ACTA
FORESTALIA
FENNICA

Vol. 143, 1975

A LONG-TERM TIMBER PRODUCTION MODEL AND ITS
APPLICATION TO A LARGE FOREST AREA

PITKAN AJAN PUUNTUOTANTOMALLI JA SEN SOVEL-
LUTUS KESKI-SUOMEN JA POHJOIS-SAVON PIIRIMET-
SALAUTARUNTIEN ALUEELLE

Pekka Kilkki and Raimo Pokila

SUOMEN METSATIETEELLINEN SEURA



Suomen Metsiitieteellisen Seuran julkaisusarjat

ActA FoRESTALIA FENNICA. Siséltdd etupédidssd Suomen metsidtaloutta ja
sen perusteita kisittelevid tieteellisid tutkimuksia. Ilmestyy epésidin-
nollisin viliajoin niteind, joista kukin késittdd yhden tutkimuksen.

SiLva FENNICA. Sisiltdd etupiéssd Suomen metsitaloutta ja sen perusteita
kisittelevid kirjoitelmia ja lyhyehkéjéd tutkimuksia. Ilmestyy neljisti
vuodessa.

Tilaukset ja julkaisuja koskevat tiedustelut osoitetaan Seuran toimis-
toon, Unioninkatu 40 B, 00170 Helsinki 17.

Publications of the Society of Forestry in Finland

Acta ForestarLiA FENNICA. Contains scientific treatises mainly dealing
with Finnish forestry and its foundations. The volumes, which appear
at irregular intervals, contain one treatise each.

SiLva FENNIcA. Contains essays and short investigations mainly on Finnish
forestry and its foundations. Published four times annually.

Orders for back issues of the publications of the Society, subscriptions,
and exchange inquiries can be addressed to the office: Unioninkatu
40 B, 00170 Helsinki 17, Finland.



A LONG-TERM TIMBER PRODUCTION MODEL AND ITS
APPLICATION TO A LARGE FOREST AREA

PEKKA KILKKI and RAIMO POKALA

SELOSTE:

PITKAN AJAN PUUNTUOTANTOMALLI JA SEN SOVELLUTUS
KESKI-SUOMEN JA POHJOIS-SAVON PIIRIMETSALAUTAKUNTIEN
ALUEELLE

Helsinki 1975



ISBN 951-651-018-3

Hiameenlinna 1975, Arvi A. Karisto Osakeyhtion kirjapaino



PREFACE

This presentation has resulted from close
cooperation between the two authors. PEx-
kKA KiLkki drew up the original plan, and
wrote the final manuscript. RaiMmo POKALA
was in charge of the computer programming,
and treatment of the data; he also prepared
a Master’s thesis, which is incorporated in
sections 1, 2, 3, 4, 5, and 6 of this paper.

During the course of the work, we re-
ceived valuable assistance from a number
of persons and institutions. The third mem-
ber of our working group, Mr MARKKU
SuroNEN, prepared a part of the data,
and spent a great deal of his time in dis-
cussions and perusal of the manuscript.
Messrs MaTti KusavLa, HARRI LALLUKEKA,
and Lars REHNSTROM assisted in various
phases of the work. Dr KALERVO SALONEN
of Kemira made available the data from

fertilized plots. Professor KurLLeErvo Kuu-
SELA, Professor AARNE NyyssONEN, Dr
KustAaA SeEPPALA, Dr RisTo SEPPALA,
and Mr HANNU VALTANEN read the manu-
script, and offered helpful comments.

Ms MARJATTA MAATTA and Ms LEENA
Saari carried out the necessary typing,
and the figures were drawn by Ms SINIKKA
HieravLa. The English text was checked by
Messrs Karr-JomaN Awnvrsvep and FRrep
FEWSTER.

Our sincere thanks are expressed to all
these persons. We are also indepted to
the Finnish Natural Resources Foundation,
whose financial support made this work
possible.

Helsinki, October 1974

PErgA KiLkkr RaAimMo PORALA



T e

CONTENTS

Initroduction )« . S 02eMGEL . Ak - BRRalilTus o SRR 080 R IS AR IRLRARNEGR,. A4 .
11. Long-term planning in forestry decision-making ...

12, OQutline of.sthe 8tudy. isiinsmeissogss
Description of the forest area
Development of the stands ...........
31. Volume growth
32. Value growth ......
23, [ Eftect of fertilization ....q iseazess

ABECIRIOMS =L 0 ot onsiusins s siwasmvion sy onmhpa el SREPRE vt sies oo hsaitmiss wa i Rk S84 (0 Shs SE L s RS S
41. Theoretical background for stand-treatment decisions
L AR T D e Gl e IR ST SR e SRR O 8 F K0 o FRRRITT ¢« S 5 g S R DL S SR T SRR SR R
43. Automatic decision rules

The ADP-SySteit: il ccesvseasvsossrsnnpibaosasssines s
Choice of the timber production POLCY ,ieusssessssssesonsnsssnssass
Application of the timber production model ......................
715 1 dnventory tdataii., Sal.... 08
72. Price and cost data . ot
13, SHISOisioN DL 5 ot a ¥ sabiandasiondie s st cliis s 6o RkT Ensa s aa s s o
74. Search for the optimal timber production policy
75. Description of a feasible production policy ............
Discussion
SUIINBTY wonivsssvsnns
References
R B T e T L e e e s




1. INTRODUCTION

11. Long-term planning in forestry
decision-making

Planning is a tool in conducting action
to a desired direction (v. MarmBORG 1971,
p- 11). The task of planning is illustrated
in Figure 1. Pavo (1971) has divided the
forestry ecosystem into a production-con-
sumption system, and a control system.
The control system is in turn divided into
decision and information systems. The
information system collects, processes, and
transmits the information needed by the
parent system (JAHNUKAINEN 1970, p. 40).
By several iterations of the feedback loop
(Fa,—Fa,—Fb —Fa,—Fa,), the control sys-
tem aims at a homeostatic situation. The
success of this endeavour depends largely
upon the effectiveness of the decision and
information systems (Paro 1971, p. 23).
In Figure 1, planning is regarded as a part
of the information system. As the in-
formation system further comprises the col-
lection and primary processing of data,
planning is focused upon anticipations of
different policy alternatives. Consequently,
although planning is a part of the infor-
mation system, it is closely related to the
decision system.

LANGEFORS (1973, p. 195) does not accept
separation of the decision system from the
information system, but regards the deci-
sion system as a part of the information
system. A similar pattern of thought has
has been followed by Kirkkr (1973). His
mensuration-oriented analysis of the for-
estry information system is illustrated in
Figure 2. The information is collected from
the forest ecosystem by means of various
measurements.

The measurement data are fed into a
data processing system which yields in-
formation to the planning system. The
planning system serves the decision sys-
tem, by providing it with alternative choices
of action and anticipations concerning
the results. The decisions are made at the
stage represented by the last box, and
their implementation affects the forest eco-
system, in which the changes can again be
measured.

E ENVIRONMENT

F FORESTRY ECOSYSTEM

Fa Control system
[l'a, Decision system J

i

E £
‘Dljaz Information system J[ >

I Fb Production-consumption sy:/tm]

Fig. 1. A frame model for a control system of
the forestry ecosystem (Paro 1971, p. 23)

_________________

1 1 | 1
1 ﬁ V
Meosure- Data Planning Decision
processing system System
system P
_________________ 1 J

Fig. 2. A mensuration-oriented forestry informa-
tion system

Forest
ecosystem

Analysis Madels
Information T:J—’ Information
Synthesis Results

Fig. 3. Structure of the data processing, planning,
and decision systems

Feed-back arrows (broken lines) go from
the measurement, data processing, plan-
ning, and decision systems to their preceding
systems. These arrows transmit requests
for information, and this information acts
as guidance in the design of the system.
For instance, the measurement system may
need fertilized sample plots for growth and
yield measurements; and in this case, such
plots have to be set up in the forest eco-
system.

Figure 3 indicates both the structure of
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the data processing and planning systems,
and the main characteristics of the decision
system. Invariances are located and trans-
formed into models in the part termed »anal-
ysis». The information from the preceding
part of the system is fed into these models,
and both the results and the models are
used as input information in the following
part of the information system. Further-
more, the results obtained in the synthesis
may be used in another analysis, in the
preparation of higher level models within
the same part of the information system.

The first phase of the planning system
includes analysis of the planning situation,
and preparation of a model (or models)
for description of the object of planning.
Construction of the model presupposes pre-
liminary information on the data which
are available. These data comprise both
that which specifically describes the for-
est ecosystem under examination, and gen-
eral models describing the ecosystem.
After elaboration of the planning model,
the detailed data that describe the object
of planning are fed into the model, and the
model is activated. The results may be
utilized either as input data for higher-
level planning models, or as information for
the decision system.

The decision models are prepared at the
analytical stage in the decision system,
and may be divided into utility models
and decision criteria. The utility models
must be in accordance with the information
produced by the planning system. In the
synthesis, this information is fed into the
utility model. The results of the utility
model are evaluated by the decision crite-
ria, and the results or the decisions are
implemented in the forest ecosystem.

Long-term planning is characteristic of
forestry. As a rule, it implies planning for
time periods of a length of 10 years or
more. In forestry, long-term planning is of
less value if the time horizon of the decision-
maker is short and if a great deal of uncer-
tainty is associated with the future. These
features are emphasized if the decision-
maker is a private forest owner. For in-
stance, if the forest owner cuts his forest
only when timber prices are high, or if he
does not intend to continue his forest own-
ership for a lengthy period, to him per-

sonally long-term planning is of doubtful
value. If forestry is regarded from the
standpoint of the community, the position
and the significance of long-term planning
assume a different aspect. On the national
level, forestry cannot be practised with an
eye to cyclical profits. Moreover, it is im-
practicable to replace timber growing by
another industry, at least in a country such
as Finland. Accordingly, the aims of forest-
ry on the national level are not of so vague
a nature that the utility of long-term plan-
ning comes into question.

Further emphasis is laid upon the im-
portance of planning by the fact that plan-
ning does not call for a great deal of mate-
rial input. As the prices of material input,
such as oil and fertilizers, will probably
increase as compared with the unit planning
costs, intensive planning will become more
profitable in the future.

‘When planning models are being pre-
pared one everpresent necessity is that the
planning situation be simplified with a view
to restriction of the amount of information
to be handled. In the main, this simplifi-
cation becomes the task of the model build-
er. The authors are convinced that empha-
sis needs to be laid upon the aspects of
national economy rather than upon private
economy. The construction of tailor-made
models for special groups of forest owners
means a waste of scarce resources for re-
search. Furthermore, the application of these
models may also lead to divergence from
the common interest; this is by no means
the aim of research work sponsored by
public funds.

The models employed in long-term forest
planning have frequently been termed cut-
ting budget models (cf. Kuusera and Nyvs-
sONEN 1962; Kivkkr 1968 b). The term
rcutting budget» indicates that the aim
of models is that of acting as an aid in
determination of the amount of timber to
be cut during a given period (cf. LIHTONEN
1959, p. 200). The term has been appro-
priate for use in the traditional models,
which have been based upon manual cal-
culations. Automatic data processing and
operations research methods, have enabled
the handling of a great deal more infor-
mation than was earlier the case. Moreover,
the number of decision wvariables which



can be taken into account in planning
models has increased markedly in recent
years. The development of cutting budget
models has led to a situation in which the
calculations, originally timber-oriented, have
developed into many-sided economic mod-
els. Accordingly, the term »timber produc-
tion modely is used here instead of the
term »cutting budget model». However, the
the central task of the timber production
model is that of predicting the consequences
of a given cutting policy during the plan-
ning period. The information yielded by the
timber production model is further utili-
zable in short-term planning.

12. Outline of the study

This paper is aimed at the development
and testing of a long-term timber produc-
tion model for forest areas. The model is
mainly based upon the principles of the
income-oriented cutting budget (KiLkkI
1968 b), and will be computerized to the
degree that seems reasonable. As no general
algorithms are applied, the model could
be referred to as a simulation model (cf.
GouLp and O’REGAN 1965).

This timber production model is suitable
for use in the case of any forest lot, or
major forest area in Southern Finland. The
area may comprise forest land, poorly-
productive peatland, and open swamp (for
definitions, refer to KuuserA and SALwmi-
NEN 1969). The area is divided into calcula-
tion wunits. FEach -calculation unit may
comprise either a single subcompartment,
or a group of stands. The second of these
alternatives is particularly applicable to
large forest areas for which information
on every single stand is either unavailable,
or unpractical in use. In this work, the
terms »stand» and »calculation unit» are em-
ployed as near-synonyms. Furthermore, the
calculation units can be grouped into blocks,
which are called compartments.

It is required that the model can simu-
late the development of each calculation
unit over a given period of time. The
length of the calculation period can be
chosen freely, to a degree of precision of
one cutting year. Each cutting year be-
gins on July 1, and ends on June 30. The
simulation specifies the following measures
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taken in each calculation unit during the
calculation period.

1. Cuttings
— Thinning
— Increment cutting
— Liberation cutting
— Shelter wood cutting
— Clear cutting
2. Silvicultural measures
21. Natural regeneration
— Clearing of site
— Soil preparation
— Cleaning of stands at thicket stage
22. Artificial regeneration
— Clearing of site
— Planting of pine, spruce, or birch
— Beating up and weeding
— Cleaning of stands at thicket stage
3. Forest improvement
31. Peatland drainage
32. Fertilization
— Mineral sites
— Peaty sites

The following basic assumptions are made
as regards the forest area under exami-
nation:

1. Timber production is the only in-
come-yielding use of the forest area. Other
uses of the forest can be considered as
restrictions.

2. The whole area, apart from open peat-
lands not yet drained, will continuosly be
in timber production. The final cutting
is thus always followed by regeneration.

3. The delivery price of timber, and the
timber production costs, will remain un-
changed in the future.

4. The stumpage price is derived by
subtraction of the logging costs from the
delivery price of timber.

5. Cuttings and payments are made in
the middle of the cutting year.

The timber production model has two
main parts: (1) Forecasts and (2) Deci-
sions. The »Forecasts» section keeps up
to date the records of all calculation units
during the entire calculation period, and
»Decisions» determines the measures to be
taken in each calculation unit within a given
cutting year.

The decisions are sub-divided into ge-
nuine and automatic decisions (cf. TORN-
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ovisT and NorRDBERG 1968). The wvalues
of the parameters of the automatic decision
rules also constitute one class of the gen-
uine decisions. It is assumed that the
genuine decisions for the calculation pe-
riod can be made at the time of carrying
out the calculation. Genuine decisions are
generally applied to the whole forest area,
and automatic decisions to the calculation
units; the only expections to this are the
decisions concerning drainage and fertiliza-
tion. Currently, they still require genuine
decisions for each calculation unit. The
most important genuine decisions directed
at the whole forest area are the annual
drain in volume or monetary units, and the
annual regeneration area.

As a rule, the decisions relating to the
cutting sequence and method, and the
silvicultural measures to be adopted, are
made automatically. This practice results
first of all from an attempt to keep the
number of decision variables at a reason-
able level, and thus to facilitate the use
of the model. Secondly, it is unnecessary
to make detailed determinations of the
measures to be adopted in the remote
future. Thirdly, it is normally quite easy
for the decision-maker to define his de-
cision rules in routine decisions. The rules
of automatic decisions are of central im-
portance in preparation of the timber pro-
duction model, since they have to be in-
corporated into the model.

