale nor the prices previously
refused, both of which are needed to estimate the model. As surrogates, county-
wide annual average price indices for the major forest products sold in the
county of the respondent were used. This leads to the well-known errors-in-
variables problem, and blases the statistical significance of the price
coefficient towards zero., Finally, because the income of the respondent was
known only for the survey per year (1973), it was necessary to work from a
strong permanent income hypothesis, and use variables such as age and education
to help provide a better neasure of the permanent income. Table T summarizes
the variables used in the model and the hypothesized relationship to the

probability of harvest.
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Table 8 reports the logit results. The taﬁles report the estimated
coefficient, asymptotic t-values and the elasticity computed at the mean of
the independent variables, The chi square statistic (xz) tests the hypothesis
that all of the coefficlents except the constant are zero, The statistic
corresponds conceptually to the F-statistic 1n ordinary least squares regress-—
ion. The effect of each of the variables is discussed separately and then the
difference in timber harvest behavior between farmers and nonfarmers is
analyzed,

Price. First, note that the price variables all have positive signs. This
is consistent with the normal relationship expected for timber supply and suggests
that in the sample as a whole each respondent is operating at a poilnt in his
utility function where the added income from additional harvest outweighs the
losses in amenity values.

Second, the statistical performance of the nominal price indices is superior
to that of their real counterparts. Theory would suggest the opposite result.
There may be a lag in the perception of inflation. That is, the landowner estab--
lishes in his mind what he considers to be a 'good" price for stumpage in the
absence of inflationary effects. He then sells if that price is reached or
exceeded, irrespective of the real price at the time of the sale.

Third, the sawtimber price index is statistically the best of the four
indices.‘ Sawtimber removals were from 65% to 77% of all removals statewide
during the study period. In the New Hampshire ownership survey, which is
the basis for these results, 687 of the owners harvested sawlogs alone where
only 4% cut pulpwood alone (Kingsley and Birch, Table 18, p. 43). As a conse
quence, the sawtimber price index probably more closeiy reflects the price of

the products most commonly sold than does the composite timber price index.
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Area. The results confirm the hypothesis that larger ownerships are more
likely to be harvested than are smaller ownerships. Preliminary analysis
indicated that the logrithmic specification of the area variable was superior
to the linear one so In(AREA) was retained throughout these results.

Using the AREA as an explanatory variable is subject to a type of identi-
fication problem: does the area effect enter the problem from the supply side
as hypothesized here or through the demand side? If logging is more attractive
on larger tracts, then it is possible that part of the effect measured in this
analysis results from the demand side rather than any part of the landowner
choice process. Under this hypothesis, larger holdings would command a higher
stumpage price. Then area serves as a proxy for the price faced by tbe land-
owner while the price varliable measures the aggregate trends.

Income, Acs, and Education. Given the available data, it was necessary to

use a strong permanent income assumption in order to measure income at the time
of harvest. Age and education can be considered proxies which improve the
measurement of permanent income. Consequently those variables are considered
here along with income itself,

Recall that income was measured for 1973 only, so assumptions were needed
both to develop a continuous measure and to estimate income in the years prior
to the survey. Real income refers to the assumption that the respon&ent's real
income remained unchanged throughout the period 1947-1973, and nominal income
refers to the assumption that his nominal income was constant throughout the
study period.

Nominal income enters the model with the expected negative sign in all
cases., In all samples the statistical performance of the nominal income vari-
able is superior to that of the real income variable. This result lends some

credence to the "lag in the perception of inflation" hypothesis advanéed above.
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Age is significantly positively associated with the probability of harvest
indicating that older owners are more likely to harvest timber than are younger
ones. This result may simply be due to age proxying for income, but another
hypothesis was suggested by the interviews with nonindustrial private woodland
owners. Investment in timber growing stock marks the early years of a land~
owner's life., This growing stock provides amenity values as well as a hedge
against financial hardship. As the landowner grows older, his financial
planning horizon shortens, and therefore the expected value of the timber
assets as a hedge against uncertainty diminiehes. He then is more likely to
liquidate his growing stock, irrespective of his nontimber income.

Education, the number of years of formal school attendance, is not strongly
associated with the propensity to harvest timber. In part this may be due to
collinearity between income and education in the sample. Again this result
suggests that education is needed to measure permanent income with the data
used in this study.

Farm versus Nonfarm Ownership. Farm ownership of private nonindustrial

forest lands is declining. Consequently it is of soﬁe interest to explbre the
differences in the determinants of timber harvest behavior between farmers and
nonfarmers, Because farming is a business enterprise, we might expect farmers
to reveal a greater sensitivity to price than nonfarmers.

Table 9 reports the results of analyzing-the farm and nonfarm subsamples
separately. First, observe that both groups display a strohg price response,
but the elasticity for farmers is nearly twice that for nonfarm owners. Second,
the other variables used in thie analysis (forested area held, income and age)

are not significantly related to farmer harvest decisions.
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Compared to the sample of private nonindustrial owmers as a whole, non-
farmers show somewhat different responses to the independent variables.
Sensitivity to price and to the size of holding 1s slightly less for nonfarmers
than for the full sample. Nonfarmers are slightly more responsive to income
and to age than is the sample as a whole (compare Table 7 with Table 8 to see
these differences).

The overall differences in the relatjionship between the independent vari-
ables and the probability of harvest between the two groups can be tested
statistically, The test is based on the difference between the value of the
log likelihood function for the full sample and the sum of fhe log likelihood
function values for the two subsamples., Twice this difference is known to have
a chi square distribution (Theil, 1971, pp. 396-397) under the null hypothesis
that there is no diffefence between the two groups. This test is analogous to
the so-called Chow test in ordinary least squares regression. This test indicates
that the nodel's coefficients collectively differ between farmers and nonfarmers
(chi square = 8.13, 1 degree of freedom). In addition to statistical signifi-
cance, this classification has practical importance. The predicted probability
of timber harvesf at the mean of the independent variables is .0339 for farmers

and .0270 for nonfarmers, a difference of 25.67%.

CONCLUSIONS AND FURTHER RESEARCH

The postulated model of landowners' behavior with respect to short term
timber supply seems to accord with observed behavior. The statistical estimates
of the model's coefficients conform to the theoretical expectétions. Price
affects the propensity to harvest timber, Higher incomes are associated with
lower levels of timber production. Smaller parcel sizes lead to a lower
probability of timber harvest. Farmers are more likely to harvest timber than

are nonfarmers, and farmers are more responsive to price.
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Stumpage price is endogenous to the timbef market but the latter three
variables are not. In the United States trends are towards higher rural
incomes, smaller parcel sizes and less farm forest land ownership. Conse-
quently, all else equal, timber supply from private lands will decline unless
prices rise to compensate for the trends in these other variables. In short,
the supply curve is shifting inward so increased prices will be necessary
just to keep output constant.

Interpreted another way the problem of timber supply from private non-
industrial forests cannot be divorced from larger questions of rural land
policy. Raising rural incomes is a traditional objective of public policy.

The activities of farmers respond, in part, to agricultural policy and price
support systems. Conversion of farms to nonfarm ownership and the parceli-
zation of rural lands are land use issues which transcend the problem of timber
production. Perhaps greater success in dealing with the nonindustriai forestry
problem would be achieved by élacing the question in this larger context.

The cbnstruction and performance of this model suggests several avenues
for further research. The first and most obvious is to collect data more
suitable to a disaggregate supply model. At this time such data are lacking.
Major landowner survey effofts are being conducted in the United States without
any clear theoretical basis for constructing supply models from the resulting
data. Modest redirection of these efforts could yield significant analytical
benefits. |

Second, the size of holding can be entered in the model as a decision
variable rather than an initial endowment. This leads to a simultaneous model
of land and timber markets. Binkley (1979) has examined the theoretical aspects

of this extension, but did not attempt to estimate the model empirically. Such
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an approach might explain some of the apparent economic anomalies sometimes
observed in rural land markets. It also might be the basis for more reason-
able forecasts of trends in forest land use. At present the Forest Service
projects the land base for timber production as a linear extrapolation of
vpast trends. Thus we find the apparent contradiction of a shrinking land
base for timber production at the same time stumpage prices are projected to
rise rapidly.

Finally, the dynamic aspects of the timber harvest decision need to be
incorporated into the analysis. This would include timber inventory change,
investment in timber production and other capital assets, and the preferences
for present over future consumption. As stumpage prices rise, increased in-
vestment in timber production would be expected. The resulting increase in
timber supply would be expected to moderate future stumpage price increases
and some equilibrium price level Qould be approached. This adjustment process
depends on the investment response of the forest owner to the higher prices.
Where the objective of ownership is not solely pecuniary, the operation of this

adjustment process is not straightforward.
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TABLE 1
Commercial Forest Land in the United States
(million acres)
Change,
1952 1962 1970 1977 % 1977 1952-1977

Z/Year
Total 500.1 511.0 500.3 487.7 -0.1
Public 144.8 145.1 143.0 136.6 28.0 -0.2
National Forest 94,7 96.9 94,7 89.0 18.2 -0.2
State 20.0 20.8 23.5 23.6 4.8 +0,.7
Private 355.4 366,0 357.4 351.1 72,0 -0,05
Industry 59.6 61.6 67.0 68.0 13.9 +0.5

Source:

USDA (1978) Table 2, p. 8




Private Nonindustrial Commercial Forest Land in the

-247-

TABLE 2

United States

Change, 1952-1977

1952 1962 1970 1977 %/ year
Farm 173.0 145.0 125.0 116.8 -1.6
Miscellaneous 122.8 159.4 165.4 166.4 +1.2
Private
Source: USDA (1978) Table 2, p. 8.



