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In the study, the potential allowable cut in the district of Pohjois-Savo —based on the non-
industrial private forest landowners’ (NIPF) landowners’ choices of timber management
strategies — was clarified. Alternative timber management strategies were generated, and
the choices and factors affecting the choices of timber management strategies by NIPF
landowners were studied. The choices of timber management strategies were solved by
maximizing the utility functions of the NIPF landowners. The parameters of the utility
functions were estimated using the Analytic Hierarchy Process (AHP).

The level of the potential allowable cut was compared to the cutting budgets based on
the 7th and 8th National Forest Inventories (NFI7 and NFIS8), to the combining of private
forestry plans, and to the realized drain from non-industrial private forests. The potential
allowable cut was calculated using the same MELA system as has been used in the
calculation of the national cutting budget.

The data consisted of the NIPF holdings (from the TASO planning system) that had
been inventoried compartmentwise and had forestry plans made during the years 1984—
1992. The NIPF landowners’ choices of timber management strategies were clarified by
a two-phase mail inquiry.

The most preferred strategy obtained was “sustainability” (chosen by 62 % of land-
owners). The second in order of preference was “finance” (17 %) and the third was
“saving” (11 %). “No cuttings”, and “maximum cuttings” were the least preferred (9 %
and 1 %, resp.). The factors promoting the choices of strategies with intensive cuttings
were a) “farmer as forest owner” and “owning fields”, b) “increase in the size of the
forest holding”, c) agriculture and forestry orientation in production , d) “decreasing
short term stumpage earning expectations”, ¢) “increasing intensity of future cuttings”,
and f) “choice of forest taxation system based on site productivity”.

The potential allowable cut defined in the study was 20 % higher than the average of
the realized drain during the years 1988—1993, which in turn, was at the same level as the
cutting budget based on the combining of forestry plans in eastern Finland. Respec-
tively, the potential allowable cut defined in the study was 12 % lower than the NFI8-
based greatest sustained allowable cut for the 1990s. Using the method presented in this
study, timber management strategies can be clarified for non-industrial private forest
landowners in different parts of Finland. Based on the choices of timber managemet
strategies, regular cutting budgets can be calculated more realistically than before.
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Producers and Forest Owners, The Forest Center
Tapio, The Forestry District of Pohjois-Savo,

The University of Joensuu and The National
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nen, M.Sc.(For) and Olli Salminen, M.Sc.(For).
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1 Introduction

1.1 Sustained Allowable Cut in Finland

The commercial cuttings from non-industrial pri-
vate forests (NIPF) in Finland have been 50-70
% of the total amount of timber used by the
country’s forest industries (Aarne 1993). Thus,
the timber supply from NIPF lands is important
for Finland’s forest-based industries. Following
the economic recession, new decisions for in-
vestments are again being considered by forest
companies.

The sufficiency of the wood raw material does
not limit plans for new mill investments — at the
national level, the sustained allowable cut (Re-
vised Forest... 1992) has been clearly higher than
the realized cuttings during last few years. How-
ever, as a possible hindrance to future investments,
forest industries have been concerned about NIPF
landowners’ willingness to sell timber.

Generally, the regional allowable cut has been
viewed on the basis of the inventory data provid-
ed by National Forest Inventories (NFI) and the
cutting budgets derived by combining private for-
estry plans. Two major weaknesses that relate to
the cutting budgets based on NFI data, are:

1 Both regional and national cutting budgets have
been calculated assuming that all the country’s
forests are treated as a single forestry unit.

2 The variability with goals of NIPF landowners
has been ignored.

Thus, considering the forest resources simply as
one entity leads to an overestimation of NFI-
based cutting budgets. In fact, the cutting budg-
ets derived by combining private forestry plans
can be more than 30 % lower than those based
on NFI data (FOREST 2000... 1985). On the
other hand, forestry plans made for NIPF hold-
ings are often deliberate underestimations of the
actual cutting potential; the cutting budgets pre-
sented in private forestry plans can be nearly 20

% smaller than the actual allowable cut based on
sustained forestry (Pesonen and Rasidnen 1993).

1.2 Strategic Decisions in the Management
of Non-Industrial Private Forests

Strategic planning operates on the future pro-
duction possibilities; the starting point of which
is the convertability of the factors of production
and their allocation (e.g. Kast and Rosenzweig
1974). When applied to NIPF management plan-
ning, the strategic view includes the production
of alternative, strategic-level programmes for tim-
ber production and silviculture. Timber manage-
ment covers a range of strategies from no cut-
tings at all to maximum cuttings within the lim-
its of timber production possibilities. For instance,
timber management strategies can be described
by the intensity and the recurrence of cuttings.
Non-industrial private forest landowners are a
heterogenous group with different objectives and
intentions. Due to the overall changes in society,
the structure of non-industrial private forest
(NIPF) ownership of Finland is constantly chang-
ing. The average size of forest holdings is decreas-
ing, while the number of non-farmer forest own-
ers is constantly growing due to the inheritance
mechanism (Ripatti 1992). People are less depend-
ent on their forest property as a source of income
and their attitudes toward the environmental as-
pects of forestry have become more positive. It
has also been stated that the non-economic bene-
fits of forestry will gain increasing importantance
among NIPF landowners (Karppinen 1992).
Most NIPF landowners have long term perspec-
tives and strategic views concerning forest man-
agement (Lonnsted 1989). It is important to un-
derstand the strategic decisions of NIPF landown-
ers for several reasons: e.g. 1) when predicting of
the timber supply from private forests for future
investments by forest industries (Lonnstedt and
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Roos 1993), and 2) when planning the govern-
mental forest policy in general.

In Finland, present-day NIPF management plan-
ning is basically tactical. Landowners lack infor-
mation about the actual, strategic-level decision
alternatives and their consequences. Furthermore,
decision analysis; that is, giving recommendations
about decisions and making decisions are often
separated in planning. The importance of plan-
ning in the production of decision alternatives,
and in defining landowners’ preferences, is often
ignored. Sometimes the presentation of even a
single timber production program has been called
planning (Kangas and Pukkala 1992). Due in part
to the growing interest shown in the non-econom-
icuses of forest property, there is an apparent need
to include strategic aspects in NIPF management
planning.

While strategic forest management planning is
lacking in private forestry of Finland, landowners
tend to underestimate their allowable cut. Further-
more, forestry plans are usually underestimates
compared to the sustained allowable cut of forest
holdings (Pesonen and Risdnen 1993). Moreo-
ver, 60 % of the landowners have actually har-
vested even less than the cutting budget presented
in forestry plans (Pesonen et al. 1994a).

Many studies on strategic forest management
planning (e.g Wardle 1965, Kilkki 1968, Ware
and Clutter 1971, Kangas and Pukkala 1992) have
been done and several tools (Siitonen 1983, John-
son et al. 1986, Jonsson et al. 1993, Pukkala and
Kangas 1993) have been developed for strategic
forest management planning. However, few stud-
ies have been made concerning the regional cut-
ting budgets derived from the strategic goals of
NIPF landowners. Lonnstedt and Roos (1993)
concluded that the cutting potential based on the
objectives of NIPF landowners ensures an ade-
quate supply of wood raw material for future in-
vestments by Sweden’s forest-based industries.

1.3 Modelling the Strategic Decision
Making of NIPF Landowners

Modelling the strategic decision making of NIPF
landowners, like any other attempt at modelling
human behaviour, is a complex and multidimen-
sional task. Few studies have been made on the

strategic decisions of NIPF management (Lonn-
stedt and Tornqvist 1990, Hansson et al. 1990,
Pukkala and Kangas 1993) and the factors affect-
ing these decisions have received little attention.