The goal of the timber production model
can now be defined. It is designed for
forecasting the development of a forest
area during a given period of time, and
for making the automatic decisions which
guarantee that the action taken is in con-
formity with the genuine decisions, and
which maximize the timber-producing value
of the forest area at the end of the period.
A model aiming at this goal could be for-
mulated by mathematical programming.
Unfortunately, a model of this type easily
becomes too large in a realistic situation
(ef. Kiuxkr 1968 b, p. 40). As a conse-
quence, it is appropriate to cut the de-
cision process into smaller parts, each of
which corresponds to a certain cutting year.
In one part, automatic decisions required by
the genuine decisions are made independently
of the future genuine decisions.

‘When the decisions have been imple-
mented, the calculation units are updated
to the next decision situation. Accordingly,
the timber-producing value of the forest
area, estimated as the sum of the wvalues
of the calculation units, is maximized in
each decision situation. This procedure
does not guarantee any absolute optimum
for the whole calculation period, but devia-
tions from the optimum are negligible if
the optimization process is suitable (cf.
Kivkgr 1968 b).

It would be possible to provide the opti-
mization part of the model with the shape
of a linear programming model. Since the
number of restrictions is relatively small,
heuristic optimization procedures have been
applied, based primarily upon classic in-
vestment calculations. If more restrictions
were taken into account, such classic par-
tial models would prove inadequate (cf.
HAMALAINEN 1973, p. 47).

After the genuine decisions have been
made, it is possible to predict both the
development of the forest during the cal-
culation period, and the value of the forest
area at the end of the calculation period.
Furthermore, the model provides a detailed
list of automatic decisions for each calcula-
tion wunit. The decision-maker can either
accept the result, or change his genuine
decisions and calculate a new plan (cf.
Figure 1, loop Fa,—Fa,—Fa,).

In the present study the timber pro-
duction model is applied to the joint area
of two forestry board districts, Keski-Suo-
mi and Pohjois-Savo. The differences be-
tween alternative production policies are
analysed in the light of decision theory.
Special attention is paid to the stand treat-
ment rules, which are in accordance with
the given production policies.

The timber production model is a part
of the forest inventory and planning sys-
tem (MISS) developed in the Department
of Forest Mensuralion and Management
of the University of Helsinki. The inven-
tory part of the system has been reported
on by Kiukkr et al. (1971) and by MieLi-
KAINEN (1972). The timber production
model has been described (in Finnish) in
a report by POoxALA (1973), and the ADP-
system by MIELIKAINEN and POKALA (1974).



2. DESCRIPTION OF THE FOREST AREA

The data for the calculation units are
obtained through forest inventories. This
information has to be fed into the timber
production model, in the format of the
MISS stand form (cf. MIELIKAINEN 1972).
The input data of each calculation unit
include the following information.

Number of the calculation unit
Number of the compartment
Area
Site class
Degree of drainage of peatlands
Storey structure
Treatment class
Method of regeneration
Furthermore, the following information is attached
to each tree storey.
9. Dominant tree species
10. Age
11. Basal area
12. Basal area median diameter
13. Mean height
14. Distribution of the volume by tree species

PNO LA LN~

If the calculation unit corresponds to a
stand, the number of the calculation unit,
and that of the compartment, indicate its
geographical location. When it is a matter
of a group of stands, the corresponding num-
bers may describe the site, age class, volume
class, and so on, or solely denote the group
as such., Seven site classes are possible.
The first five of them represent forest land,
the sixth poorly-productive peatland, and
the seventh open peatland. Site classes
1 and 2 are spruce sites, and correspond to
tax classes IA and IB (c¢f. Kuusera and
SALMINEN 1969). Site classes 3, 4, and 5
are pine sites, and correspond to tax classes
II, III, and IV.

The degree of drainage indicates whether
peatland is in its virgin state, recently
drained, a transforming peaty site, or a trans-
formed peaty site. Virgin and recently
drained spruce swamps fall within site
class 4, and transforming and transformed
spruce swamps site classes 1, 2 or 3, de-

pending upon the fertility of the site. Pine
swamps on forest land are in site class 5 if
they are in a virgin state, or if they have
been recently drained. Transforming and
transformed pine swamps on forest land
are in site classes 2, 3 or 4. Poorly-produc-
tive peaty sites are included in site class 6
when in a virgin state, or recently drained.
Open peatlands are in site class 7, when
they are in a virgin state or have recently
been ditched; as drainage exercises an in-
fluence, they are transferred to site classes
3 or 4.

Three storey structures are possible:

1. Single-storey stands.

2. Two-storey stands, with the lower storey
capable of forming a new stand.

3. Two-storey stands, with the lower storey
incapable of forming a new stand.

Although no treatment proposals are re-
quired, use can be made of treatment class
information with young low-yielding stands,
as otherwise it becomes difficult to discover
the need for regeneration. Similarly, the
treatment class forms a basis for the identi-
fication of shelter wood stands. Shelter
wood stands will automatically be dealt
with as two-storey stands at the beginning
of the calculation period.

The information of the method of re-
generation is also optional; if the automatic
regeneration rules are accepted, this in-
formation is not required.

Four dominant tree species are possible:
(1) pine, (2) spruce, (3) birch, and (4) the
group »other broadleaved trees». All volumes
are expressed in terms of solid cubic metres
excluding bark.

The data indicated for each calculation
unit are employed as variables in wvarious
models, for prediction of the volume of
the stand, the volume of the mean tree, the
volumes of different timber assortments,
and the unit value of the growing stock
(cf. POKALA 1973).



3. DEVELOPMENT

31. Volume growth

It is assumed that the volume of the
growing stock increases annually according
to certain growth functions, which are
applied to both mineral and peaty sites.
They are expressed either as mathematical
formulae, or as numerical series. The for-
mulae used in this study were derived
by means of regression analysis, from data
published by NyyssONEN (1954) and Vvo-
KILA (1956), and supplemented by unpub-
lished data obtained by NvyvssonNeEN. The
predicting variables in the formulae com-
prise the site class, dominant tree species,
age, and volume of the growing stock. The
growth rate of the formulae is adjusted
to the growth level, as determined in the
5th national forest inventory (cf. Rasara
1970). The formulae will be published in
later studies. As the mathematical formulae
are unreliable in very young stands, the
volume growth in stands of less than 20
years of age has been predicted by ref-
erence to the series presented by Koivisto
(1959) and Vuoxira (1967).

In the case of two-storey stands, it is
assumed that the growth of the lower
storey is 5 per cent below the growth of
of the corresponding one-storey stand in
storey structure class 2, and 10 per cent in
storey structure class 3.

The difficulty experienced in fitting to-
gether the growth functions derived from
various studies obliged the authors to apply
a greatly simplified method for estimation
of the growth on drained swamps. The
effect of drainage upon the growth rate
is introduced by a change in site class
(cf. p. 9). It is assumed that the site
class remains unchanged for 10 years after
drainage, and subsequently makes a direct
change to the final site class of transformed
peaty sites. This procedure is no more than
approximative, since such aspects as the
site, age, and tree species are not taken into
account (cf. SEPPALA 1969; HEIKURAINEN
and SeppALA 1973). The reverse effects of
the tree species and the site class imply

OF THE STANDS

that to some extent they will offset each
other. The procedure further leads to un-
derestimation of the growth during the
first 10 years after drainage, and to over-
estimation during the years immediately
succeeding this period (cf. SEPPALA 1969).

32. Value growth

The first assumption in regard to the
volume of the mean tree was that it rose
in accordance with the increment percen-
tage of the total volume (cf. StiToNEN 1972).
However, it was subsequently discovered
that in the long run the predictions led
to unsatisfactory results in respect of stands
which had an exceptionally high or low
original volume for the mean tree. For
this reason, the increment percentage of
the total volume was multiplied by a cor-
rection factor with a view to the derivation
of better predictions for the volume incre-
ment of the mean tree:

0 (3]

v
where ¢ = correction coefficient
v = volume of the mean tree, from
KoivisTo’s series (1959)
v = actual volume of the mean tree
k = a parameter with a wvalue which can
be estimated

Coefficient ¢ ensures that no great devia-
tion occurs from the average develop-
ment of the mean tree. Nevertheless, to
some extent account is taken of individual
variation, attributable either to an ex-
ceptional original situation or, to an ex-
ceptional growth rate. The volume of the
mean tree derived from Koivisto’s series
(1959) is expressed as a function of the site
class, tree species, and age of the stand.
Tests were made of a number of values for
parameter k. The correct values probably
lie somewhere between 0 and 1.0; in this
study, 0.5 has been introduced in all stands
as an estimate for k.

It is assumed that thinning may also



change the volume of the mean tree. The
mean volume of the trees removed is derived
by the following heuristic formula:

V-V, v—¥
v v

2) v,=(1+r )vifv<\7

V-V

FerraVy
v

v1=(1+r )vifV>V

where v, = mean volume of the trees removed
V = volume of the stand before thinning
V; = volume of the removal
r =a parameter with a wvalue which
can be estimated

The formula indicates that the differ-
ence between the mean volume of the remov-
ed trees, and that of all trees before thin-
ning, attains a maximum when the removal
is close to zero, and a major difference
exists between the actual mean volume
(v) and the expected mean volume (V).
The mean volume of the trees removed
is less than that of all trees, if their mean
volume is less than the mean volume ex-
pected; the reverse also applies. Parameter
r regulates the thinning practice. Large
values for parameter r indicate extreme
thinnings from below or from above. In
this study the value of the parameter is
taken as 1.0,

The following formula is derivable for
determination of the mean volume of the
stand after thinning (v,):

Vv —V,vy
R Vol

Since the degree of dependence between
the unit price of the timber and the volume
of the mean tree is not linear, the sum of
the delivery value of the removed trees,
and the value of the trees left standing, is
not equivalent to the delivery value of the
original growing stock; however, this in-
consistency is quite insignificant.

Formulae (1) and (2) were tested by
some experiments, and the development
of mean volumes was found to be satis-
factory. However, it is necessary to point
out that hardly any empirical data were
available to support these artificially con-
structed formulae.
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The value of the stand is expressed either
as its delivery price, or as its stumpage
price. In both cases, the value growth
is calculated by means of the following
formula:

4 Zy = UpgVigr — UV

where Zy = value growth in year t
Uy = unit value of the growing stock at
the beginning of year t
Vi = volume of the growing stock at the
beginning of year t

33. Effect of fertilization

The effect of fertilization on the growth
rate was determined from sample plot data
obtained in conjunction with a forest ferti-
lization campaign (Operaatio . .. 1969). The
material included all the stands on min ral
site classes 2 and 3 (cf. p. 9) in climatic re-
gion I, of an age exceeding 30 years, and
with either pine or spruce as the dominant
tree species. Accordingly the foundation
for the analysis was constituted by a total
of 864 plots representing stand ages be-
tween 30 and 155 years, and volumes be-
tween 3 and 241 cu.m. per hectare. Of
this total number, 505 stands were dom-
inated by pine, and 359 by spruce.

KELTIKANGAS and SEPPALA (1973 b) have
developed a procedure which enables
prediction of the volume growth percen-
tage after fertilization as a function of the
growth percentage before fertilization, and
the volume at the time of fertilization.
This procedure has been applied in this
study. The growth functions were arrived
at by regression analysis. In correspondence
with the results obtained by KELTIKANGAS
and SeppALX, the growth percentage be-
fore fertilization and the volume at the time
of fertilization proved to be the best pred-
icting wvariables. Furthermore, the tree
species and the age of the stand were statis-
tically significant wvariables. Nevertheless,
the age was omitted from the final function
with a view to simplification of the for-
mula. The increment percentage after fer-
tilization on mineral sites is predicted by
the fellowing formula:
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P,
where Y = & .VE_}_".
.

X, = 0 if the dominant tree species is pine
=1 if the dominant tree species is

spruce

100 1004 Vo Nig

Ty el i
X; =V,

Vj = volume of the growing stock i years
after fertilization

It is assumed that the effect of fertili-
zation in hardwood stands is equivalent
to that in pine stands.

Formula (5), after some remodelling, has
also been applied to peaty sites. The annual
increase in growth on peaty sites after fertili-
zation remains below that on mineral sites
(cf. KEerTiKANGAS and SepPALA 1973 b).
Thus, on peaty sites the increase in growth
due to fertilization is reduced by 30 per

cent of that derived by means of formula
(5).

It is assumed that the period during
which fertilization yields a growth increase
is 5 years on mineral sites, and 15 years
on peaty sites (cf. KELTIKANGAS and SEP-
PALA 1973 b, p. 211). Subsequently, the
stands continue their growth in accordance
with the normal growth functions (cf. p.
10), wunless the fertilization is repeated.
The growth increase attributable to a
single fertilization is approximately 10 cubic
metres on mineral sites, and 21 cubic metres
on peaty sites.

Many uncertainties are involved in the
use of formula (5); one of them is the appli-
cability of the formula if the fertilization
is repeated. Since the growth before fer-
tilization (variable X,) is derived from the
normal growth functions, there is prob-
ably no great danger of overestimation.
The observation is also due that the fertili-
zation effect is markedly dependent upon
the amount of fertilizer utilized.



4. DECISIONS

41. Theoretical background for stand-

treatment decisions

Basically, optimization of the stand treat-
ment presents an economic problem for
the whole forest holding. Cuttings assume
the central position among the measures
adopted in a stand. As a consequence,
in this study special attention has been
paid to the theoretical foundations of the
automatic decision rules which regulate
the cuttings.

The factors that affect the cutting prog-
ramme for a stand can be divided into
three main categories. The first of these
is concerned with the characteristics that
describe the state of the stand. The fac-
tors in the second category are connected
with the aims of the one making decisions.
One expression of these aims, for instance,
is the planned cut. A planned cut even
implicitly determines the desirable growing
stock for a whole forest area, and corre-
spondingly, for each single stand. The third
category includes the factors of logging
technology which depend upon the location
of the stand; this frequently often deter-
mines when and how the stand will be cut.
The marginal effect of the cutting upon
neighbouring stands also falls within the
third category.

Traditionally, the treatment rules for
stands have been decided upon during the
the course of field work in forest inven-
tories. As a rule, these instructions do no
more than reflect the state and location
of the stand. During the field work, it is
difficult, and even impossible to take into
consideration the planned cut of the whole
area, as normally the necessary information
becomes available only after completion of
the inventory. This implies that the cutting
instructions given during the course of the
field work can rarely be implemented as
such. Thus the final cutting plan should
be prepared only after compilation of all
the data that have a bearing upon the
plan. A cutting plan for a single stand
can then be adjusted to the total plan.

In Finland, stand treatment standards
have principally been founded upon bio-
logical and silvicultural standpoints. A
stand has been regarded as an ecological
unit cut off from its economic and areal
background. This means that only some of
the factors in category one, and no factors
in the other two categories have affected
the treatment standards. These treatment
standards have been compiled in growth
and yield tables (cf. Korvisto 1959), and
thinning models (cf. VuokiLa 1971).