Percentage Distribution of New England Private Nonindustrial
Forest Land Ownership, 1948 and 1973
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TABLE 3

Type of Owner

Numbers of
Owners

Acreage Owned

1948% = 1973** '1948*  1973**
Business/Professional 21.5 44.5 26.7 48.0
Blue Collared 21.0 25.6 12.1 11.4
Retired 12.0 15.2 13.8 20.9
Other 23.3 10.2 30.5 7.0
Nonfarm 77.8 95.5 83.1 87.3
Farmers 22.2 4.5 16.8 12.6"

Source: Derived from

*Barraclough and Rettie (1950),

**Kingsley (1976a) and Kingsley and Birch (1977),

+Including Maine (Ferguson and Kingsley 1972), the area held
by farmers was 13.1% in 1973 ‘



Median Size of Forest Ownership-
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TABLE 4

in Five New England States, 1945 and 1973

19452 1973 Annual % Charge
New Hampshire’ 46.9 7.3 -6.4
Vermontb 41.3 13.6 -4,0
Massachusetts® 37.0 7.7 -5.5
Connecticut® 37.6 8.3 -5.3
Rhode Island® 39.2 11.6 ~4.3

Source derived from:

a. Barraclough (1949), pp. 151-154

b. Kingsley and Birch (1977), pp. 32-33

c. Kingsley (1976), p. 13
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TABLE 5

Timber Supply Estimates for the United States

(million cubic feet)

1976 2000 Z increase
National Forests 2.14 2.67 24.8
Other Public 1.09 1.27 16.5
Forest Industry 4.07 4.24 4.2
Nonindustrial Private 5.63 9.91 76.0
Total 12.9 18.1 40.3

Source: USDA(1979) Table 6.24, p. 327.
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TABLE 6

Comparison of Private Nonindustrial Forests with
Forest Industry and National Forest Lands

National Forest Private

Forests Industry Nonindustrial
Area (Million Acres) 91.924 67.341 296,234
Nonstocked (%) 3.6 2.2 4.5
Growing Stock <1500 bf/A (%) 21.1. 40.4 57.7 .
Growing Stock >5000 bf/A (%) 49.1 27.3 12.9
Softwood Sawtimber (Mb£/A) 10.68 4,72 1.29
Growth in Growing Stock (ft>/A) 28.4 51.7 36.3
Removals/Growth .838 1.055 .673

Source: TUSDA (1973) Appendix I, various tables
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TABLE 7

Summary of Independent Variables

Expected
Relationship to
Probability
Acronym Variable of -Harvest
HR Probability of Harvest
STPI Sawtimber price index, current dollars/Mbf +/-
RSTPI Sawtimber price index, $1967/Mbf +/-
TPL Pulpwood/sawtimber price index, current
dollars/Mbf +/-
RTP1 Pulpwood/sawtimber price index, $1967/Mbf +/-
AREA Forested area owned, Acres +
LAREA Natural log of AREA +
AGE Aze of respondent, years ?
RINC Income, constant dollar assumption, in
thousands of dollars -
NINC Income, current dollar assumption, in
thousands of dollars -
ED Number of years of formal education ?

C Constant term ?
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TABLE 8

Estimated Logit Coefficients

c STPI LAREA  NINC AGE ED x5 ag)  r2
-7.76 .128 .281  -.0151 .0135  .0269 90.8  .0640
(-10.98) (9.09) (4.07) (-1.77)  (1.86) (.815)
2.03 1.42 -.308 .580 .372
c TPI LAREA  NINC AGE ED
8.06 .172 .255  -.0148 .0169  .0342 80.6  .0565
(-11.0) (8.30) (3.72) (-1.75)  (2.32) (1.03)
2.22 1.28 -.300 .722 474
C RSTPI LAREA  RINC AGE ED
-7.56 .124 .169 .00952  .0212  .00454 40.45 .0272
(-9.20) (4.61) (2.48) (.933) (2.78) (.146)
2.06 .847 .138 .907 .0628
c RTPI LAREA  RINC AGE ED
-6.33 .0663  .155 .0125 .0226  .00383 24.4  .0128

(-7.61) (1.93) (2.28) (1.22) (2.92) (.124)

.899 .778 .182 .961 .0528

N = 2881
t-values in parentheses, elasticities below t-values

probability of harvest = 1/(1-exp—£ibixi) where b1 are the estimated

coefficients and Xy are the stated independent variables.
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TABLE 9

Comparison of Farm and Nonfarm Ownerships.

c STPI LAREA NINC AGE. . x 2 L
Farm -6.59 L2642 -.162 .0133 .0101  23.04  43.219
(2.229) (4.126) = -.3916  (.2925)  (.00359)
3.74 -.156" .292 .004
Nonfarm  -7.37 .121 .287 ~-.0147 .0147  73.43 368.27
(-12.17) (8.094) (4.012) (-1.781)  (1.874)
1.92 .279 ~.296 .632

Sample Size
Farm = 264

Nonfarm = 2617

t—~valves in parentheses, elasticities reported below t-values

L = Value of log likelihood function
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PREFACE

This paper is a survey discussing the present state
and future trends of the management systems and other systems
analytical tools in the Forest Industry at the corporate and
mill level. The technological development has made the
hierarchical distributed systems technically possible and
economically attractive.

The benefits of these kind of hierarchical management
systems are discussed.

The paper was presented at the IIASA Forest Industry
Workshop, January 8-11, 1980.
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MANAGEMENT SYSTEMS IN THE FOREST INDUSTRY

Paavo Uronen

INTRODUCTION

The general objectives and tasks of management in a
forest industry enterprise do not differ from those in any
other business management; they are (Drucker 1974): economic
performance, making work productive and the workers achieving
and managing social impacts and social responsibilities. 1In
other words, management must organize the purchasing,
producing, marketing, investment, maintenance and other
activities in the most economical way (or fulfilling some
other objective function) under many constraints in a dynamic
environment and at the same time the goals and wishes of
many interest groups associated with the business in question
should also be met. Some other classifications for the most
important tasks of management include (Dale and Michelon 1974):

Planning (set) goals

Directing

Organizing (analvze) means
Decision-Making or (select) resources
Staffing

Controlling (decide) action
Innovating (measure) results
Coordinating

Representing (maintain) Human relations

In principle each decision-making process of management
will include the following steps (Sage 1978):

1. Problem definition.
2. Value system decision.
3. Modeling and analysis.
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4. Alternative ranking (optimization).
5. Decision.

6. Action.

7. Evaluation.

It is thus evident that in order to make right or proper deci-
sions, management needs plenty of information and tools, espe-
cially in points 2, 3, and 4 in the above list. Management
Science, Operations Research, or Systems Analysis are more or
less meaning the same discipline studying these problems and
providing tools for management.

The terms "Management Science," "Operations Research,"”" or
"Systems Analysis" appeared after the second world war. These
new "hard science" tools, together with the development of
digital computers, gave high expectations; andmany initially
feared that computers and operations research would soon replace
managers. That has not been, and never will be, true. Systems
Analysis and computers are just tools, nothing more. They are
tools with high potential for contributing to decision-making,
but so far many managers in the business think that systems
analysis has been quite a big disappointment (Drucker 1974).
Drucker further states:

Managers complain that management scientists con-
cern themselves with trivia and reinvent the
wheel. Management scientists, in turn, tell
horror stories of resistance by reactionary mana-
gers.

Systems analysis has, perhaps, put too much attention on the
improvement and analysis of functional efforts (production,
marketing, financing), but there has been too little emphasis

on managing itself, on decision-making and on risk taking. The
most important goal of these tools would be to improve the under-
standing of management and decision-making in business and

enable managers to take the right risks. Or, putting it another
way (Drucker 1974):

Systems analysis should

-- test assumptions,

-- identify the right questions to ask,

-- formulate alternatives rather than solutions,
-- focus on understanding, not on formulae.

SYSTEMS ANALYTICAL TOOLS AND APPLICATIONS

There are many kinds of systems analytical tools and pro-
grams available for business management. The most important
techniques and tools are listed in Table 1. Typical application
areas of these methods are given in Table 2. The tendency here
is to combine all these methods and applications into a manage-
ment information system (MIS) or management system and the
updating, maintenance and further development of these models
and methods is the responsibility of the Systems Group or
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OR-group of the company. Figures 1 and 2 show schematically two
versions of MIS and Figure 3 represents a management system as
proposed by Ackoff (1972).

One interesting feature in the development of these systems
in the process industry has been demonstrated in Figure 4; at
early stages in the 60's the approach was a centralized one,
and then attempts were made to solve both the process control
tasks and the management tasks through a big centralized system.
These attempts were not successfull--the main reasons being
insufficient reliability and capability of existing computer
hardware, the difficult and complicated software, and lack of
specialists. After this stage, the minicomputers were developed
in the early 70's and then also the process control systems and
the management systems were separated and even difficult organi-
zations inside the company were reponsible for these tasks. Today
we can see very clearly the tendency towards a total mill control
and management system implemented with a distributed hardware.

To what extent the above mentioned tools and systems are
used in each individual enterprise is highly dependent on many
factors: the branch of industry, the size of business, the
regional and national characteristics and the interest and
attitude of top management.

MANAGEMENT PROBLEMS IN THE FOREST INDUSTRY

The forest industry is a typical process industry facing
many oroblems and structural changes now and in the future.
Figure 5 is a sketch of the problem "environment" of the
manager in a forest industry enterprise. It is obvious that
cornorate management today cannot make the decisions by taking
only the interests of the company and the technological aspects
into account. More and more the social impacts, the goals of
many interest groups (stock-holders, labor unions, government,
environmentalists, forest owners, etc.) must also be taken into
account and the development, both global and national, in this
industry should also be forecasted and notified in decision-
making. Figure 6 gives a schematic hierarchy of the problems
in the forest industry.

For assisting management in these tasks in the forest in-
dustry, most of the methods mentioned in Table 1 could be, and
to some extent are, used at the corporate and mill levels. The
big problem is the lack of models and forecasts at the upper
levels of hierarchy in Figure 6. Also decision-making under
many constraints and trying to satisfy all the goals of the
different interest groups will lead to a multicriteria optimi-
zation problem. The latest developments in multiobjective opti-
mization (Wierzbicki 1979) and game theory may give useful tools
for these problems in the future. These problems are closely
connected to strategic planning, i.e., to long-term (time
norizon: several years) management of the company. The manage-
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Table 1. Management techniques and tools.

Data base techniques
Modeling techniques
Simulation techniques
Optimization techniques
-- LP
-- Integer programming
~- Non-linear programming
~- Dynamic programming
-~ Multiobjective optimization
Forecasting methods
-- Linear time trend
-- Moving average
-- Exponential smoothing
-- Non-linear time trends
-- Adaptive forecasting
-- Box-Jenkins
Inventory control theory
Value analysis
Optimal control theory
Game theory
Critical path scheduling and other project control
Heuristics
Reporting systems

systems

Table 2. Applications of systems analysis in management.

Corporate modeling

Strategic planning

Budgeting

Cash flow analysis

Financial forecasting

Financial analysis

Demand and sales forecasts

Profit planning ,
Marketing management and planning
Investment analysis

Production planning

Production coordination and control
Project control

Planning of transportations
Inventory control
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Other Information
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Figure 1. Management information system I.
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Other Sources Other Information
of Information and Instructions
|
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& MANAGEMENT
FORECASTS
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Information Inquiries
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Information DATA
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Data SYSTEM Instructions,
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Figure 2. Management information system II.
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World Trade
Technological Change
Energy

Regulations

Policies, Raw Materiai
Inflation, Financing
Labor Force

Corporate Planning
Forest Management
Resource Allocation
Management Systems

Management Systems
Production Planning & Coordination
Process Control & Optimization

The hierarchy of management and planning problems.
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ment tasks in a forest industry enterprise can be divided accord-
ing to the time span as follows:

-- Strategic planning time horizon: years

-- - Tactical planning “ " months-
year

-- Production planning " " 1-7 days

-- Production coordination " " 1-24 hours

-- Process optimization " " 1-60 mi-
nutes

~-- Process control " " 0-1 mi-
nute

Another classification is:

Strategic management long-term, (goals)
Tactical management short-term, (means)
Operative management real-time, (production)

For strategic management, typical systems analytical tools
are corporate models and forecasts (Zackrisson, et al. 1977).
The models needed are typical simulation models used to answer
guestions like: "What is the outcome if this decision or change
will be made?"

