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Questions of the small size of non-industrial private forest (NIPF) holdings in Finland
are considered and factors affecting their partitioning are analyzed. This work arises out
of Finnish forest policy statements in which the small average size of holdings has been
seen to have a negative influence on the economics of forestry. A survey of the literature
indicates that the size of holdings is an important factor determining the costs of logging
and silvicultural operations, while its influence on the timber supply is slight.

The empirical data are based on a sample of 314 holdings collected by interviewing
forest owners in the years 1980-86. In 1990-91 the same holdings were resurveyed by
means of a postal inquiry and partly by interviewing forest owners. The principal
objective in compiling the data is to assist in quantifying ownership factors that influ-
ence partitioning among different kinds of NIPF holdings. Thus the mechanism of
partitioning were described and a maximum likelihood logistic regression model was
constructed using seven independent holding and ownership variables.

One out of four holdings had undergone partitioning in conjunction with a change in
ownership, one fifth among family owned holdings and nearly a half among jointly
owned holdings. The results of the logistic regression model indicate, for instance, that
the odds on partitioning is about three times greater for jointly owned holdings than for
family owned ones. Also, the probabilities of partitioning were estimated and the impact
of independent dichotomous variables on the probability of partitioning ranged between
0.02 and 0.10. The low value of the Hosmer-Lemeshow test statistic indicates a good fit
of the model and the rate of correct classification was estimated to be 88 per cent with a
cutoff point of 0.5.

The average size of holdings undergoing ownership changes decreased from 29.9 ha
to 28.7 ha over the approximate interval 1983-90. In addition, the transition probability
matrix showed that the trends towards smaller size categories mostly involved in the
small size categories, less than 20 ha. The results of the study can be used in considering
the effects of the small size of holdings for forestry and if the purpose is to influence
partitioning through forest or rural policy.
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1 Introduction

1.1 Private Forest Ownership

Forest owners in Finland are typically divided
into four major categories: private, companies,
the state and others. The last-mentioned consist
of local authorities, church parishes and other
collective bodies. Private forest owners are indi-
viduals whose ownership is not integrated with
wood processing companies (Statistical Year-
book of Forestry 1995, p. 41). In English speak-
ing countries these private forest owners are re-
ferred to as non-industrial private forest (NIPF)
owners (e.g. Tansey and Hutchins 1988, p. 43—
45), and it is therefore reasonable to use the same
concept when speaking of Finnish private forest
owners in the present context.

NIPF ownership has long roots in Finland, be-
ginning with the early settlement which spread
from the southwestern parts of the country towards
the northeast in the late Middle Ages (Rikkinen
1976, p. 15-24). A Forest Decree of 1734 laid
down that a distinction was to be made between
state other forests, as there was a need to clarify
the land taxation system (Helander 1949, p. 33—
46). The official demarcation of forests began in
the 1770s and has been continued up to the present-
day.

As a result of the early settlement, most of the
non-industrial private forests are still located on
quite good soils and in regions with relatively
favourable climatic conditions in the southern part
of the country. Consequently, the proportion of
the annual increment of the growing stock repre-
sented by them is about 75 per cent, even though
they account for only 62 per cent of the total for-
est land (Kuusela and Salminen 1991). Hence,
NIPF owners play an important role in Finnish
forestry, supplying 70-80 per cent of the domes-
tic roundwood purchased by the Finnish wood
processing companies (Tervo 1986, p. 26, Statis-
tical Yearbook of Forestry 1995).

On the other hand, forests have been important
for the Finnish population throughout history. In

olden times their main roles were as sources of
game, firewood and timber for construction pur-
poses, and from the 17th century onwards they
provided the raw material for the making of tar
and charcoal. The sawn timber industry entered
the picture in the 19th century, and the 20th cen-
tury brought the expansion of sawmills and the
pulp and paper industry (Helander 1949). Along-
side all this, one must not forget the role of the
stumpage incomes obtained by NIPF owners in
the economy of rural areas and that of forestry
work as a source of livelihood. To take an exam-
ple, the stumpage incomes of NIPF owners in 1995
amounted to 7756 mill. Finnish marks (Savela
1996).

Since 1917, when Finland gained her independ-
ence, the pace of partitioning of NIPF holdings
has accelerated continuously, to the extent that
the increase has been approx. 20 000 holdings per
decade in recent times. Where the first Agricul-
tural Census of 1929-30 placed the number of
holdings at 230 000 (Fig. 1), it increased by

holdings
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3000004 - < - -

200000+ -

100000+ -
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Fig. 1. Trends in numbers of NIPF holdings from
1929-30 to 1994.
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100 000 over the next 30 years to reach 330 000.
This dramatic increase is mainly explained by the
settlement policy pursued after the Second World
War, when 140 000 new farms were established
(Ilvessalo 1962). Today the farm register main-
tained by the National Board of Taxation shows
the number of holdings of at least 1 ha forest land
to be about 440 000. This means that the number
has doubled during the independence period. The
increase in the number of small holdings of less
than 20 ha has accounted for much of this, while
the number of large holdings of at least 50 ha has
increased only slightly.

While the number of small holdings has in-
creased the trend in the use of the allowable cut
has been a declining one. After mid-1960’s this
can partly be explained by the increase in invest-
ment in timber production. Thus the annual incre-
ment in the growing stock in the early 1970’s, for
example, was just under 60 mill. m?, but it was
estimated that 80 mill. m? was possible with more
intensive silviculture (Kuusela 1974, p. 74). In
fact, two decades later the annual increment in the
growing stock has reached close to 80 mill. m?,
but the total drain has remained at about 50 mill.
m?® (Statistical Yearbook of Forestry 1995, p. 76).
The majority of the unused volume of timber re-
sources lies in non-industrial private forests. It is
often claimed that this under-utilization is partly
caused by factors such as the small average size
of NIPF holdings and trend towards smaller hold-
ings. These questions have been discussed under
the heading of “fragmentation problems”.

1.2 The Question of the Small Size of
NIPF Holdings

Discussion on the small size of NIPF holdings
began in Finland as early as the end of 19th
century when Blomqvist (1874) worried about
weak condition of silviculture in small-scale own-
ership. Furthermore, it was worried about defor-
estation in small average size of holdings when
the price of timber increases (Gebhard 1897, p.
16-19). Later, Jutila (1924) stated that fragmen-
tation of holdings will complicate silviculture in
private forests and also Saari (1928, p. 15) point-
ed out that small-scale ownership was the least
propitious from the viewpoint of practical forest-

ry. The question was then raised again in a new
form in the early 1970’s (e.g. Metsilon... 1970,
Reunala 1974) and has persisted to the present-
day (e.g. Metsd 2000 -ohjelman... 1985, Met-
sien... 1995). The small average size of holdings
has been seen to entail many disadvantages for
forestry, the major worries having concerned the
economics of non-industrial private forestry and
the continuity of timber supplies from such for-
ests.

The costs of forest holdings are crucial in deter-
mining the profitability of forestry, and the high
average unit costs associated with small holdings
are the primary obstacle to be overcome in con-
nection with their management and harvesting
(Cubbage 1983). The effects of size on average
costs are most significant where mechanization is
concerned, e.g. modern logging operations (e.g.
Doll and Orazen 1978). Apart from the unit costs
associated with silviculture and logging, a small
average size of holding may complicate timber
supply from non-industrial private forests. Some
other disadvantages of small average size and the
partitioning of holdings are also mentioned in
Finnish forest policy statements, such as dimin-
ished possibilities to increase timber production.
Also effectiveness of means of economic- and
forest policy have been seen weakened (Metsi
2000 -ohjelman... 1985, p. 99).

The partitioning process itself similarly has
detrimental effects on forestry. The costs of land
surveying are high and such operations may take
a very long time and may involve the suspension
of all management and felling while they are in
progress (Kiviniemi 1992). Itis also assumed that
the partitioning process bestows certain less ad-
vantageous characteristics on the holding and its
mode of ownership from the viewpoint of timber
supply, e.g. ownership with recreational objec-
tives which are associated with small size of for-
est holdings (Ihalainen 1992, p. 32).

The small average size of holdings and their
partitioning can evidently cause problems for the
economics of forestry, even though recent empir-
ical studies of the behaviour of NIPF owners indi-
cate that the importance of the size of the holding
has been exaggerated (Kuuluvainen 1989). Be-
sides, a large NIPF ownership base can also be
seen to promote the spread of information about
forests and forestry in our increasingly more ur-
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banised and environment-conscious society. Nev-
ertheless, if small holding size and the partition-
ing of holdings are thought to impair the econom-
ic base of forestry, then the benefits of broad-based
NIPF ownership will be of little consequence
(Ripatti and Reunala 1989, p. 4).

In fact, some attempts have been made to cir-
cumvent this partitioning process, especially in
the suggestions concerning the divisions on in-
heritance put forward in the Report by the Com-
mittee on the Size of Woodlot (Metsilon... 1970),
most of which were reconsidered in the Forest
2000 -Programme (Metsd 2000 -ohjelma 1985,
p. 32-34). It was proposed in this programme, for
example, that the partitioning of NIPF holdings
into units smaller than 10 hectares should be made
illegal, but this has never been implemented in
practice.

In addition, there is considerable confusion
about the interpretation of concepts related to the
size of forest holdings in Finland. The concept of
partitioning has been understood in several ways.
It means first of all the breaking up of holdings
into two or more smaller units. This does not nec-
essarily mean fragmentation, however, as one or
more of the units of a partitioned holding may
transfer to an individual who already owns forest,
so that the final result may even be consolidation.
To take a hypothetical example, if a holding is to
be partitioned into three units, it may be that two
units will be transferred to individuals who are
not NIPF owners and one to an existing forest
owner. This can be seen in the size distribution of
holdings in a relative increase in both small and
large holdings and a decrease in that of medium-
size holdings. In fact, the above example describes
very well the reality of current trends in the size
distribution of NIPF holdings in Finland.

Also, estate structure, i.e. the shape and number
of forest parcels and their position in relation to
each other, is an important point related to the
discussion of the size of NIPF holdings (Alho
1968, Hikkild 1974). There has even been talk of
“fragmented forests” or “fragmented holdings”
(e.g. Jylhd 1988, Kantee 1988, Kontteli 1988).
Research into the forestry behaviour of NIPF
owners in the United States has similarly failed to
make a clear distinction between ownership size,
parcel size and treatment size (Cleaves and Ben-
nett 1995, p. 70). The most common measure of

size is nevertheless the area of forest land in the
possession of a single owner, although the signif-
icance of the area depends, in the first place, on
the size of the growing stock on the holding. There
is no other measure, however, that can be accept-
able as the basis for a theory of size, as all the
concepts either attempt to measure size by refer-
ence to one resource only or reflect a normative
view of resource requirements based on average
input-output data (Ritson 1977, p. 205).

1.3 Aim and Outline of This Research

From the point of view of Finnish forest policy,
the prevention of partitioning has not achieved
the desired results. One reason may be that the
forest policy measures have not been accurately
targeted, and another that the institutional barri-
ers designed to circumvent the partitioning proc-
ess are scattered throughout much of what is a
highly fragmented system of administration. It is
evident that any attempt to influence partitioning
via forest policy requires extensive co-operation
between separate administrative bodies.

In countries dominated by NIPF ownership, one
problem facing forest policy is how to influence
the development of the structure of NIPF owner-
ship so that it would meet the goals of national
policy as regards to the role of forestry (Riihinen
1986). Therefore, the task of forest policy makers
is to collect and unify the fragmented information
on the factors influencing partitioning. In order to
carry out efficient forest policy, information on
holdings and the ownership factors lying behind
partitioning and its implications for the size dis-
tribution of NIPF holdings must be available as
the starting point for preventing partitioning.

The topic of this research is thus derived direct-
ly from Finnish forest policy, the aim being to
identify those characteristics of holdings and their
ownership that influence partitioning by provid-
ing a model that can be used as a screening tool
for forest policy measures. Such a model is useful
as an aid to determining and interpreting the fac-
tors that need to be taken into account in order to
influence partitioning through forest policy. It is
then the task of forest policy makers to employ
instruments that blend in with the model (Veh-
kamiki 1986, p. 7-8). However, before any forest
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policy measures are taken, it is important to com-
pile and evaluate the results of investigations re-
garding the economics of forestry and the forest-
ry behaviour of NIPF owners in relation to hold-
ing size.

It should be emphasized that although the focus
of this research is on the size of NIPF holdings,
mostly one aspect, partitioning when holdings
change hands, is treated exhaustively. Only pass-
ing attention is paid to the mechanism of parti-
tioning and to changes in the size distribution of
holdings. The objectives of the work are as fol-
lows:

— to review the literature related to forest holding
size

— to describe the mechanisms of partitioning be-
tween different types of ownership

— to analyse the characteristics of holdings and their
owners that affect partitioning

— to describe changes in the size distribution of the
holdings.

In an earlier investigation into ownership factors
affecting the partitioning of NIPF holdings in
Finland (Ripatti 1993), the author employed dis-
criminant analysis, which yielded only the signs
of the effects exercised by the variables. The
principal objective here was therefore to quantify
holding and ownership characteristics that influ-
ence partitioning among different kinds of NIPF
owners, for which purpose a formal socio-eco-
nomic micro-model is developed and tested, which
describes the structural factors lying behind par-
titioned holdings. To find an answer to the ques-
tion why some holdings are partitioned in con-
junction with a change of ownership and some

10

not, will be performed. It is concluded that a
bivariate approach is needed, implying that logis-
tic regression analysis can be used. Therefore
each holding is coded as one (partitioned) or zero
(unpartitioned).

The research is explorative in character and due
to the lack of longitudinal data, the effects of par-
titioning on both the average size and the size
distribution of holdings are no more than indica-
tive of certain trends. The work advances as fol-
lows. A review of the literature on the economics
of forest holding size and previous research into
partitioning will be presented in Chapter 2, and
the frame of reference, including a historical re-
view of forest ownership, property rights relating
to forest ownership, structural changes in society
and in NIPF ownership and the control system
that regulates forest ownership, will be analyzed
in Chapter 3. This chapter will conclude with an
a priori model for partitioning. The material and
methods employed in the research will be ex-
plained in the Chapter 4.

The empirical results will be presented in three
parts in Chapter 5. First, the mechanism of parti-
tioning will be demonstrated, and secondly, the
results of the logistic regression models will be
given. Although the subject is of national scope,
the supporting empirical results will be drawn from
Southern Finland and also the southwestern and
southeastern corners of the country. Finally,
changes in the size distribution of the holdings
will be assessed. The results will be discussed in
Chapter 6, and a list of the variables used, the
detailed statistics and the outputs from the logis-
tic regression models will be presented in appen-
dices.

2 A Survey of Earlier Research

Most research into forest holding size has been
done in countries dominated by NIPF ownership,
and the relationship between these two facts is an
obvious one. There are a number of studies carried
out in Finland (e.g. Metsdlon... 1970, Karppinen
1988, Ripatti and Reunala 1989) and in the United
States (e.g. Schallau 1965, Row 1978, Straka et
al.1984, Cleaves and Bennett 1995), although hold-
ing size is often discussed in general terms. Little
research has been paid to these questions in other
countries (see Cubbage 1983, Cleaves and Bennett
1994). In this chapter the literature on the econom-
ics of forest holding size is cursorily reviewed in
section 2.1 and the findings regarding NIPF own-
ers’ forestry behaviour in relation to holding size
are discussed in section 2.2. Section 2.3 concen-
trates on research into partitioning.

2.1 Literature on the Economics of
Holding Size

Scandinavia

Andersson (1965) used a synthetic model of a
36 000 ha forest on an even-aged 100-year rota-
tion to examine highly mechanized versus con-
ventional forestry methods in Sweden. The anal-
ysis included all the costs of managing and oper-
ating a forest enterprise for the two alternatives
employing parcels varying in size from 11.5 to
360 ha. The variation in the average costs of
felling areas ranging from 45 to 360 ha (corre-
sponding to harvests of 1800 m?® to 14 000 m?)
was less than 5 per cent. When the annual area
felled was below 30 to 40 ha (1200 m*to 1600 m?
harvests) costs increased rapidly, especially in
the highly mechanized alternative. Andersson
noted that if revenues remained constant of the
area felled annually, the profit would decrease by
as much as the operating costs increased. It should
be stressed that though Andersson’s study is out-
dated, it is still, however, trendsetting.

In Finland, the Ad Hoc Committee on the Size
of Woodlot (Metsilon... 1970) discussed the prob-
lems of a small average size of NIPF holdings and
of an unfavourable NIPF estate structure in gen-
eral terms, but concentrated largely on methods
which could help prevent the partitioning of hold-
ings and promote development of the estate struc-
ture. The possibilities forincrease the average size
were also discussed.

Himildinen (1973), who compared the contri-
bution profits of small (37 ha) and large (9500 ha)
holdings by determining their revenues and ex-
penditures, found stumpage price revenues per
hectare to be 6.5-11.1 per cent higher on the large
holdings, depending on the length of forest rota-
tion. Furthermore, because of the more rational
timber harvesting methods their logging costs
operations were also smaller. On the other hand,
no administration costs were marked down for
the small holdings. Allin all, the contribution profit
per hectare with the ordinary 70-95 year forest
rotation in Finland was usually approximately the
same for the small and large holdings. When the
forest rotation was shortened the contribution prof-
it of the large holdings become definitely less
advantageous, mostly due to their administration
costs.

Vesikallio (1974) compared the costs of silvi-
cultural and logging operations in small and large
management units in Finland, his empirical re-
sults clearly indicating that the smaller the parcel,
the greater the cost per unit volume of timber.
Later Finnish studies regarding the costs of log-
ging as a function of size of area felled have at-
tained similar results (e.g. Linjala 1986).

In Norway, Noer (1975) evaluated the effect of
the size of forest holding on 12 cost and yield
factors, using hypothetical parcels 1000 metres
long and of four widths, yielding areas of 1, 5, 20
and 50 hectares. Model 100 000 hectare forests
composed exclusively of a given parcel size were
considered, and the costs of the smaller parcels
were compared with those of the largest parcel of
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three harvest levels. The costs on the 50 ha parcel
were usually taken as the basis for comparison, so
that the results reflect comparative costs and not
the absolute costs for each parcel size. The results
indicate, for instance, that even 5 ha parcels en-
tailed costs almost double those affecting the 50
ha parcels. It was only at the level of 20 ha parcels
that the costs were broadly similar to those of the
50 ha parcels with only a few exceptions.

The United States

Cubbage (1983) reviewed the theoretical basis
for the economics of forest holding size in the
United States and the literature on forest econom-
ics associated with holding and parcel sizes. Nu-
merous theoretical and applied studies of size
exist, but they require modifications to be adopt-
ed to forestry practices. The uneconomic aspects
of small holding size, reflected in high average
unit costs, are thought to be a primary reason for
the assumed underproductive nature of NIPF and
other small forests.

Small size in itself makes the costs of manage-
ment and harvesting excessively high as compared
with larger industrial and government holdings.
In addition, economies of holding size affect the
cost of delivering assistance. The difficulties en-
countered in combining small holdings or parcels
may partly determine how readily industrial com-
panies are prepared to develop economic man-
agement units and thus may change the location
of the industry and its markets. Administrative
costs are higher when timber is bought from nu-
merous small parcels rather than a few large ones
(Row 1978).

The statistical cost research performed by Wik-
strom and Alley (1967) on the control of National
Forests of the United States found that the size of
the area was the most critical variable affecting
management costs, where the management prac-
tices examined included slashing, burning, pil-
ing, terracing, pruning and thinning. The cost per
hectare for all these practices increased rapidly
with decreases in the size of the area, particularly
for areas smaller than 20 to 25 ha. Likewise,
Walbridge (1967) found that for highly capital-
ized harvest systems careful attention must be paid
to the frequency and length of the move. Move
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distances in excess of 15 kilometers in the case of
parcels of less than approximately 600 cubic
metres total volume were found to be a signifi-
cant factor in the total cost of harvesting when
mechanized systems were used.

Sutton (1973) discussed several efficiency ad-
vantages of small NIPF holdings which might
offset their disadvantages. Firstly, their timber can
be sold on the free market at any time, depending
on the price. The owner can avoid financial loss
with only minimal risks by holding on to his tim-
ber. Secondly, and most important, owners of
small holdings have much more flexible manage-
ment alternatives and are often the first to accept
new techniques. Thirdly, owners of small hold-
ings have low overheads and administration costs
and can often use state roads instead of building
their own. Lastly, since they have no national or
company interests or status to worry them, and
since they are spending their own money rather
than someone else’s, they have every direct in-
centive to reduce costs.

Row (1973), addressing questions of the eco-
nomics of holding and parcel sizes, developed an
extensive computer simulation model using the
synthetic firm approach to analyze financial re-
turns from southern pine timber growing. The sim-
ulator package tested the sensitivity of financial
returns to the area of the parcel, indicating that the
fixed costs entailed in forest management were
the primary determinants of the average costs of
forestry operations, and that the magnitude of the
fixed costs was directly related to the level of
mechanization. The effect of planning, adminis-
tration and inspection on the average fixed costs
for each parcel was reduced when several parcels
were combined, while conversely, the average
fixed costs increased when separate parcels were
included in the contract as compared with the same
acreage contained in one contiguous parcel. The
average area per parcel also influenced the varia-
ble costs slightly. Therefore parcels should be
contiguous if combining them to reduce costs is
to be successful.

Thienpont et al. (1976) surveyed completed
logging operations in the Southeast United States
to determine whether small parcel sizes had suf-
ficient volumes to amortize both the fixed and
variable costs attached to different harvesting
systems and still provide a profit. They found that
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mechanized systems required at least 10 ha or
about 1300 cubic metres make harvesting a via-
ble proposition. Bobtail truck systems dominated
the harvesting of small areas or volumes, and if
bobtail crews ceased operating, small parcel sup-
plies would not be economic at current levels of
pulpwood harvests. The volumes harvested on
small parcels were to increase, however, felling
might become economic in the future.

Vasievich (1980) developed a set of L-shaped
inverse function cost curves that did not approach
a minimum until about 450 ha, while Hunter
(1980) found a decrease in parcel size statistically
significant in reducing stumpage incomes for
pulpwood, supporting the hypothesis of higher
harvesting costs on small parcels. He did not find
this to be the case for sawn timber, however.

Gardner (1981) found that larger parcels have
lower average reforestation costs than small ones,
but investments in small parcels could return an
acceptable yield of 6 per cent when subsidy pay-
ments were included in the financial analysis. Even
without subsidy payments, most reforestation
methods provided adequate returns on small par-
cels, assuming that no stumpage discounts were
applied to the timber crop. Cubbage (1981), using
an economic engineering approach, found that
large tree length systems, highly mechanized full-
tree systems and whole-tree chipping systems
incurred high average harvest costs on small par-
cels of land. Even though such parcels generally
had average harvest costs as low as or lower than
conventional southern pine short wood harvest-
ing systems, they did not approach their minimum
cost level until about 30 to 55 ha, depending on
the degree of mechanization and capital invest-
ment in the system.

Fox et al. (1989), studying the effect of plan-
ning unit size on the implementation of forest plans
in north central Arizona using a computer-aided
decision support system, found that, although the
differences between large and small areas were
not dramatic, the results were consistent with the
commonly held hypothesis that applying forest
plan standards and guidelines to large planning
areas is less restrictive than their application to
small areas.

Finally, it should be stated that though the above
results from the United States are supranational
in their main principles, they are not directly gen-

eralizable to Finnish conditions due to differenc-
es in logging and silvicultural practices and insti-
tutions.

2.2 Findings on Forestry Behaviour
Related to Holding Size

The size of forest holding has been considered an
important background factor in most studies of
the forestry behaviour of NIPF owners, and has
been used both as an independent variable and as
an interaction variable in multi-equation models.
In the United States, Binkley (1981), for instance,
proposed that the smaller the area of forest land,
the smaller the likelihood of timber sales per
holding, and Cleaves and Bennett (1995) came to
the same conclusion when studying timber har-
vests by NIPF owners in Oregon. Although the
size of forest holding was the main factor ex-
plaining timber harvests in cross-tabulations, the
authors noted that this was in turn associated with
length of ownership, type of ownership, occupa-
tion and personal income levels, suggesting that
it may subsume subpopulations with different
demographic profiles and types of harvesting
behaviour.

Cleaves and Bennett (1994) also reviewed 21
investigations carried out in the United States,
Canada and Scandinavia concerning the holding
size lying behind NIPF owners’ forestry behav-
iour, as well as studying holding size effects on
the basis of their own harvesting research con-
cerning Oregon NIPF owners, in which holding
size variables were evaluated for their ability to
distinguish unit, parcel and holding size. Most of
the research did not distinguish these size ele-
ments. The term tract, for instance, had been used
ambiguously. The samples for the NIPF owner
surveys had been drawn either proportionally from
the population, on an areal basis or according to
participation in given behavioural activities. The
second of these approaches is the most sensitive
to potential areal effects, as it overrepresents large
holdings. Most of the research had used dichoto-
mous choice to describe behaviour, e.g. harvest-
ing or not, and the most common reporting period
was five years.

The Oregon research demonstrated that the fre-
quency of timber harvests increases with holding
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size and decreases with the number of parcels,
showing the typical direct relationship between
size and timber harvests over five years, i.e. the
most commonly reported period. Thus, the major
conclusion derived from the 21 reports and the
Oregon research was that if one aims to study the
size effects of NIPF holdings cautiously, the size
variable should be designed to be relative in char-
acter, e.g. fellings per hectare over a sufficient
length of time (Cleaves and Bennett 1994, p. 205—
206).

Most investigations into the timber sales behav-
iour of NIPF owners in Finland (e.g. Jéirveldinen
1988) also indicate that the frequency of timber
sales and the annual volume felled per hectare in-
crease with holding size, though this association
is not necessarily an entirely straightforward one
(Karppinen and Hénninen 1990, p. 39). In addi-
tion, this factor has some indirect effects on tim-
ber sales behaviour, in that high age of the owner,
heir-owned holdings and recreational objectives
in forest ownership are all associated with lower-
than-average holding size. Felling of timber for
sale is less prevalent among elderly and recrea-
tionalist owners and among heirs than among
NIPF owners as a whole (Karppinen and Hénni-
nen 1990, Thalainen 1992, Kuuluvainen et al.
1996).