One of the methods used in decision analysis is
the Analytic Hierarchy Process (AHP). Recently,
the AHP has been applied to several kinds of de-
cision situations. Moreover, there have been stud-
ies on the applications of the AHP to forest man-
agement planning (Mendoza and Sprouse 1989,
Kangas 1992, Kangas and Pukkala 1992).

The Analytic Hierarchy Process is a mathemat-
ical method for analysing complex decision prob-
lems with multiple criteria (Saaty 1977, 1980).
Basically, the AHP is a general theory based on
certain mathematical and psychological founda-
tions. In the AHP, a hierarchial decision schema
is constructed by decomposing the decision prob-
lem in question into decisions elements: goals,
objectives, attributes and decision alternatives.
The importances or preferences of the decision
elements are compared in a pairwise manner with
regard to the element preceding them in the hier-
archy (Kangas 1992). In this study, the AHP was
used to determine the NIPF landowners’ choices
of preferred timber management strategies.

1.4 Aims of the Study

The aims of this study are to 1) produce alterna-
tive timber management strategies for the NIPF
landowners, 2) find out their choices of alterna-
tive timber management strategies, 3) clarify the
factors affecting these choices, and finally, 4)
based on landowners’ choices of timber man-
agement strategies, calculate the potential allow-
able cut from non-industrial private forests in
the district of Pohjois-Savo. The potential allow-
able cut is calculated with TASO- and NFI-data
to show, how reliable is to generate regional
allowable cut with TASO-data.

In this study, timber management strategy is
defined as an alternative for a NIPF landowner in
the utilisation of his/her forest property and po-
tential allowable cut means the regional cutting
budget calculated for particular forestry area, and
derived from the landowner’s choices of timber
management strategies.

The choices of timber management strategies
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are solved by maximizing the utility functions of
NIPF landowners. The parameters of the utility
function are estimated with the AHP. The poten-
tial allowable cut is derived from the NIPF land-
owners’ choices of timber management strategies,
and it is compared a) to the cutting budgets based
on NFI7 and NFIS, b) to the combining of NIPF

management plans, and c) to the realized cuttings
from NIPF lands. The potential allowable cut is
calculated using the same MELA system (Siito-
nen 1983) as has been used in the calculation of
national cutting budgets. The frame of reference
of this study is presented in Fig. 1.

FOREST

CHARACTERISTICS

!

EXTERNAL IHEAR : y LANDOWNER
INFLUENCES > ‘ OBJECTIVES <> | CHARACTERISTICS
Y
DECISION ON STRATEGIC
MANAGEMENT OF FOREST
PROPERTY

II

DECISION ON TIMBER
MANAGEMENT STRATEGY

Y

PREFERRED TIMBER |
MANAGEMENT STRATEGY !

\4

[ POTENTIAL ALLOWABLE CUT 7

Fig. 1. Theoretical frame of the study.



2 Utility Function and Timber
Management Strategies

2.1 Estimation of the Utility Function’s
Parameters Using the Analytic
Hierarchy Process

According to a generally accepted economic the-
ory, rational decision-makers (such as forest own-
ers) are supposed to maximize their utility when
they make decisions (eg. Hirshcleifer 1984). In
the theoretical utility approach, the preferences
of a decision-maker are often modelled as a func-
tion called the utility function. Utility theory has
been further developed to solve decision prob-
lems with multiple objectives in complex deci-
sion situations, i.e. the Multi-Attribute Utility
Theory (e.g. von Winterfeldt and Edwards 1988,
Kangas 1992, Mykkinen 1994).

The linear and additive utility function applied
in this study, has been the one most commonly
used. It is also considered to be the easiest to in-
terpret (Pukkala and Kangas 1993). In the formu-
lation of the utility function for determining the
choice of timber management strategy, the over-
all utility obtained from the use of forest property
consisted of the utility obtained from the economic
and the non-economic benefits of the forest prop-
erty. In this study, the economic benefits consist-
ed of the utility of timber production and the non-
economic benefits of other benefits. Therefore,
the form of the additive utility function was (1)

max U ol aluccnn(s_]) * alunon(sj) (1)

where

U is the total utility obtained from the use of the
forest property (i.e. the utility from the preferred
timber management strategy)

Uecon (Sj) 1s the utility obtained from the economic
benefits of the preferred timber management strat-
egy

Unon (S;j) is the utility obtained from the non-economic
benefits of the preferred timber management strat-
€gy

S; is the preferred timber management strategy

j is the number of timber management strategy

aj, ap are parameters describing the importance of the
respective criterion

The parameters a,, and a, of the utility function
(1) were solved using the AHP. The use of the
AHP to solve decision problems may be divided
into four steps (Kangas 1992):

1 The decision hierarchy is constructed by decom-
posing the original decision problem into a hierar-
chy of interrelated decision elements (Zahedi
1986).

2 Pairwise comparisions are made at each level of
the hierarchy. In making the comparisons, the ques-
tion concerns, which of the two factors has the
greater weight in decision-making, and how much
greater, or which of the two decision alternatives
is more preferred with regard to a certain decision
attribute.

3 Using the pairwise comparisons as the input, the
relative weights (importance/preference) of the el-
ements at each level are computed by using the
eigenvalue method. The resulting weights, or pri-
orities, represent the decision-maker’s perception
of the relative importance or preference of the
elements at each level of the hierarchy.

4  The ratings for the decision alternatives are calcu-
lated based on the priorities of the decision ele-
ments.

In pairwise comparisons, landowners had to de-
cide which one of the two timber management
strategies they preferred, both with respect to the
economic and non-economic benefits of the use

Pesonen, M.

Non-industrial private forest landowners’ choices...

of their forest property. Landowners had the op-
tion of expressing the priority ratio as (a) equal
priority of both timber management strategies,
(b) weak priority of one timber management strat-
egy when compared to another, (c¢) strong priori-
ty of one timber management strategy when com-
pared to another, (d) demonstrated priority of
one timber management strategy over another,
or (e) absolute priority of one timber manage-
ment strategy over another. The respective prior-
ity ratios were translated into numerical values
of 1:1, 3:1, 5:1, 7:1 and 9:1, or 2:1, 4:1, 6:1 and
8:1, as intermediate values.

Following the pairwise comparisons, a recipro-
cal matrix A (2) was constructed. In the matrix
the element a,,,= 1/a,,. Thus, wheni=j, a,,= 1.

1 Sid 8 s Sl/Sj

52/ 81 1 e 82/5j

A= (amn) = 5 g ey ‘ (2)

sjl/s1 sjls2 ... 1
where
Sm/Sn 1S the priority ratio between the timber manage-
ment strategies m and n
j is the number of timber management strategies
compared

Using the matrix as the input, the relative priori-
ties of the timber management strategies being
compared, with respect to the economic and non-
economic benefits of the use of the forest prop-
erty, were computed using the eigenvalue tech-
nique. The right eigenvector of the largest eigen-
value of matrix A constituted the estimation of
the relative priorities. The relative priorities were
calculated by solving the eigenvector equation

3
(A=2D)g=0 (€)

where

Amax 15 the largest eigenvalue of A
q s its right eigenvector

[ is the unity matrix

Saaty (1977) has shown that A, of a reciprocal
matrix A is always greater or equal to j. If the
pairwise comparisons do not include any incon-
sistencies, A, = j. The more consistent the com-
parisons are, the closer the value of computed

Amax i t0 j. Based on this property, a consistency
index, CI, was constructed (4).

Cl= (Auax = )/G-1) “)

CI estimates the level of consistency with re-
spect to the entire comparison process. A con-
sistency ratio, CR, also measures the coherence
of the pairwise comparisons. To estimate the
value of CR, the average consistency index of
randomly generated comparisons, the value of
ACI, has to be calculated (5). The ACI varies
functionally according to the size of the matrix
(e.g., Saaty 1980).