For tactical management the most important tasks are
budgeting and resource allocation; so budgeting and reporting
systems, demand and sales forecasts, marketing and financial
analyses are the tools needed.

The operative management of a mill is responsible for the
fulfillment of the incoming order flow at the most efficient
way taking several constraints and uncertainties into account.
Figure 7 gives a diagram of the production planning system of
a white paper mill. This kind of production planning system
would be a part of a total mill information and management
system as depicted in Figure 8.

Vital parts of this kind of system are several data bases
which will draw data from the processes (via measurements) and
from outside sources (via terminals). These data bases are
updated and they are important data sources also for other
management systems (tactical and strategic); thus all systems
will be combined together.

Figure 9 presents two typical decision-making situations
for operative management in the forest industry enterprise.
The upper case represents a situation where the markets do not
restrict, i.e., all what can be produced can be sold. 1In this
situation management must decide the optimal product mix. The
lower case represents a situation where the markets are limited
and the orders coming in should be scheduled in production in
the most economical way.
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Figure 7.

Master production scheduling process.
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Tasks of total mill information and production

planning system.
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MODEL & DECISION MAKING

Optimal Product Mix
and Production Schedule >

———— » Energy Needed

- Wood & Other Raw
Material

Environmental

Load

Capacities >
Wood, Species, DIFFERENT PROCESSING
Inventory N UNITS WITH
— DIFF. SPEC. ENERGY
Prices & Sales > CONSUMPTION
— DIFF.SPEC. WOOD
Costs USAGE
» - DIFF. EMISSIONS
. - ETC.
Pollution N
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Figure 9.

Typical problems to be solved in production planning.
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Production planning should be done so that the use of
equipment would be as even as possible, avoiding shut-downs,
start-ups, rate changes, and overflowing, or emptying of in-
process storages, etc., because there are several possible
losses and disadvantages connected to all such changes as shown
in Figure 10 (Uronen 1978). A real-time total mill information
and management system, as depicted in Figures 7 and 8 can re-
markably shorten the total control cycle time of the business
thus preventing losses and improving the productivity as Figure
11 demonstrates (Uronen 1979). The development of computer
hardware makes the implementation of these ideas in a hierarchi-
cal system with distributed hardware realistic and profitable.
One possible structure of such a hierarchical system is proposed
in Figure 12 (Uronen and Williams 1978).

STATE-OF-THE-ART IN THE FOREST INDUSTRY

No survey or state-of-the-art report concerning the use of
systems analysis in the management of forest industry enterprises
exists. One area, namely process control, is guite well covered
in several surveys (Gee and Chamberlain 1977; Keyes 1975; Uronen
and Williams 1978), and also the situation in recent years
(Eriksson 1978; Uronen and Williams 1978). Thus a study of the
applications and experiences concerning the use of the more
"classical" type of systems analytical tools (corporate modeling,
forecasts, etc.) in the forest industry would be necessary and
useful giving feedback for research and development work in this
area.

We can, however, assume that the situation concerning the
use of these methods in the forest industry is far analogous
to the situation in other branches of industry. Naylor and
Schauland (1976) did a survey study in the US concerning the
use of corporate planning models. The study concerned the
situation in 1974-75 and they received answers to their ques-
tionnaire from 346 corporations representing 19% response.
Some of their results are given in Tables 3-6. From Takle 3
we can see that the response from the forest industry has been
very limited, if any, and it has been included into group ‘other’'.
Perhaps the most interesting is Table 6 which lists the benefits
of corporate modeling; the main benefits are closely related to
policy analysis and decision-making; the direct cost savings
are mentioned only in 28% of the cases and only 4% of the answers
do not indicate any benefits at all. We must, however, keep in
mind that this study concerned only one application area of
systems analysis, namely the corporate modeling. This is, of
course, a central and important application but in order to be
able to evaluate the whole range of applications, especially in
the forest industries a survey study must be carried out.

Concerning the present situation in the area of hierarchi-
cal real-time management information and production planning
systems, some existing systmes are in operation (Eriksson 1978;
Uronen 1978). Figure 13 shows the functional levels of hierarchy
installed at A. Ahlstrom's Paper Mill in Finland (Uronen 1978).
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Table 3. Firms using corporate models classified by industry.

Industry Number of Firms
Manufacturing 64
Banking and Finance 30
Regulated Industries (transportation,
communications, utilities) 20
Service 15
Mining 7
Agriculture 5
Others 18
No response 54
TOTAL 213

Source: Naylor, Schauland, 1976

Table 4. Applications of corporate models

Applications Percentage
Cash flow analysis 65
Financial forecasting 65
Balance sheet projections 64
Financial analysis 60
Proforma financial reports 55
Profit planning 53
Long-term forecasts 50
Budgeting 47
Sales forecasts 41
Investment analysis 35
Marketing planning 33
Short-term forecasts 33

Source: Naylor, Schauland, 1976
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Table 5. How corporate models are used

Use Percentage
Evaluation of Policy Alternatives 79
Financial Projections 75
Long-Term Planning 73
Decision-Making 58
Short-Term Planning 56
Preparation of Reports 47
Corporate Goal Setting 46
Analysis 39
Confirmation of Other Analysis 35
Source: Naylor, Schauland, 1976

Table 6. Benefits of corporate models

Benefits Percentage
Able to Explore More Alternatives 78
Better Quality Decision-Making 72
More Effective Planning 65
Better Understanding of the Business 50
Faster Decision-Making 48
More Timely Information 44
More Accurate Forecasts 38
Cost Savings 28
No Benefits 4

Source: Naylor, Schauland, 1976
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Figure 10, Some undesired effects of mill shut-downs and
production rate changes. (Uronen 1978)
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Figure 13. Hierarchical production planning and control at
A. Ahlstrom's paper mill, Varkaus, Finland.
(Uronen 1978)
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The number of this kind of systems is expected to increase
rapidly in the 80's and at the same time these systems will be
combined more and more with corporate models and other manage-
ment tools, thus forming a total management system for the
company.

FUTURE DEVELOPMENT

It is obvious that despite disappointments and time lags
the use of systems analytical tools in the forest industry, as
well as in other industries, will increase continuously in the
future. The following trends and needs can be seen:

-- the systems analytical models and tools will be more
and more connected to production planning and control
systems thus forming a hierarchical total mill manage-
ment and information system. Then also the gaps and
time lags between the planning, production, marketing
and financing will be decreased and the overall control
and decision-making will be faster and more integrated.

- many companies are planning to build corporate models
and management information systems. It is important
that the needs of the users of these systems will be
taken into account already in planning. Top manage-
ment should also be involved in planning.

- there is a need for the development of new user ori-
ented programming languages, for example, for planning
and budgeting.

- the connection between corporate models and production
planning systems will become more important.

- most corporate planning systems do not, so far,
include optimization procedures. It is probable
that the use of optimization techniques in produc-
tion planning and goal programming in resource
allocation will increase rapidly.

-— new models are needed for external environment, i.e.,
for economic, regional, social, ecological and polit-
ical problems connected with the forest industry
enterprise.

- a continuous dialogue between the systems analysts
and the users of these tools is in essence.
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Kauko lLeiviski

METHODS FOR PRODUCTION PLANNING IN AN
INTEGRATED PULP AND PAPER MILL

Abstract. Three approaches to carry out the pulp mill
production control calculations are discussed. These
approaches are a simulation method, a hierarchical opti-
mization algorithm and a network flow algorithm.

In the simulation approach a general program package for

the production control calculations was develoned. The sche-
duling is based on a simulation model and some simple lcgical
rules for production scheduling. It proceeds iteratively from
a given production schedule to a production schedule that
satisfies all the system constraints.

The production schedules of both the pulp lines of the mill
and the chemical recovery cycle can be calculated using
Tamura's time delay algorithm. This algorithm was modified
sO0 that the specific features of the problem can be taken
into account. These include the compensation of planned
shut-downs, identification of infeasible situations, etc.

The use of standard linear programming algorithms to produc-
tion control calculations is restricted by the fact that
they need a considerable amount of core memory. However, for
some special cases network flow algorithms that can solve
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LP-problems have been developed. In this connection Ford-
Fulkerson out-of-kilter algorithm is considered.

The applicability of these approaches was compared using
simulations with UNIVAC 1100/20-computer of the University
of Oulu. In the simulations the preselected simulation pe-
riod of 48 hours was divided into intervals of 8 hours.
Several kinds of test runs that correspond problems in the

real plant environment were carried out.

Keywords. Production control; simulation; hierarchical
systems; linear programming; pulp industry.

INTRODUCTION

During the last few years the need for a production control
and a total mill information system in pulp and paper mills
has become actual. Production control includes the short
term production scheduling and the control of the mill ope-
rations according to customer orders or the long term pro-
duction schedule. The operation of the production control
system is based on real-time information from the mill be-
cause of the dynamic nature of the mill operation condi-
tions. Depending on the mill in question, the tasks of the
production control system vary from the order handling to

the optimization of mill operations.

Figure 1 presents a hierarchy of operations, which is very
typical also in other industries, not only in pulp and

paper mills.

The lowest level consists of the process instrumentation.
The development of the technology has been very fast on
this level. Fast and cheap microprocessor based instrumen-
tation systems and high-speed serial data communication

systems are changing the tasks of conventional control
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computers. Data acquisition and preliminary handling are
more and more carried out by instrumentation systems

and by intelligent measuring systems. However, the control
actions carried out on this level concern mostly stabilizing
control based on the reference values given by the upper
levels.

The next level is the process control and optimization le-
vel. Typically this level uses process computers and for
all the pulp and paper mill processes automatic computer
control systems have been developed. These systems utilize
real-time measurements, process models and contrecl algo-
rithms. They provide, for instance, the set points for the
controllers, and special reports for both upper and lower
levels of the hierarchy.

Process optimization which takes place on the same level,
requires the knowledge of the overall process models.
Usually only static optimization is used. This means that
the optimal steady-state conditions of the process are de-
termined according to the production requirements. Process
optimization can be included as a task of the computer
control system.