The optimization of stand treatment
has for a long time been considered as an
economic problem as well (cf. ENDREs 1923;
Duerr and Bonp 1952; NyvyssONEN 1958;
CuaprPeLLE and NEeLsoN 1964; BENTLEY
and TEEGUARDEN 1965; KiLkki 1968 a).
Nevertheless, in many cases insufficient
consideration has been given to the re-
quirements of the whole economic unit
to which a given stand belongs.

Below, an examination has been made
of cutting decisions concerning single stands
with respect to the opportunity cost theory
(see e.g. Lipsey and SteEINEr 1969). The
benefit that a production factor would
yield if it were utilized in another produc-
tion process, or in consumption, is termed
the opportunity cost of the factor in its
present use. It is profitable to use the
production factor in a certain production
process only to the extent that the bene-
fit it yields exceeds its opportunity cost.

Timber growing in a stand is a produc-
tion process. The major production factors
that man can regulate in this production
process are the land and the growing stock.
In the main, the regulation of these factors
is effected by cuttings. For the sake of
simplification, it is assumed that land and
growing stock are the only variable inputs,
and that wvalue growth is the only output
in the timber production process. It is
further assumed that neither the size of
the stand, nor the neighbouring stands,
exercise any influence upon the timber
production process. If the time period under
observation is only one year, the produc-
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tion process can be described by the fol-
lowing production function:

(6) Y =g(W|Xy....Xn) X
: (KiLkkr 1971)
in which Y = annual value growth of the stand
W = X,/X,

X, = area of the stand

X, = growing stock of the stand

X3, ..., Xy = other factors influencing
the value growth (here
assumed to be constants)

With a view to having a rational alter-
native use for the land and growing stock,
the stand is taken to be a part of a larger
forest holding, which is associated with
a timber-growing, production-consumption
unit. Moreover, the decision-maker is as-
sumed to be »an economic man», endeav-
ouring to maximize the sum of the short-
and long-term benefits from his forest hold-
ing (cf. HAMALAINEN 1973, p. 43). The
short-term benefits are presumed to arise
immediately from the timber cut, and the
long-term benefits from the land and grow-
ing stock left to produce more timber in
the future. It is further assumed that
thinning and regeneration cutting are the
only alternatives of action.

The opportunity cost of the growing
stock in a given stand is equivalent to the
benefit that this growing stock would yield
either if removed to other stands of the
forest area, or utilized as timber in consump-
tion. Although it is impossible to remove
growing stock from one stand to another,
cutting makes it practicable to regulate the
level of the growing stock in each stand.
On the one hand, the opportunity cost of
one unit of growing stock equals the lowest
marginal productivity of the growing stock
in all stands of a forest holding. The symbol
D denotes this opportunity cost. On the other
hand, the opportunity cost of one unit of
growing stock equals the marginal benefit
of one unit of timber in consumption; this is
often regarded as a product of two compo-
nents: the rate of interest (p/100), and the
unit stumpage price of the growing stock (U).
With economic equilibrium, the rate of inte-
rest is equivalent to the internal rate of
return of the economic unit, and both of
these opportunity costs of one unit of grow-
ing stock are equal:

ol s
@ PRy

As the possibility of thinning a stand is
under consideration, the marginal produc-
tivity of the growing stock needs to be
calculated as the ratio between the loss
in the wvalue growth attributable to thin-
ning (AY), and the amount of timber to
be thinned (A4X,). If the ratio exceeds the
opportunity cost of one unit of growing
stock, the stand can be left for future
growth:

(8) -Z'A—;%-’ el .
A P

9) Z_Xa = WU or
AY P

opts- iepatoo R

The ratio between the loss in the value
growth and the stumpage value of the
timber to be thinned (cf. formula 10) is
here termed the thinning -criterion.

‘When the practicability of regeneration
is under consideration, the opportunity
cost of the growing stock (Py) is equivalent
to the product of the total growing stock
and the opportunity cost of one unit of
growing stock:

P
PV = DX2 = WUXZ

(11)

The opportunity cost of land (M) also
needs to be taken into account; it corre-
sponds to the benefit derived from the land
area of the stand to be used for growing
future timber generations. One year’s ben-
efit is often expressed as the product of
the rate of interest and the value of the
bare land (L):

P ooy

(12) My 100

I

One method for derivation of estimates
of the land wvalues is to be found in the
Faustmann formula. However, in many
cases a fully regulated forest model pro-
vides a more appropriate basis for deter-
mination of the land value estimates (cf.
KiLkki 1968 a). Emphasis is due that these



two methods yield estimates alone. The
real land values emerge as shadow prices
of the land from solution of the total eco-
nomic model of the forestry unit. More-
over, it should be noted that the guiding
rate of interest (p/100) does not necessarily
correspond to that applied in the land
value calculation.

The opportunity cost of growing of a
forest stand, as opposed to regeneration, is
equivalent to the sum of the opportunity
costs of the growing stock and the land:

Py + My = 1%0 (UX,; + LX)

(13)

Accordingly, it is worthwhile to grow
the stand to the extent that the annual
value growth exceeds the opportunity cost
of growing the stand:

14 Y > 355 (UX, + LX)

The regeneration criteria generally ap-
plied, the v-value (v), and the indicating
percentage (w), can be derived from for-
mula (14):
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The indicating percentage derived from
formula (16) will subsequently be referred
to as the regeneration criterion.

In this context, an erroneous result, presented
by Kivkkr (1971, p. 6), should be corrected. The
author suggested that the financial maturity of
a forest stand could be determined from a compar-
ison between the marginal productivity of land
and the opportunity cost of land. This reasoning,
however, failed to comprehend that a part of the
land occupied by the growing stock in an even-
aged forest cannot be removed to grow a new
timber generation. The correct way to assess
financial maturity lies in comparison of the value
growth of the stand and the sum of the opportunity
costs of the land and growing stock (formulae 14,
15, and 16). The erroneous deduction made in the
earlier paper arose from the fact that the financial
maturity criterion derived from the marginal
productivity of land yields the correct result if
the growing stock is at the optimum density, as
defined by KiLkkr (1971, p. 6). This financial
maturity criterion is also valid if a fully regulated
forest is under surveillance, instead of a single
forest stand.

Figure 4 provides a graphic illustration
of the thinning and regeneration decisions
expressed by formulae (10) and (14); here
is indicated a cross section at a given point
of time. It is observable that at a given
age the stands are divisable into a maximum
of four treatment classes.

/,,{; UXp 4l LX,

P
(15) v =Y — 5 (UX, + LX)
100 Y
Erbas of seMBRyrk B
Fmk
:’;[um_c offer
inning 7
ALx, W
Z g
Regenerotion | Leue for Fture

Volume of growing stock = Xz, m?

Thinning

Thinning or regeneration

Fig. 4. Division of stands into different treatment classes according to the volume of the growing stock



16 Pekka Kilkki and Raimo Pokild 1975

The first class (I) comprises stands in
which the volume of the growing stock is
so low that the wvalue growth does not
exceed the sum of the opportunity costs
of land and growing stock. These stands
are understocked, and need to be regen-
erated.

The second class (II) comprises stands
in which the value growth exceeds the sum
of the opportunity costs of land and grow-
ing stock. Furthermore, the potential loss
in value growth exceeds the opportunity
costs of the part of the growing stock to
be thinned. These stands are left for fu-
ture growth.

The third class (III) consists of stands
in which the value growth of the growing
stock exceeds the sum of the opportunity
costs of land and growing stock, but in
which the potential loss in the value growth
falls below the opportunity cost of the
timber to be thinned. Thinning is the
best treatment alternative for a stand in
this class. If thinning is impracticable, the
most satisfactory alternative is that of
leaving the stand for future growth.

In the fourth treatment class (IV) the
value growth falls below the sum of the
opportunity costs of land and growing
stock. Consequently, a stand which falls
within this class needs to be regenerated
if it cannot be thinned. However, in this
class, thinning is the most profitable treat-
ment alternative.

As the growth intensity decreases, and
the ratio between the wvalue and volume
growth becomes less favourable in old
stands, the value growth curve no longer
cuts the opportunity cost line. The only
remaining alternative is then regeneration
of the stand, regardless of the level of the
growing stock. A rise in the rate of interest
normally has a similar effect. In sparsely
stocked stands, however, the decrease in
the land value with an increasing rate of
interest may reverse the effect (cf. KiLkki
1966).

Previous discussion has indicated that
the knowledge of a reliable production
function is a prerequisite for correct deci-
sion-making on thinning and regeneration.
For determination of the thinning criteria,
this is an absolute requirement, since errors
in the original function multiply in a de-

rivate of the function (cf. KiLkxr 1971,
p. 7). As thinning is often out of the ques-
tion in a stand close to final cutting, the
financial maturity is solely determinable
by assessment of the wvalue growth. In
practice, the value growth may be estimated
reliably, without a priori information on
the timber production function, by meas-
urement of the growth of previous years.

The theory outlined above is applicable
as such to determination of the optimum
cutting policy of the stand only if the as-
sumption can be made that the present
treatment of the stand cannot change the
timber production function in the future.
The application of dynamic programming,
for instance, allows of models in which
changing production functions are accept-
able (cf. KiLkki and VAISANEN 1969; Ris-
vAND 1970; SuroNeEN 1972; KiLkkir 1972).
However, as yet no such timber production
functions are available. Moreover, a dy-
namic model is not always practical as
part of a larger system, since its use is rather
time-consuming. Nonetheless, the major
drawback of the above theory lies in the
absence of the time factor. Consequently,
the applicability of the theory is limited
to old stands in which the values of the
thinning and regeneration criteria are al-
ready declining (cf. KiLkkr 1966).

42. Genuine decisions

To ensure that the timber production
model is made more flexible, a number
of decisions have been left to the decision-
maker. These are termed genuine decisions.

Nonetheless, in many cases the deci-
sion-maker is either unable or unwilling
to make all the genuine decisions. It then
becomes the responsibility of the forestry
consultant to simplify the decision situation
to a point at which the decision-maker
can make his choice (cf. KELTIKANGAS
1971). Technically, the decisions left to
the consultant are still genuine decisions.

The following genuine decisions, made
either by the decision-maker or by the
consultant, are required in each timber
production model calculation.

1. The length of the calculation period.
2. The removal in each cutting year during



the calculation period. This is expressed by

a) a volume drain requirement, or

b) a net income requirement, or

¢) a guiding rate of interest

3. A list of the compartments in which cuttings
can be made in each cutting year. A concentra-
tion of cuttings within given compartments in
each cutting year helps to preclude the un-
economic cutting of scattered stands.

4. The maximum regeneration area in each
cutting year. Only one half of the area treated
by shelter wood cutting is taken into account.
The other half is added to the regeneration
area after liberation of the new generation.
The liberation cuttings during the first
ten-year period, however, are not added to
the regeneration area.

5. The land values applied in each cutting year.
Theland values are expressible either explixitly,
or the land values may correspond to the
internal rate of return of the cutting year.

6. The level of the growing stock left after
thinning or shelter wood cutting.

7. The minimum removal per hectare in thinning,
increment cutting, and shelter wood cutting.

8. A list of the young stands that are classified
as of low-yielding, and which are consequently
regenerated through first cutting.

Decision 4 in itself determines the maxi-
mum regneration area in each cutting year,
but decisions 5, 6, 7, and 8 are also usable
for regulation of the ratio between the
areas of selection and regeneration cuttings.

9. The length of the discounting period and the
rate of interest in determination of the value
of the forest at the end of the calculation period.

10. The method applied for stand regeneration
and the tree species of the new stand. This

decision can be deferred for automatic
determination.

11. The areas to be afforested in each cutting
year.

12. The stands to be drained in each cutting year.
13. The stands to be fertilized in each cutting
year.

In addition to this list, the choice of any
data can be considered as a genuine deci-
sion. Thus, for example, it is possible to
use growth functions, other than those sug-
gested in section 3.
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43. Automatic decision rules

As was stated in section 12, the majority
of the decisions that apply to single treat-
ment units are made automatically. The
rules for these decisions are programmed
into the timber production model, and as
a rule the parameters of these rules are
fed into the model as input data. Among
the most important of these rules are those
that regulate cuttings. These are applied
after a genuine decision has been made
to cut a specific amount of timber, or to
follow a certain rate of interest.

The single-storey stands and two-storey
stands in storey class 3 are sub-divided
into young and old stands, by age and site
class, as follows.

Young stands Old stands
Site class
age, years
DR o D 0—-55 56
" iawhrp Al il i B LR S 0—60 61--
Ulia bty A R SR 0—65 66
b e T e e 0—70 71+

In regard to old stands, the decision rules
are for the most part based upon the theory
presented in section 41. In young stands,
and in stands of storey structure class 2
(cf. p. 9), the traditional rules have been
applied.

In the case of single-storey stands, the
volume of the growing stock after thin-
ning is presented as a function of the site,
the tree species, and the age. The same
information on growing stocks is applied
to the stands falling within storey struc-
ture class 3. The tree species and age,
which determine the level of the growing
stock, are then in accordance with the
upper storey. In storey structure class 2,
the growing stock of the upper storey is
presented as a function of the tree species
and age of the lower storey, and of the
tree species of the upper storey.

The stands are thinned only if the re-
moval per hectare exceeds a certain minimum
level, which is given as a genuine decision.
Clear cuttings, and to some extent libera-
tion cuttings, are carried out irrespective
of the cutting removal.

Once a decision has been made to cut
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stated compartments in a stated year,
thinnings are first performed in young
stands, and liberation cuttings in two-
storey stands. This order of procedure
is followed because these cuttings are re-
garded as necessary to the future devel-
opment of the stands. It may thus occur
that the removal exceeds the target set
up by the genuine decisions. However, a
situation of this type is quite uncommon
in practice if the cutting cycle extends
over more than two or three years.

Cuttings in old stands are made later
than is the case with young stands, and
stands in storey structure class 2. The de-
cision rules for old stands are based upon
the thinning and regeneration criteria pres-
ented in formulae (10) and (16).

In determination of the thinning and
regeneration criteria only one year’s growth
was taken into account. Consequently,
if the cutting cycle exceeds one year, it
becomes necessary to consider the change
in the criteria. With a view to investiga-
tion of the rate of change in the criteria,
some experiments were made, and the re-
sults were taken into account in determi-
nation of the final criteria.

Both the thinning criterion and the re-
generation criterion diminish more rapidly
in young and in high-volume stands. In

sparsely stocked stands, the regeneration
criterion may even rise. Cutting that is
aimed at natural regeneration needs to be
started earlier than that designed for arti-
fical regeneration (cf. NyvyssoNeEN 1958).
With natural regeneration, accordingly, the
regeneration criterion has to be multiplied
by a constant less than 1.0.

In the main, those decisions connected
with silvicultural measures are made auto-
matically with due regard to the site. The
afforestation of open peatlands after drain-
age always presupposes spot fertilization,
The clearing and the preparation of the
regeneration area require genuine decisions
as far as natural regeneration is concerned.
These measures are implemented immedi-
ately after cutting aimed at natural regen-
eration. It is further assumed that plant-
ing is done immediately after clear cutting.
Beating up and weeding are effected three
years after artificial regeneration, and clean-
ing and repeated weeding ten years sub-
sequently. Young stands that have emerg-
ed naturally are also cleaned ten years
after the shelter wood cutting. In those
stands that are currently under twenty
years of age, cleaning is performed ten
years from the beginning of the calculation
period.
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5. THE ADP-SYSTEM

The timber production model was divided
into modules prior to programming. The
module structure did not hold satisfactori-
ly, and as a consequence, in the present
version of the system some modules include
rather diversified jobs. The programming
language was FORTRAN 1V, and the sys-
tem was designed for the UNIVAC 1108.
Currently, the system comprises 37 pro-
grams and approximately 2 500 statements.