CR = 100(CI / ACI) (5)

In human evaluation processes, some inconsist-
encies can be expected and also tolerated. As a
rule of thumb, a CR value of 10 % or less is
considered acceptable.

2.2 Definition of Timber Management
Strategies

In order to solve the parameters of the utility
function (1), five alternative timber management
strategies were computed using the MELA sys-
tem. MELA is a Finnish LP-based system for
long-term timber management planning (Kilkki
and Siitonen 1976, Siitonen 1983, 1993). The
strategies were described for each landowner with
the objective and constraint variables derived
from the MELA parameters (Fig. 2). The plan-
ning period was 20 years, divided into four 5-
year intervals. In the calculations, the forest-
holding level development of several forest char-
acteristics was described and illustrated for the
landowners.

Each landowner was provided with five alter-
native timber management strategies covering a
planning period of 20 years. In principle, the main
differences between the strategies can be described
in terms of intensity and the recurrence of remov-
als. The objective variable used in optimisations
was the maximisation of the stumpage earnings
for the first planning period (the constraints for
each strategy are presented below). The applied
timber management strategies were as follows:
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S; “NO CUTTINGS”

— removals set to zero

S, “SAVING”

— removals set to half of the removals under condi-
tion “SUSTAINABILITY”

S; “SUSTAINABILITY”

— even flow of removals over the planning period

— even flow of stumpage earnings over the planning
period

— even amount of regeneration areas over the plan-
ning period

—  volume of sawtimber at the end of planning period
equal to, or greater, than at the beginning of period

— market value of growing stock at the end of plan-
ning period at least the same as at the beginning

S; “FINANCE”

— even flow of removals during the first two plan-
ning periods

— market value of the growing stock at the end of
planning period at least the same as at the begin-
ning

Cutting removals (m#/a)

m¥/a
700

600
500
400
300
200

100

1993- 1998- 2003- 2008-
1998 2003 2008 2013

No cuttings —e Saving

Finance —8 Max cuttings

Ss “MAX CUTTINGS”
— even flow of removals during the last three plan-
ning periods

The NIPF landowners were asked to prioritise
the timber management strategies according to
their personal goals and preferences for forest
use. First, the NIPF landowners were asked to
compare the importance of the economic and
non-economic benefits of the use of their forest
holdings. Second, pairwise comparisons were
made between the management strategies, con-
sidering the economic and the non-economic ben-
efits separately (Fig. 3). The AHP process re-
sulted in the relative priorities for each strategy
being scaled 0—1. For each landowner, the strat-
egy with the highest global priority (i.e., one that
maximises the overall benefit) thus represented
the most preferred alternative.

Total growing stock (m?)

12000

10000

8000

6000

4000

2000 -

0 4 + t + {
1993 1998 2003 2008 2013

— Sustainability -

—=

Fig. 2. Alternative timber management strategies described as the development of the removals and the total
growing stock during the planning period (an example of calculations for each NIPF landowner, represent-

ing a sample case of the forest holdings).
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Fig. 3. Decision hierarchy for selecting the preferred timber management strategy.
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3 Material

3.1 Data Sets Based on NFI and TASO

The basic data consisted of non-industrial pri-
vate forest holdings in the Pohjois-Savo district
that had a forestry plan made during the years
1984-1992. The data were collected from the
TASO planning system, which has been the sys-
tem of forest management planning for non-in-
dustrial private forestry since 1987 (Ranta 1991).
The basic material consisted of 7365 forest hold-
ings with a total forest area of 404 489 ha and an
average holding size of 54.9 ha (Table 1). The
coverage of the total forest area of Pohjois-Savo
was 42.3 %. The difference when compared to
the total coverage of the private forestry plans
(73 % of total NIPF area in 1992) was due to the
oldest plans not being in a usable form, and the
fact that not all of the forest holdings had a
forestry plan (Table 2).

Table 1. Distribution of the basic data according to the
area of the forest holding.

Size of Forest area % Count %  Average
holding, ha size

5-19.9 25058 6.2 1781 242 141
20499 110322 273 3370 458 327
50-99.9 104942 259 1534 20.8 684

100- 164167 40.6 680 9.2 2414

Total 404489 100.0 7365 100.0 549

Table 2. Forest area distribution of the official register
on Finnish farm holdings.

One of the aims of this study was to test the
effect of the sampling method on the calculation
of timber management strategies. Therefore, two
sampling methods were used: 378 landowners
were chosen by random sampling based on the
NFIsample plot network and 379 landowners were
chosen by systematic stratified sampling. Thus,
the total sample consisted of 757 forest holdings
(Table 3).

The forest holdings were divided into four
groups according to their forest area: 5-19.9, 20—
49.9, 50-99.9 and over 100 hectares. Stratified
sampling was made according to the sizes of the
forest holdings, so that the number of holdings in
each sample group was determined by assigning
a 4 % maximum standard error in the initial vol-
ume (m3/ha) within the groups. In the NFI-based
sampling, a forest holding was included in the
sample if an NFI sample plot was located on the
holding and if a forestry plan had been made for
the holding since 1984.

In order to obtain results as reliable as possible,
the two samples were finally combined. This was
done because comparison between the two sam-
ples revealed no significant differences in regard
what comes to the average stand characteristics
and the landowners’ choices of timber manage-
ment strategies.

After sampling, background information on
NIPF landowners, their forest property and for-

Table 3. Distribution of the sampling according to the
area of the forest holding.

Size of Forest area % Count % Average Size of Forest area %o Count %o Average
holding, ha size holding, ha size
5-19.9 153502  16.8 9908 414 155 5-19.9 2388 5.1 169 223 141
20-49.9 307742 33.8 9196 384 335 2049.9 8850 18.9 263 347  33.7
50-99.9 254132 279 3586 1i5.0 709 50-99.9 14423 30.8 205 27.1 704
100- 196430 21.5 1252 52 1569 100- 21122 45.1 120 159 176.0
Total 911806 100.0 23942 100.0 38.1 Total 46783 100.0 757 100.0  61.8
12

Pesonen, M.

Non-industrial private forest landowners' choices...

Table 4. Distribution of the sampling after mail inquir-
ies according to area of the forest holding.

Table 5. Subsample of 213 records according to area of
forest holding.

Size of Forest area % Count %  Average Size of Forest area % Count %  Average
holding, ha size holding, ha size
5-19.9 815 4.1 54 176 151 5-19.9 629 4.6 41 192 153
20-49.9 3442 17.2 104 340 33.1 20-49.9 2451 18.0 73 343 336
50-99.9 6462 323 90 294 718 50-99.9 4038  29.6 57 268 70.8
100- 9274 46.4 58 19.0 1599 100- 6532 479 42 19.7 1555
Total 19993 100.0 306 100.0  65.3 Total 13650 100.0 213 100.0 64.1

estry goals were collected in a two-phase mail
inquiry. The two-phase inquiry was necessary
because the landowners had to be asked in ad-
vance for their permission to use the data from
their forestry plans. In the first inquiry, the land-
owners were asked some questions about their
ownership characteristics, economy and educa-
tional background. In addition, the inquiry asked
about landowners’ preferences for the economic
vs. non-economic benefits of their forest proper-
ty. The total number of accepted answers was 455
representing an average holding size of 59.1 ha.
Furthermore, both inquiries included some ques-
tions about the landowners’ conceptions as to the
choice between two alternative forest taxation
bases for the 13-year transition period*.

For the second inquiry, calculations were made
and presented for each landowner about their tim-
ber management strategies and their choices of
forest taxation basis. In the second inquiry, 306
acceptable answers were received representing an
average holding size of 62.1 ha (Table 4).