The third level is responsible for the production control.
As it was shown above the production control converts

the customer orders or the planned production schedule to
short term production schedules for all the processes. The
tasks and functions of the production control system are
considered later on in this text.

The level above the production control level includes the
long term production planning for intervals varying from a
month to several years. Also the models used on this level
are developed keeping longer time intervals in mind.



~286-

Sulphate pulp mill is a complex system consisting of pro-
cesses and storage tanks between them. The processes are
linked together by fibre, chemicals and energy flows.
Because of the system complexity and strong interactions
disturbances in one process have an effect on the operation
of other processes. The effect of these disturbances can be
decreased by efficient coordination and control system.
This production control system includes all the operations
connected to actual production and consumption and genera-
tion of energy. Figure 2 shows inputs, outputs and main

functions of the system.

The production control system must provide the operational
staff with the production schedules calculated for the sche-
duling period of 2...3 days. These production schedules must
assure the most economical production taking the capacity
of the processes and the constraining storage capacity into

account.

The system must also give following information:

1. What effects the deviations from the optimal production
schedules have on the operation?

2. What is the most advantageous state in the case of
random disturbances?

3. How the planned shut-downs are included in the pro-
duction schedules?

With an efficient production control and coordination system
the mill capacity can be increased. This is achieved because

1. Better coordination decreases the number of shut-downs
enforced by full or empty storage tanks.

2. Better coordination makes more efficient use of the

bottleneck process possible.
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3. Also the number of shut-downs enforced by an incorrect
coordination of the energy balance can be decreased.

As another benefit the decreased amount of quality dis-
turbances can be considered. This is achieved because of
fewer production rate changes and fewer start-ups. More
reliable reporting, effective coordination of environmental
effects and also decreased staff in some cases are other
benefits of the production control system.

Previously, the application of simulation, linear programming
and optimal control methods to pulp and paper mill schedul-
ing has been considered (Petterson, 1969, 1970 a,b,c, Alsholm
and Petterson, 1970). Simulation has also been used in sto-
rage dimensioning and control strategy optimization (Gole-
manov, 1972, Golemanov and Blomberg, 1973). In the same
connection also mathematical programming for optimal production
control was concerned (Golemanov, 1972, Golemanov and Koiwvula,
1973). A network flow algorithm has been used in a computer-
based production control system in calculating the production
schedules (Edlund and Kalmén, 1974, Edlund and Johansson,
1977, Edlund and Rigerl, 1978). Also the discrete maximum
principle has been applied for production scheduling of a

pulp mill fibre line (Chalaye and Foulard, 1976). In former
studies hierarchical optimization algorithms, namely Tamura's
time delay algorithm and the suboptimal algorithm of Singh

and Coales, have been found applicable to pulp mill production
scheduling (Leiviskd, 1979, Leiviskd and Uronen, 1979 a,b).

PULP MILL MODEL

Production control calculations give the production schedules
of pulp mill processes with the time horizon of 2...3 days.
Therefore it is not necessary to use complete, complicated
process models. If all the small storage tanks are included
in the model, the system dimensions increase so that it be-
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comes very difficult to deal with. The model can be simpli-
fied by combining smaller storage tanks. Very small tanks
can be left without consideration by 'lumping' together

the corresponding processes.

In the following a sulphate pulp mill producing bleached

pulp and consisting of a fibre line and a chemical recovery
cycle is considered as an example. Figure 3 shows the flow
diagram of this kind of mill together with the necessary no-
tations for modelling. In modelling typical operational pa-
rameters of the pulp mill processes are used. Eventhough

both the mill flow diagram and the narameters are hypotheti-
cal, this does not decrease the value of the results. Using

a hypothetical mill the applicability of these approaches can
be compared generally. In a specific application some problems
may arise in modelling and in on-line measurements etc., but
these problems are same for each method.

The system consisting of processes and storage tanks can be
modelled in the state space form

%X = Bu + Cv (1)

Here the control variable u denotes the production rates of
the process departments and x the amount of material in the
storage. The required production schedule of pulp is denoted
by the deterministic disturbance variable V.

The steam balance can be written as
S = Du + Ev (2)

where S is the production rate of the auxiliary boiler.
Equations 1 and 2 can be written if:

1. The dynamics of each process can be neglected. This
is possible because the time delays after the product-
ion rate changes are reasonable short compared with
the time scale of optimization.
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2. The transfer properties of each process are constant.
This means that the process departments use the raw
materials and prepare the products always in the same
ratio when the same quality is produced.

3. The production schedule of the drying machine is given.

Constant parameter matrices B, C, D and E can be determined
by writing-up steady-state material and energy balances

for each process. The complete vector-matrix presentation for
Equation 1 is shown in Equation 3

[0.990 © 0 0 0 -1

) -1 0.961 0 0 0 0
2O -l o o8-l 0 0 S+ |0 lv® @)

0 0 0.211 -1 0 0

0 0 0 1.9745 -1 0

0 -0.3333 0 0 0.871 0

Equation 2 yields

S(t) = [0.266 0.5432 0.478 -8.408 O0Ju(t) +
(0.377+0.490) v, (t) (4)
and
x(t) = [xl,xz,x3,x4,x5,x6]T )
u(t) = [ul,uz,u3,u4,u5]T.

The term 0.490vl includes the amount of the steam consumed
in the generation of the back pressure power and that used
for warming up the processing water. These amounts are thus

considered proportional to the production rate of pulp.

The calculation of the pfoduction schedules for the actual
mill is done with some discrete time intervals and therefore
in the following the discrete time equivalence of Equations
3...5 is used.

The production rates of the process departments are constrained
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dHin < 4o (k) < ufax, k=0,1,...,K-1 (6)

where K is the number of the planning intervals. The upper
constraints, ufax, depend on the maximum capacities of the
processes and also on the planned shut-downs of the processes.
The lower constraints depend on the lowest possible (either
economical or constructional) production rates. Here the fol-

lowing numerical values are used (units m3/h)

( -
| gMax _ 1100,105,100,30,50] and
iﬁMln [75,68,63,12.5,25]

The capacities of the storage tanks are constrained, too

RSk, X%, k=0,1,...,K. (7)
Here the random disturbances are taken into account so that
some part of storage capacity is always reserved in order to
compensate these disturbances. In practical situations the
size of these reserve capacities must be determined using

the disturbance times and the times between the disturbances
determined statistically for each process. Here, however, for
each storage x?in is set 20 % and x?ax 80 % of the maximal
capacity of the storage.

The production rate of the auxiliary boiler is constrained

as

SMin < S (k) < SMax (8)

Here the values SMln= 20 GJ/h and SMax= 80 GJ/h are used.

TARGETS OF PRODUCTION CONTROL

Production control aims at coordinating efficiently the
operation of processes thus minimizing the costs of pro-
duction. Energy consumption, energy generation and the
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actual production may have separate targets. The realization
of these targets leads, however, to same results: undisturbed
production results in even energy consumption and thus in

even energy generation, too.

Following requirements must be taken into consideration, when

the production scheduling procedure is defined:

1. The planned pulp production schedule must be realized.

2. Quality disturbances are avoided by avoiding production
rate changes.

3. Planned shut-downs must be included in the scheduling
in advance.

4, Random disturbances must be taken into account.

5. The production rate of bottleneck processes must be

maximized.
6. Storage tanks must not be empty or flow over.
7. Storage capacity must be efficiently utilized.
8. Appropriate target levels of the storage tanks at the

end of the scheduling period must be assured. This
facilitates the scheduling during the next period.

9. Liquor and chemicals must be in balance.

10. Process delays must be taken into consideration.

1l. Consumption and generation of energy (the steam)
must be balanced.

12. The production of the auxiliary boiler must be maxi-
mized.

13. In the auxiliary boiler the bark burning must be
maximized (thus replacing oil in oil boilers).

1l4. The operation and the steam generation capacity of the
recovery boiler is closely connected to the operation of
the chemical recovery cycle. It cannot be used to compen-
sate short-term disturbances in the steam consumption.

15. The indirect storing of the steam in pulp or in black
liquor must be possible.
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It is difficult to put all these requirements into mathe-
matical form without increasing the size and complexity of
the scheduling problem. It is anyway possible to take them
into account, either directly or indirectly, using the

simple modelling approach presented before. It must be empha-
sized that it is not necessary to include all these require-
ments into the objective function. For instance, random dis-
turbances can be taken into account by selecting suitable
target levels and appropriate maximum and minimum constraints

for the storage tanks.

The overall target of the production control is to maximize
the net profit. This can be done either by selecting the net
profit function as a performance function (Golemanov, 1972,
Golemanov and Koiwvula, 1973, Tinnis, 1974) or by minimizing
the number of production rate changes (Petterson, 1969, 1970 a,
Leiviskd and Uronen, 1979 a).

SOLUTION METHODS

Tamura's algorithm

The application of Tamura's time delay algorithm to the opti-
mization of process-storagé systems has been considered pre-
viously (Leiviskd@ and Uronen, 1979 a,b). The mathematical
formulation is presented in the previous papers, too. Basically,
this algorithm solves the decomposed maximum principle problem.

A linear quadratic objective function is used

Y _ 0 2
J = 2{||X(K) X (K)IIQ(K) +
K-1

— -— 2
£ []|xk) - x°(k) || + (9)
Koo Q (k)

- -0 2
||a(k) - u°| |R(k)]}

where ||§||g = x'QX. The values of x°(k) can be determined
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so that they are statistically the most advantageous as for
the unplanned shut-downs (Edlund and Kalmen, 1974).

Here the 50 % percent value for all the intermediary storages

is used.

o) .
For the values of u; we can write

( o K-1
u; = [y, Z vi(k)I/K
It g=o ! (10)
O — Ll .-—
Lui - Yiui_l’ 1-2,3,...
Constants y can be determined using material balances.
The optimization problem is now
Min J, when (11)

X,u

§(o)=§o and the Equations 3...8 are satisfied.
According to Fig. 4 Tamura's algorithm can be described by

two-level formulation. In this case only one variable alge-

braic equations on the lowest level are considered.

Simulation approach

When simulation methods are used in production control the
greatest difficulty is in obtaining adequate a priori in-
formation so that the best possible production schedule can
be obtained. Of course, one can start with an arbitrary
production schedule. If all the constraints are fulfilled a
feasible production schedule is obtained. If not, another
schedule is applied until a feasible solution is obtained.
This approach has following features:

1. A feasible production schedule can easily be obtained,
if the user is experienced in the production control

of the mill in question.
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Figure 4. Hierarchical formulation of Tamura's time delay algorithm.
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2. The solution is, in no way, optimal, only feasible.
3. If there are many alternatives to be simulated, the

amount of manual work increases very much.