Although most investigations indicate that small
holding size is detrimental to the timber supply,
results indicating only a slight influence have also
been obtained, especially in conjunction with
multi-equation models (see Dennis 1989, Kuulu-
vainen 1989, Kuuluvainen and Ovaskainen 1994).
In addition, an interesting approach was employed
by Hyberg and Holthausen (1989), who used both
profit maximizing and utility maximizing models
to study the timber management behaviour of
NIPF owners. Neither indicated any positive cor-
relations with size of holding.

Apart from affecting commercial felling, a small
average size of holding has been found to detract
from silvicultural activity. Almost 40 years ago
Holopainen (1957, p. 18-19), for instance, sug-
gests that the size of holding seems to be an im-
portant factor affecting the silvicultural measures
taken, and Jérveldinen (1971, p. 16-17) likewise
hypothesises that it is a significant factor lying
behind silvicultural activity, confirming this with
empirical findings. However, recent empirical
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results based on micro-data from southeastern
Finland (Ovaskainen et al. 1994) indicate that
voluntary silvicultural operations per hectare, e.g.
seedling stand improvements, were greater in the
case of smaller holdings (less than 20 ha) than of
larger holdings.

Results regarding the investment behaviour of
NIPF owners in the USA similarly indicate that a
small size of holding discourages investment be-
haviour (e.g. Webster and Stoltenberg 1958,
Marlin 1978, Boyd 1984, Straka et al. 1984, Hol-
mes 1986, Greene and Blatner 1986). Straka et al.
(1984, p. 495), for instance, came to a conclusion
that this relationship centres on the economies of
holding size, diminishing marginal utility, and the
NIPF owner’s alternative rate of return. Later stud-
ies using a logistic regression approach, however
(Romm et al. 1987, Royer 1987), indicate that a
small size of holding does not significantly influ-
ence the probability of forestry investment by
NIPF owners.

Owners of small holdings also experience effi-
ciency-related problems such as a lack of liquid
investments and poor cash-flow (Glascock 1978),
higher risks of loss due to fire, insects or disease
(Row 1973), and greater market risks or uncer-
tainty regarding the prices they will receive for
their product (U.S. Department... 1978). Federal
income tax provisions in the US similarly allow
forest owners to offset a large proportion of their
costs immediately and to pay only capital gains
tax on the proceeds from growth. While these are
essentially scale-neutral, they tend to benefit
owners of large holdings (Row 1973).

When Thompson and Jones (1981) classified
NIPF holdings in eastern Oklahoma into three
groups by holding size, they found that forest man-
agement objectives varied markedly between the
size classes. Owners of small holdings (less than
about 25 ha in size) used their forest for timber
production less often than did owners of large hold-
ings. In addition, harvesting and stand improve-
ment were minimal among owners of small hold-
ings, who similarly did not appear to be interested
in forestry extension programmes. A recent in-
vestigation into the forestry extension behaviour
of NIPF owners in Finland (Hinninen and Viitala
1994) indicates that owners of small holdings use
extension services less than those of large hold-
ings.
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Row (1978) enumerates many of the secondary
effects of small parcel size that influence the eco-
nomics of forestry extension. Owners of small
parcels, for example, pay less attention to public
extension programs. Also, the benefits of charge-
able assistance depend on how large an area the
assistance concerns, due to the partly fixed costs.
From the viewpoint of society as a whole, the ef-
fect of assistance is influenced by both the costs
of the program and the social value of increased
timber availability or other benefits. Even if the
values to the public exceed the cost, unit costs are
higher in relative terms for owners of small par-
cels than for owners of large ones.

2.3 Research into Partitioning

Partitioning has been studied using existing sta-
tistical sources, e.g. by Karppinen (1988) and by
examining the factors affecting it at the holding
level, e.g. by Schallau (1965). The first of these
approaches involves calculating trends using ag-
gregate data, so that it is impossible in practice to
incorporate holding and ownership characteris-
tics into the analysis, whereas the second typical-
ly uses data on individuals, i.e. micro-data, and
succeeds in relating partitioning or changes in the
area of forest land to holding and ownership
characteristics. As the present work is concerned
with the latter approach, suffice it to say that
considerable attention has been paid to the avail-
able statistics so far.

The first evaluation of trends in numbers of NIPF
holdings was published as long ago as the 1930s
(Osara 1935), the material being based on the first
Agricultural Census to be held in Finland, that of
1929-30. The work highlights early trends in the
number of holdings and changes in settlement
policy from the end of the 19th century up to the
time of the census.

The Report of the Ad Hoc Committee on the
Size of Woodlot (Metsilon... 1970) described the
size and estate structure of NIPF holdings and
discussed the methods which could help prevent
the fragmentation of holdings. It also discussed
means of improving the NIPF estate structure, for
instance, and of combining the separate parcels
of asingle holding or enlarging holdings. The most
effective way of preventing fragmentation was

seen to be the restriction of partitioning by means
of special legislation applying to inheritance.
Together with the loan system, this was thought
capable of influencing the partitioning of hold-
ings. The enlargement of silviculture and logging
units, joint ownership and co-operation among
NIPF owners were also discussed.

Karppinen (1988) studied trends in the number
of NIPF holdings in Finland during this century.
The early statistics were based on Agricultural
Censuses covering the years from 1929-30 to
1969, and more recent data were from the farm
and forest holding register maintained by the
National Board of Agriculture. The results sug-
gest that it is quite difficult to derive any reliable
conclusions, as there were substantial differences
in the definitions of a farm and the forest area
belonging to it. Statistics describing trends in the
number of NIPF holdings have also been present-
ed by Ripatti and Reunala (1989), who estimated
that number of holdings had increased by a good
20 000 each decade since the 1950’s and conclud-
ed that the annual statistics contained in the farm
register maintained by the National Board of Tax-
ation are the most suitable for continuous moni-
toring.

Kampp and Rikkinen (1973, 1974) used the
Archives of the National Board of Survey to de-
terminate changes in the number and ownership
of farms in the village of Levanto in southern Fin-
land from the Great Partition of 1787 to the com-
pletion of the New Partition in 1916 and on to the
period 1916—-1973. Four stages in the history of
the number of farms can be distinguished: the early
settlement period, the early independence period,
the resettlement period following the Second
World War, and the period of surplus agricultural
production from the mid-1960’s onwards.

Kupiainen (1991) also studied partitioning by
looking into the historical development of a vil-
lage as a whole and of two individual farms, point-
ing out that this case study approach can bring out
details which cannot be perceived from a statisti-
cal analysis. His description of the historical pat-
tern of land ownership was as similar to that of
Kampp and Rikkinen.

The first research concentrating particularly on
factors affecting the partitioning of NIPF hold-
ings was carried out in the United States (Schal-
lau 1965). This used data on individuals, i.e. micro-
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data, as will be done here. The material was based
on a sample of 334 holdings collected from a coun-
ty tax register in northern Lower Michigan, and
the aim was to develop a regression model to ex-
plain the factors affecting the fragmentation of
holdings between 1946 and 1962. The most sig-
nificant factor was change in the area under ab-
sentee ownership.

Binkley et al. (1980) also used a county tax reg-
ister to formulate a model for determining trans-
fers of land holdings in the Adirondack region in
the northern part of New York State between 1970
and 1980. The probability of a holding changing
ownership was estimated as a function of size and
type of ownership. As the authors expected, the
logit model showed that large holdings were less
likely to change hands than smaller ones, and that
the transfer rate was higher among NIPF owners
than in other ownership groups.

Like Cleaves and Bennett (1994), Dennis
(1992), provides a synthesis of the results of sev-
eral empirical studies of the forestry behaviour of
NIPF owners in the United States, filied out with
his own empirical results on trends in the size
distribution of forest holdings in Vermont and New
Hampshire from 1973 to 1983. Parcelization of
NIPF holdings and affluence among owners are
included in the scope of the discussion. The over-
all trend seem to be towards smaller holdings and
more affluent owners, which the author regards
as likely to be detrimental to both the availability
of timber and access for public recreation.

In Finland, Ripatti (1993) used discriminant
analysis to examine holding and ownership fac-
tors affecting partitioning at the holding level.
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Ownership changes through inheritance, the area
of forest land, use of a holding mainly for recrea-
tion etc., under-use of the allowable cut, residence
in an urban district and large area of arable land
increased the probability of partitioning, while
family ownership and permanent residence on the
holding reduced it. Only the signs of the effects of
these independent variables were given by the
analysis, however, but the question of the extent
of their influence was considered to be beyond
the scope of the research. In addition, changes in
the areas of forest contained in NIPF holdings in
southeastern Finland were studied by Ripatti
(1992). The average gross decrease in the area of
forest land was 1.7 ha, while the average gross
increase was 1.2 haduring 1986-91. Consequent-
ly, the average size of holding decreased from
32.5 hato 32.0 ha. The main factors affecting the
changes in the area of forest land were the inher-
itance system, resulting in a decrease of 0.7 ha,
and reclassification of the forest land, producing
an increase of 0.4 ha per holding.

Aninventory of NIPF estate structure produced
by the National Board of Land Survey (Mustonen
1987, Kantee 1988, Selvitys... 1988) shows both
the smallest and the most irregularly shaped es-
tates to exist in Ostrobothnia and the southern and
northwestern parts of Finland. Attempts were
made to relate the present size and shape of es-
tates to partitioning, but inventories of this kind
are based on data from the Basic Map and there-
fore they cannot relate estate structure to owner-
ship. In any case, use of the Basic Map makes it
difficult to distinguish forest land from other land
use types on estates.

3 Frame of Reference

3.1 Remarks on the Approach

Arrangements for the transfer of ownership of
NIPF holdings are often bound up with many
institutional factors, especially the inheritance
system and farm legislation, in addition to which
social change also has direct and indirect effects
on the manner in which such arrangements are
carried through. As with other changes in proper-
ty ownership, the former and subsequent owners
of a NIPF holding evaluate its continuity in the
light of their own circumstances, although such a
transfer may also be a passive process, depending
on whether the recipient party wants the holding
or not. Such disturbances can be expected to lead
to unexpected ownership changes.

An additional feature associated with the theo-
retical basis for this work can be seen in the con-
ceptual apparatus which guided the frame of ref-
erence to be applied. It is assumed that one factor
lying behind NIPF ownership change arrange-
ments concerns the differences in present day
settlement conditions and the history of settlement
between the western and eastern regions of Fin-
land. This means that the analysis of factors af-
fecting NIPF holdings will be linked to the re-
gional variations in the degree of development of
NIPF ownership (see Jarveldinen 1971).

Since most non-industrial private forests have
traditionally belonged to farmers, the development
of the farm legislation to alevel at which it provides
for the prosperity under present-day conditions
means that farm husbandry should be taken into
consideration. Besides, the average length of own-
ership is sufficiently long that most of the holdings
studied here must have initially been owned by
farmers. Also, the fact that NIPF holdings are al-
ways located in rural areas whereas an increasing
number of owners are coming to reside in urban
areas should be taken into consideration. This dis-
crepancy reflects changes in social environment
from urban to rural areas which are associated with
the characteristics of holdings and their ownership.

No specific theory has been developed to cope
with this topic, but the general theory of structural
change of society presented by Riihinen (1990)
might provide a Suitable starting point for the
construction of a frame of reference, as it helps us
to take changes of social positions and social in-
stitutions within various regions into considera-
tion. Structural change itself can be explained in
many ways, typically as processes in which parts
of regions, actions and society are replaced in a
new quality structure. Structural change may also
be understood as an adaptation to new external
circumstances (see Hjerppe 1988, Pajuoja 1988,
Tykkyldinen and Kavilo 1991). Using Riihinen’s
theory as a basis, however, an additional feature
is provided by an overall consideration of the
description of the mechanism of social change by
means of the theory of cumulative growth and
regional differentiation as adapted by Myrdal
(1964) and Riihinen (1965).

The idea of the frame of reference is illustrated
in Fig. 2. Changes in social position, e.g. occupa-
tional structure, and social institutions, e.g. social
environment, and also the system controlling the
transfer of NIPF ownership, the latter in turn con-
sisting of the inheritance system and farm legisla-
tion, are the major elements influencing changes
in NIPF ownership. The impact of social change
is assumed to accumulate in NIPF ownership, so
that it may be described through structural factors
inherent in the latter. In addition, social institu-
tions have some direct effects on ownership
change arrangements, although these are difficult
to demonstrate.

The above framework will serve as a tool for
the empirical part of the work, to be presented in
this chapter. It should be stressed, however, that
the elements of the frame of reference will be dis-
cussed separately. The discussion will proceed as
follows. First, in order to understand the present-
day conditions, a historical review of land owner-
ship and its rights in Finland will be given. Sec-
ondly, we will discuss the system controlling the
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Fig 2. Frame of reference for this research.

transfer of NIPF ownership, after which social
and NIPF ownership changes will be described,
and finally an a priori model will be formulated.

3.2 A Historical Review of Forest
Ownership

The spread of settlement to Finland took the form
of the establishment of individual houses (farms)
in the hitherto uninhabited interior of the country,
which later formed the basis for villages. As
villages formed, the adjacent forests were regard-
ed as belonging to them, while the extensive
parcels of forest beyond were considered com-
mon land, over which newcomers possessed rights
of settlement, for instance (Hakkild 1977, p. 32).
The increase in taxation rights over cultivated
land and the clarification of such rights is one
factor which contributed to the further develop-
ment of the land division system in the kingdom
of Sweden-Finland that existed in that time. The
very earliest taxes treated all farms equally, and
thus the taxation records for this period serve
simply as indications of the number of farms in
the village. With the introduction of land divi-
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sion, however, taxation came to be based more
and more on the area under cultivation and the
size of harvest obtained (Wiiala 1952, p. 190-
196, Siuruainen 1978, p. 69).

In 1542, King Gustav Vasa decreed that the
rights to all uninhabited land should revert “to
God, the King and the Crown of Sweden” (e.g.
Haataja 1949, p. 33-38). One consequence of this
was that henceforth any new settlers enjoyed rights
of occupation rather than of possession over the
land which they had cleared. A further statute
enacted in 1683 drew boundaries between village
lands and common lands in places where no such
boundaries had existed (Linnamies 1970, p. 108—
109), and later, in 1734, it was ordered that bound-
aries were to be established between private and
State forest lands. This could be seen as the be-
ginning of the present-day concept of non-indus-
trial private forest ownership.

The Great Partition, which began in the 1750’s,
defined forest ownership more precisely, through
a detailed act of parliament passed in 1775. Its
purpose was to gather the farms which had be-
come dispersed as a result of the plot system into
asmaller number of integral units, and at the same
time to distribute the forests of a village among its
inhabitants (Riihinen 1963, p. 8). The Great Par-
tition as applied under Swedish rule meant a ma-
jor advance in rural settlement in southern and
western Finland, though it scarcely altered cir-
cumstances in eastern Finland at all, where the
farms still possessed relatively large parcels of
land. All told, the Great Partition period, 1749—
1805, provided for the reapportionment of over
six million ha of land and the creation of 6000
farms and almost 23 000 tenant farms. The popu-
lation of Finland also doubled during this period,
reaching almost 900 000 inhabitants by the latter
date (Siuruainen 1978, p. 71). The Great Partition
evidently gave rise to a number of independent
hereditary farms, which after further division have
yielded the majority of the present-day small
farms.

The first major state intervention in the forma-
tion of farms came in 1918, with the Leasehold
Property Laws, by which tenant farmers were
permitted to acquire the land which they had
farmed at a modest price. The purpose of this law
was to improve the economic and social position
of the large class of dependent tenant farmers
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which had emerged during the 18th and 19th cen-
turies (Kallio 1954, p. 5). In accordance with the
law, some 47 000 tenant farms and approx. 55 000
other leasehold estates were established. With the
aim of creating new farms and rendering existing
small farms more viable by increasing their land
area, a law was passed in 1922 to allow the acqui-
sition of land for settlement purposes either from
state-owned lands or by voluntary or compulsory
purchase (Siuruainen 1978, p. 75).

The increase in the number of farms continued
between 1930 and 1960, caused by first of all by
the government’s settlement policy, embodied in
the Settlement Law of 1922 and later in that of
1936, which was similar in principle. Both laws
maintained that farms should be of a sufficient
size to supply wood for household use only
(Helander 1949, p. 322). Execution of the Settle-
ment Law of 1936 was interrupted by the out-
break of the Winter War in autumn 1939, howev-
er, and in the wake of this war Finland was obliged
to cede large territories to the Soviet Union. To
provide land for the people who had lost their farms
and others who were homeless, an emergency
Resettlement Act was passed in 1940. Implemen-
tation of this was again interrupted, by the out-
break of the Continuation War against the Soviet
Union in 1941.

After the Continuation War Finland was again
faced with having to cede large areas of land to
the Soviet Union, including the province of Kare-
lia. In order to deal with the enormous problem of
rehousing refugees from these areas, the Land
Acquisition Act was passed in 1945 (Siuruainen
1978, p. 75-76). According to Hietanen (1984, p.
212), only one farm in every three that was estab-
lished during the period up to the Second World
War can be ascribed to settlement activities, but
the estimate tells us nothing about the post-war
era. [lvessalo (1962, p. 149-152) emphasizes the
detrimental effects of this resettlement policy on
forestry, in that forest land already being man-
aged rationally was given to small forest owners,
which meant less effective utilization. The reset-
tlement policy naturally also interfered with the
partitioning of NIPF holdings.

3.3 Property Rights Relating to Forest
Ownership

This chapter discusses briefly the history of prop-
erty rights relating to forest land. The discussion
is focused on the theory and development of such
rights and on interventions in private land owner-
ship in Finland. Demsetz (1967) formulated a
theory of property rights which predicts that laws
that define and enforce rights and duties regard-
ing an economic asset appear at the point where
the property in question begins to increase in
value. Later, Alchian (1987) defined property
rights as socially enforced rights to select the
economic uses to which property may be put.
Property rights are always restricted in some
way. Recent studies of the evolution of rights
with respect to land have focused on changes in
the property rights system as part of a complex
process in which the historical setting plays an
important role (Kantor 1991, Eggertson 1992,
Ellickson 1993, Roos 1996).

According to Roos (1996, p. 2-3) a person will
use resources to enforce private property rights if
it is profitable to do so. Enforcement by the indi-
vidual of his or her private rights is socially unpro-
ductive, however, sothat when individuals increase
their efforts to protect their rights, the total demand
for the provision of more precise property owner-
shipinstitutions in society increases. These institu-
tions can be supplied by the local community or by
an outside authority, and they can consist of either
formal laws or informal norms. If this demand is
satisfied, individuals can direct more of their ef-
forts towards productive activities and less towards
the enforcement of their property rights.

Property laws that increase welfare, however,
are not automatically imposed by society but rather
their supply depends on the authorities’ efficien-
cy and impartiality. Furthermore, in the likely
eventof anew property rights system that increases
total welfare not being a pareto-improvement, the
winners in an institutional change must be power-
ful enough to steer it through, or else make com-
pensatory side-payments to the losers. It is as-
sumed here, however, that when no property rights
exist, such institutions will emerge as an asset
increases in value.

Roos (1996) inferred that the above theory
would provide a model for the evolution property
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rights over forest land in Sweden. Users of forest
spend more resources on property rights enforce-
ment as the forest resources become more valua-
ble — in either monetary or non-monetary terms —
asrivalry increases, as exclusion becomes cheap-
er, or as common-use privileges diminish. Con-
flicts can emerge in this process, and new laws
that define property rights are normally imple-
mented. New uses for the forests have changed
the relative value of different forest resources from
time to time throughout history, and if rights have
not already been defined, one would expect con-
flicts result from each such change and new prop-
erty rights institutions to be subsequently enforced.

In general, the evolution of rights to forest land
ownership has proceeded in a straightforward
manner from open access or acommon land own-
ership system to the modern private property rights
system that prevails in Finland. Nevertheless, dif-
ferent interests have been trying to adjust the land
ownership system throughout the country’s his-
tory according to their own priorities. At least four
stages can be defined in the evolution of Finnish
NIPF ownership institutions in the current centu-
ry, although the boundaries between these stages
are indeterminate and the stages themselves have
varied in length from a matter of years to decades.

In the first stage, until the early 20th century, a
transition in private land ownership took place
from common or village ownership to individual
ownership. The rights and duties of ownership
were clarified, and were defined and protected by
law. One characteristic of this period was the de-
velopment from extensive to intensive ways of
using the forests. Simultaneously rights of own-
ership were strengthened along with the increased
duties of ownership.

Finnish settlement policy in the period 1918—
58 comprised the second stage, during which there
was considerable state intervention in private land
ownership rights. This period was characterized
by unusual social conditions, which were tried to
solve by means of efficiency land policy. The
Leasehold Property Law of 1918 was a response
to the economic and social problems caused by
the existence of a landless rural population, and
settlement laws were implemented after the Sec-
ond World War in order to guarantee a living for
those who had lost their lands and homes in con-
junction with the wars against the Soviet Union.
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In accordance with this settlement legislation, the
state intervented in land ownership rights by ex-
propriating land from private persons and com-
panies (Linnamies 1970). While the fundamental
ownership rights already existed, the duties of
ownership focused on how forest owners should
manage their forests.

The Land Use Actof 1958 began the third phase
in the evolution of the Finnish NIPF ownership,
when land policy liberalized as a whole. State
interventions came to an end and restrictions on
the sale of land were lifted. This led to increased
free market purchases of land, which was seen to
reduce the vitality of the rural areas in the late
1960’s (Reunala 1975). Simultaneously, one land-
owners’ interest group, the Central Union of Ag-
ricultural and Forestry Producers, and political
forces that were close to it instigated public dis-
cussion about land policy, which of course served
their own particular goals (Sauli 1987). An im-
portant duty of forest ownership during this peri-
od was considered to be investment in timber pro-
duction.

The Land Acquisition Right Act of 1978 and
other farm legislation brought the liberal period
in Finnish land policy to an end mostly because it
restricted the rights of persons other than econom-
ically active farmers to buy land. This fourth stage
in the evolution of Finnish land ownership rights
prevailed when the empirical data for the present
work were collected. One aim of land policy dur-
ing this period was to keep the forests in the hands
of farmers. On the other hand, one duty attached
to forest ownership was considered to be the se-
curing of a plentiful timber supply. The restric-
tions on the acquisition of land have recently been
reduced in the southern part of Finland however
(Valtioneuvoston... 1995). The controlled land
acquisition policy obviously placed more empha-
sis on the inheritance system in transfers of own-
ership, as will be shown in the following sections.
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3.4 The System of Control over Changes
in Land Ownership

3.4.1 The Inheritance System

The code of inheritance in Finnish law does not
give any precise answer to the question of how
and in what proportions the property surviving a
deceased person is to be divided up. The situation
is influenced by the grounds on which the divi-
sion is to be made and amongst whom. Inherit-
ance differs from other forms of legal convey-
ance in that the previous owner is no longer alive
by the time a decision has to be made as to who is
to receive the property.

The purposes of the inheritance system may be
examined from the viewpoint of either the indi-
vidual or society at large. The former describes
the purposes and aims of inheritance as an institu-
tion, for the sake of which the system has been
adopted, and the latter takes account of the social
conditions under which it operates. Its purposes
may also be conflicting, as the system may be
invoked to achieve a number of mutually irrecon-
cilable goals. The appropriateness of a division of
inheritance can also depend on the set of values
by reference to which'its purposes have been de-
fined, in which case one is faced with a possible
conflict of interests between the autonomy of the
division of inheritance and the social purposes
that it is intended to serve.

If the appropriateness of a division of inherit-
ance emphasizes the independence of the indi-
vidual vis a vis the state and the inviolability of
private ownership rights, the code of inheritance
represents a form of protection for the individual
against the interests of society. This has been re-
ferred to as the autonomy aim of inheritance. If,
on the other hand, the interests of society are giv-
en priority and emphasis is placed on the respon-
sibility of society for satisfying the needs of its
citizens in an impartial manner, the inheritance
legislation may be looked on simply as one means
of implementing social justice (Aarnio and Kan-
gas 1991, p. 3-6).

The code of inheritance also has many other
functions. It conveys social opportunities from
one generation to another, and in an economic
context it is a socially acceptable way of transfer-
ring the means of production from one generation

of owner to another without payment, in which
case it serves to promote the accumulation of cap-
ital.

The question of the choice of recipient of the
principal item of property, the land holding, be-
came a matter of importance in society at the point
where regulations that allowed for an uneven dis-
tribution were felt to be socially unjust. This hap-
pened in Finland when the quantity of timber re-
quired by industry increased and the value of for-
est land reached quite new proportions, for it was
then no longer equitable that one of the heirs should
receive the whole land holding. This was the de-
termining factor in the transition from the ideolo-
gy of primogeniture to that of equal inheritance
(Aarnio and Kangas 1991, p. 10-12).

The main principles of equal inheritance have
been applied in Finland throughout the independ-
ence period, prior to which the sons of the de-
ceased inherited double shares of the estate rel-
ative to the daughters. Even so, the choice of
who should receive the farm did not cause any
great problems even in the early 1960s, as this
property almost always remained in the family.
The main reason for this was the existence of the
old social order of the agrarian community,
which exercised a parallel influence over the
choice of recipient alongside the system of equal
inheritance.

The inheritance of land involves a number of
difficult questions relating to forestry, perhaps the
mostimportant of which is what happens to a forest
holding if its owner has more than one heir. Al-
though equal division would correspond best to
our democratic sense of justice, it is not without
problems where forest is concerned, for if divi-
sions are made among several heirs the holding
will disintegrate into tiny fragments in the course
of a few generations.

The change of owner is not a straightforward
process even in the case where one of the heirs
buys out the others, for this will mean the pay-
ment of large sums to the others, which is often
financed by sale of the standing timber, possibly
in excess of its sustainable allowable cut. It has
been shown, in fact, that the use made of the al-
lowable cut in a forest varies according to the life-
span of the owner (see Kuuluvainen 1989), and it
is well known that a young person who has just
taken possession of the forest holding will have a
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greater need of money than an elderly, well estab-
lished owner.

The difficulties of buying out the co-heirs have
been compounded in recent times by the high price
of forest land and by a mistrust in the value of
money in the long term, so that not all the co-heirs
are necessarily willing to part with their share of
the forest land in exchange for an often protracted
debt to be recovered from its purchaser. A further
problem is that where active farms are concerned
the co-heirs to the arable land are frequently paid
off in forest land (af Heurlin 1978).