The total area of the final sample was 13 650
ha, covering 1.4 % of the area of NIPF lands in the
Pohjois-Savo district. The average size of the for-

* The Finnish forest taxation system was changed in 1993 when a site
productivity taxation was replaced by a realized income taxation. Site
productivity taxation has been based on estimated taxable income, i.c.
mean annual increment according to the soil productivity. The realized
income taxation is based on individual landowner's annual revenues
from timber sales. In spring 1994, landowners had to choose the
taxation basis according to which to be taxed for the next 13-year
transition period. After the transition period, all landowners will be
taxed by realized income from timber sales. By choosing the site
productivity taxation for the transition period, the landowners with
plenty of allowable cut are able to realize the cumulated increment
which has already been taxed once. The choice between the alternative
taxation bases is affected mainly by the amount of cuttings during the
transition period, the estimated value of annual increment in site
productivity taxation and landowner's marginal tax rate (Pesonen et al.
1994b).

est holdings presented was 64.1 ha, which was
larger than the average of the entire population.
The selection of material during the different phas-
es of the study resulted in a situation where small
holdings (under 20 ha and 20-50 ha) were under-
represented and large holdings (over 100 ha) over-
represented when compared to the corresponding
proportions in the Official Register of Finnish
Farms (Table 2, Pihljerta 1994). There are least
three reasons causing this bias: 1) the forest hold-
ings with forestry plan were generally above-
average in size, 2) NFI-sampling (one of the two
sampling methods) favoured large holdings, and
3) presumably, landowners with large forest hold-
ings were more interested in participating the
study. Due to this bias, all the results (distribution
of choices of timber management strategies, po-
tential allowable cut) were weighted with the area
group distribution of the Official Record of Finn-
ish Farms (Pihljerta 1994).

In order to calculate the regional cutting bud-
gets, a subsample of 213 forest holdings (Table 5)
was picked for further analyses (hereafter referred
to as the TASO data). In order to obtain reliable
and regionally representative results, the selec-
tion of these holdings was based on the date of the
forest inventory. Thus, only holdings with inven-
tory data not older than from 1988 were included
in the subsample.

The reference material for the calculations con-
sisted of the cutting budgets calculated on the basis
of sample plot data provided by NFI8 (hereafter
referred as the NFI data). The same timber man-
agement strategies were calculated for the NFI
data, and the results were then compared to those
of the TASO data. In the calculations of the po-
tential allowable cut from NIPF lands, it was as-
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Table 6. Main characteristics of the sample, based on
owners’ responds.

Table 7. Volume of growing stock (m3/ha) according to
area of forest holding.

Mean SD Size of holding, ha Volume SD Min Max
Owner, % 5-19.9 1206 443 371 2260
Farmer 58.6 20-49.9 115.7 40.9 459 2317
Non-farmer 41.4 50-99.9 1171 35.8 593  207.5
Age, a 50.9 13.4 100- 125.6 322 447 1843
Forest area, ha 65.3 61.7 Total 121.1 38.5 371 231.7
Arable land 10.4 11.0
Production orientation, %
Agriculture 21.2 ] ] i
Agriculture and forestry 24.2 choices of, timber management strategies were
Forestry 38.4 studied according to twelve descriptive variables
Recreation and residence 16.2 of the forest holdings and their owners (Table 6).
Timber production possibilities, % The independent variables were selected on the
Good 41.1 basis of their statistical significance in the context
Fairly good 45.4 of landowner behaviour, as demonstrated in ear-
Poor 135 lier studies (e.g., Jirveldinen 1988, Karppinen and
Importance of recreation, % Hénninen 1990, Kuuluvainen and Salo 1991).
Important 231
Neutral 41.4
Not important 35.5 3.2 Updating of the Data
Short term price expectation, %
Increasing 111 The growth and removals of both TASO- and
g:ccl_:::f; 233 NFI-data were updated to the beginning of the
) | year 1993. Without updating the data sets, the
Future cuttings, % comparison of information on the forest resourc-
Extensive cuttings 37.0 . .
Sustainability 507 es and Fll’l:lbel' management strategies woglc'i have
Intensive cuttings 123 been difficult because the TASO data originated
. . from the years 1988-1992 and the NFI data from
Choice of taxauon,.% 1990. In additi datine the dats bles th
(before tax calculations) S 0o N Tl
Realized-income taxation 44.0 use of materials that are as recent as possible.
Site-productivity taxation 258 A statistical updating of the removals was re-
Cannot say 30.2 quired for the TASO data because the landowners
Choice of taxation, % have stated their cuttings, on an average, 30 %
(after tax calculations) below those found in the statistics on commercial
Realized-income taxation 48.1 cuttings. A random updating was completed so
Site-productivity taxation 382 that the annual cuttings according to the statistics
Cannot say 13.7 were removed from the data for each year; start-
Mean volume, m?/ha 128.2 41.6

sumed that the timber management strategies
based on the NFI data would represent the areal
proportion of the choice of each strategy in the
TASO-data.

The NIPF landowners’ preferences for, and their
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ing from the year of inventory and ending at the
beginning of 1993. Updating was done using the
MELA system. The constraints used in the opti-
misations were annual removals based on statis-
tics according to timber assortments, and the har-
vest areas according to harvesting methods.
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3.3 Comparing the Data Sets

After updating growth and removals, the initial
volume of the growing stock, (an average of the
sample holdings) was 121.1 m¥ha (Table 7).
The relative standard error of the mean initial
volume varied between 4.0-5.7 % in the respec-
tive holding-size groups. The variance of the
mean initial volume increased when the size of
forest holding decreased. The mean initial vol-
ume of forest holdings varied within the range of
37.1-231.7 m?/ha.

The mean initial volumes of both the TASO
and NFI data sets were very close to each other.
The TASO data included more pine and spruce
but, less birch than the NFI data (Table 8). Fur-
thermore, there were more seedlings, and also
more sawtimber trees, in the TASO data than in
the NFI data.

Table 8. Volume of growing stock according to tree
species and age class distribution in the TASO-
and NFI-data.

TASO NFI
a) Volume (m?/ha)

Average 121.1 123.0
Scots pine 37.7 31.6
Norway spruce 69.0 64.6
Hardwood 14.4 26.8
Sawtimber 58.8 53.2

b) Age-class distribution (%)
=20 29.1 224
2140 21.1 19.9
41-60 9.5 12.5
61-80 14.8 18.7
81-100 16.5 151
101-120 6.4 7.6
121-140 2.4 29
140~ 0.2 0.9

i
wn



4 Choices of Timber Management Strategies and
the Factors Affecting Them

4.1 Economic and Non-Economic Benefits
of Forest Property Use

The landowners’ preferences in regard to the
economic and non-economic benefits of forest
property were asked before (first inquiry) and
after (second inquiry) presentation of the calcu-
lations of the timber management strategies. Af-
ter the presentation of the calculations, the aver-
age priority of economic benefits of forest prop-
erty increased significantly. Prior to the presen-
tation of the calculations, the average priority of
the economic benefits of forest property was
0.64. After calculations, it was 0.71 (Figure 4).
The priorities of the economic and non-econom-
ic benefits were compared according to nine sta-
tistically significant (5 % significance level) de-
scriptive variables (Table 9). Farmers felt the eco-
nomic benefits to be more important than non-
farmers. When the area of the forest holding in-
creased, the importance of economic benefits in-
creased. Moreover, an increase in the mean vol-
ume of the growing stock increased the impor-
tance of the economic benefits. Landowners that

Relative
priority

owned fields felt that economic benefits were more
important than those who did not own farming
land.

Compared to the rest of the landowners, land-
owners that had set considerable preference on
recreation and residence as the alternative uses of
forest property felt that the non-economic bene-
fits were more important than economic benefits.
The greater the intensity of planned future remov-
als, the more important were the economic bene-
fits. Landowners who chose site-productivity
based taxation considered economic benefits to
be more important than those who chose realized-
income based taxation. The differences between
the taxation systems were slightly higher in the
second than in the results of the first inquiry.