The system can be presented in eight
modules; it is illustrated in Figure 5, along
with the interrelationships of the modules.
Unbroken lines indicate the general flow
in the system, and broken lines indicate
optional links between the modules.

In the first module (1), the data dis-
cussed in section 3 and the price and cost
data are fed into the system.
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Fig. 5. Structure of the ADP-system

In the second module (2), the inventory
data and the genuine decisions are fed in.
Detailed output instructions are also given
in this module.

In the third module (3), the records of
all calculation units are complemented with
the data concerning such details as growth,
value, value growth, and thinning and
clear cutting criteria. Each record com-
prises a total of 125 wvariables. Of course,
many of these variables include only tem-
porary information, never seen as an out-
put. The silvicultural measures not di-
rectly linked with cuttings are taken into
this module. Similarly, here are fed the
drainage and fertilization decisions. If it
is not intended that any cuts will be ef-
fected in the cutting year under observa-
tion, the system is switched to the seventh
module (7). Otherwise, the treatment of
young stands, and of stands in storey
class 2, are in order in module four (4),
in which the necessary thinnings and lib-
eration cuttings are treated.

In the fifth module (5), there is deter-
mined either the relationship between the
internal rate of return and the drain, or
only the internal rate of return in con-
formity with a given drain requirement.
The dependence of the regeneration area
upon the drain is determined at the same
time.

If there comes into question only the
relationship between the internal rate of
return and the drain, the following modules
are passed, and the system moves to the
end. Otherwise, the system moves to the
sixth module (6), in which all the necessary
cuttings, and the silvicultural measures
linked to the cuttings are handled in the
old stands. In this module, there can be
used the information on the internal rate
of return obtained in the previous module.
It is also possible to use a guiding rate of
interest, given as a genuine decision, for
determination of the cuts in this module.
The guiding rate of interest may be founded
upon earlier calculations in which has been
determined the relationship between the
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internal rate of return and the drain. In
these cases, the system has passed the
fifth module (5). 1

In the seventh module (7), the calcula-
tion units are updated to the following
cutting year. This module also updates
the wvariables which relate to the timing
of the silvicultural measures, the effect
of drainage and fertilization, and so on.

From the seventh module, the system
can either move to the end, revert to the
beginning of the next cutting year (3),
or move to a completely new calculation
either for the same forest area or another
one (2). It is also possible to move to the
eighth module (8), in which is received the
net present value of the forest area, both
at the beginning and at the end of the cal-
culation period.

At any time during the calculation, the

system yields detailed lists of the calcula-
tion wunits; these lists indicate both the
situation in the calculation unit, and the
measures taken during each cutting year.
The system also provides the decision-
maker with a number of tables, in which
this information is presented in more con-
cise form.

The cost involved in the computation
depends upon the number of calculation
units, the length of the calculation period,
the complexity of the calculation, and the
amount of output. For instance, a fifty-
year calculation for a forest area compris-
ing 226 calculation units costs approximate-
ly 500 Fmk.

A detailed description of the ADP-system
is presented, in Finnish, in a report by
MieLIKAINEN and POKALA (1974).



6. CHOICE OF THE TIMBER PRODUCTION POLICY

Timber production policy can be defined
as a set of genuine and automatic decisions.
The timber production model aims at pro-
viding the decision-maker with information
on the consequences of applying different
production policies (cf. Figures 1, 2, and
3). The genuine decisions made for a timber
production model calculation do not pre-
suppose acceptance of a certain produc-
tion policy. To the contrary, the genuine
decisions are conditional, and will be re-
viewed after the results of the calculation
are available. To summarize, it may Dbe
said that the timber production model
should yield wvalues to the predicting vari-
ables in the utility function of the deci-
sion-maker. The rational decision-maker
then chooses the timber production policy
which maximizes his utility, and subse-
quently implements the genuine decisions
which are in accordance with this policy.

Genuine decisions can be grouped into
two categories. The first of these consists
of the decisions that have a direct bearing
upon the utility function of the decision-
maker; the second consists of the genuine
decisions (along with the automatic deci-
sions) which are of no more than instru-
mental value to the decision-maker. The
limit between these two categories is not
always well defined. A number of genuine
decisions can be regarded as falling within
both categories. The regeneration area,
for example, is an instrumental decision
variable since in the long run it determines
the drain. However, it is directly a predict-
ing variable in the utility function, since
the proportion of regeneration cuttings in
the total cuttings plays a major role in deter-
mination of cutting profitability in the near
future.

With a view to simplification of the de-
cision situation, it is assumed below that
the utility function has only two predicting
variables: (1) the drain during the working
period, and (2) the largest sustained drain
after the working period; the length of the
working period may, for example, be 10
years. The timber production model en-

ables discovery of the sets of genuine deci-
sions that yield the maximum combina-
tions of these predicting variables, although
a large number of calculations may be re-
quired to determine, say, the optimal re-
generation area in each combination. All
of these combinations indicate the produc-
tion possibility boundary (cf. Lipsey and
STEINER 1969, pp. 5—8). Curve S in Figure
6 provides an example of the production
possibility boundaries. In this case, the
curve is concave to the origin. Each point
on curve S represents a timber production
policy.

Sustained
annval
drain affer
the working
period

Annual drain ‘during the working period

Fig. 6. A production possibility boundary (
and three indifference curves (I;, I, and I;) of a
utility function

Utility

Annuol drain during the working period

Fig. 7. Dependence of the utility upon the drain
during the working period
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I,, I,, and I; represent indifference curves
derived from a utility function. Point
A, in which curve I, touches the production
possibility boundary S, indicates the optimal
drain for the working period, and simultane-
ously the maximum sustained drain after
the working period. Curve U|S in Figure 7
indicates the dependence of the utility
upon the drain during the working period,
with a given production possibility bound-
ary S. Examination of Figures 6 and 7
indicates that if the production possibility
boundary is extremely concave, and the
indifference curves are extremely convex
to the origin, losses in the utility are large
if deviations occur from the optimum
drain.

The production possibility boundary is
dependent upon the number of production
factors, of which land, growing stock, and
man’s action are the most important. Con-
sequently, the production possibility bound-
ary can be determined objectively by
timber production model calculations for
any appropriate forest area. However, the
utility functions diverge greatly from one
decision-maker to another (cf. p. 6). If
the livelihood and welfare of the decision-
maker are dependent upon forestry, the
indifference curves are very convex. De-
viations from the optimal drain then in-
duce major losses in utility. This is the
situation in the national economy. If the
cuts in the next ten years fall markedly
below the planned level of drain, serious
disturbances are to be expected. Corre-
spondingly, if the cuts clearly exceed the
planned drain, similar problems are due
to occur in the future. Nonetheless, it
should be noted that the convexity of the
indifference curves is largely dependent
upon the expectancy of the deviations.
Abrupt deviations result in sharply convex
indifference curves, and in major losses if
the planned drain is not followed.

A private forest owner who regards the
forest purely as an investment may have
a utility function with indifference curves
which are nearly linear, and in some cases,
even concave to the origin. As his liveli-
hood is not dependent upon the income
derived from forestry, sustained drain is
not a necessity for him. He is not bound
to any planned drain, and may regulate his

cuttings in accordance with timber prices
and other investment opportunities.

Figure 8 illustrates a situation in which
improved forest management has moved
the original production possibility boundary
(S,) to a new position (S,). The utility
functions U;|S, and U,|S, are presented
in Figure 9. Curve U,|S, indicates the
utility of the decision-maker who is pre-
pared for drain A,, and curve U2]S2 the
utility when he is prepared for drain A,.
The increase in the utility (AU), for in-
stance, is attributable to employment of
the timber production model.

Figure 9 further illustrates the conse-
quence of an erroneous timber production
model. If the calculations yield boundary
S;, although S, would be the correct one,
a loss in the utility amounting to 1; is
inflicted. Correspondingly, if the timber
production model has yielded boundary S,,
and the correct one is S;, the loss in the
utility amounts to 1,.

These examples illustrate a decision sit-
uation in which the future and the utility
function are known. In a realistic situa-
tion, these conditions are never completely
fulfilled, and thus a more sophisticated
study of the decision problem is needed.
The decision problem can then be regarded
as a two-person game. If it is assumed
that an opponent does not knowingly set
himself in opposition to the player, the
problem can be regarded as a game against
nature or the timber product market (cf.
Baumorn 1972, p. 575). This assumption is
probably applicable to the national level.

Sustained
annual
drain affer
the working
period

Sy \S2

Annual drain during the working period

Tig. 8. Influence of improved forest management
upon the production possibility boundary
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Fig. 9. Utility losses (I, and ly) arising from an
erroneous timber production model

Finnish forestry, at least, is a relatively
small factor in international trade, and
presumably the forest policy the country
decides to pursue in the future will not
exercise any marked influence upon the
economic decisions of other nations.

The strategies available for choice by the
decision-maker are different timber pro-
duction policies. The opponent, in turn,
can choose between different forest product
prices. Below, the previous simplified ex-
ample is brought one step further. It is
assumed that the opponent has in reserve
two possible strategies, C and D. Strategy
C means stable prices for timber products
in the foreseeable future. Strategy D means
increasing prices for timber products, as
compared to other products. The decision-
maker does not know which of these two
strategies the opponent will choose.

On the assumption that knowledge is
possessed of the utility functions that cor-
respond to both strategies, it is possible to
derive the respective indifference maps, and
to discover the optimal pure strategies that
will meet the opponent’s strategies. The
solutions are derived graphically in Figure
10, in which I and Ip represent indifference
curves of the utility functions of the oppo-
nent’s strategies C and D, respectively. Strat-
egy A which here indicates equal drains in all
years to come, is the optimal strategy for the
opponent’s strategy C. Strategy B, which
here indicates increasing cuts, is the optimal
strategy for the opponent’s strategy D.
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Sustained
annual
droin affer
the working
period
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£ 8 A

Annual droin during the working period

Fig. 10. Graphical solutions of the optimal

strategies A and B corresponding to the opponent’s
strategies C and D. Ig and Ip are indifference
curves derived from the utility functions correspond-
ing to the opponent’s strategies C and D.
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Fig. 11. Choice of the optimal strategy by the

use of the Bayes criterion (indifference curves I
and I,)
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Ulility corresponding to
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Fig. 12. Choice of the optimal strategy by use of
the maximin criterion



24 Pekka Kilkki and Raimo Pokild 1975

The values of the strategies A and B have
been plotted in Figure 11. The utility yield-
ed by a strategy, if the opponent’s strate-
gy C is brought to realization, is measured
on the horisontal axis, and the utility in
accordance with the opponent’s strategy
D on the vertical axis. A number of criteria
are applicable for a decision on which
of the strategies A or B will be chosen
(cf. BaumoL 1972, pp. 576 —582), and the
problem can be reduced to the choice of
the decision criterion. In national forest
policy, it is obviously sound to employ
conservative criteria (cf. p. 6). The most
obvious criteria are thus the maximin cri-
terion, and the Bayes (Laplace) criterion,
or any compromise between these two. If
the maximin criterion is applied, the de-
cision-maker first determines the lowest
possible outcome for each possible strategy,
and then selects from these the strategy
with the best outcome. The Bayes ecri-
terion states that the strategy giving the
the highest expected utility has to be
chosen. If no a priori knowledge exists
of the opponent’s strategy, equal proba-
bilities have to be assigned to all possible
outcomes in calculation of the expected
values.

Interpretation of the decision criteria is
facilitated if these criteria are presented

as indifference curves (cf. BaumoLr 1972,
p. 582). Indifference curves corresponding
to the Bayes criterion are presented in
Figure 11, and those corresponding to the
maximin criterion in Figure 12. If the max-
imin criterion is used, strategy A seems
better founded, and if the Bayes criterion,
strategy B.

The indifference curves corresponding to
the decision criteria of a conservative player
are convex to the origin. Consequently,
the maximin criterion and the Bayes cri-
terion represent the two criteria of a conser-
vative decision-maker. The maximin cri-
terion is the more cautious alternative, and
the Bayes criterion the more daring. All
the other conservative decision criteria that
are possible are compromises between these
two.

Decision making remains a matter for
speculation after the previous analysis has
been made. However, the analysis is of
assistance, at least in the elimination of
the strategies that will not under any cir-
cumstances prove to be the best. For ex-
ample, strategy E (cf. Figure 10) appears
to be strongly dominated both by strategy
A and by strategy B when plotted in Figure
11. Apparently, it should not be chosen
if there holds the assumption of only two
possible opponent’s strategies, C and D.



7. APPLICATION

71. Inventory data

A number of calculations for different
forest areas were made in order to test the
applicability of the timber production mod-
el. The calculations that follow relate to
the joint area of two forest board districts,
Keski-Suomi and Pohjois-Savo (cf. Figure
13). The recent forest inventory, carried
out in the summer of 1973, led to the choice
of this area, which was regarded as highly
representative of the forests of Finland.
The areas of two forest board districts were
combined as it was thought that the area
of one district would be too small to provide
accurate estimates for calculation units.

1= Pohjors - Savo
2= Keski~Svomi

Fig. 13. Location of forest board districts Keski-
Suomi and Pohjois-Savo

OF THE TIMBER PRODUCTION MODEL

The detailed inventory data of the area
under study have been presented by Kuu-
SELA and SALovAaArRA (1974). The total
area of forestry land is 2 752 000 hectares.
The poorly-productive land, along with
the waste land on mineral sites, totalling
21 000 hectares, was disregarded. The re-
mainder of the area, 2731000 hectares,
comprises 1959 000 hectares of mineral
sites, and 772 000 hectares of peaty sites.
The open peatlands comprise 2.5 per cent,
other open areas and seed tree stands 4.5
per cent, seedling and sapling stands 24.7
per cent, thinning and preparatory stands
38.9 per cent, mature and shelter wood
stands 18.4 per cent, and low-yielding stands
11.0 per cent of the total area under study.

The area was divided into calculation units
that were as homogeneous as was practic-
able. The calculation units were formed in
accordance with stand descriptions. The
information concerning each calculation unit
was derived from the sample plots falling
within the unit. The total number of sample
plots was 8 718. Grouping of the stands
into calculation units was based upon the
following stand characteristics.

1. Soil (mineral and peat)

2. Degree of drainage on peatlands (virgin state,
recently drained, transforming and transformed
site)

3. Site class (1, 2, 3, 4, 5, 6, and 7)

4. Dominant tree species (pine, spruce, birch,
and other broadleaved trees)

5. Age (open area, 1—10, 11—20, 21—40, 41—
60, 61—80, 81—100, and 101+ years)

6. Basal area (0—6, 7—13, 14—20, 21—27, and
27 + m?/ha)

The grouping resulted in a large number
of calculation units with no sample plots,
or very few. It was accordingly decided
that any calculation unit with less than 10
sample plots would be combined with a
neighbouring calculation unit; only a few
exceptions were made to this rule. The
number of sample plots per calculation unit
might thus be as low as five. The final
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number of calculation units amounted to
134 on mineral sites, and 92 on peaty sites,
giving a total figure of 226 calculation units.
All of the stand description variables re-
quired were derived as averages from the
data of the sample plots. For wvariables
measured by ratio scale, means were used, and
the mode was generally used for variables
measured by nominal or ordinary scales. The
volume growth level of the timber produc-
tion model was reduced by 6 per cent to
give the level measured in the inventory.