Financial assistance, e.g. favourable loans, is
indeed available to ensure the transfer of active,
viable farms from one generation to another, but
only in cases where the new owner intends to use
the farm as a source of livelihood of a kind qual-
ifying for economic support. This means that most
heirs to forest holdings fail to meet the require-
ments for this assistance aimed at preventing frag-
mentation (e.g. Torvela and Siitonen 1992) .

The increase in joint ownership by heirs to an
estate whichis characteristic of the current structur-
al change taking place in NIPF ownership may be
seen as a consequence of problems experienced in
distributing the estates of deceased farmers and
finding successors to take over farms. This form of
ownership entails certain conflicts as far as forestry
isconcerned. Its good pointis thatit does notas such
mean that the forest holding is divided up, but it has
the drawback that forest management measures
and sales of timber in principle require the agree-
ment of all the parties which is difficult to obtain in
practice (see Jarveldinen 1984, Ripatti 1991).

3.4.2 Farm Legislation

The ownership of real estate is more extensively
defined in Finland than is the ownership of per-
sonal property, because land use and land owner-
ship are dependent on legislation associated with
land policy (af Heurlin 1978). This means that
any change in the ownership of real estate is
connected with the regulations that make up land
policy, which in turn depend on institutions of
land ownership. As stated by Vehkamiki (1990,
p. 6), the fundamental objectives of the regula-
tions governing land ownership have varied in
accordance with political and economic circum-
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stances. Since the regulations are largely based
on acts of parliament, which determine their im-
plementation, certain types of owners are usually
favoured or discriminated against.

The ownership of forest land and arable land is
substantially interdependent in Finland, so that
forestry and agricultural policies have influenced
land policy. Recognizing the need to control land
ownership, a number of acts of parliament have
been introduced to promote land policy by means
of injunctions and subsidies. Up to the late 1970’s,
Finnish land policy was mainly regulated by the
1958 Law on Land Use, but from that time on-
wards the legislative basis for land ownership has
been considerably strengthened. The main ele-
ments in the legislation regarding land ownership
since the 1970’s have been as follows:

— The Farm Act (Maatilalaki 1977)

— The Rural Livelihoods Act (Maaseutuelinkeinolaki
1990)

— Chapter 25 of the Code of Inheritance
(Perintokaaren 25. luku 1989)

— The Land Acquisition Right Act (Laki oikeudesta
hankkia maa- ja metsitalousmaata 1978)

— The Farm Closure Pension Act (Luopumiselike-
laki 1974)

— The Law on Pensions Payable on the Transfer of a
Farm to a Descendant (Laki maatalousyrittdjien
sukupolvenvaihdoseldkkeestd 1990)

Preparations for the Farm Act were begun in the
early 1960’s, but it was more than fifteen years
before the act came into force in 1977. It replaced
the Land Use Act of 1958, had a broader mandate
with respect to agricultural measures, and effec-
tively formed the basis of agricultural policy in
the 1980’s (Sauli 1987, p. 250-256). The Farm
Act covered mainly agriculture and forestry prac-
ticed on farms, and it also concerned the acquisi-
tion of residential farms. The principle was that a
farmer should receive his livelihood primarily
from own farm. One important condition for
support was that a farm should be regarded as
capable of continuous profitable activity, although
this was actually measured in terms of a mini-
mum area of arable land in ha. In addition, a
farmer was expected to reside on his farm or close
by and to possess the necessary knowledge and
skills for farming (Heikkild 1984, p. 8-11).
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The Farm Act was replaced by the Rural Live-
lihoods Act of 1990 at the beginning of 1991. The
two resemble each other in their main principles,
but the concept of the new act is wider and it also
covers farms that are engaged solely in forestry
and other small-scale rural enterprises. Perhaps
the most essential difference lies in the definition
of economic continuity, for where only a mini-
mum area of arable land was needed earlier to
qualify for financial support, one important con-
dition under the present legislation is that the farm
should be regarded as capable of continuous prof-
itable activity. A loan should not be granted, for
example, if the farm’s expenditure debt repay-
ments is too high in relation to its income (Torve-
la and Siitonen 1992, p. 13-15). The present act
also contains regulations concerning the partition-
ing of farms, in that an application for financial
support can only be granted on condition that the
farm has not been partitioned by a former owner
within the last ten years and that the support must
be repaid if the farm is partitioned by the subse-
quent owner within the first five years following
ownership change.

Chapter 25 of the Code of Inheritance is direct-
ly connected with the other legislation concern-
ing farms. One vital aim, for example, is to en-
courage the transfer of areas of arable and forest-
ry land to uses that will serve the purposes of the
Rural Livelihoods Act. It also includes regula-
tions concerning the partitioning of farms upon
inheritance. If a person who has inherited a farm
under the Rural Livelihoods Act conveys it or an
essential part of it to somebody other than his or
her immediate heir or spouse, he or she is obliged
to pay compensation for this to the other legatees.

The Land Acquisition Right Act was passed in
1978. It enables economically active farmers to
receive prior information on the sale of neigh-
bouring arable and forest land and gives them
priority purchasing rights. One essential aim of
the act is to assist rationalization of the size of
farms. The act concerns the rights of natural per-
sons whose main source of livelihood is not agri-
culture or forestry, i.e. non-economically active
farmers, companies, co-operative societies, asso-
ciations and foundations, to purchase more than
two ha area of arable or forestry land, since land
purchasing permission is needed when the buyer
is not an economically active farmer.

It can be speculated that the act affected the size
distribution of forest holdings in two ways. First-
ly, it tends to increase the average size of forest
holdings owned by economically active farmers,
whereas the average size of the holdings of other
NIPF owners has decreased (Ihalainen 1992,
p. 13). It has been assumed that the latter is partly
a consequence of the fact that non-farmer lega-
tees have a unique opportunity to obtain forest
land by inheriting land without having to apply
for permission. Further, it has been shown that
holdings of non-farmers have been partitioned
more often than holdings of farmers in conjunc-
tion with division on inheritances (Ripatti 1993).
Most non-farmer heirs are thus able to become
forest owners in this way.

The aim of the Farm Closure Pension Act of
1974 is to encourage farm enlargement by the
consolidation of arable land, i.e. by offering a
special retirement pension to economically active
farmers aged over 55 years on condition that they
undertake to sell their arable land to another farmer
or to the state. They can then proceed in due course
to the normal state pension scheme. The act does
not concern forest land, however, so that it can be
said to have resulted in an ageing of NIPF owners
and an increase in the number of forest owners
who do not possess any arable land (Ripatti 1994,
p. 15-18). The aim of the other pension act asso-
ciated with farm husbandry, the 1990 Act on Pen-
sions Payable on the Transfer of a Farm to a De-
scendant, is to improve the age structure of eco-
nomically active farmers and to promote the trans-
fer of farms to descendants without division. It is
closely associated with the Rural Livelihoods Act.

3.5 Social Change in Finland
3.5.1 Mechanism of Change

Cumulative Growth and Regional
Differentiation

When describing the mechanism of social change,
Myrdal’s (1964) theory of cumulative growth
and regional differentiation provides a useful ba-
sis for identifying both regions and their socio-
economic conditions. The origin of the theory
lies in a rejection of the equilibrium assumption
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in economic theory according to which every
disturbance in an economic system provokes a
reaction directed at restoring the equilibrium. An
economic system which is not at rest is consid-
ered to be moving towards equilibrium.

According to Myrdal it is proposed that the
accumulation of economic activities in prosper-
ous, growing regions will influence the less pros-
perous ones in two ways. Industrialization is char-
acterized by the regional differentiation of eco-
nomic activity. Strong areas develop, while back-
ward areas characteristically suffer from a weak-
ening of the preconditions for economic activity.
This process does not proceed in a linear manner,
however, for apart from growth areas and back-
ward areas, areas with a spread effect also devel-
op which receive stimulating influences from the
growth areas. This means a distribution of scarce
resources in such a way that economic expansion
in one area is accompanied by at least a relative
contraction in some other areas.

It is argued that non-economic factors are also
important in the cumulative process leading to-
wards regional inequality. Industrialization is ac-
companied by significant non-economic changes
in the structure of society and in social values. It
manifests itself in the first place in an effort to
organize productive resources to serve human
objectives as efficiently as possible. All relevant
adverse changes which originate outside a region
are effects which occur by way of migration, cap-
ital movements and trade, and have effects which
occur via the whole spectrum of social relations
(Riihinen 1965). In this sense, industrialization
can be regarded as a social change brought about
by aspirations of efficiency, and the pertinent non-
economic changes can in a general way be de-
scribed by comparing the characteristic features
of traditional, non-industrialized and modern in-
dustrialized systems (Jarveldinen and Riihinen
1979, p. 212).

Regions with spread effects derive benefits from
the stimulation of an increased demand for raw
materials and foodstuffs, and from the rapid dif-
fusion of innovations. Regions adjacent to growth
centres frequently receive spread effects, but dis-
tant locations may also benefit if favourable con-
ditions exist for producing raw materials for the
growth centres. Such localities may attract suffi-
cient economic activity to become new growth
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centres in their own right. Backward regions, on
the other hand, suffer as the result of the develop-
ment of growth centres, as net movements of pop-
ulation, capital and goods favour the latter. Rural
areas lose population to the growth centres and
consequently suffer a deterioration in the age struc-
ture of the remaining population, which is often
aggravated by high fertility in the lower econom-
ic and social strata.

Rural Regions and the Role of Forestry

Myrdal’s theory has been widely adopted for the
examination of the behaviour of Finnish land-
owners (e.g. Riihinen 1963, Jérveldinen 1971,
Hahtola 1973, Jarveldinen and Riihinen 1979,
Selby 1980, Mustonen 1991), as it allows the
identification of growing, stagnant and declining
regions. Hahtola (1973, p. 20-23), for instance,
formulated a typology of ideal types of natural
conditions and socio-economic environment for
Finnish farming starting out from Myrdal’s theo-
ry. The agricultural problem areas are well known:
a low stage of industrialization and predomina-
tion of small-scale farming to name but two key
aspects. It is on account of the agricultural prob-
lem areas that pronounced structural change in
NIPF ownership has taken place, to the extent
that absentee and non-farmer owners as well as
joint ownership have become common.

The optimum regions for farming are described
as the intermediate zones between the depressed
remote regions and the growth areas. These opti-
mum farming regions are characterized by an
adequate communal infrastructure and a social
environment that is sympathetic to agriculture.
The conditions for forestry and for forest owner-
ship are therefore determined by the status of for-
estry in the farm economy. In areas with village
settlements, where conditions for arable farming
are usually good, the ratio of forest land to total
farm area is characteristically small.

Regions with expansive and spread effects usu-
ally possess a population with rising levels of as-
piration and weakened social norms, both of which
facilitate the modernization of agriculture. Rural
occupations have to compete with urban ones,
however, and urban occupations are often incom-
patible with farming. Thus the importance of for-
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estry to forest owners is decreasing, and forest
holdings serve mainly as an economic reserve or
source of recreation.

In spite of this, Jarveldinen and Rithinen (1979,
p- 213) note that there are some differences be-
tween forestry and other economic activities with
respect to their effect on the economic and social
life of society or a given region. One important
feature is that forestry is more directly concerned
with rural districts than most other economic pur-
suits. From the viewpoint of NIPF ownership there
may be some influences which one can classify as
socially undesirable as far as traditional rural so-
ciety is concerned. One basic element is the al-
most unavoidable disintegration of ancient social
institutions and structures. Economic change
brings about, or is conditioned by, certain deep-
seated non-economic changes in a society, and
the process of social change is a circular one in
where many economic and non-economic factors
are operating simultaneously. Even when the lo-
cal population wishes to retain its traditional way
of life it is difficult to avoid certain qualitative
changes in the structure of society or of the local
community and its social values.

Our modern society has caused the rural areas
to undergo major social changes, in which the
dynamic forces of industrialization and modern-
ization have led to a functional and regional dif-
ferentiation of economic activities, so that spe-
cialization in production, e.g. in forestry work,
has increased and expansive growth centres, are-
as with spread effects and backward areas have
developed. In the remote rural areas in particular
the whole structure of the social system has al-
most broken down on account of cumulative proc-
esses generated mainly by large scale migration
and the movement of capital (Jarveldinen and
Riihinen 1979). The role of forestry in rural areas
has changed as industrialization and moderniza-
tion have proceeded.

3.5.2 Change in the Social Environment

As social change is described through changes in
the distribution of certain social positions, one
essential element in it is economic development.
This may lead to an unavoidable general over-
emphasis on economic aspects, for it is clear that

social values and changes in the social environ-
ment should also be taken into consideration
(Jarveldinen 1971, p. 23).

Certain conceptual starting points based on ideal
types have proved useful when describing regional
differentiation. Social pressures and dependence
relations in village settlements are of the type
embodied in traditional values, while the individ-
ual in a scattered settlement has a much more in-
dependent relationship to the community. In Fin-
land, Riihinen (1965, p. 10) regarded social dis-
engagement as differentiating between village and
scattered settlements, with pressure to conform
placing the village community at one end of the
continuum and scattered settlements and individ-
ual areas at the other. Regions with pronounced
disengagement exhibit little pressure to conform,
and vice versa.

An extension of the theory of cumulative growth
and regional differentiation was achieved by add-
ing social institutions (Riihinen 1965). It was
pointed out that a lowering of the pressure to con-
form in several sub-systems of society seems to
be an essential part of the process of industrializa-
tion. Furthermore, the division of labour is close-
ly related to the performance of the population.
Social disengagement is considered to be directly
associated with archaic forms of economic activ-
ity. A clear contrast in the degree of social disen-
gagement with respect to local customs has been
found between the western and eastern parts of
Finland (e.g. Selby 1980), reflecting the history
of village settlement in the latter areas and of scat-
tered settlements in the former (Rikkinen 1976).
Individuals and families in village areas are more
dependent on the community than their counter-
parts in the regions of scattered settlement.

The agrarian society felt a great veneration for
land, because it was this that provided the founda-
tion for living. Property was kept in the family,
because it was understood that a farm is owned by
a family and not by an individual. The productiv-
ity of the land had to be protected and the princi-
ples of land use was based on norms and customs
(Aaltonen 1964). The regional differentiation and
social pressure that were once characteristic of
forest ownership have now declined, however, and
as noted by Granberg (1989), this has been re-
flected in a weakening of social norms connected
with one’s farm and one’s birthplace.
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Another essential aspect of the change in the
social environment is related to the customs oper-
ating between the generations. The average length
of NIPF ownership in Finland is about 30 years
(Ripatti 1993, p. 45), which means that the previ-
ous ownership changes of the holdings studied
here had taken place on average in the late 1950’s.
Itis probable that the norms and customs of agrar-
ian society, which still prevailed at that time, will
have influenced the present arrangements for
changes in ownership. Furthermore, regional dif-
ferences between the eastern and western parts of
the country in customs regarding ownership
change may well reflect the impact of the history
of settlement.

The changes in the social environment are par-
ticularly reflected in the changing goals of NIPF
owners, possibly as a result of a structural change
in NIPF ownership itself, increased personal lei-
sure-time, or substantial independence from tra-
ditional forestry. These changing goals may also
be attributed to changing values in society as a
whole (Karppinen 1995). The goals and values of
NIPF owners can be seen to play an important
role in ownership change arrangements, as the
number of forest owners who reside in urban areas
is increasing even though their ownership rights
are tied to rural areas.

At the international level, changing norms and
customs may be perceived by comparing NIPF
ownership between countries that underwent in-
dustrialization at an early stage and those doing
so later. In the United States, for example, a forest
holding is of little value in itself because land is
often a mechanism for profit-seeking (see Gran-
berg 1989). It is possibly for this reason that a
considerable proportion of NIPF holdings change
hands on the open market, e.g. 70 per cent in the
state of South Carolina (Marsinko et al. 1987), as
compared with less than 20 per cent in Finland,
partly because the regulations act against such
trading.

3.5.3 Changes in Occupational Structure
The structure of the economically active popula-
tion by occupation is one of the most frequently

used indicators of social positions. A very rapid
structural change by international standards has
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Fig. 3. Economically active population from 1950 to
1992 by occupation.

taken place in Finnish society since the Second
World War, for where one fifth of the economi-
cally active population worked in primary pro-
duction, i.e. agriculture and forestry, in 1950, this
proportion is today about 5 per cent (Fig. 3). At
the same time the proportion of the population
engaged in manufacturing, transport, construc-
tion etc. increased until the mid-1970’s, since
when it has decreased steadily, whereas the pro-
portion accounted for by the tertiary sector, i.e.
trade and services, had increased from about one
quarter in 1950 to more than two thirds by 1990.
(Statistical... 1995). This rapid change has meant
that the trend in Finland has differed in one
important respect from that in countries that be-
came industrialized earlier, namely that the pro-
portion employed in the secondary sector never
reached as high a level as it did in Great Britain or
Sweden, for instance (Alestalo 1986, p. 39).
The origins of this change may be seen in the
adoption of technological innovations. In agricul-
ture, for example, the average large farm with more
than 50 ha of arable land gave work to nine per-
sons in 1950, but less than four in 1970, and the
trend in the 1990s has been for a further decline.
At the early stages it was the movement away
from small farms with less than 5 ha of arable
land that accounted for much of the structural
change in agriculture, so that family members
working on farms and hired labour have practi-
cally disappeared (Haggren et al. 1986). These
enormous changes have obviously meant a more
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homogeneous structure of agriculture, in which
medium size farms with no hired workers have
become the common basic unit.

One consequence of this was a migration of rural
employees to urban areas, where work was avail-
able. The main flow of migration has in fact been
from northern and eastern parts of the country to
the south and southeast. A large number of mi-
grants also moved to Sweden at the end of the
1960’s (Soderling 1989, Valkonen 1990), and this
again may be seen as an indication of a penetrat-
ing change in demographic and socio-economic
structure in the Finnish countryside, leaving a
distorted situation in which the young, well-edu-
cated element in the rural population has decreased
(Haggren et al. 1986) while the number of well-
educated white-collar employees has increased in
the urban areas even though the proportion of
young people in the total population has declined.

This short discussion indicates that Finnish so-
ciety has experienced exceptionally rapid econom-
ic growth since the Second World War, with si-
multaneous far-reaching changes in the occupa-
tional structure. In forty years Finland has devel-
oped from an agrarian society into an industrial-
ized urban one in which the majority of the labour
force is engaged in manufacturing and services.
As aresult of this transformation, a considerable
change has also taken place in the NIPF owner-
ship.

3.6 Structural Changes in NIPF
Ownership

3.6.1 Description of Ownership Change

Along with social change, NIPF ownership has
undergone transformations in many respects, a
process that is often described as a transfer of
forest lands from farmers to non-farmers. In prac-
tice, this has taken place mostly by division of the
land on inheritance and by purchases from par-
ents or other relatives, and to some extent through
changes of occupation on the part of farmers
(Reunala 1974). In other words, ownership chang-
es mostly act as an intermediary mechanism in
this process. It is estimated that 10 000 holdings,
or about 3 per cent of total holdings, change
hands annually (Ripatti 1993, p. 45).

According to the established definition adopt-
ed by Reunala (1972, 1974) and Jirveldinen
(1974), farmers are forest owners, whose main
source of livelihood comes from agricultural pro-
duction or forestry. Other forest owners are then
classified as non-farmers. Retiree forest owners
can also be classified as farmers or non-farmers
on the basis of their former occupation, just as
jointly owned holdings are classified on the basis
of the occupation of the person responsible for
managing the holding.

As Reunala (1974, p. 33-36) points out, the
structural change in NIPF ownership can be de-
scribed as a system formed by a set of elements
and arelationship between them and between their
states. The elements in this system are the NIPF
holdings, the states the farmers and non-farmers,
and the relationship the channels through which
NIPF ownership can change from one state to
another. Modifications are also needed in the sys-
tem, and these can be described as changes in
properties, states or relationships occurring in time.

Farmers have owned the majority of the area of
forest land in the past, and a stable inheritance
system of the current kind has existed for a long
time. The structural change has occurred in the
occupational distribution of the farmers” heirs, an
increasing number of them not being farmers
themselves, in accordance with the general change
in society. Thus where inheritance is concerned,
the process of change can be regarded as an input
from the environment into the NIPF ownership
system. Change is also found to be an input in the
case of purchases of holdings and changes in oc-
cupation.

The proportion of the area of NIPF land owned
by non-farmers in the late 1940’s was just under
10 per cent (Fig. 4), after which the structural
change in ownership proceeded gradually, so that
by the beginning of the period of extensive struc-
tural change in society in the early 1970’s, the
proportion of the area of forest land owned by
non-farmers was about one fifth. By 1990 this
figure was 44 per cent, though non-farmers repre-
sented a majority among NIPF owners (Reunala
1974, Thalainen 1992).

In view of the crude nature of the farmer/non-
farmer distinction, the structure of NIPF owner-
ship has also been described in many other ways
(see Hannelius 1980, Hikkild and Voutilainen
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Fig. 4. Comparison of the structure of the economically active population with the structure of

NIPF ownership.

1984, Karppinen and Hénninen 1990, Ruuska
1994, Ripatti 1995, Mustonen 1996). Ripatti, for
instance, classifies owners by socio-economic
status, pointing out that ageing of the population,
the decrease in the number of farms and the in-
crease in the number of heirs, i.e. fundamental
factors associated with the structural change in
NIPF ownership, have made the structure of this
ownership more diverse. In fact, it was pension-
ers who made up the largest group of owners in
1990 (36 % ), while the proportion of economi-
cally active farmers was still about one third. Wage
and salary earners represented about one quarter
of all owners and the remaining 5 per cent were
private entrepreneurs.

3.6.2 Holding and Ownership Characteristics

Along with the change in NIPF ownership and
the increase in the number of NIPF holdings, the
proportions of jointly owned holdings and hold-
ings with no permanent residents have increased
and the mean age of forest owners and mean
length of ownership have continued to increase.
In addition, the number of holdings used mainly
for non-productive purposes has risen. These fac-
tors are all associated with changes in age and
occupational structure in the population as a whole
and with migration.

As the proportion of jointly owned holdings has
increased, that of family-owned holdings has cor-
respondingly decreased (Fig. 5). Thus the number
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Fig. 5. Main characteristics of NIPF ownership in
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of holdings owned jointly by heirs increased by 6
per cent from 1975 to 1990, to reach 18 per cent,
and concern holdings doubled to 6 per cent over
the whole country (Jarveldinen 1978, Ihalainen
1992). Most family-owned holdings are in the pos-
session of a married couple, while those owned
by heirs have approx. four joint owners on aver-
age and concern ownership usually involves three
participants. Thus, given that the number of NIPF
holdings with at least 1 ha of forest land is about
444 000, the total number of forest owners can be
estimated at about 800 000. This implies that eve-

ry sixth Finn owns forest in one way or another
(Ripatti 1994, p. 14). This estimate was confirmed
by Hinninen and Karppinen (1996) who found

out the total number of Finnish forest owners by
deriving it from total population.
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The mean age of forest owners increased by
one year to 54 years, between 1975 and 1990, i.e.
itis fairly high. At the same time the proportion of
forest owners aged at least 60 years increased by
10 per cent to 42 per cent and the proportion of
female forest owners increased by 8 per cent to
one fourth. The latter trend was related to the in-
crease in jointly owned holdings, as a half of the
heirs responsible for managing the forest holding
were female in 1990 and one in three of those
responsible of concern owned forests (Jarveldi-
nen 1978, Thalainen 1992).

The duration of ownership, i.e. the period elaps-
ing since the last change by the time of the study,
increased from 18 years in 1975 to 20 years in
1990, but the total length of ownership is assessed
to be on average about ten years longer, just over
30 years (Ripatti 1993, p. 45). One interesting
feature is the tendency for increased duration in
the case of joint ownership by heirs, an effect
which accounted for much of the average total
increase. One reason for this can be assumed to be
the former taxation system, which favoured a
continuation of joint ownership of inherited prop-
erty, in spite of the fact that this is intended to be
only a temporary form of ownership. The new
taxation system was passed in 1993.

Although the majority of forest owners still re-
sided permanently on their holdings in 1990, the
proportion doing so has declined steadily, e.g. from
71 per cent to 59 per cent between 1975 and 1990
(Jarveldinen 1978, Ihalainen 1992). Nevertheless,
only one fifth of all forest owners in 1990 felt
themselves to be town dwellers (Ripatti 1994, p.
15). In addition, the owners who resided perma-
nently on their holdings, owned two thirds of the
area of NIPF land, i.e. they had larger holdings
than those who resided elsewhere.

The changes in the structural characteristics of
NIPF ownership seem also to have affected the
main uses to which the holdings are put (see Karp-
pinen 1995). In the forest owners’ own opinions,
agriculture, forestry, and especially a combina-
tion of the two, have decreased markedly as the
main uses of holdings while non-productive pur-
poses such as recreation have increased. The pro-
portion of holdings used mainly for non-produc-
tive purposes increased from about one tenth
(5 % of the area of forest land) in 1975 to one third
(25 % of the area of forest land) in 1990. This

should not be oversimplified to mean that one third
of the holdings and one quarter of the area of NIPF
land have been withdrawn from timber produc-
tion, however, for almost all forest owners in 1990
still used their forests for timber production to
some extent (Ihalainen 1992, p. 24-26).

Not only has the proportion of the area of NIPF
land used mainly for agriculture and forestry de-
creased, but equally the areas of arable land and
of forest land under separate ownership have in-
creased (Ihalainen and Ripatti 1990), so that where
16 per cent of the forest owners possessed exclu-
sively forestland in 1975, this proportion was one
quarter in 1990 (Jarveldinen 1978, Ihalainen
1990). One key factor affecting this trend — de-
spite the intentions to the contrary — is the farm
legislation. Under the Farm Closure Pension Act
a 55-year-old farmer may transfer to a special
retirement pension, after which the normal state
pension scheme applies on condition that his ara-
ble land is committed to be sold to another farmer
or to the state, but this does not apply to forest
land. Sauli (1987, p. 263-264) states that almost
a half of the farmers who transferred to a farm
closure pension during 1974-82 retained their
forests, with the consequence that the area of NIPF
land owned by pensioners grew by over 40 000
ha per year during that period.