4.2 Choices of Timber Management
Strategies

In the maximisation of the utility function (1),
the most preferred strategy obtained was “sus-
tainability” (chosen by 62 % of landowners).

L T
09 - } ‘
s | |
07 -
06 -
05
04 -
03 -
02+
01 -

gl

First inquiry

{ [[J Non-economic

B £conomic

L

Second inquiry

Fig. 4. Preferences for the economic vs. non-economic benefits of forest proper-
ty use in the first and second inquiry.
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Table 9. Priorities of the economic and non-economic importances of timber management strategies according to
characteristics of the background information (priorities of first inquiry in parentheses).

Economic

Non-economic

SE

Owner
Farmer
Non-farmer

Forest area, ha
5-20
20-50
50-100
over 100

Field (arable land)
-5 ha
over 5 ha

Production orientation
Agriculture
Agriculture and forestry
Forestry
Recreation and residence

Timber production possibilities
Good
Fairly Good
Poor

Importance of recreation
Important
Neutral
Not important

Short time price expectation
Increasing
No shange
Decreasing

Future cuttings
Extensive cuttings
Sustainability
Intensive cuttings

Choice of taxation
Realized-income taxation
Site-productivity taxation

Mean volume, m*/ha
-100
100-150
150—

0.733 (0.677)
0.665 (0.579)

0.667 (0.556)
0.685 (0.605)
0.714 (0.666)
0.760 (0.706)

0.675 (0.575)
0.730 (0.678)

0.713 0.657)
0.730 (0.653)
0.719 (0.635)
0.622 (0.502)

0.725 (0.668)
0.709 (0.626)
0.624 (0.528)

0.598 (0.496)
0.730 (0.647)
0.736 (0.687)

0.721 (0.660)
0.705 (0.624)
0.696 (0.623)

0.674 (0.610)
0.722 (0.656)
0.727 (0.662)

0.685 (0.606)
0.736 (0.647)

0.676 (0.582)
0.714 (0.656)
0.712 (0.650)

0.267 (0.323)
0.335 (0.421)

0.333 (0.444)
0.315 (0.395)
0.286 (0.344)
0.240 (0.294)

0.325 (0.325)
0.270 (0.322)

0.287 (0.343)
0.270 (0.347)
0.281 (0.365)
0.378 (0.498)

0.275 (0.332)
0.291 (0.374)
0.376 (0.472)

0.402 (0.504)
0.270 (0.353)
0.264 (0.313)

0.279 (0.340)
0.295 (0.376)
0.304 (0.373)

0.326 (0.390)
0.278 (0.344)
0.273 (0.338)

0.315 (0.394)
0.264 (0.353)

0.324 (0.418)
0.286 (0.344)
0.288 (0.350)

0.011 (0.012)
0.013 (0.013)

0.021 (0.021)
0.015 (0.015)
0.016 (0.016)
0.020 (0.020)

0.019 (0.011)
0.010 (0.019)

0.019 (0.014)
0.018 (0.014)
0.014 (0.012)
0.022 (0.019)

0.014 (0.012)
0.013 (0.011)
0.024 (0.018)

0.019 (0.014)
0.014 (0.011)
0.015 (0.012)

0.027 (0.024)
0.012 (0.010)
0.016 (0.014)

0.014 (0.016)
0.013 (0.013)
0.018 (0.029)

0.014 (0.014)
0.018 (0.019)

0.018 (0.018)
0.013 (0.013)
0.017 (0.018)

The second in preference was “finance” (17 %)
and the third was “saving” (11 %). “No cuttings”
and “maximum cuttings” were the least preferred
(9 % and 1 %, resp.). When presented according
to the number of landowners, the distributions of

the most preferred strategies were slightly dif-
ferent than when compared to the forest area
represented by each strategy (Table 10, Fig. 5).
The non-farmers preferred the “no cuttings strat-
egy” more than farmers did (Table 11). The own-
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Table 10. Choices of timber management strategies according to area of the forest holding: proportion of number
of landowners (a), and proportion of total forest area (b) (weighted mean was calculated according to area

proportion of the official register on Finnish farm holdings).

Pesonen, M.

Non-industrial private forest landowners’ choices...

Size of holding, ha No cuttings Saving Sustainability Finance Max. cuttings
a) Proportion of number of landowners
5-19.9 17.1% 14.6% 48.8% 17.1% 2.4%
20-49.9 4.1% 8.2% 69.9% 17.8% 0.0%
50-99.9 1.8% 7.0% 75.4% 14.0% 1.8%
100- 0.0% 4.8% 66.7% 26.2% 2.4%
Mean 5.2% 8.5% 66.7% 18.3% 1.4%
Weighted mean 8.9% 10.5% 61.8% 17.4% 1.4%
b) Proportion of total forest area
5-19.9 18.0% 13.1% 49.9% 16.2% 2.8%
20-49.9 2.1% 7.9% 72.4% 17.6% 0.0%
50-99.9 2.3% 7.1% 75.9% 13.3% 1.4%
100~ 0.0% 4.0% 68.6% 25.3% 2.0%
Mean 1.9% 6.0% 70.6% 19.9% 1.5%
Weighted mean 4.4% 7.7% 68.8% 17.8% 1.3%
% a) b)
70 -
6 - e Ll
5 | I B No cuttings
Saving
40
(] sustainability
30
% Finance
20
MM Max. cuttings
10 ~ \\\§
NN
number of proportion of
landowners forest area

Fig. 5. The choices of timber management strategies according to a) the number of landowners,
and b) the actual forest area represented by each strategy.

ers of the smallest forest holdings more frequent-
ly chose “no cuttings” and “saving” strategies than
rest. On one hand, landowners with large forest
holdings (forest areas between 50 and 100 hec-
tares) preferred “sustainability” more than the
average landowners. On the other hand, the own-
ers of holdings of over 100 forest hectares chose
the “finance” strategy more frequently than own-
ers of smaller holdings.
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Increase in the area of arable land (fields) led to
choices of strategies favouring intensive remov-
als. In addition, recreation and residence as the
primary uses of the property referred to the choic-
es of “no cuttings” and “saving” strategies. The
strategy most favoured by landowners practising
agriculture and forestry was “sustainability”. Land-
owners practising solely agriculture on their farms
preferred the “finance” strategy more than others.

Table 11. The choices of timber management strategies according to the characteristics of the background

information.
No cuttings Savings Sustainability Finance Max cuttings

Owner

Farmer 34 10.7 64.6 20.2 1.1

Non-farmer 9.5 11.1 61.1 17.5 0.8
Forest area, ha

5-20 13.0 222 50.0 13.0 1.8

20-50 6.7 10.6 59.6 23.1 0.0

50-100 3.3 7.8 74.5 133 1.1

over 100 1.7 6.9 62.1 27.6 1.7
Field (arable land)

-5 ha 11.9 12.7 59.3 152 0.9

over 5 ha 1.8 9.7 67.3 20.0 1.2
Production orientation

Agriculture 31 14.1 51.6 31.2 0.0

Agriculture and forestry 0.0 9.6 75.4 12.3 2.7

Forestry 43 8.6 37.2 19.8 0.0

Recreation and residence 225 14.3 46.9 14.3 2:0
Timber production possibilities »

Good 2.4 6.5 67.7 21.8 1.6

Fairly good 5.8 14.6 65.0 14.6 0.0

Poor 17.1 14.6 43.9 244 0.0
Importance of recreation

Important 11.0 17.0 520 20.0 0.0

Neutral 4.5 45 69.4 19.8 1.8

Not important 2.1 12.6 66.3 17.9 1.1
Short time price expectation

Increasing 6.1 21.2 48.5 21.2 3.0

Same 5.8 8.1 71.7 14.4 0.0

Decreasing 4.4 12.1 54.9 275 1.1
Future cuttings

Extensive cuttings 13.0 19.0 56.0 11.0 1.0

Sustainability 22 6.6 69.3 21.2 0.7

Intensive cuttings 0.0 3.0 515 425 3.0
Choice of taxation

Realized-income taxation 10.9 13.9 57.6 16.1 15

Site-productivity taxation 1.9 5.8 67.3 25.0 0.0

Cannot say 22 15.2 65.2 17.4 0.0

The landowners’ opinions regarding timber
production possibilities were asked before the
presentation of the strategy calculations. The strat-
egies with extensive cuttings were the most fa-
voured among landowners who felt their timber
production possibilites to be poor. Short term
positive stumpage price expectations led to choices
of extensive strategies. The most favoured strate-

gy was “sustainability” among landowners who
felt that future stumpage prices would remain sta-
ble. Landowners with expectations of falling
stumpage prices preferred the “finance™ strategy
more than others.