Using a logical, heuristic algorithm instead of manual methods,
the efficiency of the pure simulation approach is improved.

Of course, a lot of experience is required in order to develop
this kind of algorithm.

The simulation program package was formulated hierarchically-
according to Fig. 5. The hierarchical structure was selected
in order to describe clearly the information flow inside the
simulation system. The program package consists, in principle,
of three separate blocks:

1. Production rate calculation block
Energy balance calculation block
3. Print-out block.

The functions of different programs are:

PCSUPR The main program

PCPROD The subroutine. The coordination program for
production rate calculation

PCMODU The subroutine. Determines the production
schedule of a certain process department
according to the constraints set by a certain
intermediary storage

PCSIM1 The subroutine. Calculates the levels of the
intermediary storages and shows the possible
breaking-up of the constraints

PCFRCE The subroutine. Checks the production rates

PCSTOP The subroutine. Carries out the shut-down of
a certain process

PCSCH1 The subroutine. Determines the initial pro-
duction schedules based on the required pro-
duction schedules of pulp and paper

PCSIM2 The subroutine. Calculates the total need of
energy for the whole mill and the corresponding

generation of the electric power
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PCENER The subroutine. The coordination program
for the energy balance calculations

PCUN#L... Subroutines. Calculate the generation of

PCUN@4 energy by the recovery boiler, the power

boiler and the amount of energy to be bought

PCSTOR The subroutine. Considers the indirect
storing of the steam

PCTEXT The subroutine. Print-out as tables

PCTRAJ The subroutine. Print-out the trajectories
of all variables to be considered

PCTITL The subroutine. Finds out the titles for
different print-out options

PCZERO The subroutine. Sets the elements of a certain
vector to zero

PCMAXI The subroutine. Finds out the greatest element
of a given vector.

The most important programs are PCPROD and PCMODU. PCPROD
forms the decision to change the production rate of a certain
process department. Correspondingly, this new production rate
is calculated in PCMODU.

More detailed information is presented elsewhere (Leiviskd
et al., 1980).

Network flow algorithm

Linear programming can bé used if the problem is determi-
nistic and both the constraints and the objective function
are linear. The capacity constraints in Equation 6 vary in
fact stochastically and therefore some risk is included if
a deterministic system is used. The random disturbances can,
however, be eliminated by selecting proper storage tank le-
vels. This means that enough reserve capacity is left so
that the major random disturbances can be damped without
changing the calculated production schedules.
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Now the following objective function can be used

5 K
min g = I ¢ z |u, -u, . .| (12)
i=1 i k=1 i,k i,k-1
costs of production rate changes
6 K
+ I hy I [xi - xOPt Ky
j=1 I k=1 I’ J

costs of deviations from the
desired reference levels of the
storage tanks

In Equation 12 cy is the cost per unit caused by the pro-
duction rate change in the process i, hj is the cost per
unit caused by the deviation from the desired reference
level of the storage tank j, x?pt'k. This reference level
for each interval k is determined keeping the random dis-
turbances in mind. Empty or full storages are not allowed.
They are ineluded in the constraints, but omitted in the

objective function.

The objective function in Equation 12 must be linearized.
This can be done by introducing new variables

1 2 ' 4
ul’k 0 xj’k 0
(13)
ull Z " Z
ik~ ° 350
and the corresponding constraints
' z -
Ui,k Ui,k T Yi,k-1
n 2 -
Ui,k T Yi,k-1 T Y4,k (14)
x! > opt,k
' - X.
1.k x] 'K J
> ,Oopt,k _

X5,k i %5,k
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Now the objective function is

5 K 5
min J = I Cy r u! + I ¢
i=1 = =

K
c-

(15)

6 K 6
+ I h. I x' + I h., I xI
j=1 Jk=1 3,k j=1 J k=1 3k

=

The production scheduling problem of the pulp mill in Fig. 3
is solved using a standard Ford-Fulkerson 'out-of-kilter'
algorithm (Ford and Fulkerson, 1962). This algorithm is a
network flow algorithm and therefore the original problem
must be formulated as a network flow problem. In comparison
with a conventional LP-problem the network flow problem can
be solved with a smaller computer memory capacity in shorter
execution time. In this case this formulation corresponds
also very closely the physical system, namely the actual ma-
terial flows in the mill.

Figure 6 shows a small part of the network of the pulp mill
considered. Now the branches in the network have certain
costs and upper and lower capacity constraints. The problem
is to find the optimal route through the network in order
to produée the required pulp production.

COMPARISON OF THE SOLUTION METHODS

The performance of the before mentioned approaches was
compared using simulations with UNIVAC 1100/20-computer of
the University of Oulu. The scheduling period was 2 days.
It was divided into six scheduling intervals, 8 hours each.



-302-

130
140
150
160
170
180
190
20
230

240
20
260
270
280
290
300
_310
320
330
340

&

4

3
o1
N

Figure 6. An example of network presentation.

Legend: eBranches 130-160 are for the digester house during
the first planning interval: 130 for optimal pro-
duction 140, 150 for productions smaller and greater
than optimal production and 160 is the loss branch.

® Branches 170-200 are for the digester house during

the second planning interval.
@ Branches 240-310 are for the bleach plant.

e Branches 10 and 20 are the initial states of the

storage tanks.

e Branches 350-370 are for the storage tank x%: 350
for optimal level and 360 and 370 for levels smaller
and greater than the optimal level.

Here only two planning intervals are considered.
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FOREST INDUSTRY - ISSUES FOR THE EIGHTIES

Notes of a meeting of the use of systems
analysis in the Forest Industry held at
IIASA '

1. Purpose of Meeting

The purpose of the meeting was for representatives of
the Forestry and Forest Products Industries, together with
associated research workers, to meet to discuss the present
state of the art of system analysis in the Industry, and to
consider proposals prepared by IIASA to initiate a joint
collaborative study under the general title - Issues for
the Eighties.

2. General Background

The original proposal that IIASA should undertake
a study in the Forest Industries was first proposed by
Finnish representatives in 1978, and was incorporated
into research plan for the Institute for 1979. General
proposals were drawn up at a small task force meeting with
representatives from Canada, Sweden and Finland in July,
1978, and subsequent discussions had been held in the
Nordic countries, N. America and the U.S.S.R. The general
proposal was in the form of a collaborative study - to be
undertaken in individual countries as well as at IIASA -
to identify the main problems facing the industry in the
1980's, to explore where system analysis might help, to
identify the state of the art and undertake a critical
comparative analysis of the tools available, and finallvy
to agree on a coordinated research plan. Details of IIASA's
proposals are set out in the Annex to these notes, Paper
FN/1 and FN/2.
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The meeting was attended by 40 participants from 12
countries: Canada, United Kingdom, USA, Netherlands, Austria,
Sweden, Hungary, Finland, USSR Japan, BRD and Norway. The
agenda and list of participants are also included in the Annex.
The basic design was to start with general discussions or
problems and the possibilities of cooperation, and then to
continue with more technical discussions of particular models.
Many of the industry representatives however stayed throughout
the meeting, and the wide range of models being applied in
the industry in different countries showed that the potential
impact of systems analysis was wider than most people had
imagined.

The purpose of these notes is to review the main items
discussed, and to indicate the general conclusions. (Copies
of relevant papers can be obtained from IIASA at cost.) A
program of work is now being developed by the Management and
Technology Area at ITIASA, and interested persons should
contact the Area Chairman.

3. Survey of problems and structural changes
in the Forest Industry in different countries.

The first working session included the keynote address
by Mr. P. Rautalahti, President of Veitsiluoto Co. Kemi,
Finland, and a survey on actual problems and structural changes
in the next 10-15 years by industrial speakers from following
countries:

Canada Dr. K.M. Thompson

Pulp and Paper Research Institute

of Canada
Pointe Claire.
USA Dr. P.E. Wrist
Vice President--Technology
The Mead Corporation,
Dayton, Ohio.

USSR : Dr. A. Takunin

Director

The USSR All-Union Research &
Design Institute on Economics,
Production Management &
Information of Forestry,
Pulop & Paper, & Wood-Working
of the USSR Forest & Wood-
Working Ministry,

Moscow.

Sweden : Dr. B. Holmberg

AB Statens Skogsindustrier (ASSI)

Stockholm.
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Dr. S.T. Konari

Corporate Planning Division
Jujo Paper Company Limited
Tokyo.

Japan

UK

Mr. A. Grayson
Chief Economist
Forestry Commission
Edinburgh

Dipl. Ing. Dr. O. Eckmfillner
Universit8t flir Bodenkultur
Wien.

Austria

Prof. Dr. D. Noack

Universitd&t Hamburg und Bundes-
forschungsanstalt flir Forst-
und Holzwirtschaft

Hamburg.

Developing
Countries

In addition to this, Mr. J. Kettunen, R&D Director,
MetslAliiton Teollisuus Co., Kirkniemi, Finland, shortly
presented a list of possible research topics, with priorities,
proposed by the Finnish Forest Industry (Appendix 1).

Prof. Ake Andersson (IIASA/Sweden) prepared a summary
of the main problems referred to in these discussions (Table
1l). "He also discussed the development trends and importance
of the forest industry in national economies in wvarious
countries.

From this summary and the subsequent discussion, the
following conclusions emerged:

- Most of the issues listed are recognized in all countries
but their importance and voriorities varied, depending on
the "basis" of the industry (import based; Japan, UK, or
exporting countries Canada, Finland, Sweden).

- The changing price and availability of energy could have
a major impact on the patterns of production in the
industry.

- The international and global effects and trends including
the changes in monetary exchange rates were given much
emphasis.

- In general the questions relating demand and supply, costs
and efficiency are critical.

- The cyclicity of business and of investment were important
factors, as was its high capital intensiveness. The
forest industry is very slow in innovation and R&D. The
guestion is not so much about getting money in good
projects but merely how to organize and plan the R&D work
and how to gain momentum in innovation work.
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TABLE 1: Issues Discussed by Different Participants at the IIASA Forsstry Workshop,
January 8-11, 1980
14
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- Regional effects of forest industry were also recognized
by many speakers.

- In the longer term the ultimate question will be, what
is the "optimal"” usage of the forest biomass; the balance
between burning (energy), sawing (mechanical wood industry),
pulping (paper production) and other usages. Other usages
include a.o. recreational usage, wilderness, forage and
watershead. Closely connected with this balanced multi-
usage of forests are many environmental effects (climate
effects, effects on land and water, effects of heavy
plantation in the ecology etc). For most regions the
question here is: how to change from forest mining to
forest management.

4, International Collaborative Project.