There were some differences in the above fac-
tors between western and eastern parts of South-
ern Finland in 1990, the average area of forest
land being substantially smaller in the west, 26 ha
vs. 32 ha, but that of arable land greater, 10 ha vs.
5ha(Table 1). In addition, the proportion of NIPF
owners possessing exclusively forest land was
about one quarter in the west but as high as 40 per
cent in the east (Fig. 6). These figures indicate
that agriculture is of considerably greater signif-
icance among NIPF owners in the western region,

Table 1. Mean characteristics of the NIPF holdings
and owners in 1990 by regions of southern Fin-
land.

Western region Eastern region
Area of forest land (ha) 26 32
Area of arable land (ha) 10 5
Owners’ age (years) 53 55

29



Acta Forestalia Fennica 252

1996

i.e. the proportion of farmers among NIPF own-
ers is higher.

Another interesting feature is that about one-
third of the NIPF holdings in the western region
had no permanent inhabitant, as compared with
almost every second holding in the east. Also,
one quarter of the NIPF owners in the western
region used their holdings mainly for non-pro-
ductive purposes, as compared with one-third in
the east. This difference broadly supports the
above assumption of a difference in agricultural
production between the western and eastern re-

W

Proportion of forest owners or holdings

Only forest owners

Non-farmers

Non-residence on holdings

Main use for recreation etc

Joint ownership

Region

‘- Western [l Eostern

Fig. 6. Main characteristics of NIPF ownership in the
western and eastern regions of southern Finland.

gions. No other essential regional differences were
found in the characteristics of holdings and their
ownership. The mean age of owner and the pro-
portion jointly owned holdings were similar in
both regions, for instance.

3.6.3 Trends in number of holdings

The first numerical data concerning the number
of NIPF holdings were collected in connection
with the first Agricultural Census in 1929-30, in
which the total area of NIPF land was estimated
to be 10.5 million hectares, nearly three million
less than in the first National Forest Inventory
(Ilvessalo 1927). This difference was caused
mainly by the accuracy of the classification of
forestry land and the exclusion of holdings with
no arable land. Nevertheless, this gives quite a
reliable picture of the number of holdings and
their size distribution, as the act for the redemp-
tion of Leasehold Properties of 1918 had already
been put into effect. Thus almost all of the NIPF
holdings must have been identified in the Census
(Osara 1935). About a half of the holdings were
less then 20 ha in size, and these represented
about 10 per cent of the area of NIPF land
(Table 2). The proportion of large holdings of at
least 100 ha was about 10 per cent and their
proportion of the forest land more than haif. The
total number of holdings amounted to 232 000.

Table 2. Trends in numbers of NIPF holdings from 1929-30 to 1994 by size categories.

Size category 1929-301 19591 19691 19802 19942)

number % number % number % number % number Yo
1.049 37803 16.3 67 156 20.4 55010 15.6 132382 322 153380 34.9
5.0-19.9 73129 314 114 824 34.8 128 109 36.4 117314 285 124 794 284

20.0-49.9 63373 272 91313 27.7
50.0-100.0 32823 14.1 39123 119

>100 25281 11.0 17588 5.3
Total 232409 100.0 330004 100.0
Forest land area  10.5 11.0
(million ha)

Average size of 45 33
holding (ha)

103469 29.4 102986 25.1 100325 22.8
45891 13.0 42022 10.2 43519 99
19784 5.6 16340 4.0 17222 39

352263 100.0 411044 100.0 439240 100.0
11.4 11.1 11.5

32 27 26

1) Sources: Census of Agriculture.
2) Sources: National Board of Taxation, farm register.
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The trend in the number of NIPF holdings and
their size distribution from 1930 to 1960 can be
appreciated by comparing the Agricultural Cen-
suses of 1929-30 and 1959. The number of hold-
ings increased by about 100 000 to 330 000 in
1959, largely by virtue of small holdings of less
than 5 ha and 5-20 ha, although holdings of me-
dium size, 20-50 ha and 50-100 ha, increased to
some extent. On the other hand, large holdings of
100 ha or more decreased in number. In relative
terms, the most significant changes were those
that affected the size classes of less than 5 ha and
at least 50 ha.

The Agricultural Censuses of 1959 and 1969
and the land register of the National Board of
Survey allow us to estimate that the number of
holdings increased by 20 000 per decade in 1960—
80 (Ripatti and Reunala 1989, p. 7). A more exact
picture of trends in the number of NIPF holdings
and their size distribution since 1980 is available
from the farm register maintained by the National
Board of Taxation, which suggests that the number
of holdings with at least 1 ha of forest land was
411 000 in 1980 and had increased to 444 000 by
1994. In other words, NIPF holdings increased in
number by 2300 per year. Again small holdings
of less than 20 ha accounted for much of the in-
crease, while the number of large holdings of at
least 50 ha rose only slightly and that of medium-
sized holdings, from 20 ha to 50 ha, decreased.

The average size of NIPF holding has undoubt-
edly declined during the independence period, but
the lack of any uniform long-term data makes it
difficult to describe the changes in average size
reliably, and only a general trend is available. The
average size was about 45 hain 1929-30 and about
33 ha in 1959, decreasing to 27 ha by 1980 but
becoming only very slightly smaller since then,
so that the figure in 1994 was 26 ha. These figures
nevertheless underestimate the total area of NIPF
land, which is shown by the National Forest In-
ventories to have been a good one million ha great-
er than the figure presented above. Thus, the “real”
average size of holding would likewise be great-
er, assuming that the number of holdings remains
unchanged.

3.7 The a Priori Model

3.7.1 Explanation in Terms of Structural
Factors

Explanations can be classified in many ways, but
broadly speaking two kinds of classification can
be distinguished. The first is concerned with dif-
ferent approaches. That which predominates in
the natural sciences is the causal explanation,
which specifies on the basis of a general law a
preceding or simultaneous event A which under
the stated conditions is sufficient and necessary
for the occurrence of B, the event to be explained.
Itis essential for causal explanation that the cause
A and the effect should be logically independent,
separately identifiable, observable phenomena
(Allardt 1972, p. 54, Uusitalo 1991, p. 100-102).

The teleological approach is employed mostly
in the behavioural and social sciences, but even
here the general trend seems to be towards causal
explanation. In the teleological approach an ef-
fort is made to attain intellectual satisfaction by
specification of the goal or result for the sake of
which the event is said to occur. Contrary to the
empirical, causal relation, the relation between
an action and its result is in general conceived to
be not empirical but conceptual. Thus, the teleo-
logical approach is a device for understanding and
interpretation rather than explanation (see Taylor
1980, p. 6, Uusitalo 1991, p. 105-107).

The second classification is, as Allardt (1972,
p. 54) points out, somewhat philosophical. He
states that explanations of behaviour in sociology
are mainly given in terms of either causes, habits
or motives. Although sociological explanations
in terms of cause do not fulfill the requirements
for true causal explanations, they resemble these
in the sense that they are based upon overt obser-
vations. The use of different forms of explanation
is connected with different interpretations of so-
cial reality. Some aspects of social reality are
permeated by the ideas that participants have about
reality, while others can be observed independ-
ently of the participants’ ideas.

Structural explanations are based on overtly
observable causes. Broadly speaking, structural
terms include such things as the division of la-
bour, or income distribution. Institutional expla-
nations are based at least partly on habits and tra-
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ditions, which are independent of the ideas of the
participants, while cultural explanations are based
on the ideas which the participants have about the
social reality, available alternatives and values.
The prototype for a cultural explanation is the
“practical syllogism”, which is related to teleo-
logical explanation (von Wright 1971, p. 91-98).
The terms culture and structure can be used to
distinguish between these two aspects, with insti-
tutions constituting an intermediate category (e.g.
Hahtola 1973, p. 10).

It is thought that the structural explanation of
the behaviour of NIPF owners may be of value in
the present situation. This type of explanation in
terms of the characteristics of holdings and their
ownership which is associated with regional dif-
ferentiation represents the causal approach. The
ideal is to formulate a model in which structural
factors and the partitioning of NIPF holdings are
separately identifiable and observable phenome-
na (Scheffler 1969, p. 23-29). Thus the structural
explanation approach is in reality a device for
explaining factors affecting the partitioning of
NIPF holdings.

Most of the structural factors operate at the
holding level, though some have to be filled out
by taking into consideration the characteristics of
institutional and cultural explanation in terms of
interpretation. For example, the traditions and
habits associated with arrangements for changes
in the ownership of NIPF holdings, along with
the regulations prescribed by various regions and
the whole of society, provide appropriate exam-
ples of institutional explanation. Nevertheless,
they can be interpreted as if they were structural
in character, because the establishment of these
factors, e.g. the occupation structure of forest
owners, appears only to be based on external ob-
servation. Allardt (1972, p. 58) has pointed out
that we all, by and large, have a concept of these,
but the important thing from the point of view of
sociological methodology is that we usually con-
struct such variables without considering the no-
tions of the individuals studied. To be sure, there
are structural factors of other kinds, but in order
to establish such a variable as the main use of a
NIPF holding, we have to rely on the opinions of
the NIPF owners involved.

On the other hand, factors such as the location
of a NIPF holding in either the western or eastern
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region of Finland carry with them cultural expla-
nations. The relationship between culture and
behaviour is not contingent and empirical, how-
ever, but conceptual. Actions which are said to
depend on culture are expressions of ideas and
action precepts that are part of the culture (Allardt
1972, p. 57). As a consequence, the use of struc-
tural factors does not mean, in somewhat over-
simplified terms, that explanation is understood
as causal in its approach. In addition, the use of
structural factors cannot be understood as a fully
deterministic explanation as in orthodox causal
analysis, as the term explanation may also mean
finding a surplus value for the interpretation of
the variables used. Nevertheless, all the structural
factors used here will offer an adequate base for
causal explanation.

3.7.2 Formal Model for Ownership Change

An a priori model is an analytic construct applied
to reality, which is a construct growing out of
experience of the real world. As pointed out by
Harvey (1976, p. 38-39), an a priori model there-
fore allows manipulations to be made and conclu-
sions drawn regarding a set of phenomena in the
absence of a full theory. This makes the model an
act of inductive inference that serves as a substi-
tute for a theory. Inductive inference based on
empirical observations is an approach which has
dominated the construction of models to the ex-
tent that Eskola (1981, p. 181-191) states that
when little in the way of theory has been devel-
oped concerning a particular subject, empirical
analysis usually aims at defining the variables to
be included in a causal model and the elements of
such a model therefore act as a hypothesis to be
verified by empirical analysis.

A mathematical model for changes in the own-
ership of NIPF holdings will assist us in combin-
ing the frame of reference with an empirical anal-
ysis. The idea of the mathematical form for the
model is adapted from Binkley (1981, p. 43), who
applied choice model of McFadden (1973) to the
study of whether decide to harvest or not. Alrich
and Nelson (1984) also present a model with the
same content, i.e. a rational choice perspective
model in which the individual is faced with a
choice between two alternatives.
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Consider that a holding changes hands and that
there are a number of variables denoted by the
vector X’ (x;, X», X3 ..., X;) that determine whether
or not it will be partitioned. The model can be
developed as follows. Index the collectively ex-
haustive and mutually exclusive choices by (i),
which run from zero to one. A holding () is af-
fected by the alternative (i) if and only if the con-
ditions (c) for (i) are more powerful than those for
all the other alternatives:

Cl(x') > C"(x')

where x, ¥’ are vectors of characteristics for
alternatives 7 and j.

Let us now assume that the choice is not com-
pletely determined, but that some errors enter
into the process, because we cannot measure all
the attributes relevant to the choice. The formula
will then be as follows:

Ch(xi): Vh(xi)_+_ e

where € is the stochastic disturbance term and
its distribution is left unspecified for the moment.
The probability of occurrence of alternative (i)
will be ]

P[C"(xi)> Ch(x/)] = P[Vh(xi)+ €> Vh(xi)+ei] =
PIVi(xi)—V(x])>e — €]

It has been proved (see McFadden 1973) that if
€' and €’ are independent with a Weinbull distri-
bution, then

ph — cxp[V"(x’)]
J exp[Vh(.x" )]

where Pjh = probability of holding (/) being
affected by alternative(y).

That is, the probability of an individual holding
(h) undergoing alternative (j) follows a logistic
distribution (see page 40). If (V) is specified as
linear in its parameters but is not necessarily a
linear function of the characteristics themselves
(e.g. Kuuluvainen et al. 1983, p. 22-24), then the
computer software, BMDPLR in the present case
(see Engelman 1990), can be used to derive max-
imum likelihood estimates for the coefficients.
A statistical test can also be performed in this
framework.

3.7.3 Elements of the Model

The elements of the a priori model can be roughly
divided into four groups (Fig. 7). Socio-economic
factors describe the socio-economic state and de-
mographic structure, ownership factors make up
the structural factors related to the holding, hold-
ing size factors relate predominantly to the area of
land involved, and regional factors at an aggregate
level are used on account of the different degrees
of regional differentiation. This grouping sets apart
the factors affecting partitioning when the pur-
pose is to influence partitioning through forest
policy. Size and ownership factors, for instance,
are both associated with structural policy for for-
estry, whereas the regional factors are associated
more with regional policy.

Taking the socio-economic factors first, ad-
vanced age on the part of NIPF owners is a factor
thatis considered to refer ownership change prob-
lems from one generation to another (Granberg
1989). It can generally be assumed that ageing in
forest owners enhances the likelihood of parti-
tioning. Especially in a farming context, advanced
age of a NIPF owners is correlated with defective
economic continuity on the farm. Consequently,
most people inheriting farms are regarded as tak-
ing on a new occupation. On the other hand, if
none of the legatees wish to receive the farm, the
continuity question may contribute to the fairly
high mean age of forest owners. If the occupation
of the former owner was something other than a
farmer, the implications of ageing for partition-
ing remain unclear.

The occupation of farmer is assumed to place
restraints on partitioning, just as all other occupa-
tions are assumed to promote it. Two reasons can
be distinguished for this. Firstly, the norms and
customs connected with farming support owner-
ship changes within a single entity, and secondly,
one precondition for financial support under the
Rural Livelihoods Act is that the whole farm, in-
cluding forest land must have been transferred to
anew owner, whose occupation is that of a farm-
er, in one entity. If the new owner’s occupation is
farmer it is very likely that his or her parents were
farmers too.

The next group of a priori factors to be consid-
ered concern the ownership of holdings. Accord-
ing to the Rural Livelihoods Act, a further pre-
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Fig. 7. Elements of the a priori model.

condition for financial support when a farm
changes hands is that the subsequent owner
should reside permanently on the farm. Thus, a
permanently resided holding evidently decreases
the probability of partitioning as what comes the
influence of the act. Further, the intrinsic value
of forest ownership will probably be greater if
the farm is permanently occupied. It is therefore
assumed that absentee ownership promotes par-
titioning. The early work of Schallau (1965) in
the United States supports this assumption.

The type of acquisition of a holding by its former
owner may likewise influence partitioning. If a
holding had been purchased on the open market,
it has nothing in the nature of family ownership,
which may be assumed to argue in favour of par-
titioning, while purchase from parents or relatives,
or inheritance of the holding, may have the oppo-
site effect, because there is an essential meaning
attached to the length of ownership in the family:
the longer a farm has been in the hands of the
same family, the greater the probability that it will
not be divided.
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Ownership can be divided into two types: sta-
ble ownership, or family ownership, and unstable
ownership, or joint ownership. The latter, like
ageing on the part of the forest owner, as men-
tioned earlier, is a factor associated with the eco-
nomic continuity of a holding and is assumed to
promote partitioning. Joint ownership, especially
among the heirs to a holding, is usually a starting
point for the implementation of a partition, in
which case it is also clear that a great number of
heirs will be a factor that further increases the
probability of partitioning.

The main uses of holdings, for agriculture, for-
estry or agriculture and forestry equally, can be
assumed to restrict partitioning. It is fact that a
holding which is not principally used for produc-
tion purposes, i.e. is used mainly for recreation
etc., can be divided more easily, because the size
of the new holdings will not hamper their use for
the same purpose in the future. On the other hand,
it has been proved that the holdings used mainly
for non-production purposes have less allowable
cuts than holdings used mainly for production
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purposes (Karppinen and Hanninen 1990). In this
respect holdings used mainly for non-production
would be easier redeem as one entity. However,
the first-mentioned way of thinking is assumed
stronger.

The third group of a priori factors, those related
to holding size, refer to the resources possessed
by a holding, and can be expected to carry posi-
tive signs with respect to partitioning, as the larg-
er the area of a holding is, the greater the possibil-
ity for dividing it. It is obvious that a young leg-
atee who has inherited part of a holding and pur-
chased more of it from other heirs will be greatly
in need of money, especially as he or she may
well be at an age where marriage and starting a
family are common, creating a further need for
money. As extra money is not usually available,
the probability of partitioning of the forest hold-
ing will be enhanced. On the other hand, a large
arable area may indicate the vitality of a farm,
which can also seen as a decrease in the probabil-
ity of partitioning the entire holding. Thus, no a
priori expectation can be expressed regarding the
sign attached to the area of arable land.

A large timber stock will add to the value of a
forest holding, but its impact on partitioning may
be a dual one. In the first place, a large timber
stock may make it difficult to keep the holding as
asingle entity as its maintenance will call for con-
siderable investments. On the other hand, the
greater the timber stock —and the greater the wealth
represented by it — the better the chances of real-
izing this capital and maintaining the holding as a
single entity. Therefore, no a priori expectation
can be expressed regarding the sign attached to
this factor. In addition, other factors, such as site

quality and the age structure of the forest may be
more important to the value of forest property than
the timber stock itself. In order to avoid misinter-
pretations of timber stock relative to the value of
the forest holding, the allowable cut will be used
rather than the timber stock in empirical part of
this work.

The area of non-sample forests refers to the area
of forest land belonging to the same family within
a single municipality which is under a different
type of ownership from the index holding. In Fin-
land a forest holding is a property located within
a single municipality and under the same type of
ownership, and therefore a large area of non-sam-
ple forests belonging to the same entity will prob-
ably promote partitioning by rendering it techni-
cally easier to perform.

Finally, regional factors need to be taken into
account, i.e. the probability of partitioning is con-
sidered to be greater if an owner lives in an urban
municipality and his or her holding is located in
the western part of the country, the latter because
forestry itself and its significance to farms as a
whole and to the livelihood obtained from them is
greater in eastern Finland. On the other hand, fea-
tures reflecting the scattered settlement history of
eastern Finland may have the opposite influence.
In addition, residence away from the holding,
especially in a area of an urban type, may pro-
mote partitioning, since an urban way of life re-
flects urban norms and manners. It is probable,
however, that if a forest owner lives in an urban
district, preserving the holding as a single entity
will not be the uppermost aim in mind when it
changes hands.
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4 Data and Methods

4.1 Population, Sample and Data
Collection

There are in principle at least two ways in which
one could study empirically the factors lying
behind changes in the ownership of NIPF hold-
ings and their partitioning. One could take a
sample of holdings and observe their ownership
arrangements for a sufficiently long time, e.g. a
few generations, a type of data probably not
available anywhere, for practical reasons, or else
one could collect a sample of NIPF holdings,
including ones that have undergone ownership
changes, a less costly and better controlled meth-
od. It is the latter which is used here. This method
can even be more reliable, as the characteristics
of holdings and their ownership change with
time, so that there might be a danger of confusing
the contributory factors with those brought about
by temporal effects. In addition, institutional as-
pects such as farm legislation have changed mark-
edly in recent times.

According to the farm register maintained by
the National Board of Taxation, the number of
NIPF holdings with at least 5 ha of forest land in
Southern Finland is about 240 000 (Ripatti and
Reunala 1989, p. 13-20), which implies that, since
it has been estimated that the average length of
NIPF ownership is about 30 years (Ripatti 1993,
p. 45), over 7000 holdings change hands annual-
ly. As no listing of these holdings exists, the in-
vestigation had to be based on a sample. Typical-
ly, the first step in a sample survey is to list the
population in order to create a sampling frame-
work, but due to the ownership changes and frag-
mentation of holdings, no reliable, up-to-date reg-
isters on Finnish NIPF holdings and their owners
were available.

Various sampling frameworks have been used
previously to obtain information on NIPF hold-
ings and their owners. Agricultural Censuses were
used from the Second World War until the late
1960’s (e.g. Osara et al. 1948, Pontynen 1962,
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Ervasti et al. 1969), whereas Holopainen (1956,
1959) used taxation lists. Most later studies of
NIPF owners (e.g. Seppild 1974, Jirveldinen
1978) were based on cluster sampling, because
use of the Agricultural Censuses and the farm and
forest holding register maintained by the Nation-
al Board of Agriculture became less practicable,
largely on account of the omission of an increas-
ing number of new forest owners, typically upon
the holdings changing hands (Hikkild and Vouti-
lainen 1984, Sillanpaa 1984).

Since it was necessary in the present case for
information on forest holdings to be available for
use at two separate points in time, the same hold-
ings were studied in 1990-91 which had been
involved in an earlier investigation conducted at
the Finnish Forest Research Institute over the
period 1980-86. We are thus concerned here with
holdings which underwent ownership changes
between 1980-86 and 1990-91. On the basis of
the number of holdings and the average length of
ownership, the population —of holdings in South-
ern Finland with at least 5 ha of forest land — may
be estimated to number about 50 000 (Fig. 8).

The sample for the earlier investigation had been
chosen by two-stage areal cluster sampling, em-
ploying the Basic Map sheet as the sampling unit
at the first stage and the individual forest holding
at the second stage. A more detailed description
of the cluster sampling technique is given by Sep-
pild (1971a, 1971b). The data were collected by
interviewing the owners of 2121 NIPF holdings
with at least 5 ha of forest land in Southern Fin-
land and making inventories their forests. The
process of data collection is presented in detail by
Karppinen and Hénninen (1990, p. 13-16).

The same holdings were then re-surveyed by
means of a postal questionnaire in 1990, and part-
ly by interviewing forest owners in 1991, as de-
scribed in detail by Ovaskainen and Ripatti (1994,
p. 10-11). The interviews and replies to the ques-
tionnaire together numbered 1578, given a re-
sponse rate of 74 per cent. Where an ownership
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Fig. 8. Numbers of NIPF holdings in southern Fin-
land, original sample size, population, and response
in the present material.

change had taken place on one of these holdings,
the case was accepted for the specific sample. Such
cases numbered 314, and it was these that com-
prised the definitive sample. Thus, it is noted that
independent variables are dated from the period
1980-86 while the dependent phenomenon is
dated from years 1990-91.

These cases were then classified into two
groups: unpartitioned holdings and partitioned
holdings, amounting to 230 and 84 respectively.
A division into western and eastern regions yield-
ed two groups of 157 holdings each, although the
occurrence of one case which could not be inves-
tigated reduced the eventual number of cases in
the analysis to 313, including 156 in the western
part of Southern Finland and 157 in the eastern
part.

4.2 The Data

Since the purpose of the earlier investigation in
1980-86 had been to provide information on the
actual and allowable cut on NIPF holdings, the
selection of variables was not the best for the
present purposes. The data did not include such
important variables as value (price) of the hold-
ings or the owner’s marital status, number of
children, or wealth or income, whereas only a
small part of the information obtained for the
original study could be used. Ignoring the eco-
nomic and market-level factors implies that sub-
sequent owners of the holdings would not be
discriminated by value of the holdings or their
volume of timber. In these circumstances the

differences in ownership arrangements will be
due to factors concerned with former holding and
ownership characteristics.

Furthermore, the data do not cover northern Fin-
land, and there are also certain other limitations in
addition to these deficiencies in quality and areal
coverage. On the other hand, a large amount of
information was gathered when re-surveying the
holdings, including their ownership arrangements
and whether or not they had been partitioned in
connection with ownership changes. The answer
to the latter question was used as the response
variable in the analysis.

One methodological problem arose from the
determination of ownership changes. These were
interpreted as having taken place whenever the
holding was owned by a different person from
before, when the type of ownership had changed,
or if the area of forest land had decreased by more
than half compared with the first survey. The sim-
plest case was a straightforward change of owner,
although it was most common for a change in the
type of ownership to have taken place as well. In
addition, there were a few cases in which the
ownership characteristics had changed substan-
tially, involving a decrease in the area of forest
land.

The frame of reference presented above implies
that the partitioning of NIPF holdings is influ-
enced by numerous factors, and it is also clear
that factors affecting the behaviour of forest own-
ers are influenced by variables at different levels
(see Tikkanen 1981, Jirveldinen 1988). With re-
spect to the characteristics of the data employed
here, however, it was only possible to study the
direct effects on partitioning, and therefore multi-
order analyses such as path analysis were inappli-
cable.

The number of variables which could have been
used to describe partitioning was very large, but a
total of twelve were hypothesised to affect the
partitioning of NIPF holdings. These were cho-
sen on the basis of the theoretical considerations
presented above and empirical observations made
in carlier studies of NIPF owners (see Thalainen
1990, Ovaskainen and Kuuluvainen 1994), even
though the initial selection was primarily deter-
mined on the basis of the data collected at the first
stage. The distributions of the variables classified
and their means, standard deviations and the min-
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Table 3. Minimum, maximum, and mean values and the standard deviation of continuous variables for

unpartitioned and partitioned holdings.

Variable Unpartitioned holdings (n=230)

Minimum Maximum  Mean

Area of forest land (ha) 5.19 456.51 27.97
Area of non-sample 0.00 155.00 1.69
forests (ha)

Area of arable land (ha) 0.00 106.96 8.10
Potential cut (cubic metres) 0.00  19.30 3.89
Age of forest owners (years) 18.00  85.00  59.60

Partitioned holdings (n=84)

Standard Minimum Maximum  Mean Standard
deviation deviation
28.25 6.00 1455.89 35.63 45.85
7.86 0.00 326.00 2.84 11.89
9.73 0.00 65.06 8.26 10.94
3.36 0.00 18.40 515 3.74
13.05 26.00 89.00 56.06 13.19

imum and maximum values of the continuous var-
iables among unpartitioned and partitioned hold-
ings are given in Tables 3 and 4. It should be not-
ed that due to the selected nature of the data, ap-
plying only to holdings which had undergone
ownership changes, the figures in the tables devi-
ate from the NIPF ownership factors as a whole.

The variables used can be described briefly as
follows. They included both dichotomous and
continuous variables, and divided the forest own-
ers into farmers and non-farmers, employing the
individual’s former occupation where necessary.
The present or former occupation of the person
responsible for managing the holding was used if
the holding was owned jointly.