When the landowners were asked for their opin-
ions on future cuttings before presenting the cal-
culations of the strategies, the landowners who
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preferred extensive cuttings chose the “no cut-
tings” and “saving” strategies more frequently than
the rest of the landowners. The “finance” strategy
viewed with favor among landowners who pre-
ferred intensive cuttings. These choices coincid-
ed in both inquiries.

Landowners who chose forest taxation based
on site productivity preferred the “finance” strat-

20

egy more than those who chose forest taxation
based on realized income. The “no cuttings” and
the “saving” strategies were favoured by land-
owners who chose realized-income based forest
taxation. In analysing the choices of strategies,
the differences between the taxation systems were
slightly bigger in the first than in the second in-

quiry.

5 Potential Allowable Cut in Pohjois-Savo

5.1 Comparison of Timber Management
Strategies at the Regional Level

Timber management strategies were compared
at regional level assuming that all landowners
would follow the same strategy. Comparison were
made for both the TASO and the NFI data sets in
order to verify the reliability of the TASO data.
The average removals in both data sets were
compared over the entire 20-year planning peri-
od. Furthermore, the development of the remov-
als, mean volume and growth was compared
every five years period (1993-1998, 1998-2003,
2003-2008 and 2008-2013).

In the “sustainability” strategy, the average har-
vest rate in the NFI data was 3.9 % higher com-
pared to the TASO data (Table 12a). In the “sav-
ing” strategy, the average harvest was, by defini-
tion, approximately half of the removals of the
“sustainability” strategy. In the “finance” strate-
gy, the average removals were smaller than in the
“sustainability” strategy. With the “finance” strat-

Table 12. Average removals over 20 years, according
to strategies, m*/ha (a), and cumulative removals,
mill. m? (b), assuming that all landowners would
follow the same strategy

TASO NFI

a) Average removals (m?/ha)

No cuttings 0.00 0.00
Saving 247 2.56
Sustainability 4.93 5.12
Finance 4.64 4.35
Max. cuttings 5.53 4.73
b) Cumulative removals (mill. m?)
No cuttings 0.00 0.00
Saving 2.36 2.45
Sustainability 4.71 4.90
Finance 4.44 4.16
Max. cuttings 529 453

egy, the removals in the TASO data were 6.5 %
greater than those in the NFI data. This difference
may be due to the larger proportion of sawtimber
in the TASO data.

When assuming that all landowners would
choose the “max cuttings” strategy, the average
removals were considerably greater in the TASO
data than in the NFI data. This difference may be
caused by the same reason as the difference ob-
served when examining the “finance” strategy.
However, the difference had only a small effect on
the potential allowable cut, since only 1.0 % of the
landowners had chosen the “max cuttings” strate-
gy. The greatest cumulative removals were ob-
tained in the TASO data with the “max cuttings”
choice, and in the NFI data when choosing “sus-
tainability”. By generalising the results over the
whole study area, the following average regional
removals were obtained: 5.3 mill. m? in the TASO
data, and 4.9 mill. m*in the NFI data (Table 12b).

In the smallest area group, the average harvest
rates were also lowest for every strategy (Table
13), although the mean initial volume in this group
did not differ significantly from the other forest

Table 13. Average removals (m*/ha/a) according to
area of the forest holdings.

Size of Saving  Sustain- Finance Max.
holding, ha ability cuttings

5-19.9 Mean 235 461 478 485
SD 099 198 1.74 241

20499 Mean 249 497 475 518
SD 084 1.67 144 225

50-99.9 Mean 242 482 459 526
SD 068 136 1.06 2.02

100- Mean 249 498 458 5.66
SD 068 136 110 1.85

Total Mean 245 486 4.68 523
SD 080 160 135 215
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a) Removals / TASO data
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Fig. 6. The average removals (mill. m?a) under the assumption that all landowners would follow the same

strategy.
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Fig. 7. The development of the volume of the growing stock (mill. m*) under the assumption that all landowners

would follow the same strategy.

area groups. However, the overall differences in
cuttings between the area groups were not statis-
tically significant. For all strategies, the relative
standard error for the whole data varied between
2.0-2.8 % for the different strategies. In the dif-
ferent area groups, the relative standard errors
varied between 3.0-7.8 % with the greatest errors
being observed in the group consisting of the
smallest holdings.

In the periodical analysis, the removals of the
first period (1993-1998) of the “max cuttings”
strategy were tripled, and those of the “finance”
strategy doubled when compared to the removals
of the “sustainability” strategy (Fig. 6). The dif-
ferences between the data sets were relatively
small, with the exception of the “max cuttings”
strategy, in which the average removals of the
first planning period were 3.7 mill. m?/a higher in
the TASO data. In the both “sustainability” and
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“saving” strategy, the average removals were al-
most the same in the both data sets. In the finance
strategy, slightly higher removals were observed
in the TASO data than in the NFI data during the
first half of the planning period.

In all choices of timber management strategies,
the mean volume of the growing stock attained at
the end of planning period was higher in the TASO
data than in the NFI data (Fig. 7). The lowest mean
volume attained was 107.0 m’/ha in the TASO
data and 105.5 m*/ha in the NFI data. The highest
mean volumes were reached in the “no cuttings”
strategy: 266.7 m*/ha and 247.0 m%ha, respec-
tively. The higher mean volume in the TASO data
was due to the higher growth rate when compared
to the NFI data (Fig. 8). For example, the average
growth in the sustainability strategy for the whole
planning period was 11.3 % greater in the TASO
data than in the NFI data.
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Fig. 8. The development of forest growth (mill. m%/a) under the assumption that all landowners would follow the

same strategy.

Table 14. The average removals (m*/ha/a) according to choices of timber management strategies, and cumulative

removals over the whole area

Size of holding, No cutt. Saving Sust. Finance Max. cutt. Average Cumulative
ha m3/ha milj.m3
5-19.9 0.00 1.89 4.98 4.26 4.93 3.57 0.59
20499 0.00 2.78 4.98 4.69 0.00 4.57 1.48
50-99.9 0.00 2.20 4.85 4.73 8.11 4.58 1.23
100- 0.00 2.57 4.99 4.59 5.10 4.79 0.99
Average 0.00 242 4.94 4.62 5.91 4.63 4.29

5.2 Potential Allowable Cut

In the analysis of the landowners’ choices of
strategies, the overall removals in the smallest
holdings were smaller than in the rest of the area
groups (Table 14). This was due to the below-
average removals and the preferred choices of
“saving” and “no cuttings” strategies by the own-
ers in the smallest area group. On the other hand,
the heavier removals in the area group of large
holdings were often followed by a preference for
the “finance” strategy. The average harvest rate
based on the landowners’ choices of timber man-
agement strategies was 4.6 m’/ha/a. When
weighted with the area group distribution of the
Official Record of Finnish Farms (Pihljerta 1994),
the average harvest rate obtained for both data
sets was 4.5 m¥/ha/a. The smallest holdings pre-
sented 13.7 % of the weighted harvest rate.