The basic work in the grouping was ef-
fected by means of a computer program
which is a part of the data processing sys-
tem of the national forest inventory, but the
final design of the calculation units called
for some manual work. This is in fact the
only phase in which manual work is still
required, apart from final analysis of the
results.

72. Price and cost data

The timber prices used are those of the
1971 —72 price level in Southern Finland,
with delivery prices as follows:

Sawlogs

PIne’ . oxconsaionsnas 56.40 Fmk/cu.m. excluding bark
SPruce imsieivai 52,75 »

Bireh deswsic s 75.00 »

Pulpwood

ATTRET ot Lk oo 37.50 »

ST s o vsnsvoiz 43.00 »

Birch and other

hardwoods ..... 32.80 »

The prices of sawlogs were raised slight-
ly with variation in log size (cf. SELIN 1957).

The logging costs relate to the same
period of time as the timber prices; they
were derived from the studies of the Hako-
committee (cf. Kiukkr 1972, pp. 123 —126).
The logging costs are presented as a func-
tion of the logging method, volume of
removal per hectare, and the mean volume
of the felled trees.

The costs of silvicultural measures were
derived from a study relating to the year
1965 (Metsdnviljelykustannusten ... 1971).
Reference was made to the wholesale price
index for conversion of the prices to the
price level of 1971.

Clearing of the site in natural regenera-
tion costs 50 Fmk, and soil preparation
an additional 100 Fmk per hectare. The
planting cost, which includes clearing of
the site and the necessary soil preparation,

depends upon the site class, as shown
below:
Site class Planting cost, Fmk/ha
T it e 445
oyt hutis Granerusds 440
s Bl s i e 325
doand S i sanianen o 210

The joint cost of beating up and weeding
amounts to 75 Fmk per hectare, and that
of cleaning stands at the thicket stage
to 150 Fmk per hectare.

The cost of drainage is 170 Fmk per
hectare on spruce swamps, 140 Fmk per
hectare on pine swamps, and 100 Fmk
per hectare on open peatlands (cf. KevrtI-
KANGAS and SepPALA 1973 a). The cost
of fertilization is 155 Fmk per hectare on
mineral sites. On peaty sites, the cost of
broadcast fertilization is 150 IFmk per
hectare, and that of spot fertilization 42
Fmk per hectare. These costs are in
accordance with the 1971 price level.

73. Decision data

It was assumed that the afforestation,
drainage, and fertilization were effected in
accordance with the figures listed in Table
1. The afforestation area consists of agri-
cultural land, open bog, and open forest
area.

The cuttings were assumed to be concen-
trated in the middle of ten-year period. The
minimum removal was 25 m?/ha in the
thinning of young stands, 40 m?/ha in in-
crement cutting in old stands, 40 m?3/ha
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Table 1. Afforestation, drainage, and fertilization areas (1 000 ha) in the standard policy
Years
Measure
1973 —83 1983—-93 1993 —-03 2003—13 2013—23

Afforeetatibn .. 0 LR, 128.14 i A o o
vt = AR PR R By 1 B M R 145.07 50.75 — — —
Fertilization

minerall Sites KL v 200.52 97.75 — — —

peaty sites™is FOERNTRTL 210:22 128.16 83.27 76.45 59.85

in liberation, and 25 m?®ha in shelter wood
cuttings. The method of regeneration was
in conformity with the automatic decision
rules.

In one-storey stands, the volumes of
the growing stock after thinning were
arrived at by application of the series
presented by Kuusera and NYYSSONEN
(1962) and VvuokiLa (1971). In shelter
wood stands the volume of the upper storey
was derived from the series presented by
NyvssONEN (1958). All of the volumes
given indicate only the relative level of
the growing stock. This level is amended
in old stands by multiplication of the vol-
umes by a constant given as a genuine
decision (cf. section 4). Figure 14 illustrates
the basic levels of the volume of the grow-
ing stock after thinning, and Figure 15
those of shelter wood stands.

As application of a ten-year -cutting
cycle was made, with the cuttings being
effected in the middle of the cutting cycle,
the thinning criterion in spruce stands was
multiplied by the constant 0.8, a reduction
that approximately corresponds to a five
year change in the thinning criterion. The
reduction is too heavy for sparsely stocked
stands. In any event, thinning is out of
the question in these stands, and there
does not arise any major error attributable
to this practice.

In pine stands, the thinning criteria were
obviously too low as a consequence of use
of an erroneous growth function. In view
of this, the thinning criteria in pine stands
were multiplied by a constant of 1.3, to set
them on a par with the spruce stands.

As a ten-year cutting cycle was applied,
the regeneration criteria were multiplied
by a constant of 0.9, to arrive at the aver-

age reduction in the criterion during a
period of five years. In young and sparsely
stocked stands, this reduction leads to slight
underestimation. Artificial regeneration was
employed on site classes 1 and 2, and

Jite
m3 /ha /
200 ’-

2
160 -
120 | 2
5
80 -
40 +
i L L L L L
20 40 60 80 100 120
Age , yeors

Jite
m3/ha )
200 -

2
160
3
120
4-5
80 -
40
1 1 1 1 L 1
20 40 60 80 100 120 -
Age, yeors

stock after
thinning. Upper: Pine. Lower: Spruce.

Fig. 14. Volume of the growing
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natural regeneration on site classes from
3 to 6 if the dominant tree species was pine.
In the case of natural regeneration, the
regeneration criteria were multiplied by
a constant of 0.8. This implies that shelter
wood cutting is carried out approximately
ten years earlier than is clear cutting in
similar stands.

The land values needed in determination
of the regeneration criteria were calculated
by means of the Faustmann formula, and
are in accord with the growth and yield
data presented in this section and in sec-
tion 3. The land values are presented in
Table 2 as a function of the site class and
the rate of interest. The negative land
values have been rounded off to zero.

m3 [ha
100 -

80

Spruce stonds
70+ -===- Pine stands

60 mi
50|

40
301 bss=sm===r -
20

0 5 10 15 20
Age , years

Fig. 15. Volume of the growing stock after shelter
wood cutting and the time of liberation cutting as
a function of the tree species and the age of the
lower storey

Table 2. Land values, Fmk/ha

Si Rate of interest

ite

class 2.0 2.5 3.0 3.5 4.0 4.5 5.0
1 7 500 4 600 3150 2150 1 400 900 550
2 5900 3500 2200 1400 850 450 250
3 4250 2 650 1750 1150 700 400 200
4 1 600 900 550 300 100 50 0
5 600 150 50 0 0 0 0

74. Search for the optimal timber
production policy

The first task in the search for an optimal
timber production policy is that of finding
all the wvariables which exercise either a
direct or an indirect influence upon the
utility function (cf. p. 21). This task has
in fact been carried out in part in design of
the output of the timber production model.
However, the output may include variables
that posses little or no value as far as the
decision-maker is concerned, or the output
may be inadequate, so that the model can-
not be used. If the information yielded by
the timber production model is considered
adequate, alternative calculations can be

made with a view to discovering a set of
feasible solutions, or in other words an
estimate of a multidimensional production
possibility boundary.

The second task is that of discovering
the possible strategies of the environment,
and of associating a utility for each timber
production policy and future combination.

The third task is that of determining the
decision criteria, and of choosing the opti-
mum timber production policy.

In similarity to the examples given in
section 6, the following discussion on pro-
duction possibility boundaries is first lim-
ited to a situation with only two decision
variables. One variable is the volume drain,
and the other the regeneration area during



the first ten-year period (1973—83). An-
other wvariable, the largest sustained yield
after the first ten-year period, for instance,
might have been superior to the regenera-
tion area as a predicting variable in the
utility function; however, its determination
is rather tedious. Nonetheless, the regen-
eration area is derivable by a very simple
calculation which covers only the first ten-
year period (cf. p. 19).

In view of the possibility of regulating the
ratio between the selection and regenera-
tion cuttings up to a certain limit, a number
of feasible production possibility boundaries
can be found. Different production possi-

Drain , million m?
160 -
150 -
140
130 -
120 -
110 |
100 |-
0
80
70
60
s0r D3
40
so[

201

10
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bility boundaries were effected by allowing
variations, during the first ten-year period
in (1) the land values, in (2) the level of the
growing stock after thinning, and in (3) the
extent of the low-yielding young forests
which have to be regenerated.

Figure 16 illustrates two extreme produc-
tion possibility boundaries. All of the other
production possibility boundaries lie within
the shaded area between these two lines.
Contrary to the examples in section 5, the
decision wvariables now stand in positive
correlation, and the production possibility
boundaries are ascending lines.

Dy = Drain from old stands

! Droin from thinhing of youn,
1} D2* sfands: and liberation tu%fin,’:

o Drain from young low -
D1 * yielding stends
I} L

30 40 50

Regeneration orea, e

Fig. 16. Feasible production policies (shaded area) during the ten-year period 1973 —1983

The upper line is in accord with the
cutting policies, which tend to avoid regen-
eration to the greatest possible extent.
To minimize the regeneration area, land val-
ues corresponding to a rate of interest of
five per cent were employed; the level of
the growing stock after thinning was reduc-
ed by 40 per cent from the basic level
(cf. Figure 14), and 52 per cent of the low-
yielding young stands were transferred to
normal stands.

The lower line is in accord with the
cutting policies which strive to achieve the
largest possible regeneration areas. The
land values were in accordance with a rate

of interest of two per cent, the level of
growing stock after thinning was main-
tained on the basic level, and all of the
young low-yielding forests were regenerated
during the first ten-year period. The cut-
ting policies led to a complete rejection of
thinnings in old stands.

The set of feasible timber production
policies can still be extended. The upper
production possibility boundary can be
moved upwards, at least by the following
measures.

1. All open areas are not regenerated during the
first ten-year period.
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2. The definition of low-yielding young stands is
further relaxed.

3. The level of the growing stock in young stands
is diminished.

4. Liberation cuttings are effected at a faster rate.

5. The cutting cycle is shortened from the present
ten years.

6. The minimum cutting removal is reduced.

7. Fertilization in mature stands is increased.

The first, and in all probability the second
measure as well, are completely negative,
and cannot be recommended under any
circumstances. The third measure may be
given consideration, in view of the constant
existence of young stands in which thin-
ning is needed, although this is not pre-
supposed by the average growing stock
per hectare. To some extent, the fourth
and fifth measures may also be feasible.
The sixth measure is possible only in young
stands, since the growing stock in old
stands has already been set at a very low
level. The seventh measure raises the pro-
duction possibility boundary by the amount
the increased fertilization increases the
part of the growing stock removed during
the first ten-year period.

The lower boundary will be moved down-
wards if measures from 2 to 7 are reversed.

It is observable from Figure 16 that,
in feasible timber production policies, the
drain may vary between 0 and 160 million
cubic metres, and the regeneration area
between 0 and 44 per cent during the first
ten-year period. The highest figures cor-
respond to an internal rate of return of
5 per cent. In reality, of course, the choices
are much more limited. It is difficult to
imagine the drain not falling between 70
and 100 million cubic metres, or the regen-
eration area between 10 and 30 per cent.
In the years 1968 —72, the average drain
in the area concerned amounted to 8.14
million cubic metres per year, and the
regeneration area to approximately 1.3 per
cent per year (Metsitilastollinen... 1970,
1971, 1972, 1974). Nevertheless, the de-
cision-maker still has a wide variety of
choices at his disposal. For instance, a
drain equivalent to that of past years is
achievable by the agency of regeneration
areas varying from 16.9 to 24.5 per cent
during the ten-year period.

Nonetheless, it is evident that the drain
and the regeneration area during the first
ten-year period do not provide sufficient
information for determination of the utility
of a given timber production policy. As
a result, analysis of the production policies
needs to be extended to provide addition-
al predicting variables. The practicability
of discovering exact production possibility
boundaries has thus diminished, since the
number of calculations is limited. The
following analysis is limited to four timber
production policies, each covering a fifty-
year period.

The first two policies, A; and A,, assume
even drains of at least 100 million cubic
metres in each of the five ten-year periods.
These policies had in view a future with
stable timber prices. Figure 16 illustrates
the location of the policies with respect
to the drain and regeneration area during
the first ten-year period. Policy A, is in
accord with the upper production possibility
boundary, and leads to a regeneration area
of 20 per cent. Policy A, corresponds to the
lower boundary, and gives a regeneration
area of 30 per cent.

Timber production policies B; and B,
were designed with a view to a future
with increasing timber prices. Consequent-
ly, the minimum drains were assumed to
be 80, 90, 100, 110, and 120 million cubic
metres in the successive ten-year periods.
In correspondence with policies A; and A,,
policy B, is in accordance with the upper
production possibility boundary, and pol-
icy B, with the lower boundary. In policy
B,, the regeneration area is 17.0 per cent,
and in policy B,, 24.6 per cent during the
first ten-year period.

Subsequent to the first ten-year period,
the volume drain requirements were, ex-
cept as regards drainage and fertilization,
the only real genuine decisions. Nonethe-
less, some other genuine decisions were
needed in regulation of the drain require-
ment, as at times the integer solution led
too far from the drain desired.

It proved practicable to satisfy the vol-
ume drain requirements during the fifty-
year period in each of the four production
policies. However, the development of the
forests varied widely in different policies.
The most abrupt changes in the age-class



structure were produced by policy A,, which
assumes even drains throughout the fifty-
year period. The same features are per-
ceptible in policy B,, although develop-
ment of the age-class structure of the
forests was slightly less radical. Policies
A, and A, led to a fall in the volume of the
growing stock during the first two decades,
a phenomenon which did not become ap-
parent on following policies B; and B,.

Measurement of the  desirability of a
timber production policy presupposes knowl-
edge of the utility function (cf. p. 21).
In this work it was impracticable to enter
more deeply into this problem. As a re-
sult, a simple and completely subjective
utility function was constructed for illus-
tration of the solution of the decision prob-
lem. It was assumed that the utility of a
timber production policy is a function of
four factors: (1) profitability, (2) liquidity,
(3) security, and (4) recreational value (cf.
RuNeBERG 1959). The numerical value of
each of these factors was measured by a
single wvariable.

Profitability was measured by the net
present value of the future income. A three-
per-cent rate of interest was employed in
the calculations. The net present values
were calculated on the assumption of two
possible opponent’s strategies. First of all,
it was assumed that the real timber prices
would remain stable for the years to come.
In the second case, it was assumed that the
real timber prices would be doubled within
fifty years; the calculation involved called
for some manual work, as the timber pro-
duction model employs only one price level
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for the whole period. Liquidity was meas-
ured by the volume of the merchantable
drain during the first ten-year period. The
minimum volume of the growing stock
after the first ten-year period was taken
as a measure of the security, and the rec-
reational value of the forest area was
measured as the percentage proportion of
the forests exceeding 20 years of age.