Type of ownership was used both in the result
line denoting the mechanism of partitioning and
as a variable in the logit analysis. It was divided
into three categories in the first case: owned by a
family, owned by heirs, and owned by a concern,
and two in the latter: owned by a family or owned
jointly. The family-owned holdings comprised
those that were in the hands of one owner alone or
together with his/her spouse and/or children,
whereas the jointly owned holdings comprised
those owned by heirs or concerns.

The variable indicating the main use to which
the holding was put was based on opinions ex-
pressed by the forest owners themselves, the hold-
ings being classified into those used mainly for
agriculture, forestry or agriculture and forestry
equally, i.e. productive use, and those used main-
ly for recreation, residence or leisure, i.e non-pro-
ductive use.

The division into western and eastern regions
(Fig. 9) placed the former forestry board districts
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Table 4. Distributions of dichotomous variables in
unpartitioned and partitioned holdings.

Variable Unpartitioned Partitioned  Total
n=230 n=84 n=314

Occupation of owners

farmer 80.1 46.7 71.8
non-farmer 19.9 533 28.2
Residence on holdings

not permanently 31.9 54.2 374
permanently 68.1 458 62.6
Type of ownership

family owned 81.6 59.8 76.2
jointly owned 18.4 402 238
Main use of holdings

agriculture etc. 84.4 60.7 78.5
recreation etc. 15.6 39.3 21.5
Region

eastern region 56.7 40.2 52.7
western region 433 59.8 47.3
District of residence

urban district 75.2 80.4 76.4
rural district 24.8 19.6 23.6

Means of acquisition
purchased on open market 60.4 59.8 60.3
other 39.6 40.2 39.7

of Helsinki, Lounais-Suomi, Uusimaa-Hime,
Pirkka-Hime, Satakunta, Eteld-Pohjanmaa, Poh-
janmaa and Keski-Pohjanmaa in the western re-
gion and those of Iti-Hdme, Eteld-Savo, Eteli-
Karjala, Itd-Savo, Pohjois-Karjala, Pohjois-Savo
and Keski-Suomi in the eastern region.
Holdings were divided into inhabited and unin-
habited, and this was used as a dummy variable.
A holding was required to be permanently inhab-
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Fig. 9. The area of southern Finland studied here and
its division.

ited, otherwise it was classified as uninhabited,
whereupon a separate residence variable was used
to describe the character of the municipality in
which the owner lived, rural or urban.

In addition to the above, the means of acquisi-
tion by the former owner was used as a dummy
variable in the logit analysis. Accordingly, the
holdings were divided into those purchased on
the open market and those inherited or purchased
from relatives. The means of acquisition by the
subsequent owner was also used to describe the
mechanism of partitioning. Here three categories
were used: inherited, purchased from relatives,
and purchased on the open market.

The remaining five variables were used prima-
rily in a continuous form. The area of forest land,
the area of arable land and the area of non-sample
forest land were indicated in hectares. The area of
non-sample forest refers to the area belonging to

the family within the same municipality but un-
der a different type of ownership than the index
holding. The potential cut was represented by the
annual allowable cut determined on a silvicultural
basis and described in cubic metres. A more de-
tailed description of principles followed in calcu-
lating this allowable cut is given by Karppinen
and Hinninen (1990, p. 18-21). The ages of the
forest owners are denoted in years at the moment
of interview at the first stage of data collection. It
was possible to express these variables also in
quartiles, and eventually in dichotomous form if
necessary, when constructing the logistic regres-
sion models.

On account of the areal cluster sampling tech-
nique, the probability of a forest holding entering
the sample was proportional to its area of holding,
i.e. sampling was carried out using varying selec-
tion probabilities. The observations were there-
fore weighted, distributions and means being
multiplied by the reciprocal of the total area of the
holding. For a detailed description of the weight-
ing method, see Jarveldinen (1981, p. 9) and Karp-
pinen and Hinninen (1990, p. 23-24).

The result lane describing the mechanism of
partitioning contained percentage distributions in
terms of the means of transfer from the former
owner to the subsequent owner, whereas the re-
sults of the logistic regression analysis were pre-
sented in conventional terms as adopted from
Hosmer and Lemeshow (1989). The data were
analysed using the BMDPLR statistical software
(Engelman 1990).

4.3 Logistic Regression Modelling
4.3.1 Basic Concept of the Analysis

Linear regression analysis is one of the most
widely used methods in many sciences for de-
scribing the relationship between a response var-
iable and one or more explanatory variables. It is
often the case, however, that the response varia-
ble is dichotomous, i.e. taking on only two val-
ues, and the most suitable application is bivariate
analysis, e.g. logistic regression analysis. In other
words, the major distinction between logistic and
linear regression is that the response variable is
dichotomous in logistic regression whereas in
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linear regression it is linear (e.g. Cramer 1991).

The logistic function was designed as early as
1845 in the form of a growth curve, and the bivar-
iate probability model, identified exclusively with
a normal probit model, dates initially from the
biological statistics of the 1930’s. The theory of
discrete choice of a random utility arose as part of
abstract economic theory around the 1950s. The
full development of the generalized logit model
dates from its use in traffic analysis in the early
1970’s (Cramer 1991, p. 39), but it is not until
recent years that logistic regression analysis has
become the standard method in dichotomous re-
sponse variable situations.

Numerous investigations into the behaviour of
NIPF owners have been carried out around the
world, but logistic regression analysis proper was
adopted for this purpose only in the 1980s. Sim-
ilarly, little use has so far been made of this method
in Finland, although Kuuluvainen et al. (1983)
did use it to determine timber sales probabilities
for forest owners, and Ollikainen and Salonen
(1986) formulated a sequential binary model to
analyze factors that affect their sales frequency.

It was not until almost ten years later that
Ovaskainen et al. (1994) calculated the probabil-
ities of forest owners with different characteris-
tics investing in timber growth and Hianninen and
Viitala (1994) used logistic regression analysis to
compare the extension behaviour of active and
non-active forest owners. Ripatti (1996) used the
same method to determine preliminary how hold-
ing and ownership characteristics affect the prob-
ability of partitioning when holdings change
hands, and Karppinen (1995) used logit models
toidentify NIPF owners belonging to goal groups.
In addition, logistic regression analysis has been
used to predict forest owners’ choice of forest
taxation principle when a reform in the Finnish
forest taxation system was introduced in 1993
(Pesonen et al. 1995).

What are the advantages of logistic regression
over linear regression? The first difference con-
cerns the nature of the relationship between the
response or outcome variable and independent
variables. In any regression problem the key quan-
tity is the mean value of the outcome variable,
given the value of the independent variable. This
quantity is called the conditional mean and may
be expressed by E(Y | x), where Y denotes the out-
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come variable and x a value of the independent
variable. The quantity E(Y | x) is read as the ex-
pected value of Y, given the value x. In linear re-
gression we assume that this mean may be ex-
pressed as an equation that is linear on x, such as

EY1x)=o+ f, (1)

This expression implies that is possible for
E(Y | x) to assume any value as x ranges between
—oo and +oo. With dichotomous data the condi-
tional mean must be greater than or equal to 0 and
less than or equal to 1, and approaches 0 and 1
“gradually”, i.e. the change in E(Y | x) per unit
change in x becomes progressively smaller as the
conditional mean comes closer to 0 or 1. The
curve is referred to as S-shaped (Fig. 10) and
resembles a plot of the cumulative distribution of
a random variable. It is not surprising that some
well-known cumulative distributions have been
used to provide a model for E(Y | x) in the case
where Y is dichotomous.

As pointed out by Hosmer and Lemeshow
(1989, p. 6), there are two primary reasons for
choosing a logistic distribution: it is an extremely
flexible and easily used function and it lends itself
to meaningful interpretation. The following pres-
entation of the logistic regression analysis tech-
nique is mainly adapted from Aldrich and Nelson
(1984), Hosmer and Lemeshow (1989) and De-
maris (1992). Nevertheless, before the presenta-
tion, two essential concepts of the logit models
should be presented. The first is probability which
is defined in relation to x as 7 (x), when the second
concept, odds can be defined as 7 (x) / [1 — 7 (x)].

P(X)
)

P=1.0 e

P=0.5 ——

. exp(o+f)
1+exp(o+f)

P=0.0—

Fig. 10. The logistic model.
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In order to simplify the notation, the quantity 7 (x)
= E(Y | x) will be used to represent the conditional
mean of Y given x when the logistic distribution is
used. The specific form of the logistic regression
model to be used is as follows:
e“*ﬁl x

m(x) = P (2)
A transformation by 7 (x) is referred to as a logit
transformation. This is defined in terms of 7 (x),
as follows:

g(x)= ln[ﬂ] = a+pi 3)
1—m(x)

The significance of this transformation is that g(x)
has many of the desirable properties of a linear
regression model. The logit, g(x), is linear, contin-
uous and may range from +e< to —e, depending on
the range of x. It should be noted that as the value
(x) varies from O to 1, the odds vary from O to =
because it is defined as w(x) / [1 — 7w (x)]. When
7 (x)=0.5, the odds value is 1. Values from O to 1
on the odds scale correspond to values of 7 (x)
from 0 to 0.5. On the other hand, values of 7 (x)
from 0.5 to 1 result in odds values of between 1
and oo. Taking the logarithm of the odds will
resolve this symmetry. When 7 (x) = 0, the odds
value is —o, and when 7 (x) = 1, it is +oo (Afifi and
Clark 1990, p. 320).

Another important difference between the linear
and logistic regression models concerns the con-
ditional distribution of the outcome variable. In
the linear regression model we assume that an
observation of the outcome variable may be ex-
pressed as y= E(Y | x) + €. The quantity € is called
the error, and expresses the deviation of an obser-
vation from the conditional mean. The most com-
mon assumption is that follows a normal distribu-
tion with mean zero and some variable that is
constant across all levels of the independent var-
iable.

It follows that the conditional distribution of the
outcome variable given as x will be normal with
mean E(Y | x) and a variance that is constant. This
is not the case with a dichotomous variable, how-
ever, when the value of the outcome variable giv-
en as x as may be expressed as y = 7 (x) + €. Here
the quantity € may assume one of two possible
values. If y = | then € = | — 7 (x) with probability
7 (x), and if y = 0 then € = - (x) with probability

1 -7 (x). Thus, € has a distribution with mean zero
and variance equal to 7 (x)[1 — 77 (x)]. That is, the
conditional distribution of the outcome variable
follows a binomial distribution with probability
given by the conditional mean, 7 (x) (Hosmer and
Lemeshow 1989, p. 7).

4.3.2 Fitting the Logistic Regression Model

The method most often used in linear regression
for estimating unknown parameters is that of
least squares, in which we choose values of @ and
B; which minimize the sum of the squared devia-
tions of the observed values of Y from the predict-
ed values based on the model. Under the usual
assumptions for linear regression, the method of
least squares yields estimators with a number of
desirable statistical properties. Unfortunately,
when the method of least squares is applied to a
model with a dichotomous response the estima-
tors no longer have these same properties.

The general method of estimation that leads to
a least squares function under the linear regres-
sion model is called maximum likelihood. This
will provide the foundation for our approach to
estimation using the regression model. In a very
general sense, the method of maximum likelihood
yields values for the unknown parameters which
maximize the probability of obtaining the observed
set of data. In order to apply this method we must
first construct a function, called the likelihood
function, which expresses the probability attached
to the observed data as a function of the unknown
parameters. The maximum likelihood estimators
of these parameters are the values which maxi-
mize this function. Thus, the resulting estimators
are those which agree most closely with the ob-
served data (Hosmer and Lemeshow 1989, p. 8)

To find these values from the logistic regres-
sion model, we operate as follows. If Yis coded as
zero or one, then the expression for 7 (x) given in
equation 2 provides the conditional probability
that Yis equal to 1 given x. This will be denoted as
P(Y = 11 x). It follows that the quantity 1 — 7 (x)
gives the conditional probability that Yis equal to
zero given x, P(Y = 0 | x). Thus, for pairs (x, y,)
where y, = | the contribution to the likelihood
function is 7 (x;) and for pairs where y; = 0 the
contribution to the likelihood functionis 1 — 7 (x,)
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where the quantity 7 (x;) denotes the value of 7 (x;)
computed at x;. A convenient way of expressing
the contribution to the likelihood function for the
pair (x; y;) is through the term

Exi) = m(x) L= mx)) @)

Since the observations are assumed to be inde-
pendent, the likelihood function is obtained as a
product of the terms given in expression 4 as
follows:

1B =T1¢x) 5)
i=1

The principle of maximum likelihood states that
we use as our estimate of f the value which
maximizes the expression in equation 5. It is
easier mathematically, however, to work with the
log of equation 5. This expression, the log likeli-
hood, is defined as Hosmer and Lemeshow (1989,
p. 9) have displayed

L(B) = n[I(B)] Y {yi In[7(x:)] + (1 - y)In[1 - m(x)]}
i=1
(6)
To find the value of f that maximizes L(f5) we
differentiate L(f) with respect to 3 and set the

resulting expressions equal to zero, these equa-
tions are as follows:

2 [y~ man] =0 )
i=1

and
zxi[)’i -ﬂ'(xi)]ZO (8)
i=1

These are called the likelihood equations. It is
understood in equations 7 and 8 that the summa-
tion indicated by 2. is over i, varying from 1 to n.
In linear regression the likelihood equations ob-
tained by differentiating the sum of the squared
deviations functions with respect to f3 are linear
in the unknown parameters and thus are easily
solved. For logistic regression, however, the ex-
pressions in equations 7 and 8 are non-linear in
B, and thus require special solution methods. The
value of B given by the solution to equations 7
and 8 is called the maximum likelihood estimate,
and will be denoted as . Use of the symbol (*)
will denote the maximum likelihood estimate for
the respective quantity. Thus 7(x;) is the maxi-
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mum likelihood estimate of 7 (x;), for example.
This quantity provides an estimate of the condi-
tional probability that Yis equal to 1, given that x
is equal to x;. As such, it represents the fitted or
predicted value for the logistic regression model.
An interesting consequence of equation 7 is that

Y yi=y w(x)
=l iml

That is, the sum of the observed values of y is
equal to the sum of its predicted values (e.g.
Hensher and Johnson 1981).

4.3.3 Interpretation of the Parameters

The estimated coefficients for the independent
variables represent the slope or rate of change of
a function of the partitioning of NIPF holdings
per unit of change in the independent variable.
Thus interpretation involves two issues: deter-
mining the functional relationship between parti-
tioning and the independent variable, and defin-
ing the unit of change appropriately for the inde-
pendent variable. These questions will be consid-
ered below. We will first discuss the characteris-
tics of the results of logistic regression models.
Following that we will consider the interpretation
of the parameters for univariate logistic regres-
sion for dichotomous and continuous independ-
ent variables. Finally, multivariate case with two
or more independent variables will be presented.

Logistic regression analysis is very recent ad-
aptation of bivariate analysis especially in forest
economics, and this may be one reason why there
is considerable confusion over the interpretation
of its results. As Demaris (1993, p. 1057) points

Table 5. Values of the logistic regression model with a
dichotomous independent variable.

Independent variable

x=0 x=il
0 1-m(0)= 1 1—m(1)
y= - =—— l-7()=
Outcome 1+e2 1+ ea+B
variable a a+p
y=1 1(0) = —= a(l)=—
1+e” 1+eoB
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out, this confusion centres on an intractable prob-
lem in the logistic regression model: as long as
the probability of an event is the response of a unit
of interest, there is no measure that exactly sum-
marizes the net impact of the response of an unit
increase in a given explanatory variable independ-
ently of other predictors in the model (e.g. Baer et
al., 1990, Roncek 1991). The odds value is math-
ematically defined as 7/ (1 — ), which is the ratio
of anevent occurring (1) to that of it not occurring
(1 —m). With 2:1 odds, the event will occur twice
as often as not, or is twice as likely to occur as not.

As mentioned earlier, partitioning of NIPF hold-
ings must be coded as either 0 or 1. If we now
assume that an independent variable, e.g. the for-
estowner’s occupation, is dichotomous and is also
coded as either 0 or 1, we obtain a case which is
not only the simplest but will provide a conceptual
foundation for all other situations. In this case there
are two values of 7 (occupation, x) and equiva-
lently two values of 1 — 7 (occupation, x). These
may be conveniently displayed in a two-times-
two table, as shown in Table 5.

The odds of the partitioning among x = 1 (non-
farmers) are defined as 7 (1) /[1 — 7 (1)], and the
odds of partitioning among x = 0 (farmers) as
7 (0)/[1 - (0)]. Thus the logarithm of the odds
are

g(1) =In{m1)/[1 - m1)]}
8(0) =In{m0)/[1 - m0)]} )

The odds ratio, denoted by v, is defined as the
ratio of the odds for non-farmers (x = 1) to those
for farmers (x = 0), and is given by the equation

_ m)/[1-n(D)]
n(0)/[1-m(0)]

The logarithm of the odds ratio is

(10)

n(l)/[1-mn(1)]
n(0)/[1-m(0)]
which is the logit difference. The expressions for

the logistic regression model are shown in Table
5. The odds ratio is

In(y) = ln[ ]:g(l)-g(O) (11

1
(l+ea+ﬁ| )(1+ﬁeaj_e“+eﬂl o 12)

(e iwem)
1+ex N1+exth

Hence, for logistic regression with a dichoto-
mous independent variable y = ¢’ and the logit
difference, or logarithm of the odds ratio, is (y) =
In(e?’) = B,. This fundamental fact indicates that
the odds ratio is obtained from coefficient 3, by
taking antilog e”’. It should also be noted, as
stated by Demaris (1993, p. 1058), that the inter-
pretation of the odds ratio is strictly in terms of
odds and not probabilities. Thus it is correct to
say that the odds of partitioning is x times higher
or lower among non-farmers than among farm-
ers, for instance. Moreover, it should be empha-
sized that when an independent variable x in-
creases by one unit, from x to x+1, there is an
increment to 7 of 7w’ (x) along the tangent line at x,
but the increment to 1 is considerably smaller
along the function itself. The increment to  need
not necessarily be smaller than 7’ (x) in absolute
value, but it will always be different from 7’ (x)
(Demaris 1993, p. 1059).

In order to develop a method for interpreting the
coefficient for a continuous variable, the logit is
assumed to be a linear variable (e.g. Agresti 1990)
in the continuous covariate, x, so that its equation
is g(x) = o + Pyx. It follows that the slope coeffi-
cient, f3,, gives the change in the log odds for an
increase of “1” unitin x, thatis, 8, = g(x + 1) — g(x)
for any value of x. The value of “1” is not usually
very interesting, however. For example, an in-
crease of 1 hectare in the area of forest land may be
too small to be considered important, and a change
of 10 hectare might be considered more useful.
Hence, to provide a useful interpretation for con-
tinuous scaled covariates, it is necessary to devel-
op amethod for point and interval estimation given
an arbitrary change of “c” units in the covariate
(Hosmer and Lemeshow 1989, p. 57).

The log odds for a change of ¢ units in x are
obtained from the logit difference g(x + ¢) — g(x) =
cf3,, and the associated odds ratio is obtained from
the exponent of this logit difference, y(c) =
Y(x + ¢,x) = exp (c¢B)). An estimate may be ob-
tained by replacing f; with its maximum likeli-
hood estimate f;. An estimate of the standard
error needed for confidence interval estimation is
obtained by multiplying the estimated standard
error of Bl by c. Hence the endpoints of the
100(1 — o) % CI estimate of y(c) are
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cxpl:cﬁl *2z —a/2><5AE([§\| )] (13)

As in the case of univariate logistic regression,
the estimated coefficients of the multivariate can
be interpreted according to the same principles.
In order to fully understand the estimates of the
coefficients obtained from a multivariate logistic
regression model, however, one requires a clear
understanding of what is actually meant statisti-
cally by the term adjusting for other variables. Let
X, X2 ... x; be independent variables, and let 7 be
the conditional probability that partitioning of
NIPF holdings is taking place and 1 — 7 the
conditional probability that partitioning is not
taking place. Then the logistic regression model
for the log odds on partitioning is

T
In—

:lnC0=a+[3m +B2x2+...+ﬂ,-x; (14)

where CO represents the conditional odds on
partitioning, given the explanatory variables. The
present logistic regression model will be em-
ployed with both dichotomous and continuous
variables, a situation which is frequently encoun-
tered in studies of the forestry behaviour of NIPF
owners when exposure to a behaviour factor is
recorded as being either present or absent.
Probabilities themselves are also interesting.
Demaris (1993, p. 1061) points out that probabil-
ity approaches are appropriate when focusing the-
oretically on the probability of an event or devel-
oping a model as a predictive tool for identifying
categories of individuals at risk with respect to a
given event. Demaris (1993, p. 1063) also men-
tions that predicted probabilities reflect only the
impacts of predictors at specific combinations of
predictor values, and are thus not useful as sum-
mary statistics. We intend here to calculate prob-
abilities of partitioning for NIPF holdings in sub-
stantively interesting cases. In terms of the prob-
ability assignable to the population (P), the equa-
tion can be written as follows:
1

P 15
1+exp[—(a + Bix; + Baxa +...+Bix)) il
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4.3.4 Testing for the Significance of
the Coefficients

Two approaches were employed for testing the
statistical significance of the coefficients of vari-
ables. The first was comparison of the observed
values of the response variable with those pre-
dicted by each of two models, the first with and
the second without the variable in question. In
logistic regression the comparison of observed
and predicted values is based on the log likeli-
hood function, employing the following expres-
sion:

D=—2In (.hke.hhood of the current model) (16)
(likelihood of the saturated model)

A saturated model is one that contains as many
parameters as there are data points. The quantity
inside the large brackets in equation 16 is called
the likelihood ratio. The reason for using minus
twice its log is mathematical and is necessary in
order to obtain a quantity whose distribution is
known and thus can be used to test hypotheses.
Such a test is called the likelihood ratio test, and
is described by the equation

L b 1-7
D=-2 y;ln[—']+(1— ,)ln( '] (17)
gl‘\: Yi a 1=y

The statistic D is called the deviance (McCullagh
and Nelder 1989). For the purpose of assessing
the significance of an independent variable, the
values of D with and without this independent
variable are compared in the equation. The change
in D required to include the independent variable
in the model is obtained as follows: likelihood
ratio test statistic G = D(for model without the
variable) D(for the model with the variable).

The other test is the Wald test (e.g. Menard
1995), obtained by comparing the maximum like-
lihood estimate of the slope parameter, f, with an
estimate of its standard error. The resulting ratio,
given the hypothesis that =0, will follow a stand-
ard normal distribution. The ratio can be read
roughly in the manner of ¢ statistics (Engelman
1990, p. 1021). The Wald test statistics, W, is giv-
en by the expression

__b
14 SAE(L}) (18)
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Both the likelihood ratio test and the Wald test
were used, even though Hauck and Donner (1977)
found that the Wald test behaved in an aberrant
manner, often failing to reject cases in which the
coefficient was significant.

4.3.5 Assessing Goodness-of-Fit

In general terms, the goodness-of-fit means how
well the derived model fits the data. Two ap-
proaches to assessing this were employed here.
The classical approach begins by identifying com-
binations of values of variables used in the model,
called patterns, while in the other the probability
of belonging to a certain population was calculat-
ed for every individual in the sample and the
resulting numbers arranged in increasing order.
The first case was employed when the model
included only dichotomous variables and the lat-
ter case was suitable for a model with continuous
variables. The first, the goodness-of-fit chi-square
case, was computed as follows:

J
62:22xo,-x1n(ﬂj (19)
j=1 €
where o, denotes observed numbers of individuals
in populations and e, their expected numbers. The
distribution of the statistic G* under the assump-
tion that the fitted model was correct in all aspects
was assumed to be chi-square with degrees of
freedom equal to J — (p+1). The problem is that
when J = n, the distribution is obtained under
n-asymptotic, and hence the number of parame-
ters is increasing at the same rate as the sample
size. It has been proved that the statistic G* is
asymptotically distributed (see McCullagh and
Nelder 1989). Consequently, this statistic gave a
misleading impression when the number of dis-
tinct patterns was too large. A large number of
distinct patterns occurred when continuous varia-
bles were used (Afifi and Clark 1990, p. 331).
Another goodness-of-fit approach, i.e. the Hos-
mer-Lemeshow goodness-of-fit test had to be used
when the number of distinct patterns was large. In
this approach the probability of belonging to the
certain group was calculated for every individual
in the sample, and the resulting numbers were
arranged in increasing order. The first group con-
tained all the subjects whose estimated probabil-

ity was less than or equal to 0.1, while the tenth
group contained those for whom it was greater
than 0.9. For either grouping strategy, the Hos-
mer-Lemeshow goodness-of-fit statistic was ob-
tained by calculating the chi-square statistic from
the table of observed and estimated expected fre-
quencies. A formula defining the calculation of
HIL? is the following:

10 9
HI? = Z (0i —eei)“ (20)
j=l i
Hosmer and Lemeshow (1980, 1989) claim that
when J=n and the fitted logistic regression model
is the correct model, the distribution of the statis-
tic of Hosmer-Lemeshow is well approximated
by the chi-square distribution with 8 degrees of
freedom.

4.3.6 Model-Building Strategy

The criteria for inclusion of a variable in a model
may vary from one scientific discipline to another.
The traditional approach to statistical model
building involves seeking the most parsimoni-
ous model that still explains the data. Thus we
follow here Model-building strategy and meth-
ods for logistic regression approach of Hosmer
and Lemeshow (1989). In order to create an
informative model within the context of the
present problem, we need a plan to select the
variables for the model and a set of methods for
assessing the adequacy of the model both in
terms of the individual variables in the model
and from the point of view of its overall fit.

Selection of the variables for the final models
began with univariate logistic regression analysis.
Likelihood ratio tests were used when the observed
value of the response variable was to be compared
with the predicted value obtained from a model
with a constant only and one with both a constant
and the independent variable in question. The like-
lihood ratio test statistics, G, were obtained as
minus twice the difference between the log-likeli-
hoods. Any variable whose p-value for the G sta-
tistic was less than or equal to 0.10 was regarded as
a candidate for the multivariate model. A 0.10 lev-
el was used because the traditional 0.05 level may
fail to identify variables known to be important
(Mickey and Greenland 1989).
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Following the univariate analysis, the impor-
tance of each variable included in the model has
to be verified, for which purpose the Wald test
was used, i.e. the estimated coefficients were di-
vided by their estimated standard errors. Values
below 1.645 were not statistically significant at
the 0.10 level, and variables that did not contrib-
ute to the model based on this criterion were elim-
inated. Thereafter, the statistical significance of
the whole model was tested using the convention-
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al goodness-of-fit tests presented above. If the
p-value was more than 0.10, the fit was accepted.
Otherwise, the variable or variables that caused
the model not to fit the data were examined and
some were re-transformed. This particularly con-
cerns continuous variables, which were trans-
formed into quartile or dichotomous form if nec-
essary in order to check the assumption of the
linearity.