As a generalisation of the results for the whole

district of Pohjois-Savo, the average removals of
the 20-year planning period were 4.3 mill. m?/a
for the TASO data and 4.4 mill. m?/a for the NFI
data (Fig. 9). During the first half of the planning
period, the removals were heavier due to the ac-
cumulation of removals in the “max cuttings™ and
“finance” strategies. The proportion of sawtim-
ber in the removals was somewhat higher in the
TASO data than in the NFI data.

In both data sets, the mean volume increased
towards the end of the planning period (Fig. 10).
In addition, the mean volume in the TASO data
was a little higher, particularly concerning the
proportion of sawtimber. This was due to the high-
erlevel of growth observed in the TASO data when
compared to that in the NFI data (Fig. 11). The
average growth for the planning period was 6.3
mill. m%a in the TASO data and 5.7 mill. m%/a in
the NFI data.

[§9)
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Fig. 9. The removals (mill. m%) according to the choices of preferred strategies
during each five-year period, and average removals.
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Fig. 10. The total volume (mill. m?) according to planning periods, and the
average volume during 20 years.
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Fig. 11. The growth (mill. m*/a) according to the time periods, and the average growth.

6 Discussion and Conclusions

6.1 Comparing the Cutting Budgets

The potential allowable cut determined in this
study was 20 % higher than the average realized
cuttings in the Pohjois-Savo district during the
years 1988-1993 (Fig. 12). However, during the
years of economic boom, 19891990, the poten-
tial allowable cut almost reached the level of
removals as well as the greatest sustained cut
according to NFI7. Compared to the greatest
allowable cut (based on sustained yield) of NFIS8,
the potential allowable cut of this study was 12
% smaller. Furthermore, the cutting budget based
on combining the forestry plans was 20 % small-
er than the one presented in this study.

The differences between the cutting budgets
based on combining forestry plans and the poten-
tial allowable cut as defined in this study are due
to two reasons: the principle of discretion in NIPF
planning and the older, NFI7-based growth mod-
els used in the TASO planning system. The un-
derestimation of the actual cutting possibilities

onsustained yield basis in the TASO forestry plans
can be almost 20 % (Pesonen and Rasdnen 1993).
Forest planning of non-industrial private forests
is still based on standwise propositions of treat-
ments made by professional planners. The plan-
ners seldom have full knowledge of the sustained
cutting possibilities at the forest holding level.

In comparing the NFI8-based, forest-resources
oriented cutting budget and the potential allowa-
ble cut of this study, two main reasons for the
difference can be outlined: ignorance of landown-
er-specific forestry goals in the former and the
constraints caused by the requirement of forest-
holding level sustainability in the latter. The fact
that the owners of small forest holdings preferred
the choices of “no cuttings™ and “saving” strate-
gies reduces the potential allowable cut from NIPF
lands. The requirement of sustained yield at the
forest holding level has been reported to decrease
regional cutting possibilities by over 10 % (Peso-
nen and Soimasuo 1994).

Mill. m?/a
57
i = ———
il Y (5 [ N [ . .- fn E | Potential allowable cut
Realized drain
3
~ Combination of forestry
plans
2+ ‘ — NFI8
NFI7
s |
|
1 |
0 4
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1993 ->2013

Fig. 12. The realized drain (mill. m¥/a) in Pohjois-Savo, and cutting budgets calculated applying

the alternative methods.
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6.2 Timber Management Strategies

In this study, the utility functions were formulat-
ed in order to find out the landowners’ choices
of timber management strategies. After strategy
calculations, the importance of the economic ben-
efits of forest property increased. Thus, the im-
portance of non-economic factors — such as rec-
reational use of the forest — decreased when the
landowners realised the increasing possibilities
of removals and regular stumpage earnings.

The factors that increased the importance of the
economic benefits of forest property were as fol-
lows:

1 Farmer as landowner and possession of arable
land (fields),

2 Increase in the area of the forest holding,

3 Agriculture and forestry as the main activities on
the property,

4 Good or fairly good timber production possibili-
ties,

5 Neutral or weak importance of recreation as an
alternative forest use,

6 Positive short term price expectations,

7 Increase in the intensity of future removals,

8 Choice of forest taxation system based on site
productivity,

9 Increase in the mean volume of the growing stock.

“Sustainability” was the preferred choice of strat-
egy for nearly 70 % of the landowners. It is
likely that at least some of the landowners did
not realize how much heavier removals were
included in this strategy compared to realized
drain and the removals proposed in their forestry
plan. However, 23 % of the landowners were
willing to increase their removals after seeing
the alternative timber management strategies.

The choice of timber management strategy was
slightly sensitive to changes of preferences of the
economic and non-economic benefits of the use
of forest property (Fig. 13). If all the weight was
placed on the economic benefits, the relative pro-
portions of choices of “sustainability” and “fi-
nance” increased. On the contrary, if all the weight
was placed on the non-economic benefits, the rel-
ative proportions of the choices of “no cuttings”
and “saving” strategies increased (Fig. 13).

The size of forest holding had a significant ef-
fect on the choice of timber management strate-
gy. Owners with forest holdings less than 20 ha in
forest area preferred the choices of “no cuttings”
and “saving” strategies, while owners of large
holdings of more than 100 ha preferred the “fi-
nance” strategy. In addition to this, the following
facts resulted in the area-based choices of timber
management strategies: forestry plans were made
for above-average sized holdings, one of the sam-

%
100
80 + o
| | M Max. cuttings
\
60 | [ Finance
‘ B sustainability |
40 7 % saving
M o cuttings ‘
20 + S |
O 4

Economic Non-economic
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Fig. 13. The relative frequencies of the choices of timber management strategies
when using a) total weight on economic beneffts, b) total weight on non-
economic benefits, and c¢) actual weights obtained from pairwise compari-

sons.
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pling methods favoured large holdings, and evi-
dently the owners of forest holdings above-aver-
age in size were more interested in participating
in the study.

The following factors led to the choices of strat-
egies with intensive cuttings:

1 Farmer as landowner and ownership of arable land
(fields),

2 Increase in the area of the forest holding,

3 Agriculture and forestry as the main activities on
the property,

4 Negative short term price expectations,

Increase in the intensity of future removals,

Choice of taxation system based on site produc-

tivity.

N

The results of the choices and the factors affect-
ing these choices of timber management strate-
gies may be summarised as follows:

“No cuttings”

This group consisted of small forest holdings
(less than 20 ha in area), which were usually
owned by non-farmers. They owned only little
arable land or not at all. Furthermore, the land-
owners in this group preferred residence and
recreation as alternative uses of the forest hold-
ing. The realized-income taxation was the choice
of forest taxation system for these landowners.

“Saving”

This group also consisted of relatively small for-
est holdings (less than 20 ha in area), and the
owners considered their timber production pos-
sibilites poor, or at the best, normal. They pre-
ferred recreation as the alternative use of forest
property, and, like their fellows in the “no cut-
tings™ group, their choice of forest taxation basis
was realized-income taxation. Moreover, these
landowners anticipated a rise in timber prices in
the near future.

“Sustainability”

“Sustainability” was chosen by the landowners
with forest holding sizes between 50 and 100 ha
in area. For these landowners, the main activities
on their holdings were agriculture and forestry.
In addition, the landowners in this group consid-
ered their timber production possilities to be good.

They did not prefer recreation as an alternative
use of forest property, and they thought that the
timber prices would remain stable in the near
future.