Table 3 contains the relative values of
the predicting variables of the utility func-
tion. The profitability figures for the four
production policies remain almost identi-
cal on the materialization of a future with
stable timber prices. Under conditions of
rising timber prices, policies B; and B,
are clearly superior to policies A; and A,.
The liquidity is naturally best in policies
A, and A,, and the highest degree of securi-
ty results from policies B; and B,, which
are marked by a continuous rise in the
volume of the growing stock. The most
inferior policy in this respect is A, which
leads to the lowest volume of growing
stock in the year 1993. The original volume
is then reduced by 12 per cent. In policy
A,, the volume also falls below the original
volume, but the decline is not so large. The
situation in 1983 determines the recrea-
tional values of the cutting policies. The
lowest recreational values are clearly pro-
duced by policies A, and B,, which assume
excessive regeneration areas during the
first ten-year period. The highest recrea-
tional value is produced by policy B,, in
which the maximum area of forests of
less than 20 years of age remains at 40
per cent in the year 1983.

Table 3. Values of the utility function variables

Policy
Variable
Ay A, B, B,

Profitability

stable timber PriCes. ...:ssscssens 100.0 99.4 102.5 101.2

rigings tIpber: PLiCeS:. . reus isbsos 138.3 138.0 148.3 145.8
T e T 100.0 99.0 80.1 81.7
S OCHTIER . ena Bl ded b s sl aicauied 100.0 96.1 116.0 114.0
Reacreational Salne. .. coniiseGawe - song 100.0 81.0 106.0 91.0
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The utility function was taken simply as
the product of the predicting wvariables.
The assumption of such a form for the
utility function finds support in that a
policy which yields a very poor value for
particular vital factor should have a low
utility as a whole. The utility function
yielded the following relative utilities.

Policy Stable prices Rising prices
it ot v 100.0 138.0
Y S 76.6 106.3
- R 101.0 146.1
R 85.8 133.6

It is probable that the measurement scale
in which the figures are expressed is closer
to the interval scale than the ordinal scale

Rising fimber

(cf. Evris 1966). Consequently, the magni-
tude of the differences of the utilities can,
at least to some extent, be taken into ac-
count in a comparison of the policies.
The utilities have been plotted in Figure
17; it is observable that policy B, strongly
dominates the other three policies. Policy
B, would consequently be the best choice,
irrespective of the decision criterion. How-
ever, the differences between policies B,
and A, are not significant. The poorest
choice would be policy A,, which is strongly
dominated by the other three policies. It
is further evident that, given the previous
utility function, policies (A; and B,) with
aversion to regeneration during the first
ten-year period, are superior to policies
(A, and B,), which favour regeneration.
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Utilities of various cutting policies corresponding to two different opponent’s strategies with

examples of the Bayes and maximin criteria

Comparison of the utilities also indicates
that the policies that favour regeneration
during the first ten-year period are relatively
inferior if the drain requirement is high.
The conclusion can be drawn that with a
low drain requirement the optimal policy is
close to the lower boundary, and moves to-
ward the upper boundary with increase in the
drain requirement of the first ten-year

period (cf. Figure 16). Nevertheless, deter-
mination of the optimal expansion path
would call for a number of supplementary
calculations.

It here becomes necessary to make two
critical comments on the utility function.
First of all, it fails to take into account a
number of important variables, such as
the distribution of the volume drain into



timber assortments and manpower require-
ments. Secondly, the form of the function
is unsatisfactory. As the community is
already prepared for a stated timber pro-
duction policy, the dependence of the util-
ity upon the volume of the merchantable
drain during the first ten-year period can-
not be linear. Evidently, moreover, the
linearity assumption does not hold good
with the other variables.

75. Description of a feasible production
policy

The preceding section provided some con-
ceptions in regard to determination of the
optimal timber production policy. If the
utility function holds approximately true,
the optimal policy may lie somewhere be-
tween policies A; and B,;. The allowable
cut estimate presented by Kuusera and
SALOVAARA (1968) satisfies this condition
with respect to the liquidity. More de-
tailed examination was given to policy E,
which takes this drain figure as a starting
point. This fifty-year timber production
policy is characterized by the following
genuine decisions.

1. The minimum volume drain amounts to 84.5,
92.5, 100.0, 107.5, and 115.0 million cubic
metres in successive ten-year periods.

2. The volume of the growing stock after increment
cutting amounts to 70, 70, 75, 90, and 100 per
cent of the basic level in successive ten-year
periods.

3. The land values are in conformity with rates
of interest of 5.0, 5.0, 4.0, 4.0, and 3.0 per
cent in the successive ten-year periods.

4. The definition of low-yielding young forests
corresponds to that of policies A; and B,.

5. The minimum removals in selection cuttings
are those listed on pages 26 and 27.

6. Afforestation, drainage, and fertilization follow
the programme presented in Table 1.

The position of policy E with respect to
the volume drain and regeneration area
during the first ten-year period is illustrated
in Figure 16. Additional information on
the development and distribution of volume
drain, cutting areas, income, and costs,
is given in Figures 18, 19, 20, and 21, It
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is seen from Figure 18 that the share of
old stands in the volume drain gradually
diminishes during the fifty-year period.
The only exception is that between the
first two ten-year periods. This phenome-
non arises from the assumption that all
of the necessary thinnings in young stands
are carried out during the first ten-year pe-
riod. Apparently this assumption is not
absolutely realistic, as some of these thin-
nings are still due in the second ten-year
period.

Development of the cutting areas is much
more dramatic than that of the volume
drain (Figure 19). The proportion of thin-
nings increases from 24 per cent during the
first ten-year period to 66 per cent during
the fifth ten-year period. It might accord-
ingly be expected that radical changes are
due to occur in the assortment distribution
of the drain during the fifty-year period.
However, this is not the case (Figure 20).
Since it is assumed that the volumes in the
mature stands increase appreciably from
their present level, the saw timber percent-
age will remain above the 50 per cent limit
after the first ten-year period, althoug the
maximum figure, 68 per cent, has already
been attained during the second ten-year
period. The proportionate share of waste-
wood reaches its maximum level, 11 per
cent, during the fourth period. Thus the
amount of merchantable timber does not
increase between the third and fourth ten-
year periods.

Figure 21 illustrates the distribution of
the delivery value of the drain between the
net income drawn by the forest owners,
the logging costs, the silvicultural costs, and
the costs of drainage and fertilization. The
delivery wvalue, along with the net income,
increases until the year 2000. Subsequent-
ly, they both experience temporary declines,
but rise again during the last ten-year
period. The net income of the forest owner
remains, quite invariably, between 78 and
81 per cent. The only exception is to be
found during the first ten-year period. The
percentage is then only 76 by reason of the
expensive cuttings and large areas of regen-
eration, drainage, and fertilization.

Figure 22 illustrates the development of
some growing stock characteristics during
the fifty-year period. The volume growth



34 Pekka Kilkki and Raimo Pokild 1975

Annual drain,

million m
2r
" -7
-
n+ s L
9 pid 40% | Clear cutting
ar 41% e
dr i e Z5] Liberation cutfing
6 L e 7% ,’/ 9% | JShelter wood cutfing
’ P 3 i
5k 8 ;- i % ':' 9% | Increment cutting in old stands
7% / 7% |- 4% |
4 g P
59 s 2% | e y
2l » Wi 19% ’
~g 4 ¢
2k 18% 4 6% 38% | Thinning of young stands
227% 7
pp TSN Joliggy, )
6% :

1973-83 /983~ 93 /993-03 .2003-13 20/3-23

Fig. 18. Distribution of the volume drain, by different cuttings

Annval cuffing
area, /000 ha

160
J
150 - 14 13% | Clear cutting
140 /I ; .
’ . 6% llbu.'ahon
IJO [ ’/ 1 CUI*I”’
’ Ui fo i R o | Shelter wood
120 ,/ . 6% cutting
/,/ Il// s /ncé‘?m'n')‘ W
/o b 20% | A\ pou |1 il laveadist il
/ 7 ® Lor stands
100 i 20% a2 e /
/ o
’ ’ o ’
p b 8% |/
0 b )
9 ’ bo % ’/," /
’
4 o T T 4 i
’
r Dl san| l_er)!
d /
3 o ' Thinni, f
60F | nw PARCERT TR g edl
b / ’
i P e e 66%
40l Bl .
I
Jor 19% /
23% |/ 42%
20 N /
10 247%
3%

/973-83 /983- 93 1993-03 2003-13 2013-23

Fig. 19. Distribution of the cutting area, by different cuttings



is increasing continuously and will be 47
per cent higher in 2023 than is the case
now. The volume also increases continu-
ously, exceeding the original volume by 36
per cent in 2023. The value growth meas-
ured by delivery prices increases first, but
later declines close to its original level be-

Annual drain,
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fore the year 2000. Subsequently it rises
rapidly, to 35 per cent over the present
level in 2023. The delivery value increases
continuously. Towards the end of the fifty-
year period, the delivery value arises, to
exceed the original figure by 25 per cent
in the year 2023.
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Figure 22 further indicates a major in-
crease in the importance of peaty sites to-
wards the turn of the century as a result
of past drainage. For instance, the pro-
portionate share of peaty sites in the total
volume will rise from the present 14 per
cent to 31 per cent in 2003. It is also impor-
tant that peaty sites markedly balance the
age-class structure, as currently age-classes
from 21 to 61 years are relatively more com-
mon on peaty sites than they are on mineral
sites.

Figure 23 illustrates the development of
the age-class distribution. Heavy regen-
eration prior to and at the beginning of
the fifty-year period leads to a rather ab-
normal age-class distribution. This, in as-
sociation with the relatively intensive cut-
ting programme, brings about the almost
complete extinction of forests aged more
than 81 years by the end of the fifty-year
period. However, it must be emphasized
that this decline in old stands is compen-
sated by the overall increase in forest density.
As a consequence, the given drain require-
ment can be attained by the favouring of
increment cuttings also at the end of the
fifty-year period.

The utilities of timber production policy
E were determined by application of the
utility function suggested in the preced-
ing section. The profitability index with
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stable timber prices was 102.4, and that
with rising timber prices 146.s, the liqui-
dity index 84.1, the security index 113.5,
and the recreational value index 104.0. The
utilities were 101.7 for stable timber prices,
and 145.7 for rising timber prices. Accord-
ing to these figures, policy E is approxi-
mately equivalent to policy B, (cf. Figure
) 7

In view of the necessity of knowing the
prerequisities of the previous timber pro-
duction policy, the automatic cutting de-
cisions made during the first ten-year
period are accorded more detailed exami-
nation; this examination is restricted to
pine stands on Vaccinium site, and to
spruce stands on Myrtillus site. Figure 24
illustrates the cuttings in those calculation
units which fall within these two -cate-
gories. It should be noted that regenera-
tion in pine stands implies shelter wood
cutting; this is thus effected approximately
10 years earlier than clear cutting.

Although the number of calculation units
is rather limited, the following principles
are clearly discernible in the cutting deci-
sions: (1) The volume of the growing stock
may be quite low, and the stand still sub-
jected to further growth. (2) If the choice
has to be made between two stands with
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equal characteristics other than that of
the volume, the stand with the higher vol-
ume is generally regenerated first. The
same features have been observed in pure
profitability calculations (cf. KiLkkr and
VAisiNEN 1969; Kiukkr 1972). The ne-
cessity to grow a stand with a relatively
low volume is further stressed if it forms
a part of a forest area in which the growing
stock is a resource that is scarcer than

the land. Nonetheless, it needs to be em-
phasized that the treatment rules are not
permanent and unchangeable, but will be
amended as dictated by the condition of
the forest and the needs of the community.
A stand treatment policy which favoured
regeneration was appropriate a quarter cen-
tury ago throughout the whole of Finland.
It is extremely probable that a similar
situation will be a fact in the early years
of the 215t century.

Timber production policy E is feasible
only if the decisions which form its basis
are fully implemented, and if the data em-
ployed in the timber production model
are reliable. Policy E is relatively close
to the optimum if the utility function is
approximately that assumed, the oppo-
nent’s strategy lies at some point between
the two opponent’s strategies under ex-
amination, and the automatic decision rules
are appropriate. As it is within the bounds
of possibility that, despite the general ac-
ceptance of policy E, not all the necessary
measures would be taken, it may be quite
appropriate to start from a lower volume
drain during the first ten-year period. Cur-
rently, relatively young and sparse forests
enable the pursuit of this policy without
any losses being incurred in profitability
(ct. policy B, as against policy E).



8. DISCUSSION

The purpose of this study has been that
of providing a better means for long-term
planning in timber production, and to shed
light upon the opportunities available for
the utilization of the results in decision-
making on the national level. The ex-
perience obtained indicates that the plan-
ning model developed here may be employ-
ed for provision of the necessary information
for decision-making. Nevertheless, the real
value of the anticipations offered by timber
production model is dependent upon a num-
ber of factors.

First of all, a consensus should be obtain-
ed of the utility function on a national
level. Although this might be accomplish-
ed, implementation of the decisions needed
for the adoption of an accepted policy is
difficult by reason of the current forest
law and forest ownership in Finland. Of
course, these factors reduce the importance
of any plan made on the national level.
Moreover, uncertainty as to the future
introduces major problems into decisions.
Notwithstanding this, it seems possible to
overcome some of the difficulties arising
from uncertainty by the agency of an
adequate number of alternative timber
production policy calculations, and correct
treatment of the decision problem.

The most critical question in application
of the timber production model is concerned
with the reliability of the growth and yield
data. No special tests were made to assess
the sensitivity of the results to errors in
these data. NERSTEN and DerLBEcCK (1965)
have estimated that a 10-per-cent change
in the volume growth induces a change
between three and five per cent, and a 10-
per-cent change in the production capac-
ity of the site, a change between two
and four per cent in the sustained yield.
The recurrent national forest inventories
in Finland markedly reduce the risk that
erroneous data might lead to a critical
situation.

Applications of the timber production
model have clearly demonstrated the need
for extension of the calculations to cover

a relatively long period of time, and to pro-
vide detailed information on development
of the forests in accordance with a stated
policy. Errors which might occur in eval-
uation of the forest after a fifty-year period
are of far less importance than those oc-
curring after a ten-year period. The analysis
of the results has also demonstrated the
need for research concerning the utility
models of the community as a whole. In
development of the timber production mod-
el, it must always be borne in mind that
the output of the model should comprise
only that information which provides the
decision-maker with a value at least as
large as a given minimum value. Today,
unfortunately, the only one to decide on
the variables to be included in the model
is the model constructor himself.

At the moment, a number of ways al-
ready exist for improvement of the timber
production model. The best means of aug-
menting the reliability of the model lies
in the acquisition of more reliable growth
and yield data. This, however, constitutes
a long-term problem, impossible of solution
in the near future. Some measures which
may to some extent increase the reliability
of the model, and which will at least make
the use of the model more practical, are
now in preparation.

First, all of the models that describe
the relations between various characteris-
tics of the growing stock will be remodel-
led. In this connection, all of the volumes
will be transformed so that bark is included.