5 Ownership Factors Affecting Partitioning

5.1 Mechanism of Partitioning

One out of four holdings had undergone parti-
tioning in conjunction with a change in owner-
ship, but there were essential differences in the
means of transfer from the former owner to the
subsequent owner depending on the type of own-
ership from which the change arose. Thus it would
be of interest to know how the type of ownership
affects the decision process involved in a change
of ownership. Broadly speaking, family holdings
can be viewed as a permanent type of ownership,
whereas joint holdings especially by groups of
heirs, can be understood as being a temporary type.

Taking the permanent type of ownership first.

FAMILY
(76 %)

E___

Where family ownership does not change in con-
junction with changes in ownership, it is probable
that the ownership change has taken place through
purchase either from relatives or on the open
market, i.e. inheritance system has not been a way
of ownership change. Obviously, in that case the
former owner must have been involved in the
decision process associated with the ownership
change. As Reunala (1974, p. 30) puts it, there
are, however, essential differences in the purpose
of purchase. Sales arrangements between relatives
are usually designed to maintain the integrity of
the holding and to manage the question of inher-
itance between the children. In same cases, also,
sales between relatives may be preferred in order

CONCERNS
(77%)

%
@w BI% ¢rrmom
. P

1% 1 @y

Family=Family-owned holdings
Heirs=Heir-owned holdings
Concerns=Concern-owned holdings

Concerns
(77%)

|=Inheritance system
PR=Purchases from parents or relatives
PO=Purchases on open market

Fig. 11. Principles governing ownership changes in unpartitioned and partitioned holdings.
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to avoid inheritance taxes. Sales between relatives
can thus be considered as inheritance which, for
practical reasons, is carried out in the form of sale.

The other main way of obtaining a holding is
the inheritance system, involving cases in which
the transaction arises from a holding owned by a
group of heirs. This means a situation in which, in
the first place, the type of ownership has changed
from family ownership to heirs in conjunction with
the death of the former owner, who thus could not
be involved in deciding the actual ownership
arrangements. With respect to the inheritance sys-
tem, in which every heir has the same equal right
to the inheritance, a partitioning of the holding
must take place unless one heir buys off the
others.

The testable hypothesis presented here reduces
to whether there is systematic variation in parti-
tioning according to the type of ownership and
means of acquisition. The principles governing
changes in the ownership of unpartitioned and
partitioned holdings can be illustrated as in Fig.
11. The frequencies of partitioning by type of
ownership show that one fifth of the family-owned
holdings and nearly half of the jointly owned ones
were partitioned. The unpartitioned holdings were
typically acquired by purchase from relatives,
while the partitioned ones were more often ac-
quired by inheritance.

The proportion of family-owned holdings be-
fore the changes in ownership was 76 per cent,
and about one-fifth of these underwent partition-
ing, typically upon purchase fromrelatives, where-
as the proportion of holdings owned by groups of
heirs was 17 per cent and those that were parti-
tioned (44 %) had typically been acquired by in-
heritance. The proportion of concern owned hold-
ings was 7 per cent, and the proportion of these
that were partitioned was similar to the case of
those owned by heirs, although there were clear
differences in the manner of ownership change.
The partitioned holdings owned by heirs were
more often acquired by inheritance, while those
owned concern were more often acquired by the
purchase from parents or relatives.

It is interesting in the context of the structural
change in NIPF ownership to examine changes in
the type of ownership. Between 1980-86 and
1990-91 the proportion of family-owned hold-
ings decreased by 6 per cent to 70 per cent, while
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Table 6. Names of variables, expected signs, and
definitions and coding of the independent vari-
ables.

Variable Expected Definition and coding
name sign

OCCUP + Owner occupation

Coded O=farmer, 1=non-farmer
Residence on holding
Coded O=permanently,
I=not permanently

Type of ownership

Coded O=family owned,
1=jointly owned

Main use of holding
Coded O=agriculture,
forestry or agriculture

and forestry equally,
l=recreation etc.

Location of holding

Coded O=eastern part of
southern Finland,
I=western part of southern
Finland

District of residence
Coded O=urban, 1=rural
Acquisition of holding
Coded O=purchased on open
market, l=other

Area of forest land

Coded in hectares

Forest ownership elsewhere
Coded in hectares

Area of arable land
Coded in hectares
Potential cut

Coded in cubic metres
Age of owner

Coded in years

RESID +

OWN +

MUSE +

REGIO +

RESCO

ACQUI -

FOR +
NFOR  +
ARAB 7
PCUT ?

AGE +

that of holdings owned by heirs increased corre-
spondingly by 6 per cent to 23 per cent, so that the
proportion of concern owned holdings did not
change. This result parallels that found regarding
the whole NIPF ownership structure in Finland,
where the proportion of family-owned holdings,
for example, was 85 per cent in 1975 and had
decreased to 76 per cent by 1990 (Jirveldinen
1978, Ripatti 1991). Partitioning obviously seems
to be associated with joint ownership and the in-
heritance system, but this result is not very useful
on its own.
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Table 7. Univariate logistic regression models for partitioning.

Independent [§ SE[;

variable 23?; Liklefii;)od B d
Constant -1.09 0.13 -176.96

OCCUP 1.58 0.28 4.85 -160.74 3243 0.00
RESID 0.99 0.27 0.37 -169.99 13.92 0.00
OWN 1.14 0.28 3.13 -168.95 16.02 0.00
MUSE 1.27 0.30 3.56 -167.87 18.16 0.00
REGIO 0.58 0.26 0.56 -174.50 4.90 0.03
RESCO -0.24 0.32 0.79 -176.67 0.58 0.45
ACQUI -0.05 0.27 0.95 -176.94 0.03 0.86
FOR 0.67 E2 0.39 E2 1.01 -175.46 2.99 0.08
NFOR 0.12 El 0.14 El 1.01 -176.53 0.86 0.35
ARAB 0.16 E2 0.13 El 1.00 -176.95 0.02 0.90
PCUT 0.97 El 0.36 El 1.10 -173.30 7.31 0.01
AGE -0.20 El 0.98 E2 0.98 -174.80 431 0.04

5.2 Towards a Logistic Regression Model

In the previous chapter we focused on describing
the mechanism of partitioning when the variables
were treated one by one in situations where it was
not possible to take into consideration the effects
of the other variables. In further analysis the
differences between the unpartitioned and parti-
tioned holdings will be examined in more detail
by formulating a bivariate multi-equation model.
In order to advance in this question, capability of
the data to use in the analysis will be shortly
handled.

As shown in Tables 3 and 4, the total of 314
sample holdings included one partitioned hold-
ing which could not be handled statistically, since
it possessed a large area of forest land (FOR) that
exceeded even one thousand hectares. If we were
to use unlimited observations, the results would
lead to wrong conclusions. Also, the use of un-
limited observations could have a weighting ef-
fect on the other observations. Thus the number
of observations considered here was 313.

The partitioning of each NIPF holding, the out-
come variable, was coded either O (not partitioned)
or | (partitioned). The independent variables on
the code sheet are listed in Table 6, and the results
of fitting the univariate logistic regression mod-
els to these data are given in Table 7, in which the
following information is presented: the estimated
slope of the coefficients, the estimated standard

errors, the estimated odds ratios, the log-likeli-
hood value, the likelihood ratio test statistics for
the hypothesis that the slope coefficient is zero,
and the p-value of the likelihood ratio test statis-
tics in the last column.

With the exception of the age of the forest own-
er (AGE), there was evidence that each variable
had the expected sign. Therefore, it was rejected
from the subsequent analysis. Apart from AGE,
variables which had a p-value greater than 0.10
were rejected from the subsequent analysis, be-
cause the small value for the likelihood-ratio test
statistics indicated little association with partition-
ing. Also, detailed analysis of the continuous var-
iables area of non-sample forests (NFOR) and area
of arable land (ARAB) obtained from the quartile
analyses confirmed that there was little associa-
tion between these and partitioning. Thus multi-
variate analysis was begun without AGE, type of
residence (RESCO), means of acquisition of hold-
ing (ACQUI), NFOR and ARAB, leaving seven
independent variables.

The expected sign of AGE was positive, but its
coefficient in the univariate model was, unexpect-
edly, negative, indicating a greater probability of
partitioning the younger the age of the forest own-
er. How is this possible? Ageing of forest owners
is associated with their occupation (OCCUP) and
with the type of ownership (OWN), both of which
had a negative correlation with AGE (Appen-
dix 1). This means that the farmers and owners of
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family-owned holdings were older than the non-
farmers and joint owners, which was confirmed
by cross-tabulation of AGE against these varia-
bles (Table 8).

The results of fitting the preliminary multivari-
ate logistic regression model are given in Table 9.
The Hosmer-Lemeshow goodness-of-fit statistic
was used because the model contained continuous
variables. The results indicated that the model did
not fit the data well, as the statistic was 15.352,
indicating a p-value of 0.053 with 8 degrees of
freedom. To improve the fit of the model, transfor-
mations of continuous variables were used in fur-
ther analyses.

For some adverse reproductive outcomes and
for some populations it has been shown that the
logit as a function of certain continuous variables
might be quadratic (Kay and Little 1987, Hosmer

Table 8. Mean age of forest owners by occupation
and type of ownership.

Mean age, years

Occupation

farmers 61
non-farmers 51
Type of ownership

family owned 61
jointly owned 50

and Lemeshow 1989). To examine whether this
was the situation in the present data, we formed
three design variables based on the quartiles of area
of forest land (FOR) and potential cut (PCUT),
and replaced the continuous variables with these
design variables. Summaries of the quartile analy-
ses are presented in Tables 10 and 11.

The estimated coefficients and odds ratios de-
note significant quadratic trends. In both cases
the fourth quartile in particular was greater than
the third quartile, which supports a quadratic trend.
This argues for treating FOR and PCUT as di-
chotomous variables in the logit analysis. We
began by determining the quartiles of the distri-
bution of FOR and PCUT and creating three de-
sign variables using the highest quartile as the
reference group. These observations suggest that
we should create dichotomous variables by tak-
ing the value 1 if FOR and PCUT are in the fourth
quartile and O otherwise.

The use of PCUT in dichotomous form was
problematic, however, in that it did not improve
the fit of the multivariate model, which argues for
treating PCUT as continuous in the logit after all.
In addition, as PCUT is not known to interact with
any of the other variables, it should be kept in the
model. Unlike PCUT, the use of FOR in dichoto-
mous form did improve the fit of the multivariate
model. Additional logistic regression diagnostics
are presented in Appendix 2. The final logistic
regression model therefore contained six dichot-

Table 9. Estimated coefficients, standard errors, Wald test statistics, and odds ratios with 95 %
confidence interval for the logistic regression model for southern Finland.

Independent Coefficient Standard Wald test Odds ratio 95 % CI
variable error statistics of OR
Constant -3.840 0.464 -8.28

OCCUP 1.204 0.375 321 3.33 [1.59,6.98]
RESID 0.503 0.366 1.38 1.65 [0.81,3.39]
OWN 1.065 0.339 3.14 2.90 [1.49,5.65]
MUSE 1.540 0.363 4.25 4.67 [2.29,9.53]
REGIO 0.964 0.323 2.98 2.62 [1.39,4.95]
FOR 0.020 0.005 3.69 1.02 [1.01,1.03]
PCUT 0.063 0.043 1.47 1.06 [0.98,1.16]
Number of observations 313

Log-likelihood -136.652

Goodness-of-fit 15.352

Degrees of freedom 8

P-value of goodness-of-fit 0.053
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Table 10. Result of the quartile analyses of FOR
as contained in the model in Table 9.

Quartile I 11 1 v

Coefficient 0 -0.016 -0.665 0.591
Standard error 0 0371 0418 0.353
Coeff/SE 0 -0.04 -1.59 1.67
Odds ratio 1.00 0.98 0.51 1.80

Table 11. Result of the quartile analyses of PCUT
containing the model in Table 9.

Quartile I 1! I v

Coefficiet 0 -0.166 —0.3158 0.8924
Standard error 0 0.398  0.406 0.357
Coeff/SE 0 -042 078 250
Odds ratio 1.00 0.85 0.73 2.44

Table 12. Estimated coefficients, standard errors, Wald test statistics, and odds ratios with 95 %
confidence interval for the logistic regression model for southern Finland.

Independent Coefficient Standard Wald test Odds ratio 95 % C1
variable error statistics of OR
Constant -3.754 0.436 -8.60

OCCuUP 1.249 0.384 3.25 349 [1.64.7.42]
RESID 0.621 0.377 1.65 1.86 [0.89.3.91]
OWN 1.116 0.347 3.22 3.05 [1.54.6.04]
MUSE 1.540 0.373 4.13 4.66 [2.24.9.72]
REGIO 1.023 0.329 3.11 2.78 [1.46.5.31]
FOR, dichotomous 1.742 0.370 4.71 5.71 [2.75.11.80]
PCUT 0.043 0.044 0.98 1.04 [0.96.1.14]
Expected probability of partitioning 0.19

Number of observations 313

Log-likelihood -132.959

Goodness-of-fit 9.258

Degrees of freedom 8

P-value of goodness-of-fit 0.321

omous variables and one continuous variable. The
value of the Hosmer-Lemeshow goodness-of-fit
statistic was 9.258, indicating a good fit, witha p-
value of 0.321. The predicted value of the model
for partitioning was 0.19, which underestimated
the true value, as the proportion of partitioning in
the sample was about one quarter.

5.3 Model for Southern Finland
5.3.1 Estimated Coefficients

The results of the model are shown in Table 12, in
which the estimated coefficients and standard
errors are presented first. The Wald test statistics
after the standard errors indicate statistical signif-
icance. According to the asymptotic W-test, five
variables were statistically significant at the 0.1
per cent level and one (RESID) at the 10 per cent

level. One variable (PCUT) was not statistically
significant. In order to provide more insight into
the quantitative effects, the estimated odds ratios
are presented in the next column.

The odds ratio is usually the parameter of inter-
est in a logistic regression, due to its clarity of
interpretation (Demaris 1992), but an odds ratio
estimate will tend to have a skewed distribution,
due to the fact that it is bounded away from zero.
Inferences are usually based on the sampling dis-
tribution of In(\y)= B, which tends to follow a
normal distribution for much smaller sample siz-
es. A 100 x (1 —a) % confidence interval estimate
for the odds ratio is obtained by first calculating
the end points of the confidence interval for the
coefficient and taking the exponent of these val-
ues (Hosmer and Lemeshow 1989, p. 44). In view
of the importance of the odds ratio as a measure of
association, 95 per cent confidence intervals are
presented in the last column.
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The odds ratio for partitioning with respect to
owner occupation (OCCUP) was 3.5, indicating
that odds of partitioning was 3.5 times greater
among non-farmers than among farmers. The odds
ratio for partitioning with respect to residence on
the holding (RESID) was 1.9. This may be inter-
preted as suggesting that odds of partitioning took
place nearly twice as frequently on holdings with
no permanent resident than on holdings with a
permanent resident. The confidence interval for
the odds ratio lay between 0.9 and 3.9, however,
which means that it was not statistically signifi-
cant, as in rule-of-thumb terms, the lower end point
of the confidence interval should be at least 1.0
(Rita and Ranta 1996). It should also be noted that
the interval is slightly skewed to the right.

The odds ratio for partitioning with respect to
the type of ownership (OWN) was 3.1, i.e. odds
of partitioning occurred more than three times
more frequently in the case of jointly owned hold-
ings than in that of family-owned holdings. The
second highest odds ratio in the model was for the
main use of the holding (MUSE). The odds of
partitioning was 4.7 times greater on holdings used
mainly for recreation, residence or leisure than on
holdings used mainly for agriculture, forestry or
agriculture and forestry equally.

The odds ratio for partitioning with respect to
location of the holding (REGIO) was 2.8, which
means that odds of partitioning was nearly three
times greater in the western part of southern Fin-
land than in the eastern part. On the other hand,
taking the inverse of the odds ratio, it can also be
inferred that odds of partitioning was 0.4 times
smaller to occur in the eastern part.

The odds ratio for partitioning with respect to
FOR was the highest in the model. The odds of
partitioning took place as much as 5.8 times more
frequently on large holdings of more than 37 ha
than on small holdings of 37 ha or less. The trans-
formation of the continuous variable FOR into
dichotomous form was considered essential from
the viewpoint of both the fit of the model and the
statistical significance of FOR.

The potential cut variable (PCUT) appeared to
be an important one in the univariate analysis, but
was not statistically significant in the model. In
any case, the odds ratio for partitioning with re-
spect to PCUT was 1.04. When the model con-
tained a continuous variable, the interpretation of
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the odds ratio depended on how it was entered
and the units in which it was expressed (Liao
1994). Thus the odds ratio for partitioning with
respect to PCUT may be said to indicate that the
“risk” of partitioning increases 1.04 times forevery
increase of one cubic metre in the potential cut
(see Cramer 1991, p. 33-35).

5.3.2 Probabilities of the Partitioning

It should be noted that the odds ratios in the model
indicate the changes in the odds of partitioning in
terms of ceteris paribus but not in changes in
probability. Therefore, predicted probabilities
were determined for substantively interesting cas-
es of partitioning (Table 13). The probability of
partitioning was lowest, 0.03, when the owner
was a farmer or family living permanently on the
holding and using it mainly for agriculture, for-
estry or agriculture and forestry equally, and
when the holding was located in the eastern part
of southern Finland and had 37 ha or less of forest
land and a potential cut of 4.1 m*/ha/a. Converse-
ly, the probability as high as 0.98 when the hold-
ing was owned jointly by non-farmers not living
on it permanently and using it mainly for recrea-
tion or leisure, and when the holding was located
in the western part of southern Finland and had
more than 37 ha of forest land and a potential cut
of 4.1 m*/ha/a.

The predicted probability of partitioning in
terms of the mean values of the variables is pre-
sented in the penultimate column in the table. It
should be noted, however, that there is no such
thing as an “average” holding in this analysis, as
the dichotomous variables are coded with values
of either zero or one. In addition, it should be
pointed out that the number of variables in the
model plays an important role when predicting
the probability of belonging to a certain group
(see Karppinen 1995). The more precise the mod-
el, i.e. the greater the number of variables, the
smaller the probability of belonging to a certain
group.

The ownership characteristics identified by the
model could be used in particular to focus on owner
groups whose holdings are more likely to be par-
titioned. In order to demonstrate the effect of a
change in the probability attached to each of the
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Table 13. Effects of the variables in the logistic regression model on probability of partitioning with brim and
average options and the effect of a change in each independent dichotomous variable on the probability. The

mean value of the continuous variable PCUT is used.

Variable Low High “Average” Change in
probability probability mean probability

OCCUP 0 1 0.279 0.06
RESID 0 1 0.375 0.02
OWN 0 1 0.248 0.05
MUSE 0 1 0.209 0.08
REGIO 0 1 0.489 0.04
FOR 0 1 0.251 0.10
PCUT 4.103 4.103 4.103

n 0.03 0.98 0.19

S 1+exp(=3.754+1.249 x OCCUP +0.621 X RESID+1.116 x OWN +1.540 x MUSE +1.023x REGIO +1.742 % FOR+0.043x PCUT)

independent dichotomous variables in the model,
the values of the remaining variables were set to
one. Given the greatest possible probability of
partitioning of 0.98, as shown in the second col-
umn of Table 13, a change in the value of FOR
from one to zero would reduce this by 0.10, while
a change in the value of RESID from one to zero
would do so only by 0.02. Consequently, the re-
sults of the model could be used to focus on dif-
ferent owner groups.

An intuitively appealing way of summarizing
the results of the model is via a classification table,
the result of cross-classifying partitioning against
a dichotomous variable whose values were de-
rived from the estimated logistic probabilities. To
obtain the derived dichotomous variable, we must
define a cutoff point and compare each estimated
probability with it. If the estimated probability
exceeds the cutoff point, we give the derived var-
iable the value one; otherwise it is zero. The most
commonly used value for such a cutoff point is
0.5 (Schuster 1983). The appeal of this type of
approach to model assessment comes from the
close relationship between logistic regression and
discriminant analysis, so that the distribution of
the covariates is multivariate and normal within
the two outcome groups (Afifi and Clark 1990).

Ultimately, the choice of cutoff point depends
on the objective of the analysis. Schuster (1983,
p. 5-7), for instance, used a cutoff point which

Table 14. Classification of individual holdings used
for construction the model with a cutoff point of
0.5.

Predicted
Unpartitioned  Partitioned Total
Unpartitioned 231 3 234
Observed
Partitioned 36 43 79
Total 267 46 313
Observations correctly 99 54 88

classified, per cent

helped to recognize NIPF owners who were in-
volved in forestry assistance programmes, as the
capability for providing assistance was limited and
the greatest possible profit would be gained by
concentrating on owners who had been active in
obtaining assistance. In the present case the main
objective was not to classify holdings by the prob-
ability of partitioning but to quantify each factor
affecting partitioning on a ceteris paribus basis,
and therefore the commonly preferred cutoff point
of 0.5 was chosen. The model predicted that 231
unpartitioned holdings out of the 234 observed
would remain unpartitioned, whereas 43 parti-
tioned holdings out of the 79 were correctly clas-
sified (Table 14). The overall rate of correct clas-
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Fig. 12. Percentages of NIPF holdings classified cor-
rectly regarding partitioning with cutoff points
between 0.0 and 1.0.

sification was estimated to be 88 per cent, being
99 per cent for unpartitioned holdings and 54 per
cent for partitioned holdings.

This is indicative of certain some problems, in
that the cutoff point had been chosen so as to be
arbitrary. As Pindyck and Rubinfeld (1981) point
out, classification is sensitive to the relative size
of the two component groups and will always fa-
vour classification into the larger group. This can
be seen in the graph in Fig. 12, which shows the
percentage of holdings that would be correctly
classified as unpartitioned and partitioned for
cutoff points from 0.0 to 1.0. If the objective of
the classification were equally successful classi-
fication of both groups, for instance, it would have
been possible to classify nearly 80 per cent of both
unpartitioned and partitioned holdings correctly
with a cutoff point of 0.25. A more detailed de-
scription of the classifications of holdings obtained
with varying cutoff points is presented in Appen-
dix 2.

5.4 Models for the Western and Eastern
Regions of the Southern Finland

There has been much debate in Finland over
regional differences in the factors affecting parti-
tioning, and it has even been claimed, for in-
stance, that partitioning takes place more fre-
quently in eastern regions than in western regions
(Kantee 1988, 1993). This is based on the as-
sumption that ownership changes in western re-
gions are more often arranged through purchases
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by relatives whereas in eastern regions they more
often involve inheritance. Neither an earlier study
(Ripatti 1991) nor the model for the whole sam-
ple can be said to support this claim. Results for
the whole sample indicate clearly that partition-
ing takes place more often in the western parts of
Finland.

It has been pointed out on many occasions that
considerable areal discrepancies exist in the char-
acteristics of the Finnish forestry (Hakkild 1980).
The growth factor is naturally a highly important
aspect of the problem as far as the continuity of
timber production is concerned, with the annual
increment is somewhat higher in the south than in
the north, and it is also understandable for geo-
graphical reasons connected with settlement and
economics, for instance, that regional differences
should exist in forestry. Thus regional differenc-
es should also be perceivable in NIPF ownership
and farm husbandry (Jérveldinen 1971,1988).

It has been shown that both NIPF ownership
and forestry as whole occupy a different position
in the eastern part of the country from what they
do in the west (Varmola 1987, Jarveldinen 1988).
Forest resources and stumpage incomes play im-
portant roles in the viability of farms in eastern
Finland, whereas the role of agriculture receives
more emphasis in the west. In addition, the eco-
nomic importance of the forestry sector as a whole
is greater in the eastern regions. As noted above,
the sample holdings similarly indicate regional
differences in the characteristics of holdings and
their ownership. With this in mind, the partition-
ing equation was calculated for these regions sep-
arately in order to check whether the data point to
any differences. The results are given in Table 15.

The signs of the coefficients of the independent
variables in both regions were the same as for the
whole country, but the numbers of statistically
significant coefficients, excluding REGIO, were
smaller, at least partly because of the decrease in
the number of observations. All the coefficients
of the independent variables except OCCUP and
PCUT became statistically significant at the 10
per cent level in the model for the western region,
where in the eastern region model the coefficients
of RESID and PCUT were not statistically signif-
icant at the 10 per cent level. The variables with
statistically significant coefficients are shown after
the standard errors. As in the model for the whole
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Table 15. Estimated coefficients, standard errors, and Wald test statistics of variables in the logistic
regression models for western and eastern regions of southern Finland.

Independent Western region Eastern region
variable Coefficient Standard Wald test Coefficient Standard Wald test
error statistics error statistics
Constant -2.894 0.535 -5.41 -3.698 0.603 -6.13
OCCUP 0.947 0.597 1.59 1.357 0.601 2.26
RESID 0.931 0.542 1.72 0.474 0.581 0.82
OWN 1.463 0.511 2.86 0.925 0.550 1.68
MUSE 1.761 0.562 3.13 1.445 0.635 2.28
FOR, dichotomous 1.398 0.546 2.56 2.205 0.560 393
PCUT 0.056 0.062 0.90 0.013 0.074 0.18
Number of observations 156 157
Log-likelihood -72.256 -59.195
Goodness-of-fit 28.457 5.440
Degrees of freedom 8 8
P-value of goodness-of-fit 0.000 0.710

Table 16. Estimated odds ratios and 95 % confidence intervals (CI) in the logistic regression model for
the western and eastern regions of the southern Finland.