“Finance”

This group consisted of the largest forest hold-
ings (over 100 hectares in area), and the owners
practised mainly agriculture on their holdings.
The short-term timber price expectations of this
group were that they would decrease.

“Max cuttings”

Only three landowners (1.0 % of the sample)
chose this strategy; thus, conclusions could not
be drawn regarding it.

6.3 Reliability of the Data and
Methods

The additive utility function, the function form
used in this study, is the easiest to interpret
(Pukkala and Kangas 1993). In several studies, it
has been noticed that the additive utility function
produces a utility index which best describes the
preferences of the decision-maker (Tell 1976,
Laskey and Fischer 1987). It has also been stated
that landowners are utility-maximizers who con-
sider both the economic and the non-economic
benefits of their forests (Boyd 1984, Hyberg
1987).

Due to its simplicity, effectiveness and ability
to deal with qualitative as well as quantitative
criteria (this is also indicated by the results of this
study) the AHP is well-suited to dealing with prob-
lems with forest management planning (e.g. Kan-
gas 1992). When applied to the mail inquiries, the
weakest point of the method is the question of
whether all respondents are able to concentrate
on the numerous comparisons required by the
AHP. Therefore, the results would be improved
by the application of personal interviews in con-
junction with data collection.

The consistency ratios (CR) were slightly high-
er than was acceptable: 18.5 % in economic and
17.2 % in non-economic comparisons. This may
be partly due to the fact that the inquiries used in
the study were made by mail, and all kinds of
landowners did tens of AHP comparisons. How-
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ever, there is no unequivocal upper limit for the
level of inconsistency in pairwise comparisons,
and moreover, the inconsistency in comparisons
can also be due to a conscious choice, and must
therefore be accepted (e.g., Wedley 1993, Apos-
tolou and Hassell 1993). It can thus be concluded,
after all, that the majority of landowners did un-
derstand the differences between the strategies,
and they were also consistent with their compar-
isons.

The AHP method and the use of mail inquiry in
data collection limited the alternative choices of
strategies to five. In spite of this, the alternative
strategies and choices made by the landowners
were based on the actual, forest-holding level
development of cuttings, income from timber sales
and other forest characteristics. Although few
landowners chose the extreme alternatives — “no
cuttings” or “max cuttings” strategies —these strat-
egies were included in the comparisons in order
to describe the whole range of timber production
possibilities.

The applied sampling methods did not signifi-
cantly affect the definition of the potential allow-
able cut. The results of the data obtained from
systematic stratified sampling did not differ from
those obtained with data from random sampling.
Thus, after being compared, the two samples were
combined.

The objectives of the landowners may also vary
according to the point of time, and/or region.
Lonnstedt and Tornqvist (1990) stated that the
choice of timber management strategy is affected
by the needs and objectives of both short- and
long term perspective. The goal structure of the
landowners could have been clarified better. In
this study, the landowners were able to compare
only five precalculated timber management strat-
egies. It would be possible to ask more specific
questions about the objectives of the landowners
in the first inquiry, and with that information in
mind, calculate the strategies more individually.

The removals corresponding to the timber man-
agement strategies calculated using the TASO data
were slightly overestimated. This was demonstrat-
ed by combining the forest holdings into a single,
large forestry unit, and then recalculating the strat-
egies; with the single unit, the removals corre-
sponding to sustainability were 5.5 m3/ha/a which
is 5.5 % more than those given by the NFI data. In
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spite of this, the overall differences between the
results from the two data sets (TASO and NFI)
were small. Based on this study, the material from
the standwise inventory is reliable enough to en-
able the definition of regional cutting possibili-
ties, although considerable measurement errors
have been reported in standwise inventories due
to personal characteristics of the planners
(Laasasenaho and Piivinen 1986).

The study material (the TASO data) was repre-
sentative in comparison with the reference mate-
rial (the NFI data) in regard to the forest resource
information. No major differences between the
data sets were found concerning the mean vol-
umes, proportions of sawtimber and tree species,
and age class distributions. The only substantial
difference was caused by the greater growth giv-
en by the TASO data, which was partly due to the
greater proportion of seedling stands in the TASO
data compared to the NFI data. In “sustainabili-
ty”, for example, the growth in the TASO data for
the first five-year period was 6.9 % greater and
11.3 % greater during the whole planning period
than in the NFI data.

Due to requirement of sustainability at the for-
est holding level, the removals resulting from the
TASO data were smaller and led to the faster
volume increase and higher growth rate. One rea-
son for the difference could have been in the fact
that in the NFI data, the diameter distribution was
constructed using the measured sample trees, while
in the TASO data, the diameter distribution was
formulated using the theoretical, Weibull-distri-
bution (Kilkki et al. 1989). The reliability of the
results could have been further increased by se-
lecting diameter distribution from the NFI data by
using the standwise information of the TASO data.

The effects of no-response observations were
examined by comparing the average planned re-
movals of landowners included in the first inquiry
to those of landowners who were included in the
second inquiry. In the comparison, it was assumed
that all landowners would have chosen the “sus-
tainability” strategy. The average removals did
not differ significantly between the first and the
second inquiry. Furthermore, the data of the 213
landowners used to calculate the potential allow-
able cut did not differ from the data of the first
inquiry. Moreover, in regard to the distributions
of the choices of timber management strategies

Pesonen, M.
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and forest area, there were no significant differ-
ences between the data used to calculate the po-
tential allowable cut (n = 213) and the data of the
second inquiry (n = 306).

The representativiness of the data was also test-
ed by a no-response mail inquiry addressed to 51
landowners. The variables that had signifigant
effects on the choices of timber management strat-
egies were examined in the no-response survey.
Generally, the characteristics of the no-response
data were well in line with the actual study mate-
rial. Thus, the no-response observations had little
cffect on the external reliability of results.

The landowners that had not responded to the
mail inquiry were asked for their reasons for not
answering the inquiry. Half of the no-response
landowners could not give any particular reason
for not responding. Lack of time and being busy
with work were reported as the reasons by 25 %
of the landowners. About 15 % of landowners
were fed up with continuous inquiries. Other re-
ported reasons for no-response included serious
illness or death of the landowner, and problems
with mailing. In this study, the preferred timber
management strategy could not be clarified for
the non-response landowners, and for landown-
ers that did not have an up-to-date forestry plan.

An essential aspect to note is that the potential
allowable cut, as defined in this study, is a far
more sensitive and dynamic concept than the com-
pletely forest-resource-oriented cutting budgets.
The attitudes, values and objectives of the land-
owners vary much more and more frequently than
forest growth, for example. The allowable cut
presented in this study is based on the landown-
ers’ concepts and objectives in the spring of 1993.

6.4 Conclusions

The potential allowable cut presented in this study
appeared to settle in the middle of the realized
drain and the greatest allowable cut based on the
National Forest Inventory. When compared to
the realized drain, landowners would have cut
20 % more annually, assuming that they were to
follow their choices of timber management strat-
egies.

The results of this study indicate that the land-
owners’ future harvesting intentions in Pohjois-
Savo will ensure the availability of wood raw
material for future investments by forest compa-
nies. Furthermore, the region’s landowners could
be activated to practise intensive management and
harvesting by demonstrating to them the strategic
alternatives in timber management. The results of
this study may also help to direct the develop-
ment of management planning on NIPF lands.

An interesting issue for future research would
be to monitor the sample forest holdings — will
strategic calculations affect the future harvesting
behaviour of the owners? In addition, forestry
plans based on the choices of timber management
strategies could be made for the sample holdings
and then proceed to monitor owner’s harvesting
behaviour. Comparisons of harvesting behaviour
could then be made between the owners of sam-
ple holdings, those of forest holdings without for-
estry plans, and those forest holdings with up-to-
date plans, made by state-funded forestry organ-
isations.
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