Secondly, the model will be further de-
veloped. The present model will then only
yield input data for a linear programming
model. The activities of the linear model
will correspond to the long-term treatment
programmes for each calculation unit. The
linear model enables the employment of an
almost arbitrarily large number of restric-
tions, and provides interesting shadow-price
information without expenditure. The draw-
backs of possible errors in the automatic
cutting rules will also be of minor impor-
tance, since the final cutting schedules



40 Pekka Kilkki and Raimo Pokila 1975

emerge from the solution of the linear
model. Cutting decisions, which are cur-
rently aimed solely at maximization of the
profitability, will then take into account
all of the goals defined both by the object
function and by the restrictions of the linear
model. The new model will also save data
processing costs, as the same set of activ-
ities may be used in a large number of cal-
culations, and the present process of trial
and error in the search for the desired
policy can be avoided.

Thirdly, the link between the data pro-
cessing system of the national forest in-
ventory, and the timber production model,
should be made automatic.

Furthermore, benefit would be derived
by deviation from the present deterministic
model and, say, allowing the automatic

cutting rules include some random variation.

Under present circumstances, reduction
in the present drain is one of the most effec-
tive means of increasing long-term forest
production. Naturally, this presupposes that
the savings are made in the stands with the
highest thinning and regeneration criteria.
The overall rejection of thinnings, for in-
stance, would completely wreck the pro-
duction policy. Special emphasis should
also be laid upon individual treatment of
the stands.

The new allowable cut estimate, 88.7
million cu.m. per ten years, presented by
KuuserLa and SALovAARA (1974), also seems
feasible, although it may lead to a fall in
the drain of merchantable timber at the
turn of the century.



9. SUMMARY

The aim of this study was the develop-
ment of a long-term timber production
model which would be applicable both to
single forest lots and to large forest areas.
The model is based upon numerical simula-
tion, and has been programmed for a com-
puter. The major part of the input data are
obtained from forest measurements. The
output data of the model comprise predic-
tions of the necessary measures to be taken,
and of the development of the forest area
concerned during a stated planning period.

The forest area is divided into calculation
units, each of which comprises either one
subcompartment, or a group of subcom-
partments. Cuttings, natural and artificial
regeneration, the tending of seedling stands,
fertilization, and drainage, are the measures
that can be adopted in each calculation
unit. The measures in, and the develop-
ment of each calculation unit, can be follow-
ed from year to year through the planning
period.

The measures are based upon either gen-
uine or automatic decisions. The genuine
decisions, the most important of which
are the annual drain and regeneration area,
are generally applied to the whole forest
area. The automatic decisions, such as
those relating to cutting and regeneration,
apply to the calculation units. Consequent-
ly, the user of the model does not need
to formulate in advance a detailed treat-
ment programme for each calculation unit.
Special attention has been paid here to
automatic cutting decisions; these are based
upon classic investment criteria.

The sixth section is devoted to a theo-
retical discussion of the factors that deter-
mine the choice of a timber production
policy. The timber production model is
viewed only as a means of providing the
decision-maker with values of the predict-
ing variables in his utility function. In the
final decision process, conservative decision
criteria are regarded as appropriate if the
decisions concern the whole community.

The timber production model was ap-
plied to the area of two forest board dist-

ricts in Central Finland; the forest area
was divided into 226 calculation units, 134
of which were on mineral sites, and 92 on
peaty sites. The measurement data were
extracted from the sixth national forest
inventory, which was made in 1973.

First, a search was made for a set of
feasible policy alternatives. The examina-
tion was limited to the first decade, 1973
—83. The volume drain and regeneration
area were used for characterization of the
production policies. The examination in-
dicated that a volume drain similar to that
of the first ten-year period is achievable
by widely different regeneration areas.
With this result as a starting point, four
timber production policies for a fifty-year
period were selected for more detailed ex-
amination. Policies A, and A, represented
relatively high and even volume drains,
and policies B; and B, rising volume drains.
The regeneration area of the first ten-year
period was as low as possible in policies
A, and B,, and as high as possible in poli-
cies A; and B,.

The utility of each production policy was
derived from a utility function, in which
the utility was calculated as a product
of (1) the present net value of future in-
come, (2) the volume of merchantable drain
during the first ten-year period, (3) the
lowest volume of growing stock after the
first ten-year period, and (4) the lowest
percentage proportion of the area of stands
exceeding 20 years in age during the plan-
ning period. It was assumed that these
variables, in the order given, measured the
profitability, liquidity, security, and rec-
reational wvalue of the production policy.
The present net value of the future income
was calculated wunder two assumptions.
First, the assumption was made that the
timber prices would remain stable, and
secondly, that they would double during
a fifty-year period. It was assumed that
in each case the costs would remain un-
changed.

It became apparent from the calculations
that, with the given hypothetical utility
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function, policies A; and B; were clearly
superior to policies A, and B,. Policy
B, was the best choice, and its volume drain,
81 million cubic metres excluding bark
during the first ten-year period, was found
to be well in accordance with the actual
drain of recent years.

The planned cut of the recent years was
chosen as a basis for detailed calculation
in regard to policy E for a fifty-year period.
The volume drains of the successive ten-year
periods were 84.9, 92.5, 100.4, 107.8, and
115.9 million cubic metres, excluding bark.
The gross value of the drain was shown
to increase rapidly, but with a temporary
decline after the turn of the century by
reason of the abundance of thinnings in
young stands. The total development of
the growing stock during the fifty-year
period concerned was quite satisfactory.
For example, the volume of the grow-
ing stock increased continuously, and ex-
ceeded the original volume by 36 per
cent at the end of the planning period.
Policy E was approximately as desirable
as policy B,;, according to the preceding
utility function.

The bringing to accomplishment of policy
E, and also of the other four policies, pre-
supposes afforestation of all open areas on
forest land at the beginning of the calcula-
tion period, the following of a given drain-
age programme, and a relatively intensive
fertilization programme during the following
twenty years. Furthermore, it is assumed
that the whole forest area is used for timber
production. Policy E favours selection cut-
tings during the first part of the fifty-year
period. The volume of the growing stock
after increment cuttings, thus, is assumed
to be 30 per cent lower at the beginning
of the fifty-year period than at the end of
the period.

The results need to be accepted with a
number of reservations. The greatest un-
certainties are associated with the growth
and yield data. Nevertheless, it may be
said that the present planned cut for the
area under examination seems feasible as
far as the forest resources are concerned,
although no conclusions in regard to the
desirability of this or any other drain, as
viewed from the standpoint of the commu-
nity, can be drawn from this presentation.



REFERENCES

Bauvmor, W. J. 1972. Economic theory and
operations analysis. Third edition. Prentice/
Hall International, Inc., Iondon.

BenTLEY, W. R. & TEEGUARDEN, D. E. 1965.
Financial maturity: A theoretical review.
For. Sci. 11.1: 76—87.

CHAPPELLE, D. E. & NrLson, T. C. 1964. Estima-
tion of optimal stocking levels and rotation
ages of Loblolly Pine. For. Sci. 10.4:
471 —502.

Duerr, W. A. & Bo~xp, W. E. 1952. Optimum
stocking in a selection forest. J. For,
50.1: 12—16.

Ervris, B. 1966. Basic concepts of measurement.
Cambridge University Press, Cambridge.

Expres, M. 1923. Lehrbuch der Waldwert-
rechnung wund Forststatik. 4. Auflage.
Verlag von Julius Springer, Berlin.

Gourp, E. M, Jr. & O’'Recan, W. G. 1965.
Simulation. A step toward better forest
planning. Harward Forest Papers 13.

HeikurAINEN, L. & Seppiri, K. 1973. Ojitus-
alueiden puuston kasvun jatkumisesta ja
alueellisuudesta. Summary: Regionality and
continuity of stand growth in old forest
drainage areas. Acta For. Fenn. 132,

HAMALAINEN, J. 1973. Profitability comparisons
in timber growing: Underlying models and
empirical applications. Commun. Inst.
For. Fenn. 77.4.

JannukaiNeEN, M. 1970. Yrityksen informaatio-
systeemin suunnittelun kehysmetodi. Sum-
mary: A frame method for planning an in-
formation system for the firm. Kansantalou-
dellisia Tutkimuksia, 30. Helsinki.

KELTIKANGAS, M. 1971. Time factor and investment

calculations in timber growing. Theoretical

fundamentals. Seloste: Aikatekijd ja inves-
tointilaskelmat puunkasvatuksessa. Teo-

reettisia perusteita. Acta For. Fenn. 120.

& SeppALA, K. 1973 a. Metsidojituksen,

metsinlannoituksen ja metsityksen edulli-

suuden alueittainen vaihtelu. Summary:

Regional variations in the profitability of

forest drainage, forest fertilization and

afforestation. Publications 11. Department
of Business Economics of Forestry. Uni-
versity of Helsinki.

—r— & 1973 b. Metsdnlannoituksen
edullisuuden vaihtelu. Swummary: Varia-
tions in the profitability of forest fertiliza-
tion. Silva Fenn. 7 (3): 192—235.

—_— —

_—

Kikki, P. 1966. Tulotavoitteeseen perustuva
hakkuusuunnite. ~Unpublished licentiate
paper. Helsinki.

— » — 1968 a. Some economic aspects of growing
forest stands. Tiivistelma: Eraiti talou-
dellisia nakokohtia metsikdiden kasvatuk-
sessa. Silva TFenn. 2 (4):225—234.

— » — 1968 b. Income-oriented cutting budget.
Seloste: Tulotavoitteeseen perustuva hak-
kuulaskelma. Acta For. Fenn. 91.

— » — 1971, Optimization of stand treatment
based on the marginal productivity of
land and growing stock. Selostz: Maan
ja puuston rajatuottavuuksiin perustuva
metsikon kisittelyn optimointi. Acta For.
Fenn. 122,

—» — 1972, Metsikon hakkuuohjelman opti-
mointi. Harvennuspuun korjuun koneel-
listamistoimikunta. Harvennuspuun kor-
juu. Helsinki, pp. 119—137,

— » — 1973. Metsdnmittausoppi. Research reports
7. Department of Forest Mensuration and
Management. University of Helsinki.

— » — LALLukkaA, H. H. & PAKKANEN, E. 1971,

MISS — Metsdn inventoinnin ja suunnitte-

lun systeemi. Metsd ja Puu 3: 24—26.

& VArsANEN, U. 1969. Determination of

the optimum cutting policy for the forest

stand by means of dynamic programming.

Seloste: Metsikon optimihakkuuohjelman

médrittiminen dynaamisen ohjelmoinnin

avulla. Acta For. Fenn. 102.

Korvisto, P. (ed.) 1959. Kasvu- ja tuottotaulu-
koita. Swummary: Growth and yield tables.
Commun. Inst. For. Fenn. 51.8.

Kuusera, K. & NyyssONeN, A. 1962. Tavoite-

hakkuulaskelma. Swummary: The cutting

budget for a desirable growing stock.

Acta For. Fenn. 74.6.

& SALMINEN, S. 1969. The 5th national

forest inventory in Finland. General
design, instructions for field work and
data processing. Commun. Inst. For.
Fenn. 69.4.

— » — & SALovAARA, A. 1968. Eteld-Savon,
Eteli-Karjalan, Itd-Savon, Pohjois-Karja-
lan, Pohjois-Savon ja Keski-Suomen metsi-
varat vuosina 1966 —67. Summary: Forest
resources in the Forestry Board Districts
of Eteli-Savo, Eteld-Karjala, Itd-Savo,
Pohjois-Karjala, Pohjois-Savo and Keski-
Suomi in 1966—67. Folia For. 42.

& —» — 1974. Etela-Karjalan, Pohjois-
Savon, Keski-Suomen ja Itd-Savon metsi-
varat vuonna 1973. Swummary: Forest
resources in the Forestry Board Districts
of Eteli-Karjala, Pohjois-Savo, Keski-
Suomi and Itd-Savo in 1973. Folia For.

207.
LangerFors, B. 1973. Theoretical analysis of
information systems. Fourth edition.

Auerbach Publishers Inc,, Philadelphia.

LiatoNeN, V. 1959, Metsdtalouden suunnittelu ja
jarjestely. Werner Soderstrom Oy, Por-
voo— Helsinki.

Lirsey, R. G. & STEINER, P. O.1969. Economics.
Second edition. Harper & Row, New
York, Evanston & London and John
‘Weatherhill, Inc., Tokyo.

MarLMBORG, G. von 1971. Principiella synpunkter
pa skoglig planering. Swummary: Forestry



44 Pekka Kilkki and Raimo Pokdla 1975

planning. A study of principles. Meddel-
ande fran Jordbrukets utredningsinstitut
4—-71.

Metsdnviljelykustannusten toimikunnan mietinto.

1971. (Komiteamietinté 1970: B 91).
Summary: Report of the committee on the
costs of forest planting and seeding.
Folia For. 109.

Metsitilastollinen vuosikirja 1969. 1970. Folia
For. 96.

Metsitilastollinen vuosikirja 1970. 1971. Folia
For. 130.

Metsitilastollinen vuosikirja 1971. 1972. Folia
For. 165.

Metsitilastollinen wvuosikirja 1972. 1974. Folia
For. 195.

MieLigAINEN, K. 1972. MISS — Metsdn inven-
toinnin ja suunnittelun systeemi. Summary:
MISS — A forest inventory and planning
system. Research reports 1. Department
of Forest Mensuration and Management.
University of Helsinki.

& POKALA, R. 1974, Metsdn inventoinnin

ja suunnittelun systeemin (MISS) kidytto-

ohje. Research reports 8. Department
of Forest Mensuration and Management.

University of Helsinki.

NEersTEN, S. & DerBeck, K. 1965. Avkast-
ningsprognoser i skogbruket. I. Summary:
Yield forecasts in forestry. I. Tidskrift
for skogbruk 73.1: 47 —140.

Nyvyss6NEN, A. 1954. Hakkuilla kisiteltyjen
minnikoiden rakenteesta ja kehityksestd.
Summary: On the structure and devel-
opment of Finnish pine stands treated
with different cuttings. Acta For. Fenn. 60.

—» — 1958. Kiertoaika ja sen mdidrittaminen.
Summary: Rotation and its determination.
Commun. Inst. For. Fenn. 49.6.

Operaatio metsidnlannoitus 1969. Vuosina 1967 —
68 suoritettujen mittausten tuloksia. Hel-
sinki.

Paro, M. 1971. A systems-oriented frame model
for planning research projects in forestry.
Tiivistelmad.: Metsdllisen tutkimusprojektin
suunnittelun systeemiteoreettinen kehys-
malli. Commun. Inst. For. Fenn., 72.4.

POkALA, R. 1973. MISS-hakkuulaskelma. Sum-
mary: Yield determination in the MISS
system. Research reports 6. Department
of Forest Mensuration and Management.
University of Helsinki.

Rajara, J. 1970. Nykymetsikoiden kasvuprosentti

Suomen etelipuoliskossa vuosina 1964 —
68. Folia For. 95.

Risvanp, J. 1970. @konomisk analyse av hogst-
programmer ved dynamisk programmering.
Summary: Economic analysis of cutting
programs applying dynamic programming.
Medd. Norske Skogforsgksv. XXVIII.

RuNEBERG, L. 1959. Mojligheterna att med hjalp
av bidragsmetoden bedéma skogsbrukets
resultat och rantabilitet. Swmmary: On
the possibility of calculating result and
profitability in forestry with the help of
marginal costing. Acta For. Fenn. 71.5.