Independent variable y }Z;;lem region Ol E:is;em region - Wl:setleartrj\;f? aCS)‘I;H
OCCUP 2.58 [0.79,8.39] 3.89 [1.18,12.70] 0.67
RESID 2.54 [0.87,7.40] 1.61 [0.52,5.06] 1.58
OWN 4.32 [1.57,11.90] 252 [0.85,7.47] 1.70
MUSE 5.82 [1.92,17.70] 4.24 [1.21,14.90] 1.37
FOR, dichotomous 4.05 [1.37,11.90] 9.07 [3.00,27.40] 0.45
PCUT 1.06 [0.94,1.20] 1.01 [0.88,1.17] 1.04

sample, the predicted value for partitioning un-
derestimated the true situation in both subsam-
ples.

The difference between the regional models was
tested by studying the difference between the value
of the log-likelihood function for the whole sam-
ple and the sum of the log-likelihood values for
the regional sub-samples. Given the null hypoth-
esis of no difference between the regions, a figure
representing twice this difference should have a
chi square distribution (Theil 1971, p. 396-397).
The result of the test indicated that the coefficients
of the models collectively differed statistical sig-
nificantly. In addition, a pairwise r-test showed
that all the coefficients of variables differed sig-
nificantly between the two regions.

In order to check the regional differences in
terms of odds ratios, we can now introduce the

relative odds ratio, a quantity which has a funda-
mental role to play in the analysis of regional dif-
ferences (Table 16). A relative odds ratio greater
than 1 indicates a greater odds ratio in the western
region than in the eastern region. The general
observation to arise from this examination is that
four out of the six odds ratios were higher in ab-
solute terms in the eastern region, and that only
the odds ratios for partitioning with respect to
OCCUP and FOR were lower in the western re-
gion than in the eastern region, giving a relative
odds ratio less than 1. Note, however, that many
of the confidence intervals attached to the odds
ratios were below 1.0.

The relative odds ratio for partitioning with re-
spect to OCCUP was 0.7, indicating that odds of
partitioning was 0.7 times smaller to occur on
holdings owned by non-farmers in the western
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region than in the east, whereas that with respect
to RESID was 1.6, which may be interpreted as
suggesting that odds of partitioning was 1.6 times
greater on holdings with no permanent residents
in the western region. The relative odds ratio for
partitioning with respect to OWN was 1.7, and
that with respect to MUSE 1.4.

The relative odds ratio of partitioning with re-
spect to FOR indicates that odds of partitioning is
0.5 times smaller on large holdings of more than
37 hain size in the western region than in eastern
region. Finally, the relative odds ratio for parti-
tioning with respect to PCUT indicates that the
“risk” of partitioning was 1.04 times greater for
every cubic metre of potential cut in the western
region.

The results of regional models confirm the as-
sumption that there are major regional differenc-
es in the characteristics of holdings and their
ownership that lie behind partitioning. The odds
ratios for partitioning with respect to OCCUP and
FOR were more important variables in the east-
ern region, whereas those with respect to RESID,
OWN, MUSE and PCUT were more important in
the west. It seems that these regional differences
will be strengthened as a consequence of structur-
al changes in non-industrial private forestry.

5.5 Interpretation of Results Related to a
Priori Expectations

A total of twelve characteristics of NIPF holdings
and their ownership were hypothesized to affect
partitioning, but one surprising result of the uni-
variate analysis was that the sign attached to the
age of the forest owner was the opposite to that
expected, indicating a smaller likelihood of parti-
tioning the higher the age. Thus it was not reason-
able to use the age variable in the analysis be-
cause as early as the univariate analysis indicates
the opposite sign than expected. In addition, the
means of acquiring the holding, the area of arable
land and the area of non-sample forests possessed
only slight associations with partitioning and were
therefore rejected from the analysis. Consequent-
ly, the logistic regression model was performed
using seven independent variables.

Before interpreting the variables in the model,
we should consider briefly why the sign for forest
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owners’ age was positive but its coefficient in the
univariate model was, unexpectedly, negative
indicating a greater probability of partitioning the
younger the age of the forest owner. In addition to
an older owner’s connections with farming as an
occupation and with family ownership, the inter-
val in age between parents and children may be
an important aspect when arranging ownership
changes. The normal can be assumed to be ap-
prox. 30 years. It can be seen from Table 3, how-
ever, that the mean age of the former owners of
unpartitioned holdings was about 60 years, four
years higher than the mean age of the former
owners of partitioned holdings. The greater the
age of the parents at a change in ownership, the
more probable it is that the heirs are no longer
economically tied to their parents. This could be
seen to influence the probability of a holding not
being divided.

The seven independent variables represented
all the four variable groups which indicate that
the grouping was reasonable. One out of two so-
cio-economic variables, three out of four owner-
ship variables, two out of four size variables and
one out of regional variables comprised the final
model.

Holdings owned by farmers are less likely to be
partitioned than those owned by non-farmers.
Farmers are often “closer-to-ownership” and they
are generally able to understand the meaning of
large-scale forestry ownership. In addition, the
farm legislation provides financial support for the
transfer of farm ownership in one entity to the
next generation. If a farm offers good economic
circumstances for the continuation of this form of
livelihood, it is usually passed on unpartitioned.

Holdings with permanent residents are less like-
ly to be partitioned than holdings with absentee
owners. This is probably due to the observation
that a permanently inhabited holding is often as-
sociated with farming, which in turn favours keep-
ingitas a single entity. In addition, a permanently
inhabited holding is closely associated with the
farm legislation concerned with ownership chang-
es. Schallau (1965) also notes that absentee own-
ership is one of the major reasons for the parti-
tioning of NIPF holdings in the United States.

Jointly owned holdings are more likely to be
partitioned than family-owned ones. Joint owner-
ship represents an unstable ownership stage, which
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leads to partitioning in every second case of divi-
sion of the estate of the deceased (Ripatti 1994).
The inheritance system is therefore a fundamen-
tal reason lying behind partitioning. Under the
code of inheritance, i.e. the provision that every
heir has an equal right to the inheritance, NIPF
holdings will be partitioned unless one of the heirs
buys up the shares of all the others.

Holdings used mainly for non-productive pur-
poses are more likely to be partitioned than ones
used mainly for production purposes. The latter
activities are often associated with large-scale
ownership. On the other hand, the size of the hold-
ing is of no importance if a holding is to be used
mainly for recreation and other such purposes in
the future. In most cases the use of the holding
does not change when the ownership changes.
Thus holdings used mainly for non-productive
purposes can be partitioned more readily.

As expected, holdings are more likely to be
partitioned in the western part of southern Fin-
land than in the eastern part, a conclusion sup-
ported by both the theory and empirical results.
Forest resources and stumpage incomes play im-
portant roles in the viability of farms in the east-
ern part, whereas the role of agriculture receives
more emphasis in the western part (see Varmola
1987, Mustonen 1991). In addition, the economic
importance of the forestry sector as a whole is
greater in the east. It is obvious that as the impor-
tance of forestry increases in the local economy,
the probability of partitioning will decrease.

The larger the holding, the more likely it will be
partitioned. Besides being positively influenced
by the large size of holdings, partitioning is also
influenced by the volume of growing stock, even
though the potential cut was not statistically sig-
nificant as an independent variable in the multi-
variate model. The large resources possessed by a
holding is more likely to be partitioned obviously
because the new owner, mostly a young person
burdened by debts, will not have enough money
to pay off a large holding immediately, even
though its large timber stock may be a powerful
factor arguing in favour of acquiring the holding
in its unpartitioned form.

Inspection of the odds ratios calculated for the
regional models revealed a few differences be-
tween the western and eastern regions. Holdings
in the east seem to be more sensitive to changes in

the owner’s occupation from farmer to non-farm-
er and differences in the area of forest land be-
tween small holdings and large holdings. On the
other hand, holdings in the western region were
more sensitive to the changes in residence on the
holding from permanent residence to absentee
ownership, changes from family-owned holdings
to jointly owned ones, changes in the main use of
holdings from forestry production to non-produc-
tive purposes, and increases in potential cut. These
result is supported by theoretical inferences.

5.6 Effects of Ownership Changes on the
Size of Holdings

There has been considerable public debate in
Finland over the changes in the average size of
NIPF holdings. The overall trend seems to be
towards a smaller average size, but this may be
viewed as the outcome of institutional changes on
the one hand, changes in the area of forest land
itself on the other. In fact, there are two principle
ways in which the size of holdings may change:
one is through the reclassification of forestry land
and the other is through fragmentation and con-
solidation of the holdings. Ripatti (1992) demon-
strates that the major part of the change in the
average size of holdings is caused by institutional
aspects, i.e. factors associated with practical own-
ership arrangements. Thus the main factor bring-
ing about changes in the area of forest land, for
example, was the inheritance system, which re-
sulted in an average decrease of 40 per cent in the
size of holdings.

When considering changes in the size of hold-
ings, defined in the narrow sense of referring to
partitioning, it has been customary to focus on
changes in average size, which has resulted in a
lack of information on the gross effects of parti-
tioning on the size distribution of holdings. Chang-
es in the size distribution of NIPF holdings are
usually analysed using either macro-data, in which
the number of holdings or the area of forest land
in each size category is known, or micro-data, in
which movements of individual holdings from one
size category to another, or their continuation in
the same size category, are recorded (see Karp-
pinen 1988, Ripatti and Reunala 1989, Ripatti
1992). Typically, only macro-data are available,
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Table 17. Estimates of the probabilities of (A) the number of forest holdings and (B) the area of forest land
moving from one size class to another from 1980-86 to 1990-91.

from size class

A Size class <5.0 5.0-9.9 9.9-19.9 20.0-49.9 50.0-100.0 >100
<50 0.000 0.914 0.073 0.013 0.000 0.000
5.0-9.9 0.000 0.717 0.252 0.031 0.000 0.000
to 9.9-19.9 0.000 0.039 0.833 0.111 0.012 0.005
size 20.049.9 0.000 0.000 0.051 0.881 0.056 0.012
class 50.0-100.0 0.000 0.000 0.061 0.071 0.816 0.052
>100 0.000 0.000 0.000 0.101 0.106 0.793
from size class
B Size class <5.0 5.0-99 9.9-19.9 20.049.9 50.0-100.0 >100
<5.0 0.000 0.587 0.094 0.319 0.000 0.000
5.0-9.9 0.000 0.693 0.228 0.079 0.000 0.000
to 9.9-19.9 0.000 0.018 0.744 0.172 0.037 0.029
size 20.049.9 0.000 0.000 0.018 0.866 0.085 0.031
class 50.0-100.0 0.000 0.000 0.017 0.050 0.834 0.052
>100 0.000 0.000 0.000 0.034 0.068 0.898

and itis thus rare to find matrices constructed from
micro-data. The present material is unusual in that
data on individual changes in NIPF holding size
are available from two cross-sectional surveys of
1980-86 and 1990-91. This allowed transition
probability matrices to be derived from the data.

The process of change in size distribution may
be described in the form of a matrix P of transi-
tion probabilities. The typical element Pij of such
amatrix indicates the probability that a holding in
size category i in 1980-86 will move to size cat-
egory j by 1990-91. In slightly more detail, the
change in size distribution is treated as a random
process in which there are a finite number of pos-
sible categories. A holding may be in any one of
these categories at each of a finite number of equi-
distant points in time. The probability distribu-
tion of the holdings amongst the size categories
depends only on the distribution in the previous
period. A process satisfying these conditions is
called a Markov chain (e.g. Miékinen 1990). With
these assumptions, Yj(t), the holdings in the jth
size category at time f, is determined by the fol-
lowing relationship:

Yj(1) =Y Yi(t—1).Pij (1)

which says that the holdings in the jth category
during this period is the sum of the products of the
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holdings in each size category i in the last period
and the probability of a holding moving from
category i to category j. Because Pij are probabil-
ities, they cannot be negative or greater than
unity, and thus, 0 > Pij > 1 Also, if the system is
closed, i.e. the size categories are exhaustive and
mutually exclusive, then a further condition on
the probabilities is that a holding in the system in
one period must be found in one or other of the
states in the next period. This can be expressed as

Y Bij=i
i

The information required in order to construct a
transition probability matrix for number and area
consists of the number of holdings and the area of
forest land in six size categories for the cross-
sectional data, followed by the changes in size
distribution of the holdings. Transition probabil-
ity matrices for the number of holdings and area
of forest land from 1980-86 to 1990-91 are shown
in Table 17. The most conspicuous feature of the
matrices is the size of the diagonal elements
which lie between 0.69-0.89, excluding the small-
est size class. The closer a figure is to unity, the
more the result suggests that holdings remained
in the same size class through the ownership
changes.

It may be seen from the transition matrix for the
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Fig. 13. Size distribution of the holdings both before and after ownership changes.

number of holdings that the most stable size class
was from 20.0 t0 49.9 hectares and the least stable
from 5.0 to 9.9 hectares. The transition probabil-
ities are interpreted as follows: the probability of
a holding if size from 20.0 to 49.9 hectares re-
maining in the same size class is 0.88, that of a
smaller holding moving to this class is 0.05, and
that of a larger holding moving to the same class
is 0.07, whereas the probability of a move from
the size class 50.0-100 hectares is 0.06 and that
from the size class >100 hectares is 0.01. The in-
dex of stability is 0.67, the index of downward
mobility 0.26 and the index of upward mobility
0.07.

The transition probabilities determined accord-
ing to the area of forest land differ somewhat from
those based on the number of holdings. Here the
transition matrix shows the most stable size class
to be the largest, holdings of more than 100 hec-
tares, and the least stable size that from 5.0t0 9.9
hectares. The index of stability is 0.67, the index
of downward mobility 0.29 and the index of up-
ward mobility 0.03. This result indicates that the
trend towards smaller size classes was slightly
greater in terms of areas of forest land than in
terms of numbers of holdings.

The size distributions in 1980-86 and in 1990—

91 based on the number of holdings and the area
of forest land are presented in Fig. 13. That for the
number of holdings shows the increase in the size
class of less than 5.0 hectares to account for much
of the structural change, and highlights the trend
towards smaller proportions in all the other size
classes. In terms of the area of forest land, the
proportions of all the size classes less than 20.0
hectares increased as those of the large size class-
es, 50.0 hectares or more, decreased.

Taking a broad view of the question, it is inter-
esting to examine the growth in the cumulative
proportions of holdings and the area of forest land
from the smallest size class to the largest. Essen-
tial changes took place in the categories of less
than 5.0 hectares and less than 10.0 hectares, the
former increasing by 6.6 per cent and the latter by
4.5 per cent. In terms of the area of forest land, the
changes in the cumulative proportions of the small
size classes were very slight from 1980-86 to
1990-91, but the area of forest land on holdings
of less than 5.0 hectares increased by 1.8 per cent
and the increase of the total area of forest land on
holdings of less than 10.0 hectares was 2.8 per
cent. The average size of holdings had been 29.9
hectares in 1980-86, but had decreased by 1.2
hectares to 28.7 hectares in 1990-91.
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Some reservations nevertheless have to be made
regarding the changes in size distribution. Since
the data apply only to holdings which underwent
ownership changes between 1980-86 and 1990—
91, the changes do not represent the structural
change in the size distribution of NIPF holdings
as a whole. In addition, there is a problem con-
cerning holdings of less than 5 ha, as the data do
not cover holdings which were of this size at the
first stage, in 198086, but since changes of own-
ership involving such holdings were measured at
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the later stage. Another problem which arises in
using the same holdings, i.e. panel data is the
closed nature of such a statistical system, which
does not allow new holdings to be introduced, in
spite of the fact that the number of holdings has
increased by approx. 20 000 per decade, as noted
in Chapter 3. Because of these problems, the re-
sults regarding changes in the size distribution of
NIPF holdings between 1980-86 and 1990-91 are
mostly of the status of trends.

6 Discussion

6.1 An Overview of the Starting Points of
the Research

What do these findings reveal about small sized
NIPF holdings and their partitioning in Finland?
The partitioning of holdings has continued to
increase during this century to the extent that
there have been approx. 20 000 more holdings
each decade. Alongside this, the discussion on
the small size and partitioning of NIPF holdings
has continued up to the present-day. In Finnish
forest policy statements (e.g. Metsd 2000 -ohjel-
ma 1985) the small average size of holdings and
the trend towards smaller holdings have been
seen to have many negative influences on non-
industrial private forestry. These questions have
been discussed under the heading of “fragmenta-
tion problems”. The most worrying problems are
those connected with logging and silvicultural
practices as well as with the timber supply.

In order to evaluate these problems, a survey of
existing research into the size of NIPF holdings in
relation to the economics of forestry and owners’
forestry behaviour was performed. The literature
on the economics of holding size clearly indicates
that this is an important factor determining the
costs of logging and silvicultural operations. This
has been confirmed a numerous occasions, i.e.
the smaller the holding or treatment unit, the great-
er will be the cost per unit volume of the timber.
Some other disadvantages of small size were also
found, such as high administrative costs (Cub-
bage 1983).

The size of NIPF holdings has been considered
an important background factor in most of studies
of the timber sales behaviour of forest owners.
Many of these indicate that the frequency of tim-
ber sales increases with holding size. This does
not necessarily mean a decrease in timber supply.
however, if timber sales per hectare are excluded.
If one aims to study the size effects of NIPF hold-
ings on the timber supply in a cautious manner,
timber sales per hectare should be studied over a

sufficient period of time (Cleaves and Bennett
1994, p. 205-206).

In addition, the use of holding size as an inde-
pendent variable has often indicated that small
size is detrimental to the timber supply (see
Cleaves and Bennett 1995).

The size of holding has proved to be of little
importance in multi-equation timber supply mod-
els, however (see Dennis 1989, Hyberg and
Holthausen 1989, Kuuluvainen 1989, Kuuluvai-
nen and Ovaskainen 1994). All told, the size of
NIPF holdings naturally affects the timber sup-
ply, but its importance has been greatly exagger-
ated. The elasticity of timber sales per hectare with
respect to the area of forest land, for instance, was
as low as 0.05 according to Kuuluvainen and
Ovaskainen (1994, p. 49), which means that tim-
ber sales per hectare will increase 1.05 times for
every increase of 10 ha in the area of forest land.

Evidently, the small holdings size cause some
problems for the economics of non-industrial pri-
vate forestry, even if there has been considerable
confusion about the interpretation of concepts
related to the size of NIPF holdings. In addition to
size of holding, estate structure, i.e. the shape and
number of forest parcels and their position in re-
lation to each other are important points related to
the discussion of the size of NIPF holdings (Hak-
kild 1974). Therefore, a clear distinction should
be made between holding size and estate struc-
ture. Determining the costs of logging and silvi-
cultural operations both the holding size and the
estate structure are important factors, but when
studying the timber supply the whole decision-
making unit of forest ownership must be taken
into consideration.

Some attempts have been made to circumvent
the partitioning process and increase the average
size of holdings as well as to promote develop-
ment the estate structure of NIPF holdings. The
most recent suggestions being those put forward
in the Forest 2000 Programme (Metsi 2000 -ohjel-
ma 1985), but they have not achieved the desired
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results from the point of view of those responsi-
ble for Finnish forest policy. One may surmise
that there is a lack of research results concerning
factors capable of altering partitioning, though a
considerable amount of debate has been devoted
to the topic.

On the basis of the above circumstances, the
objectives of this work have been to describe the
mechanism of partitioning, factors affecting par-
titioning and its effects on the size distribution of
NIPF holdings in Finland. The work undertaken
here consequently arises out of forest policy and
its aim is to quantify holdings and the character-
istics of their ownership that lie behind partition-
ing by providing a model that can be used as a tool
for screening forest policy measures. It should be
emphasized that although the focus is on the size
of holdings, itis mostly their partitioning, i.e. their
division into two or more smaller units in con-
junction with a change of ownership, that is dis-
cussed.

6.2 Ownership Factors at the Back of
Partitioning

The frequency of partitioning was about one quar-
ter among all holdings, one fifth among family-
owned holdings and nearly a half among jointly
owned holdings. The partitioned family-owned
holdings had typically changed owner by pur-
chase from parents or relatives, whereas nearly
all of those owned jointly by the heirs of the
previous owner had been acquired by inherit-
ance. About two-thirds of the concern owned
holdings that had been partitioned had changed
owner through purchase from parents or rela-
tives. Purchases from parents had often been
made in order to arrange the inheritance among
the children and in order to avoid inheritance tax.
The inheritance system as a whole may therefore
be regarded as a reason for the partitioning of
holdings. As the frequency of partitioning seems
to vary according to the type of ownership, it can
be assumed that the increase of the numbers of
the holdings owned by groups of heirs will affect
the frequency of partitioning as a whole.
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Logistic Regression Analysis

The differences between the unpartitioned and
partitioned holdings were examined more de-
tailed by formulating a logistic regression model.
Seven out of the twelve candidate variables were
inserted into the final model, six being dichoto-
mous variables and one a continuous variable.
Thus the Hosmer-Lemeshow goodness-of-fit test
was used to assess the fit of the model, since it
contained at least one variable in continuous form.
The test indicated that model fits well with the
data. The partitioning predicted by the model
nevertheless fell slightly short of the true value,
as 274 out of the 313 holdings were classified
correctly with a cutoff point of 0.5, i.e. the overall
rate of correct classification was 88 per cent. The
classification favoured the larger, unpartitioned
group and therefore only a good half of the parti-
tioned holdings were classified correctly (see
Pindyck and Rubinfeld 1981).

The results were calculated for the whole sam-
ple and for the western and eastern regions sepa-
rately. This regional division was made in order
to see whether the results gave any indications of
variables affecting partitioning to different degrees
in the regions relative to each other or to the whole
sample. In this case the regional dichotomy could
itself become a relevant explanatory variable or
display different behaviour when data for one
region are used in the model (see Kuuluvainen
1989, p. 184). The difference in goodness-of-fit
between the regions was considered statistically
significant, the model fitting the data for the east-
ern region particularly well, but those for the
western region less well.

The antilog of the coefficient f,, i.e. the odds
ratio, is the parameter of interest in a logistic re-
gression model (e.g. Demaris 1993). In spite of
some slight confusion over the interpretation of
odds ratios, the situation is really very straight-
forward. Even though the probability of an event
is more familiar than odds ratios, they may be
interpreted as a “times as more or less” relation-
ship with respect to the odds of partitioning. In
the model constructed for the whole sample all
the statistical significant odds ratios lay between
1.9 and 5.7, while comparison between the mod-
els for the two regions showed the odds ratios for
the western region to be generally higher, even
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though the model did not display a good fit. This
means that the factors used as individual explan-
atory variables in the western region model gave
greater odds ratios, but the predicted probability
attached to the model for partitioning became
smaller.

The odds ratio for partitioning with respect to
the owner’s occupation in the model constructed
for the whole sample indicated that odds was 3.5
times greater among non-farmers than among
farmers, while the sub-sample models indicated
that odds occurred twice as often among non-farm-
ers in the eastern region than in the western re-
gion, where the odds ratio was not statistically
significant. It seems that the occupation of a farmer
and the institutions associated with this provide
support for the transfer of a NIPF holding in un-
partitioned form to a subsequent owner, and that
this also implied in the regional models. These
assumptions gain support from both the theoreti-
cal and empirical results. This means, however,
that the existing trends away from farmers’ own-
ership of NIPF land towards non-farmers owner-
ship will, other things being equal, increase the
total frequency of partitioning. In fact, Ripatti and
Jarveldinen (1996) forecast that the proportion of
Finnish non-farmer forest owners will increase
from 52 per cent in 1990 to 68 per cent by 2020.

The odds ratios for partitioning with respect to
the residence on holding in the models for the
whole sample model and the western region were
almost statistically significant and that in the east-
ern region model was not significant. A perma-
nently inhabited land holding has in the past been
closely associated with farming and the regula-
tions that govern it, which favour transfer of the
holding to the next generation in an unpartitioned
state. Today, however, a large number of NIPF
owners who live permanently on their holdings
are notinvolved in farming (see Jirveldinen 1988),
so that the influence of the owner’s place of res-
idence on partitioning will become weaker. This
will also mean, in turn, that the trend towards
absenteeism or living on the holding for only part
of the year will not have any notable effect on
partitioning.

The odds ratios for partitioning with respect to
the type of ownership were statistical highly sig-
nificant in the models for the whole sample and
for the western region, and almost significant in

that for the eastern region. The type of ownership
must be looked on first and foremost as the start-
ing point for any juridical change in ownership.
Family ownership mostly represents a stable stage,
whereas joint ownership implies an unstable stage.
It can be even claimed that ownership of a hold-
ing by its heirs marks a preliminary step towards
division (Ripatti 1991).

The overall trend seems to be towards more
jointly owned NIPF holdings, associated with the
ownership transition problems affecting farming
in particular (Jarveldinen 1988, p. 7). The theo-
retical and empirical results support the assump-
tion that the frequency of the ownership transi-
tion problems follows that of partitioning. In the
forest owners’ own opinion, for instance, the eco-
nomic continuity of a farm was considered to be
the factor of greatest importance for transfer of
the holding as a single entity (Ripatti 1991, p. 25).
The frequency of partitioning was almost 50 per
cent in the case of joint holdings, and the trend
seems to be for these holdings to increase in
number.

The very high odds ratios for partitioning with
respect to the main use of holding both in the model
for the whole sample and in the regional models
imply the ascendancy of non-productive forms of
land use in cases where partitioning takes place.
There is also evidence that the main use of hold-
ings is associated with their size, the average size
of forest holdings used mainly for timber produc-
tion being greater than that of holdings used mainly
for other purposes (Ripatti 1994, p. 18). This is
because economic timber production often calls
for large-scale forestry, and thus larger areas of
forest, whereas size is of no importance when a
forest holding is being used for non-productive
purposes. Thus, a holding used mainly for non-
productive purposes is more readily partitioned.
Social change and the changing goals of NIPF
ownership suggest that the number of holdings
used mainly for non-production purposes will
increase if, other things being equal, the frequen-
cy of partitioning increases in the future (Karp-
pinen 1996).

The theoretical inferences that a large area of
forest land is more likely to be partitioned was
confirmed by the empirical models. The odds ra-
tio for partitioning with respect to the area of for-
est land in the model for the whole sample was as
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high as six, i.e. odds of partitioning was six times
greater on large holdings than on small ones. In
addition, the relative odds ratio derived from the
regional models showed a marked difference in
the impact of the forest area, the odds ratio with
respect to the area of forest land being twice as
high in the eastern region than in the west. It should
be noted, however, that the average area of forest
land was 32 ha in the east as compared with 26 ha
in the west. There seems to be an overall trend
towards smaller holdings in both regions, howev-
er, which, other things being equal, would reduce
the frequency of partitioning.