IIASA's provisional project proposals were discussed at
length. In general, the value of such a study, organized in
this way, was accepted. All participants felt that IIASA
had a valuable contribution to make and hoped that work at
IIASA would be continued. The establishment of national reference
groups in the individual countries was clearly important but
would need delicate negotiation in some countries. This would
take a little time. The research topics generally interesting

and suitable for IIASA suggested by most speakers can be
listed as follows:

i) Methodology

- surveys on existing and ongoing research and applications
concerning systems analysis in the forest sector,

- critical review and study of applicability of the existing
models,

- development of methodology for evaluating the economical
impacts of different governmental and other regqulations.

ii) Studies on international trade

- world trade modeling,

- effects of changes in monetary system, tariffs etc.
iii) Technological change

- innovation

- computerization

- risk and uncertainty

- studies on integrated organizations.
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iv) Regional and National aspects
- cyclical character of the business
- investment consequences

Swedish and Finnish national projects have already been
established and they were shortly reported and discussed. 1In
Finland a 3 years project has just started concerning hierar-
chical production planning and management information systems
in the forest industry. The small-scale computer study at
IIASA is relevant to this work and close cooperation between
those studies is anticipated. 1In addition to this, a project
concerning the modeling of the Finnish forest sector has now
been almost completed. This project has also had a direct
link and continuation at IIASA. In Sweden a project studying
regional effects of the forest industry and regionalization
of the forest sector models is now in its planning stage. The
participants from the US and Canada a.o. urged the needs for
organizing the national projects and support to IIASA. Dr.
Iakunin of USSR stated that the biggest interest in his country
is a review of available models, in technological change and
in studies of industrial complexes.

5. Technical Sessions

The four technical sessions were:

"Modeling of world market and global aspects",

"National and Regional Modeling of the Forest Sector",

"Forest Management" and

"Management Systems in the Forest Industry".

Most of the papers presented in these sessions were
distributed to the participants before or during the workshop.
List of the papers available is on Appendix 2.

6. Summary and Conclusions

The summing up of the workshop was done by Mr. Les Reed,

President of F.L.C. Reed & Associates Ltd., Vancouver, Canada

and his summary is enclosed as Appendix 3. In summary and
final discussion the following conclusions were reached:

i) The workshon was useful and successful. IIASA is doing
relevant work in this area and it has an important part .
to play in the exchange of information and international
collaboration.
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ii) There was general support for an international collaborative
project. The start-up of national projects, and the
collection of additional funding for new work at IIASA,
would take several months to organise, so it was unlikely
that a major study of world trade could be mounted until
1981. Recruitment for such a task would need to start
in mid 1980.

iii) Meanwhile IIASA would continue its existing work, concen-
trating on

- continuation of survey studies;

- critical review of the existing forest sector models and
their applicability. A seminar (lastinag 1 or 2 weeks) for
model specialists would be organized at the end of 1980,

- the relevance of existing work on innovation, computeriza-
tion, risk, and regional studies to the Forest Industry
would be further explored.

iv) Interested member countries should organize their national

studies and reference groups as soon as vossible with
priorities and timing for the projects.

vi) IIASA was a suitable centre for further workshops and
conferences.

vii) The time schedule for the international collaborative
project at first stage will be 2/3 years.

Management and Technology Area P. Uronen
February 1980 R. Tomlinson

/is
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ANNEX TO FN/3.

Agenda of the Workshop, Jan. 3-11,
List of participants
Discussion paper FN/1

Discussion paper FN/2

1980



-316-

ANNEX to FN/3
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AGENDA

Forest Industry Workshop, January 8-11, 1980
Wodak Room, IIASA, Laxenburg, Austria

Tuesday, January 8

Chairman: R. Tomlinson, IIASA

8.45
9.00
9'30

10.00
10. 30
10.45

12.30
14.00
15.45
16.00

18.00

GENERAL PART
Registration
Opening and Welcome to IIASA R. Levien, IIASA
The Use of Systems Analysis in Industrial .
Decision-Making R. Tomlinson, IIASA
Keynote Address P. Rautalahti, Finland

Coffee Break

Structural Problems in the Forestry/Forest
Industry Sector. A world-wide survey by
speakers from di fferent countries.

Lunch

Presentations from different countries continued

Tea Break

[IASA's Forest Industry Project P. Urongn and
Discussion R. Tomlinson, IIASA
Heuriger

Wednesday, January 9

Chairman: P. Wrist, USA

9.00

9.30
10.00

10.30

An Overview on the Use of Systems Analysis in the
the Forest Sector P. Uronen, IIASA

Opening Remarks for the Discussion A. Andersson, [IASA

Discussion about the Use of Systems Analysis
in the Forest Sector

Coffee Break
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Wednesday, January 9 (continued)

10.45

12.15

12.30

Session:
Chairman:

14.00

15.45

16.00-
17.30

Discussion on suitable topics and arrangements
for a collaborative study

Conclusions and Recommendations for the Forest
Industry Project
Lunch

APPLICATION PART
"Modeling of World Market and Global Aspects”
A. Wierzbicki, IIASA
“On the Possibility of Creating Consistent

Forecasts of World Trade in Forestry
Products” :

“World Economical Modeling"

Tea Break

-- “Comparative Economics of Plantation
Forestry"

-- "Integrated Utilization of Tropical
Forests"

Thursday, January 10

R.

Tomiinson, IIASA

and L. Reed, Canada

Session: “National and Regional Modeling of the Forest Sector"

Chairman:

9.00

10. 30
10.45

12.30

Session:
Chairman:
14.00

15.45

M. Albegov, IIASA

"Forest Sector Model"

“The Forest Industry and Regional and
Industrial Development Policies

Coffee Break

“The Forest Industry Model of Canada"
“Modeling of the Swedish Forest Sector"

Lunch

"Forest Management"
L. Linnstedt, Sweden

“Applications of Systems Analysis in US
Forest Service Assessments and Planning"

“A Multiple Criterion Two-Stage Model for
National Forest Management Planning"

"Spatial Integrity in Forest Planning Models"

Tea Break

. Andersson, IJASA

. Nyhus, IIASA

. Sedjo, USA

. Noack, FRG

Kallio, IIASA and
Seppdld, Finland

. Johansson, Sweden

K. Jegr, Canada

o w©

Nilsson, Sweden

. Row, USA

. Dress, USA
. Dykstra, USA
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Thursday, January 10 {continued(

16.00 -- "Modeling Timber Supply from Private
Nonindustrial Forests"

-- "Development of a Mathematical-Economic
Computer Model for Updating the Hungarian
Forest Management System”

Friday, January 11

Session: "Management Systems in the Foresc Industry"
Chairman: R. Tomlinson, IIASA

9.00 -- "Management Systems in Forest Industry:
An Overview"

-= "Methods for Production Planning in an
Integrated Pulp and Paper Millf

10.30 Coffee Break

10.45 -=- "A Production Planning System for Pulp and
Paper Milis" .

12.00 Concluding Remarks and Summary of the Workshop
12.30 Closure.

/snh
7 January 1980

C. Binkley, USA

[. Gondocs, Hungary

P. Uronen, IIASA

K. Leiviskd, Finland

L. Einarson, Sweden

L. Reed, Canada
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FN/1

THE FOREST INDUSTRY--ISSUES FOR THE EIGHTIES
An IIASA Industry Project

Discussion Papers of the Planning
Task Force Meeting
July 10-12, 1979

GENERAL

(1) The International Institute for Applied Systems Analysis is

a non-governmental research institute based at Schloss Laxenburg,
Vienna, studying common problems of the developed world. It is
funded by seventeen member countries through their Academies of
Science or a nominated scientific body of similar standing. Most
of the work is undertaken by scholars from the member countries
seconded for one or two years from their home institutions, which
may be industry, independent research organisations, or universi-
ties. The problems tackled are organised into two Programs:
Energy, and Food and Agriculture; and four research Areas: Re-
sources and Environment, Human Settlements and Services, Management
and Technology, and System and Decision Sciences. There is also

a General Research Area which includes the study of regional de-
velopment problems. The work is 'applied' in the sense that it

is directed towards real problems, and attempts to provide improved
information and methodology for the use of those who advise man-
agers and decision-makers, at both organisational and national
levels, in the member countries. One example of this is the work
that IIASA has done earlier on the budworm problem.

(2) For the purposes of research, it has been necessary to iden-
tify IIASA's research program in terms of distinct tasks. For
example, the Management and Technology Area has four main tasks
which are currently being researched, namely: problems of indus-
trial innovation, questions of scale, the impact of small-scale
computer systems on management and organisation, and management
problems associated with high risk technology. In practice, how-
ever, the problems which face management do not divide into such
simple categories. Problems are interrelated and are becoming
ever more complex. The rate of change in our society is such that
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new problems are continually arising and if we are to meet them
adequately, we need to prepare the tools and analysis well in ad-
vance. Systems analysis is increasingly becoming a major tool for
use in such situations.

(3) If, however, systems analysis is to be effectively used in an
industry, the tools need to be developed in cooperation with man-
agement in the industry. The problems we are considering cannot
be removed from the real-life contact and treated clinically as in
a laboratory. Since it is not the function of IIASA to act as
direct consultants to industry in any one country we can only ef-
fectively develop an improved methodology in conjunction with ana-
lysts and policy advisers in those organisations.

(4) From what has been said, if IIASA is to improve the methodol-
ogy available for the assistance of decision-makers in industry,
it is necessary for them to engage on "whole industry” studies.
Equally, such studies are necessary if industry, in the various
member countries, are to get full value from IIASA's research.
Because of this, and the international nature of IIASA's work, we
have been led to consider the possibility of international collab-
orative studies in selected industries which are facing major
problems of change in many countries over the next ten tc twenty
years.

(5) The potential advantages to the industry chosen of such a
study in obtaining better information on world issues, in sharing
experience and techniques, in engaging in common research and in
drawing on the wide knowledge of systems analysis which can be
obtained through the Institute seem considerable. We do not pre-
tend that we will solve problems for individual industries, but
we do believe that we can help to provide tools that will help
management to explore the possible consegquences of the range of
decisions available to them.

(6) The first industry chosen for study in this way is the coal
industry and the work has already begun. Following discussions
in many countries, the forestry/forest products industry has been
identified as a second industry where such an approach is of po-
tential value.

(7) We see this as essentially a collaborative research effort
in which the majority of the research will be undertaken on a na-
tional basis. This is where the expertise already lies and the
problems to be tackled are those to which many of these teams are
already planning to devote attention. The role of IIASA will be
as follows:

(i) to provide a systems framework for the whole study,
whereby separate parts can be analysed and inter-
related;

(ii) to provide a convenient vehicle for information
exchange;
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(iii) to advise and help develop appropriate methodologies*;

(iv) coordinate the work and ensure that, so far as is pos-
sible, the individual pieces of research are relevant
to all participants; and

(v) make results of the work available to participants
through reports, conferences, etc.