SeLIN, L. 1957. Raakapuun kantohintataso maas-
samme vuosina 1934—55. Verokuutio-
metrin  hinnoitteluaineistoihin perustuva
tutkimus. Swummary: Stumpage price level
in Finland in 1934—55. An investigation
based on the materials used for assessing
the tax cubic metre. Commun. Inst. For.
Fenn. 48.4.

SeppPALA, K. 1969. Kuusen ja minnyn kasvun
kehitys ojitetuilla turvemailla. Summary:
Post-drainage growth of Norway Spruce and
Scots Pine on Peat. Acta For. Fenn. 93.

SuroNeEN, M. 1972, Dynaaminen malli metsikon
optimihakkuuohjelman méadrittamiseksi.
Summary: A dynamic programming model
in the determination of the optimal cutting
schedule for a forest stand. Research
reports 2. Department of Forest Mensura-
tion and Management. University of
Helsinki.

TornQvisT, L. & NORDBERG, L. 1968. Pdidtanta-
tieteen keskeisid ongelmia. Werner Soder-
strom Oy. Porvoo— Helsinki.

Vuoxkira, Y. 1956. Eteli-Suomen hoidettujen
kuusikoiden kehityksestd. Swummary: On
the development of managed spruce stands
in Southern Finland. Commun. Inst.
For. Fenn. 48.1.

— » — 1967. Eriasteisin kasvatushakkuin kasi-
teltyjen ménnikoiden kasvu- ja tuotos-
taulukot maan eteldistd sisdosaa varten.
Summary: Growth and yield tables for
pine stands treated with intermediate
cuttings of varying degree for southern
Central-Finland. Commun. Inst. For. Fenn.
68.2.

— » — 1971. Harvennusmallit luontaisesti synty-
neille ménnikaille ja kuusikoille. Swummary -
Thinning models for natural pine and
spruce stands in Finland. Folia For. 99.



Seloste:

PITKAN AJAN PUUNTUOTANTOMALLI JA SEN SOVELLUTUS KESKI-SUOMEN
JA POHJOIS-SAVON PIIRIMETSALAUTAKUNTIEN ALUEELLE

Tutkimuksessa on kehitetty sekd metsilolle ettd
suurmetsdalueelle tehtdviin pitkdn ajan ennustei-
siin soveltuva hakkuulaskelmamalli. Mallia kut-
sutaan kuitenkin puuntuotantomalliksi, silli kuu-
tiometreissd ilmaistu hakkuusuunnite muodostaa
pdinvastoin kuin hakkuulaskelmamalleissa vain
vihdisen osan mallin tuottamasta informaatiosta.
Malli perustuu numeeriseen simulointiin ja se on
ohjelmoitu tietokoneelle. Pd#dosa puuntuotanto-
mallin syottotiedoista saadaan metsdstd tehté-
villd mittauksilla. Mallista saadaan tuloksena en-
nusteita suunnittelun kohteena olevan metsdalueen
kehityksestd sekd silla tapahtuvista toimenpiteistd
halutun pituisen suunnitelmakauden aikana. Saa-
tujen ennusteiden pohjalta voi péddtoksentekiji
valita parhaaksi katsomansa vaihtoehdon toimin-
tansa perustaksi.

Suunnittelun kohteena oleva metsdalue jaetaan
laskentayksikkoihin,  Laskentayksikké muodos-
tuu joko vyhdestd tai useammasta metsikostd.
Kunkin laskentayksikén maa ja puusto kuvataan
tavanomaisin kuvioittaisessa arvioinnissa médri-
tettdvin metsikkotiedoin.  Laskentayksikkoihin
kohdistuvia toimenpiteitd ovat hakkuut, luontai-
nen ja keinollinen uudistaminen, taimiston hoito,
lannoitus sekid ojitus. Toimenpiteitd sekd metsin
kehitystd seurataan laskentayksikon tarkkuu-
della koko ennustejakson ajan.

Metsdssa tapahtuvat toimenpiteet perustuvat
joko aitoihin tai automaattisiin pdatoksiin. Aidot
péaitokset, joista tarkeimpid ovat esimerkiksi vuo-
tuinen hakkuupoistuma ja uudistuspinta-ala, koh-
distuvat yleensd koko metsialueeseen. Automaat-
tiset paitokset, joista tyypillisid ovat hakkuu- ja
metsinhoitopddtokset, kohdistuvat laskentayksik-
koihin, Mallin kdyttajan ei titen tarvitse méarittaa
etukiteen yksityiskohtaista késittelyohjelmaa kul-
lekin laskentayksikélle, vaan han voi jittdd sen ai-
toina pdatoksinda annettujen automaattisten paa-
tossddntdjen varaan. Erityistd huomiota on kiinni-
tetty hakkuupédatoksiin, joiden perustana ovat pad-
osaksi klassiset investointikriteerit.

Kuudennessa luvussa tarkastellaan puuntuotanto-
ohjelman wvalintaan vaikuttavia tekijoiti. Puun-
tuotantomallia soveltamalla voidaan maarittdd
arvot osalle paitoksentekijan hydtyfunktiossa esiin-

tyvistd ennustemuuttujista. Lopullinen piitos
tietyn puuntuotanto-ohjelman hyviksymisestd
syntyy arvottamalla hyotyfunktion tulokset eri-
laisten tulevaisuuden odotusten vallitessa haluttua
pédidtoskriteerida kidyttien. Koska kansantalouden
tasolla ei ole varaa suuriin riskeihin, on ilmeisti,
ettdi ainoastaan konservatiiviset paddtoskriteerit
tulevat kysymykseen tehtdessi metsdtalouden
tuotantopddtoksia suuralueilla.

Puuntuotantomallia sovellettiin Keski-Suomen
ja Pohjois-Savon piirimetsdlautakuntien yhteiselle
alueelle. Metsdalue jaettiin 226 laskentayksik-
koon, joista 134 oli kivenndismaalla ja 92 turve-
maalla., Laskentayksikéiden maa- ja puustotiedot
saatiin valtakunnan metsien kuudennesta inven-
toinnista, jonka kenttityot kyseiselld alueella teh-
tiin kesilld 1973.

Aluksi pyrittiin rajaamaan toteutettavissa ole-
vien puuntuotanto-ohjelmien joukko kymmen-
vuotiskaudella 1973 —83. Puuntuotanto-ohjelmia
kuvaavina tunnuksina kdytettiin kuutiopoistumaa
ja wuudistuspinta-alaa. Tarkastelu osoitti, ettd
samansuuruinen hakkuupoistuma voidaan saa-
vuttaa varsin paljon toisistaan poikkeavilla uudis-
tuspinta-aloilla.  Tulosten perusteella valittiin
neljd viidellekymmenelle vuodelle laadittua puun-
tuotanto-ohjelmaa lihempdédn tarkasteluun. Oh-
jelmat A; ja A, merkitsivit jo lihtétasoltaan kor-
keita ja suunnitelmakauden aikana muuttumatto-
mina pysyvid hakkuumdiirid ja ohjelmat B, ja B,
lahtotasoltaan huomattavasti alhaisempia mutta
voimakkaasti kohoavia hakkuumdédria. Ohjelmissa
A, ja B, pyrittiin mahdollisimman pieniin uudis-
tuspinta-aloihin ensimmadisen kymmenvuotiskau-
den aikana ja ohjelmissa A, ja B, mahdollisimman
suuriin uudistuspinta-aloihin.

Tutkittujen ohjelmien haluttavuutta padtoksen-
tekijain kannalta mitattiin hypoteettisella hyoty-
funktiolla. Funktiossa olivat muuttujina (1) nyky-
hetkeen diskontatut nettotulot, (2) hakkuissa
saatava kayttopuun maird ensimmiisen kymmen-
vuotiskauden aikana, (3) alhaisin puuston kuutio-
maard ensimmiisen kymmenvuotiskauden jilkeen
sekd (4) alhaisin yli 20 vuotiaiden metsikoéiden
osuus pinta-alasta suunnitelmakauden aikana.
Niiden muuttujien oletettiin mittaavan puuntuo-



46 Pekka Kilkki and Raimo Pokdld 1975

tanto-ohjelman antamaa kannattavuutta, maksu-
valmiutta, varmuutta ja virkistysarvoa luetellussa
jarjestyksessd. Muuttujien tulon oletettiin ilmai-
sevan kokonaishyoédyn. Nykyhetkeen diskontat-
tuja nettotuloja laskettaessa kiytettiin kahta
vaihtoehtoista olettamusta puutavaran hintakehi-
tyksestd. Ensimmaiisessd vaihtoehdossa oletettiin
puutavaran hintojen pysyvian muuttumattomina
ja toisessa niiden oletettiin kaksinkertaistuvan
tulevan 50 vuoden aikana. Kustannustason oletet-
tiin pysyvdn molemmissa vaihtoehdoissa muuttu-
mattomana. Hyo6tyfunktion mukaisesti arvostel-
tuna ohjelmat A; ja B, osoittautuivat selvisti
edullisemmiksi kuin ohjelmat A, ja B,. Niin
tapahtui kiytettiinpd mitd tahansa rationaalista
padtoskriteerida. Parhaaksi vaihtoehdoksiosoittautui
ohjelma B,, jossa hakkuupoistuma ensimmadisen
kymmenvuotiskauden aikana oli 81 miljoonaa
kuoretonta kiintokuutiometrid, mikd vastaa liki-
main viime vuosien poistumaa.

Laskenta-alueen tdhdnastinen hakkuusuunnite
valittiin ldhtokohdaksi yksityiskohtaisesti tarkas-
telulle puuntuotanto-ohjelmalle E. Perdkkiisten
kymmenvuotiskausien keskelld saatavat hak-
kuupoistumat olivat tdssi ohjelmassa 84.9, 92.5,
100.4, 107.8 ja 115.9 miljoonaa kuoretonta kiinto-
kuutiometrid. Poistuman bruttoarvo kasvoi aluksi
voimakkaasti, mutta laski tilapaisesti jonkin verran
vuosituhannen vaihteen tienoilla hakkuiden keskit-
tyessi nuoriin harvennusmetsik6ihin. Puuston

kokonaiskehitys oli laskentakauden aikana tyy-
dyttava, silld esimerkiksi kokonaiskuutiomadra.
kohosi jatkuvasti ja ylitti 50 vuoden kuluttua
nykyisen kuutiomdiridn 36 prosentilla. Ohjelma
E osoittautui likimain yhté edulliseksi kuin ohjelma.
B, edelld esitetyn hyotyfunktion perusteella arvos-
tellen.

Ohjelman E, samoin kuin muidenkin edelld esi-
tettyjen ohjelmien toteutuminen edellyttia koko
aukean metsdalan metsittimistd lahivuosina, me-
neillddn olevan ojitusohjelman loppuunsaattamista
sekéd kohtalaisen voimakkaita lannoituksia lahim-
pien kahden vuosikymmenen aikana. Lisdksi on
oletettu, ettd koko metsiala kidytetddn puuntuo-
tantoon. Ohjelma E merkitsee myés kasvatus-
hakkuiden suosimista suunnitelmakauden alkupuo-
lella. Esimerkiksi viljennysmetsikoissd hakkuun
jalkeisen puuston oletetaan olevan kahden ensim-
miisen vuosikymmenen aikana 30 prosenttia lo-
pullisen tavoitteen alapuolella.

Saatuihin tuloksiin on suhtauduttava monin
varauksin. Erityisesti kasvu- ja tuotostietoihin
liittyy monia epdvarmuustekijoitd. Pelkidstddn
metsien tilan mukaan arvosteltuna tdhdnastinen
hakkuusuunnite vaikuttaa realistiselta, mikali
tavoitteena ovat tasaiset tai lievisti kohoavat
hakkuumédrit. Taman tutkimuksen perusteella ei
kuitenkaan voida ratkaista sen paremmin timin
kuin minkdin muunkaan hakkuusuunnitteen ha-
luttavuutta yhteiskunnan kannalta.
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ACTA FORESTALIA FENNICA
EDELLISIA NITEITA — PREVIOUS VOLUMES

130, 1973. KAuko HAHTOLA.

The Rationale of Decision-Making by Forest Owners. Seloste: Metsén-
omistajien péidtoksenteon perusteet.

131, 1973. LeEo HEIKURAINEN.

Soiden metsédnkasvatuskelpoisuuden laskentamenetelmd. Summary:
A Method for Calculation of the Suitability of Peatlands for Forest
Drainage.

132, 1973. LeEo HEIKURAINEN ja KUuUSTAA SEPPALA.
Ojitusalueiden puuston kasvun jatkumisesta ja alueellisuudesta. Sum-
mary: Regionality and Continuity of Stand Growth in Old Forest
Drainage Areas.

133, 1973. Tauno KaALLro.

Peniophora gigantea (Fr.) Massee and Wounded Spruce (Picea abies
(L.) Kart.). Seloste: Peniophora gigantea ja kuusen vauriot.

134, 1973. KiMm voN WEISSENBERG.

Indirect Selection For Resistance to Fusiform Rust in Loblolly Pine.
Seloste: Epésuora valinta Cronartium fusiforme-kestdvyyden lisédmi-
seksi Loblolly-ménnylld (Pinus taeda L.).

135, 1974. HEIkK1 VESIKALLIO.

Yksityismetsédloiden alueelliset yhdentymisratkaisut puunkorjuun ja
metsinhoitotéiden kustannusten kannalta. Summary: Regional
Cooperation in Farm Forests. Possibilities to Control the Costs of Wood
Harvesting and Silvicultural Operations.

136, 1974. AnTtTI Isomikl and Tauno Kavrvrio.

Consequences of Injury Caused by Timber Harvesting Machines on
the Growth and Decay of Spruce (Picea abies (L.) Karst.). Seloste:
Puunkorjuukoneiden aiheuttamien vaurioiden vaikutus kuusen lahoa-
miseen ja kasvuun.

137, 1974. Tauno KALLIO.

Bacteria Isolated from Injuries to Growing Spruce Trees (Picea abies
L.) Karst.). Seloste: Kasvavien kuusten vaurioista eristetyt bakteerit.
138, 1974. Tauno Karrio and PEKKA TAMMINEN.

Decay of Spruce (Picea abies (L.) in the Aland Islands. Seloste: Ahve-
nanmaan kuusien lahovikaisuus.

139, 1974. JuHANI PAIVANEN.

Nutrient Removal from Scots Pine Canopy on Drained Peatland by
Rain. Seloste: Ravinteiden siirtyminen sadeveden mukana latvus-
tosta maahan turvemaan ménnikossé.

140, 1974. OvrAvi IsoMAKI.

Sahateollisuuden kuorintajitteiden kéyttomahdollisuudet. Erityisesti
kidyttd maanparannusaineena ja kasvualustana. Summary: Using
Possibilities of Barking Waste in Sawmill Industry. Specially Using
as a Soil Improver and Substrate for Plants.

141, 1974. RoBERT T. BrRowN and PEiTsA MIKoOLA.

The Influence of Fruticose Soil Lichens Upon the Mycorrizae and
Seedling Growth of Forest Trees. Seloste: Jikilien vaikutuksesta
puiden mykoritsoihin ja taimien kasvuun.

142, 1974. MATTI PALO.

Goal-setting for Finnish Forest Research Policy of the 1970’s. Seloste:
Suomen metsdntutkimuspolitiikan suuntaviivat 1970-luvulla.
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