(8) The initial step will be to hold a workshop at IIASA on
October 2-5, 1979 at which management will be invited to comment
on the relative importance of the various problems that will have
been suggested in discussion documents and to identify topics under
so listed. They will also be asked to indicate their degree of
support for working on individual topics in terms of research ef-
fort that they would be willing to provide in their countries or
for support of research at IIASA or elsewhere. The second part

of the workshop will be devoted to an information exchange between
analysts to explore appropriate methodologies for these various
problems.

(9) Two of the countries concerned have already set up analytical
teams to study the questions set out in these notes and others are
known to be considering doing so. It is important that the work
should be done in, and through, such analytic teams. In order to
ensure that the work remains focussed on the problems as seen by
management in the industry, it would also be necessary to establish
a 'reference group' of senior managers to advise on developments
and, in effect to commission the work. A reference group for IIASA
work with representatives from all NMO's actively involved in the
project would also be established. Figure 2 describes the proposed
organisation of the project.

(10) For the purposes of easier discussion, the problems will be
divided into three groupings: resource management, structuring and
planning, and production including the questions of energy and
pollution. Figure 1 indicates how the whole industry study might
be developed. A short discussion paper has been prepared on each
of the subject areas and this will be the basis of the discussion
at the workshop.

(11) A relatively small amount of funding for this project is
available from internal IIASA resources. In view of the direct
value of the work to the industries concerned it is hoped that it
would be self-supporting and that the necessary resources at ITASA
could be provided through industry secondments or from direct
financial support of IIASA staff.

* IIASA is already undertaking much work which is relevant in meth-
odology or direct contact, to the studies envisaged here. It is
studying problems of world demand and supply in energy and agri-
culture; it is looking at guestions of the environment, innovation
and technological change, problems of scale, impact of mini-micro
computers, etc. These teams would be available for comment and
advice, and could in some instances, engage on case studies with
the forest industries.
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Figure 1l: The International Project at IIASA, "The Whole
Industry Study.

(12) To conclude, the purpose of this work is to provide management
in the forestry/forest products industry with better information
and better tools of analysis that can be used by an individual na-
tion or company in understanding its own problems and in developing
their own strategy. To the best of our knowledge, it does not
duplicate work being undertaken anywhere else and should provide

an existing breakthrough in mutually advantageous cooperation.
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appendix to FN/1.

It is proposed that we should consider the overgll tgpic
under three subject areas as indicated in the following diagram.
The following papers discuss each of the areas 1in turn.
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AREA 1-- RESOURCE MANAGEMENT

For the purposes of this discussion, Area 1--Resource Manage-
ment includes the activities associated with growing, harvesting
and transporting fibre to the processing site. Although this is
a complex Area, it is possible to demonstrate the advantages of a
systems approach to planning by considering four characteristic
issues of the Area. These are:

(1) The interaction of fibre supply, fibre price, and
product mix.

(2) The internal competition (within total forestry) for
the available forest productivity, including such trade-
offs as between pulpwood, sawlogs and energy uses, or
between consumptive or non-consumptive uses.

(3) The flow of biomass from a forest unit in terms of

guantity and quality, including how this is influenced
by over- and under-harvesting.

(4) The social effects of the mechanisation of harvesting.

These issues each contain interrelations and, while they may
appear independent of one another, inspection will reveal a series
of interactions. A systems approach provides a systematic scheme
for evaluating the influence of these interactions. For example,
a simple system structure in which the flow of actual material is
shown as solid lines and the flow of information involved in
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decisions as dashed lines, is given in Figure 3. Such a structure-
provides for explicit recognition of interactions both within the
area and between this and the other two areas. In the context of
this structure the interdependencies of the four issues become
more manageable.

The fibre market is driven by areas 2 and 3, but this market
must be responsive to harvesting and delivery costs in both the
short and long run. Furthermore, the fibre market should influ-
ence, and be influenced by, the fibre supply in the longer run.

In the short run, the internal competition for the products
of the forest takes place in the fibre market, but the results of
this competition have substantial longer-term effects on the
availability of supply in terms of both land use and management
of the resource.

Conventional analyses frequently ignore the fact that the
action of the fibre market, through the medium of harvesting, has
a profound influence in the structure of the forest resource and
consequently on the nature of the long-term fibre supply.

Increased mechanisation of harvesting can result in a spiral
effect, where decreased labour needs result in an accelerating
pressure to mechanise, and further adverse effects on the labour
market.

The proposed IIASA project will develop formal expressions
of interrelationships, at appropriate levels of resolution, to
permit systematic exploration of reasonably possible futures of
forestry operations in the larger context of the whole industry.
The purpose here is to formally link considerations of resource
management policy to market considerations in such a manner that
limitations in both directions can be seen.
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Figure 3: Interactions of the Areas.
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AREA 2--STRUCTURE AND PLANNING.

This area is concerned with factors lying outside the individ-~
ual forest or the forest industry unit. It is concerned with
the economic and institutional environment of the firms of this
sector.

Traditionally, structural and macro economic development has
been treated within a forecasting framework. This means that
decision-makers within industry have tried to make projections,
forecasts and scenario studies of its economic environment in order
to create a good basis for their own decision-making. However,
interactions between institutional and economic environmental
factors and industrial decisions have increased in importance and
it is now necessary to integrate the analysis of firm decisions
and general economic and institutional development in some compre-
hensive approach. It is one of the major ambitions of this pro-
ject to provide such a new approach to decision-making for forestry
and the forest industry. Below we will give some pertinent ex-
amples of problems which have to be observed in such a systems
analytic and comprehensive approach to this problem.

Forecasting of the World Market Development
Under Different Protectionist Policies.

Forecasts of the development of the world market in guantita-
tive terms are available to the forest industry from FAO and dif-
ferent consulting agencies. These forecasts are normally rather
crude in terms of disaggregation in different products and dif-
ferent geographical zones of the world market. They are crude in
the sense that they do not take into account the interactions be-
tween different commodity types in resource allocation. It is
thus often the case that forecasts for different products within
the forestry sector, and for products outside the forest industry,
are not tested against each other for consistency. More or less
sophisticated trend projects are thus presented without being
added together or analysed as a whole. This means that the indus-
trial planners have to make their own independent projections of
the development of relative prices of the commodities to be pro-
duced and used as inputs.

New techniques for simultaneous forecasting of disaggregated
quantitative development, development of prices and development
of demand as influenced by institutional changes are therefore of
great need for a better planning of capacity expansion for the
industry.

It should be an ambition to develop a new consistent method-
ology for forecasting of international demand and supply in situa-
tions of substantial changes in trade policies.
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Labour Market Policies and Regional Planning

The organisational structure of the labour market is of im-
portance for the economics of the forest industry.

Persistent imbalances on the labour markets of regions with
a dominance of forest industry due to nationally determined wage
and tax policies indicate that the development of these regions
should be analysed from a broad regional analytic point of view.

Allocation of Capital and Other
Resources Between Different Industries

The development of forest industries is frequently determined
by a national development plan, a macro-economic program or general
allocation policies. For the forest industry these national al-
location guidelines are most important in the allocation of land
and material capital. It is for these reasons necessary to develop
a study of the forest industry within a national economic alloca-
tion framework in which the development of the forest industry can
be traded off against development of other sectors of production.

Long Term Change in Economic Struc?ure
and Research and Development Policies

The high capital intensity of the forest industry and the im-
portance of economies of scale in this sector normally give rise
to uneven development of the industry, especially at the regional
level. It is therefore rather common that large production units
have to be closed down or started up during very short time spans
with considerable social consequences at the regional and plant
level.

Many different groups besides industry, i.e., labour unions,
regicnal policy-makers, trade policy-makers, etc¢., often have dif-
ferent and conflicting objectives in this respect. Methodological
development should take this multiobjective nature of the long
term structural policy problem into consideration.

For these, and other reasons, it seems to be necessary to
develop some methods for analysing possible economic structural
changes and RéD within an integrated, industry-wide framework.

Energy Supply and Demand

The forest industry has a great importance in the context of
energy supply and demand.

A study of energy in the forest industry from the points of
view of consumption and controller of land suitable for biomass
production is suitable at IIASA, which has a long tradition in
studies of energy and society.
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Pollution and the Natural Environment

The forest industry sector is a large user of natural re-
sources in the production processes. With the growing interest
in environmental conditions the sector is now under severe pres-
sure from different policy groups to engage in new, resource con-
serving production techniques. The environmental considerations
are characteristically long term in nature and new methodologies
for strategic planning of environmental and R&D policies for the
forest industries must be developed.

Living Conditions in Forestry Regions

The problem of creating modern social conditions in forestry
regions is an important issue. Partly as a result of social con-
ditions forestry regions are facing antimigration and a future of
an insufficiency of labour supply.

AREA 3--PRODUCTION

This Area deals with the problems involved with the short and
long term operation and planning of the existing production capa-
city on corporate, regional and national levels. The problems
here are highly interconnected with the problems in other areas.
Figure 4 clarifies the interconnections, inputs and outputs of
this area.

Effective use of recent developments in computer and informa-
tion technology and modelling techniques is expected to give posi-
tive results in this area. It would be expected that models could
be developed to enable one to study problems such as:

Dynamic Interactions
from other areas

. Models
Policies "Optimal"
policies

PRODUCTION

> :> Effects on
other areas

Direct and indirect
inputs

Constraints
Disturbances

Figure 4: Clarification of the Interconnections, Inputs
and Outputs of Production.
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-- Coordinated usage of forest resources;

-- Coordinated operation of different mills (per production
line, mill, corporate);

-- Coordination of different production units (along a
production line);

-- Using forecasts and adjusting the operation accordingly;

-~ Production planning short-term and long-term (mill,
corporate) ;

-- Optimal operation of the mill (hierarchical control
systems) ;

-- Effects of changing technology (new processes, closed
mill concept, energy, environmental constraints, etc.);

-- Effects of changing computer and information technology
(operation, demand);

-- Effective use of system analytical tools and computer
technology in management of forest industry enterprises
and mills (hierarchical structure of information and
Control Systems) ;

-- Concept of very highly (or fully) automated pulp and
paper mills;

-- New energy concepts and low pollution mills.

The target of this project is to develop tools and general
methodology for helping management in solving the above problems.
Of course each mill or corporation will use their own data and
modify the models for their own use in each actual case.

The models could be applied to a single mill or any number
of mills and thus could help in the internal coordination of a
company. Good forecasts, databanks and information and planning
systems are essential and needed here. With respect to time scale,
the problems range from time constraints in the order of magnitude
of a few seconds at the production control level, to several years
at the long-term planning level.

The models to be built and used will have different input
data sets at different levels. For example, the hierarchical in-
formation and production control system in a mill mainly uses the
measured data of the mill as inputs. The outputs of the system
will be direct control actions and instructions to the personnel.
As another example, the data needed for coordination and planning
of the production will be different forecasts (demands, energy,
labour, supply, etc.) and plant data (capacities, availabilities,
etc.).

The third kind of problems in this area are the effects of
changing technology, effects of different environmental issues,
changing markets (competitive technology), different financing
policies, etc. Earlier IIASA work in the SDS area might be
utilized in these studies.
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FN/2

THE FOREST INDUSTRY--
ISSUES FOR THE EIGHTIES

GENERAL

1.

The purpose of this note is to provide background
material to the proposals set out in the discussion
papers prepared by the Planning Task Force meeting
held in July 1979, and in particular to explore in
more detail the kind of assistance that ITIASA might
be able to provide immediately-~--on the basis of work
undertaken--and, more importantly, the kind of role
that it could fulfill when the coordinated research
project gets under way.

The omission of this material in the discussion notes
was deliberate--for two reasons. In the first place,
effective applied systems analysis in decision-making
can only be undertaken when the problems are stated

by the decision-~-makers themselves. The analysts may
speculate and prompt, but they can only guess at the
realities with which the managers deal. As they inter-
act more closely so their intuition and understanding
improves, but the work must be problem led. It was
the intention of the discussion papers to suggest the
kind of problems that management faces, whose solution
can be aided (if not .solved) by systems analysis. We
felt that the choice of problem should come from
decision-makers.
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3. The reason for not giving details of existing work
at IIASA is precisely because, as the problems have
not yet ‘been posed by the industry, all that IIASA has
at present to offer are some models (which are new
and powerful) and some major conceptual ideas, related
for example to problems of innovation and computer usage.
The models would be available to the industry, and we
would welcome the opportunity to apply them in further
real life situations where the results would be of
value. But that must not be the main emphasis in the
study. The main body of expertise in systems analysis
related to the forest industry must lie in the forest
industry itself--but because of our intermational
position and our ability to draw on the leading experts
in the field who have applied their knowledge in many
fields, we believe that we can play a substantial role
-in helping the industry to concentrate its research
efforts, draw more effectively on world wide knowledge,
develop new methodology, and improve the effectiveness
of implementation. It is a key role, but essentially
a catalytic one.

4, In line with these ideas we have proposed that the
inaugural workshop should be built around a discussion,
led by the industry, of the major problem areas where
systems analysis can be applied to help tackle the
Issues for the Eighties. The analysts ideas of how to
do this can then be considered, and a joint research
program prepared. Before we discuss the possible form
that this might take we should first consider work that
is currently going on at IIASA that is relevant to the
issues concerned.

RELEVANT WORK BEING CURRENTLY UNDERTAKEN AT IIASA
1. World Trade Modeling.

An input-output forecasting system is under construction
within the INFORUM-IIASA project. Currently, economic fore-
casting médels for example for the following countries are
in preparation: Austria, Canada, the Federal Republic of
Germany, Finland, France, Hungary, Japan, Norway, Sweden,
the United Kingdom and the United States of America. Work
is now concentrated on linking these models into a world
trade projection system.

It is often the case that trade forecasts for different
products within an economic sector, and for products outside
this sector are not tested against each other for consistency.
However, the world trade system can be used to prepare
consistent forecasts for imports and exports by commodity and
by country. Besides alternative projects of the volume of
exports and imports in physical units, also price projects
may be obtained based on different assumptions about the
development of prices of raw materials.
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2. National Forestry Economics.

A simulation study of the Finnish forest sector was
recently completed at the Finnish Forest Research Institute
(FFRI). The purpose of this study was to investigate possible
developments of the national forest sector taking into account
raw wood availability as well as labor, production and
financial resources. A subsequent phase of this study was
started at IIASA in 1978 in connection with its dynamic linear
programming task and in cooperation with FFRI. Instead of
simulation, optimization techniques are used as they better
suit for studying the inherent multiple-criteria group decision
problem.

The intention of this case study is to give the policy
makers some insight for the possible outcomes of different
policies in their task concerning long-~range development of
the Finnish forest sector. A further question, of special
methodological interest to IIASA is to study policy formation
when the policv makers represent interest groups with varying
objectives and actions for control. 1In this context such
groups may be the forest industry, labor unions, forest owners,
financial agencies and local and national governments. The
intention is to develop an approach which is a theoretically
valid procedure and yet can be applied to practice when
solving such group decision problems. Naturally, this study -
being carried out at IIASA would provide a framework for
producing similar studies for other nations.

The approach described above may easily be extended to
regional economic studies of the forest sector (provided that
the data is available at the regional level).

3. Regional Studies.

The problem of land allocation between agriculture,
forestry and other space-intensive activities has a high
priority as a topic of research at IIASA. The best balance
for example between forestry and agriculture in land use does
not always result from the free market forces in a number of
countries. The prices of agricultural commodities are, for
instance, often kept at a high level with the aid of custom
duties and import quotas and thus the prices of agricultural
products often result in a too high value of land for
agriculture as compared to forestry. It is consequently
useful to develop regional land use models with a simultaneous
consideration of different agricultural and forestry uses.

Such models have been developed at IIASA in connection
with case studies of regional development. One of these
models has been designed to cope with transportation, other
logistical problems, and environmental costs under conditions
of economies of scale. It is possible to adapt these models
to a study of efficient use of land with an explicit considera-
tion of multiple objectives.
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Models of sectoral and regional allocation of labor,
investments, and renewable and non-renewable natural resources
have been developed at IIASA. These models are currently
being tested in a number of countries, including Sweden,
Bulgaria and Poland. A full consideration of the regional
problems of the forest industries would not require major
new basic research but rather some further analysis and
adaptation of these models.

4. Problems of Technological Change.

The forest industry is facing many changes and problems
which will directly or indirectly affect the technological
development. The task of exploring the direction of changes
and identifying the impacts, stimulants and barriers of this
technological change in the forest industry would be important.
It is not simply a question of putting more money into R&D
but also of identifying the most important fields of techno-
logical innovation and technological options which are needed
in order to cope with coming changes and constraints. Also
the medium and long-term interactions between different
technologies and between technology and its environment are
not well understood and studied. The problems of technological
change is an ongoing task at IIASA. In this project general
conceptual ideas of technological innovation, problems of
diffusion of innovation with industries and different innova-
tion policies are studied. Several case studies of various
industries will also be done and the forest industry could
be one of these.

5. Effects of Small Scale Computers.

The general objective of this ongoing IIASA task is to
study the changes in work and organization that will follow
from rapid development and changes in small scale computer
technology. Key questions then are, for example, the proper
design of information systems and the effective man/computer
interface.

Computer technology and management information systems
started their diffusion into the forest industry about twenty
years ago. Today there are about 2,500 computer systems in
this industry, most of these are controlling technological
processes (paper machines, digesters, bleach plants, etc.).
In addition to this, more and more interest towards production
planning and management information systems in this industry
has arisen and some systems are already in operation. The
development in computer hardware and software will open new
possibilities and rapid development of these svstems. The
findings and results of the ongoing IIASA task on the effects
of small scale computers will be useful and applicable to
the forest industry.
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POSSIBLE WORK NOT YET BEING UNDERTAKEN AT IIASA

The work that IIASA could contribute to a combined study
of the kind we are discussing could fall into one of three
categories, deriving from different aspects of the Institute's
work.

(a) Because of its international character, the Institute is
particularly suited to undertaking studies of a global
character, requiring information and collaboration from
many countries.

(b) As an interdisciplinary institute of scientific excel-
lence, we are able to provide technical assistance or
undertake basic research in most aspects of modelling--
particularly relating to optimization, simulation, eco-
nomies, control theory--and in many fields of application
enerqgy, agriculture, environment, etc., etc.

(c) As an institute of applied systems analysis we have on
our staff experts with long experience in the effective
use of systems analysis by managers at all levels. The
study and development of management information systems
and decision support systems in the forest industry are
examples of research which could be undertaken in IIASA.

POSSIBLE RESEARCH PLAN

1. International collaborative project; main part of
research will be done in member countries by national
teams on topics of national interest, organization and
IIASA's role as explained in the Discussion Papers FN/1.

2. IIASA's main efforts could include:

- coordination and dissemination of results and
information;

- constructing a world trade model and long term
forecasts for forest products;

-- studies in innovation in management information
systems and effects of small scale computer
technology in the forest industry;

- assisting in use and further develoovment of
individual models developed in one country,
making them more generally available for exchange.

3. In addition to the scientists doing work on those topics
mentioned above, IIASA staff currently includes a
specialist in automation and information systems in the
forest industry working full time in this project. If
the world trade model of forest products were to be
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built, 2-3 additional staff members would be needed;

the overall coordination of the project and other topics
listed would mean that a total of about six people were
necessary. These new staff members should mostly be

drawn from the industry itself. The best way to solve
this recruitment problem would be by secondment. Recruit-
ment would, of course, be a critical element in deter-
mining the appropriate time scale for the project.

The estimated total length of such an international project
is approximately three years.

A detailed research plan and time schedule will be prepared
following discussion at the inaugural workshop on
January 8-11, 1980 in Laxenburg, Austria.

BENEFITS TO THE INDUSTRY AND IIASA.

The basic idea and responsibility of IIASA is the further

development and application of systems analysis. The emphasis
is on the word application and for real application work IIASA
needs the cooperation and support from industry and other
decision-makers. We see this study as an important element in
achieving this general objective. But any particular collabora-
tive study needs more direct advantages than this to the parties
concerned, and in particular to the industry itself. The

most obvious possible benefits to the industry from this

project are:

Easy exchange of systems analytical and other inter-
disciplinary information at international level as
related to the forest industry. It is well-known that
the exchange of information concerning technology and
other knowledge closely connected to the special
questions of industry is well-established but this is
not valid in systems analytical and other interdiscipli-
nary areas.

Access to international expertise in applications of
systems analysis and related areas. IIASA staff includes
experts from a wide range of applications and knowledge
and in addition IIASA has good contacts with most
institutes and scientists working in this area.

Maximum return from research expenditure; i.e.,
possibility to get, for example, long-term global
forecasts of the world trade of forest products and
methodology suitable for applications in national
and local problems of the forest sector with a
moderate expenditure.
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- More efficient use of systems analysis in corporate,
regional and even national levels.

Besides those general targets mentioned above this
industry project would give IIASA:

- a specific incentive for methdédological development;

- better understanding of real decision-making process
in individual organizations;

- a test-bed for IIASA products; and
- hecessary contacts with real life.
We feel that this kind of project is an effective way

to use the unique international character and all experiences
and expertise of ITIASA.