The potential cut appeared to be an important
independent variable, but was not statistically sig-
nificant in the definite model, and the odds ratio
for partitioning with respect to the potential cut
did not reach statistical significance in either re-
gion separately. Other investigations have never-
theless pointed to the importance of the timber
stock for the behaviour of NIPF owners, especial-
ly for timber sales behaviour. Many problems
remain to be solved regarding the importance of
timber stock (Kuuluvainen and Ovaskainen 1994).
The potential cut can be calculated according to
various criteria, but here it was defined in cubic
metres on a silvicultural basis (see Karppinen and
Hénninen 1990).

Changes in the Size Distribution of Holdings

Although the size distribution of NIPF holdings
has been changing throughout the period of Finn-
ish independence, most noticeably in the 1920s
and the post-war period, we are concerned here
only with the changes that took place in the
1980s. Analyses of changes in the size distribu-
tion of NIPF holdings are usually based on mac-
ro-data in which the number of holdings or area
of forest land in each size category in the cross-
sectional data is known. In this respect the present
data are unusual, as movements of individual
holdings from one size category to another and
instances of their remaining in the same category
are recorded. This makes it possible to study the
effects of partitioning on the size distribution of
NIPF holdings.

When examined in terms of the number of hold-
ings, the increase in holdings in the smallest size
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category, less than 5 ha of forest land, accounted
for much of the change, with a trend towards
smaller proportions in all other size categories.
On the other hand, the changes in the areas of
forest land represented by the size categories in-
dicated a trend towards relatively higher propor-
tions in all size categories below 20 ha and a de-
crease in the proportion of the large size catego-
ries, those over 50 ha. The average size of the
holdings undergoing ownership changes de-
creased from 29.9 ha to 28.7 ha over the approx-
imate interval 1983-90. Further, the transition
probability matrix indicated that moves of hold-
ings from large to small size categories mostly
involved in small, from 5 to 10 hectares and from
10 to 20 hectares size categories.

The present data nevertheless do not describe
the changes in the complete size distribution of
NIPF holdings, as they do not include holdings
which had not undergone ownership change dur-
ing the period concerned, nor do they allow for
the area of forest land on a holding changing on
account of reclassification. Ripatti (1992, p. 180~
181), for instance, calculated that the reclassifica-
tion of forestry land in southeastern Finland in
1986—1991 produced an increase of 0.4 ha per
holding. In order to form a more reliable picture
of changes in the size distribution of NIPF hold-
ings, aggregate cross-sectional data compiled at
repeated intervals in time would have to be used.

The data from the farm register maintained by
the National Board of Taxation suggest that the
number of holdings in the whole country increased
by 2300 per year between 1980 and 1994, and the
average size of holding decreased from 27.2 ha to
26.3 ha. A trend towards relatively smaller pro-
portions was observable all size categories ex-
cept the smallest, less than 5 ha, although an in-
crease in absolute numbers occurred in every size
category except the medium one, from 20 to 50
ha. Thus the changes in size distribution and in
average size of holding seem to be small. On the
other hand, it should be remembered that one is
always operating in the long term in forestry.
Besides, one may ask why the changes are the
opposite to what they might be.
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6.3 Policy Implications

The above findings have implications for the
discussion of the size of NIPF holdings in relation
to partitioning. The factors influencing partition-
ing are related to clearly measurable holdings and
ownership characteristics. Although the results
provided by the model are not in themselves
surprising, the logistic regression model present-
ed here entails one essential advantage: it can
help one to conduct sensitivity analyses to deter-
mine how a given change in the characteristics of
holdings and their ownership might alter the prob-
ability of partitioning. This should assist forest
and rural policy makers in identifying the clien-
tele for their programmes when the aim is to
prevent partitioning via forest or rural policy
means. In addition, the model combination can be
used as an example for the resolving of other
questions, as the response is defined as dichoto-
mous.

The results given by the model can be used when
targeting NIPF owners for programmes and when
developing new programmes. Forest policy often
has the underlying objective of minimising pro-
gramme costs while obtaining the best possible
response (see Schuster 1983, Clements and Jam-
nick 1989), and in this sense the model could be
used as a screening tool to direct programmes at
those NIPF owners likely to respond favourably.
The ownership characteristics identified by the
model could be used in particular to focus on owner
groups with holdings that are more likely to be
partitioned. For example, if programmes targeted
at joint owners of NIPF holdings are successful
and all the other variables remain unchanged, the
probability of partitioning will decrease by 5 per
cent, assuming that joint owners behave as if they
were involved in family ownership.

Unfortunately, the model does not exactly ad-
dress the quantitative effects or statistically vali-
date the importance of the factors affecting parti-
tioning, because it contains only structural back-
ground variables. Nevertheless, whatever its as-
sumed explanatory basis, the partitioning-orient-
ed classification of NIPF holdings offers a chal-
lenge to conventional notions of policy or pro-
gramme targets and can be viewed as a target
“guide”. In general the concept of targeting pub-
lic support for NIPF owners will encounter seri-

ous problems, however, unless public support is
fairly sharply defined. The criterion of a mini-
mum area of forest land, for instance, may be
useful for targeting policies that are intended to
achieve a general reduction in the frequency of
partitioning, e.g. public support and programmes
for preventing partitioning could be aimed at hold-
ings greater than 5 ha in size. This question has
also been discussed in the United States (e.g. Row
1978, Weatherhead 1984, Bliss 1990).

Besides, the results could be used by policy
makers to plan land policy reforms. The most ef-
fective way of preventing partitioning, if this were
necessary, would be to change the provision in
the code of inheritance that every heir has equal
rights, but would that be possible? The present
inheritance system is evidently a very powerful
factor lying behind partitioning, but it constitutes
one of the fundamental civil rights of the present-
day. In order to be successful, any such change
would, of course, have to observe the principles
of justice and would have to be based on investi-
gations into the effects of the existing and modi-
fied inheritance procedures. In fact, some sug-
gestions of this kind have been made (Metsi-
taloustilojen... 1994), but the process is still un-
finished, as it would not be reasonable to change
the whole inheritance system just for the sake of
preventing the partitioning of NIPF holdings.

Secondly, use of the Land Acquisition Right
Act to prevent partitioning has not achieved the
desired results from the forestry viewpoint be-
cause the act has been contradictory. It has in prac-
tice restricted the rights of persons other than eco-
nomically active farmers to buy forest land ex-
ceeding two hectares in a single unit, in order to
guarantee the availability of supplementary for-
est land to the economically active farmers, but as
a consequence of the structural change in NIPF
ownership, the proportion of economically active
farmers among NIPF owners is decreasing, being
only one third in 1990.

The Land Acquisition Right Act has two disad-
vantages from the viewpoint of achieving a fa-
vourable trend in the size distribution of NIPF
holdings. First of all, a party to an unpartitioned
estate can only become a forest owner without
special permission by inheriting his or her share
in the forest. It is obvious that the law lying be-
hind this unique event has often resulted in the
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partitioning of holdings joint owned by heirs.
Secondly, the law has set limits on the acquisition
of supplementary forest land by non-economical-
ly active farmers. From the forestry viewpoint,
the law should be revised or revoked, as NIPF
ownership conditions have changed dramatically
since it was first planned and implemented (see
Uusivuori and Yldtalo 1993). These restrictions
were abolished in the southern part of Finland in
1995 (Valtioneuvoston... 1995).

Finally, it should be stated that due to the fun-
damental civil rights of the present-day in rela-
tion to land ownership, the prevention of parti-
tioning is very difficult in practice. Nevertheless,
if one aims to enlarge the treatment units for sil-
vicultural and logging operations, any means of
improving the NIPF estate structure and achiev-
ing regional co-operation may serve in a way to
increase those treatment units. A fairly large pro-
portion of NIPF owners seem to be willing to
participate in co-operation with others (e.g.
Jarveldinen 1983, p. 28, Karppinen 1985, p. 21—
23), although this willingness has diminished
along with the structural change in NIPF owner-
ship (Mikeld 1974, 1979).

6.4 Reliability of the Results

The reliability of the results can be considered
under the headings of external and internal relia-
bility, the corollaries of external and internal
errors. The concept of external error, or sampling
error, is familiar from statistics, whereas that of
internal error is mostly used in the social and
behavioural sciences. The total error is the sum of
these two. Toreduce the total error, it is necessary
to reduce both the external and internal error at
the same time. Thus improving either external
reliability or internal reliability will not reduce
the total error (Fig. 14).

The external or sampling error describes the
representatives of the results calculated from the
sample. Systematic sampling error occurs when
the sample is biased due to non-random sampling
or a high non-response rate. Random error in sam-
pling naturally means that the results obtained
from the sample cannot be exactly the same as
those for the total population. Reliability and va-
lidity are both internal, or measurements errors.
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Fig. 14. Illustration example of the composition of
total error in a survey. Adapted from Blalock
(1985, p. 412).

Reliability can be defined as non-randomness in
the results (Eskola 1981, p. 77) and is equal to the
observed variance as a proportion of the true var-
iance (Tarkkonen 1984, p. 249). Broadly speak-
ing, validity means the ability of a variable to
measure exactly what it is supposed to measure.
More detailed descriptions of error types in sur-
vey analysis are presented elsewhere (e.g. Valko-
nen 1984, Kirk and Miller 1986).

There was concern during the planning of data
collection that external or sampling errors might
probably cause a large bias in the results, as it was
known that the original data was a representative
sample of NIPF owners in southern Finland which
did not possess sampling errors (Karppinen and
Hénninen 1990), so that external error would be
concentrated only in non-response or sampling
error in the data collection at the second stage.
Due the composition of the original data, howev-
er, it was known that a specific problem might
occur in the areas of reliability and validity.

External Reliability

The external reliability of the results is derived
predominantly from the original data and from
non-response at the later data collection stage.
The earlier work concerned 2121 NIPF holdings,
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and the data was collected by interviewing forest
owners and making inventories of their forests in
1980-86. The authors came to the conclusion that
the sampling and non-response, less than 5 per
cent did not create a bias in the results (Karppinen
and Hanninen 1990, p. 57-61).

The same holdings were re-surveyed by means
of a postal inquiry in 1990, and partly by inter-
viewing forest owners in 1991. During the plan-
ning of the mail inquiry, there was concern that
too many questions might discourage people from
participating, and therefore the number of ques-
tions and the appearance of the questionnaire were
planned very carefully (see Foddy 1994). Also,
the timing of postage was taken into considera-
tion, as most of forest owners are difficult to con-
tact during the summer holiday season and at sow-
ing times on farms. The questionnaire was there-
fore posted first in September 1990, with a sec-
ond round two weeks later and reminders, where
necessary, about five weeks after the initial post-
ing.

The number replies obtained to the postal in-
quiry and the interviews was 1578, i.e. the non-
response rate was 26 per cent. The characteristics
of this non-response were studied by interview-
ing 67 forest owners who did not return the ques-
tionnaire. Comparison of the inquiry data with
the non-response cases revealed no statistically
significant differences in any essential area. A
more detailed description of the analysis of non-
response is presented by Ripatti (1991, p. 10-11).
The eventual sample comprised 314 holdings
which had undergone ownership changes. Tak-
ing approx. 30 years as the average length of
ownership, it can be estimated that this popula-
tion might comprise about 50 000 holdings alto-
gether, but in view of the lack of information on
these, it is difficult to obtain any reliable evalua-
tion of the external error entailed in the eventual
sample.

Karppinen et al. (1994) studied in detail the
problem of non-response in postal surveys and
found that the length of NIPF ownership was short-
er among the non-respondents than among the
respondents, although this was statistically sig-
nificant only at approx. the 10 per cent level. This
indicates that owners with a recent history of NIPF
ownership changes were less likely to respond to
the postal inquiry than more long-term owners.

Thus the present data may include a systematic
sampling error, as the subsequent owners are ob-
viously younger and better educated than the
former owners. The well-planned sampling, rep-
resentative sample and high response rate in both
the original inquiry and the repeat survey never-
theless suggest that external error is not a large
problem here. In addition, the analysis of non-
response did not reveal any essential differences
between the respondents and non-respondents.

Internal Reliability

The internal error of the results can be considered
in terms of reliability, corresponding to the accu-
racy of the measurement, and validity, corre-
sponding to the ability of the measurement scales
to give real information on the desired traits. The
quality of measurement consists of these compo-
nents. They are not independent, because if a
measurement lacks reliability, it will be random
and can have no validity. On the other hand, a
measurement can be reliable without being valid
(Tarkkonen 1987, p. 9). In other words, an im-
provement in reliability always also increases the
validity, but the opposite is not true (Eskola 1981,
p. 56, Valkonen 1984, p. 69).

In their discussion of the reliability of the data
collected at the first stage, Karppinen and Han-
ninen (1990, p. 52-54) conclude that collection
had been reliable, first of all because it had been
done by interviewing forest owners and making
inventories of their forests. The reliability of the
interviews were taken care by educating interview-
ers and controlling the interviews. In addition, the
data can be considered reliable because most of
the questions in the interview concerned structur-
al factors pertaining to forest ownership, which
are of greater reliability than opinions, for exam-
ple (Karppinen et al. 1994, p. 124).

At the second stage of data collection, via the
questionnaire, the owners were asked about their
ownership arrangements and whether or not their
holdings had been partitioned upon changing
hands. Ownership changes were defined in terms
of the replacement of individuals and changes in
the type of ownership. In addition, if the area of
forest land had decreased by more than half in the
interval the holding was accepted for the sample.
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Even though the factors concerning ownership
arrangements were measured reliably, some va-
lidity problems are still involved in the concept of
“ownership change”, which are related to the fi-
nal results of partitioning. This question will be
discussed later.

In addition to the postal inquiry, the variables
relating to ownership were checked from the farm
registers in local tax offices, and therefore the
information concerning the replacement of indi-
viduals and changes in the type of ownership can
be considered reliable. In addition, the areas of
forest land were assessed carefully. These were
found out beforehand at both stages of data col-
lection, and owners were requested to check the
information. In conclusion, the holding and own-
ership variables and the factors concerning own-
ership were measured in quite a reliable manner.

One validity problem was caused by the sam-
pling. A sample holding did not describe the total
area of forest land in the possession of its owner
or his or her family, because the sample unit was
marked off as being located within a single mu-
nicipality. Thus the holdings studied here did not
necessarily make up the total decision-making unit
of forest ownership. Karppinen and Hinninen
(1990, p. 54) estimate that a good 10 per cent of
the forest owners in the original sample owned
forests in another municipalities as well. From
the present purpose it would have been better if
the whole unit could have been taken into consid-
eration.

Another problem is the interpretation of the fi-
nal results of partitioning. It was possible, for in-
stance, for the area of forest land in a partitioned
holding not to decrease in conjunction with a
change in ownership. For example, if a party to a
forest estate on a partitioned holding owned joint-
ly by heirs also possesses forest elsewhere in the
same municipality, but in a different type of own-
ership, the area of forest land belonging to the
sample holding may increase upon incorporation
of the prior and inherited parcels. In addition, if
the party concerned was responsible for the man-
agement of the holding of half of all the heirs, the
ownership factors will be attributed to that per-
son.

A further validity problem arises from certain
characteristics of holdings and their ownership.
The classification of forest owners by occupation
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as either farmers or non-farmers is crude, because
pensioners were classified on the basis of their
former occupations. This classification is dis-
cussed in more detail by Jarveldinen (1980), Han-
nelius (1980), Hikkild and Voutilainen (1984),
Ruuska (1994), Ripatti (1995) and Mustonen
(1996). On account of the overall changes in so-
ciety, the socio-economic structure of forest own-
ers has also changed. In fact, retirees comprised
the largest forest owner group, 36 per cent of all
NIPF owners in 1990. It is difficult to say, how-
ever, how the world of ideas and behaviour of
forest owners changes upon retirement or how
retirement affects the ownership arrangements
when a holding changes hands.

The implications of the variable describing the
main use to which the holding is put has been
discussed e.g. by Karppinen (1994, p. 34). The
forest owners were asked in this case, “What is
the main use made of your holding as a whole?”,
which elucidates most of all the significance of
forestry and agriculture and their mutual depend-
ence within the economics of farms. In addition,
recreation, residence and leisure do not necessar-
ily exclude the above forms of production because
the use of forests and the use holding are different
matters. [t would therefore have been appropriate
to study the main use made of forest ownership,
but such information was not available.

6.5. Concluding Remarks

In conclusion, a few reservations should be made
regarding this research. In the first place, the
main aim was to determine how the characteris-
tics of NIPF holdings and their owners affect
partitioning in conjunction with ownership chang-
es. Thus little attention were paid to “fragmenta-
tion problems” as such or to changes in the size
distribution of NIPF holdings, the latter because
it could have been studied only with aid of panel
data, i.e. by means of a closed system. The effects
of the small average size of holdings on non-
industrial private forestry were also secondary
questions, even though the research itself arose
out of the many threats to timber production that
are related to small holding size.

Secondly, it must be stated that this work sets
out from Finnish forest policy and assumes that
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partitioning is mostly an undesirable phenome-
non. However, as indicated by the changes in the
size distribution of the holdings studied here, par-
titioning is producing, also, an increase in the size
of forest holdings, even though the overall trend
is towards smaller average holdings. In addition,
the existence of a broad NIPF ownership base can
similarly be regarded as a desirable feature on
general grounds. Also, it has always been consid-
ered a desirable thing to possess forest, on ac-
count of its intrinsic value (Carlén 1990).

The lack of an official, uniform, up-to-date reg-
ister of NIPF holdings and their owners makes it
difficult to describe changes in NIPF ownership
reliably. It is for this reason that numerous postal
inquiries and interview surveys of forest owners
have been carried out (see Thalainen 1990). The
population studied comprised NIPF holdings
which had undergone changes in ownership be-
tween 1980-86 and 1990-91.

Since it was necessary in the present case to be
able to use information on forest ownership at
two points in time, the same holdings which had
been involved in an earlier study conducted at the
Finnish Forest Research Institute (see Jéarveldi-
nen 1988, Karppinen and Hénninen 1990) were
re-surveyed. The purpose of the earlier work had
been to provide information on the actual and al-
lowable cut on NIPF holdings, however, and thus
the variables selected were not the very best ones
for the present purpose.

The data did not include, for instance, such
important variables as the prices of holdings, nor
the owner’s marital status, number of children,
wealth or income. It must therefore be stressed
that the results are restricted and the conclusions
based on them only preliminary. Market and eco-
nomic factors could be essential aspects requir-
ing further study. The frame of reference could
not be subjected to a complete quantitative test
here, on account of its size and the presumably
very complicated time-lag structure involved.
These properties place high demands on the quan-
tity and quality of the data.

Besides, the period covered by the data is about
seven years, which is a very short time compared
to the average length of NIPF ownership, approx.
30 years, and it does not necessarily give arealis-
tic view of ownership arrangements and partition-
ing processes in a historical perspective, especially

when using holding-level data. In addition, the
factors affecting partitioning are likely to be rel-
atively stable over time. Thus it has become ap-
parent that further investigations are required us-
ing aggregate data. Further research should focus
on the general social change and the role of land-
ownership in our society at all and their implica-
tions for partitioning. Also, more emphasis should
be put on theoretical considerations of landown-
ership. The effects of partitioning of NIPF hold-
ings are reflected in changes in both the size dis-
tribution of holdings and their average size, and it
has become apparent that further study is required
in this area using aggregate data.

In the sphere of logistic regression analysis, an
important area for further exploration could be
the use of quantitative forest policy variables,
which would be capable of indicating, for instance,
that if forest owners were exposed to a certain
number of additional extension courses, then the
probability of partitioning would decrease by a
certain percentage. In addition, little is known
about the interaction between factors operating at
various levels, which could be studied by path
analysis. As a statistical technique, this does not
add anything to conventional regression, but as
an aid to interpretation, it might be valuable be-
cause it requires explicit assumptions and permits
the analysis of indirect causal connections in ad-
dition to direct effects (Duncan 1978).

As regards transfers of NIPF ownership, Torn-
qvist (1995) has studied NIPF ownership in Swe-
den as a multi-generation project, i.e. forest own-
ers as entrepreneurs and forest managers, by bring-
ing together different aspect under the concept of
forest ownership and providing a view of the
emergence of forest ownership, the institutional
frameworks in society and the modes of action
manifested at the level of the forest estate. This
kind of study might provide a valuable approach
for understanding multi-dimensional aspects re-
lated to arrangements for the transfer of NIPF own-
ership in Finland as well.

Regional conditions and theories should give
further insight into regional differentiation in
ownership change arrangements and in partition-
ing, but one should take into account in this con-
text the orientation of production on holdings,
especially on farms. Regional aspects may well
play an important role in modulating partitioning
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processes. Tykkyldinen et al. (1996) present the-
ories on regional development and discuss their
relevance to the forest sector, but most of them
are global, too extensive or otherwise discordant
inrelation to the present case. Thus it must be said
that the theory related to the present work is not

70

well developed and that there is a lot of work to be
done on it. Finally, more research should be fo-
cused on forest land markets and public policies
imposed on them, and on the implications of these
institutions for trends in the average size and size
distribution of NIPF holdings.
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Appendix 2. The logistic regression model diagnostic.

BMDPLR - STEPWISE LOGISTIC REGRESSION
Release: 7.0 (BMDP/DYNAMIC)

Date: 01/17/94 at 17:58:58

Site: S2U000172CK

/problem title='BMDPLR logit model for Southern Finland'.
/input file='c:\diviog\logit.bmd'.

code=odds.
/var use=PARTIT, OCCUP,RESID, OWN, MUSE, REGIO, PCUT, FOR.

fregq=nweight.

/group codes (PARTIT)=1,0.
names (PARTIT)=YES,6NO.

/regress depend=PARTIT.
model=0CCUP, RESID, OWN, MUSE, REGIO, FOR, PCUT.
interval=PCUT.

/print cost.
hist.

/end
NUMBER OF CASES READ. . . s s @ © w 44
CASES WITH USE SET TO NEGATIVE VALUE W
REMAINING NUMBER OF CASES. . . . . e s = s 313
DEPENDENT VARIABLE. . . . . . . . . . . . . . . 86 PARTIT
COUNT VARIABLE. . . . . . . . . . =« « « . . . 174 nweight
SCOUNT VARIABLE. s 8 m ® B o®m § % & s s 4 O
FCOUNT VARIABLE. . . . 0
METHOD TO SELECT NEXT TERM TO REMOVE OR ENTER . ACE
HIERARCHICAL TERM INCLUSION RULE USED . . . .  SING
REMOVE LIMIT (P-VALUE MUST BE GREATER). . . . . 0.1500 0.1500
ENTER LIMIT (P-VALUE MUST BE LESS). . . . . . . 0.1000 0.1000
TOLERANCE . . ¢ e - 0.0001000
CONVERGENCE CRITERION ON LIKELIHOOD % 0.0000100
CONVERGENCE CRITERION ON PARAMETERS 0.0001000
MAXIMUM NUMBER OF ITERATIONS. 10

STEP ADJUSTMENTS 5
TOTAL NUMBER OF RESPONSES USED IN THE ANALYSIS . . . 314
SUCCESS . . . . o s . i on & 19
FAILURE . . - w e wm ow e o« 235
NUMBER OF DISTINCT COVARIATE PATTERNS « 5 & ® w s s 251
DESCRIPTIVE STATISTICS OF INDEPENDENT VARIABLES
VARIABLE STANDARD
NO. NAME MINIMUM MAXIMUM MEAN DEVIATION SKEWNESS KURTOSIS
93 PCUT 0.0000 19.3000 4.2103 3.4988 1.1096 1.4540
VARIABLE GROUP DESIGN VARIABLES
NO. NAME INDEX FREQ ( )
87 OCCUP 0 226 0

1 87 1
88 RESID 0 196 0

1 117 1
89 OWN 0 236 0

1 77 1
90 MUSE 0 248 0

1 65 1
91 REGIO 0 160 0

1 153 i
92 FOR 0 235 0

1 78 1
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LOG LIKELIHOOD = -132.959

GOODNESS OF FIT CHI-SQ (2*O*LN(O/E)) = 247.877 D.F.= 243 P-VALUE= 0.401

GOODNESS OF FIT CHI-SQ (HOSMER-LEMESHOW)= 9.258 D.F. 8 P-VALUE= 0.321

GOODNESS OF FIT CHI-SQ ( C.C.BROWN ) = 0.277 D.F.= 2 P-VALUE= 0.871

STANDARD 95% C.I. OF EXP(COEF)

TERM COEFFICIENT ERROR COEF/SE EXP (COEF) LOWER-BND UPPER-BND
OCCUP 1.249 0.384 3.25 3.49 1.64 7.42
RESID 0.621 0.377 1.65 1.86 0.89 3.91
OWN 1.116 0.347 3.22 3.05 1.54 6.04
MUSE 1.540 0.373 4.13 4.66 2.24 9.72
REGIO 1.023 0.329 3.11 2.78 1.46 5.31
FOR 1.742 0.370 4.71 5.71 2.75 11.80
PCUT 0.043 0.044 0.98 1.04 0.96 1.14
CONSTANT -3.754 0.436 -8.60 0.02 0.99 055

HISTOGRAM OF PREDICTED PROBABILITIES OF SUCCESS FOR GROUP SUCCESS
EACH 'X' REPRESENTS 1 RESPONSE.
‘M' MARKS THE MEDIAN, 'Q' MARKS THE QUARTILES.

X
X
X
X
X
X
X
X
X
X
X
X X
XX X X
XX XX XX X X X X X
XXXXXX XX X X X X X XXX X
s oFa s s s Few QP PR S . CU LT aFis 0w o # +
10 .30 .50 70 .90 1.1
0.0 20 40 .60 80 1.0 1.2

PROB- GROUP SUCCESS
HISTOGRAM OF PREDICTED PROBABILITIES OF SUCCESS FOR GROUP FAILURE
EACH 'X' REPRESENTS 1 RESPONSE.
'M' MARKS THE MEDIAN, 'Q' MARKS THE QUARTILES.
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PREDICTED PROBABILITIES CAN BE USED TO CLASSIFY CASES INTO GROUPS.

A CASE IS 'PREDICTED' TO BE IN GROUP. FAILURE IF PROBABILITY LESS
THAN OR EQUAL TO CUTPOINT, OR IN GROUP. SUCCESS IF PROBABILITY GREATER
THAN CUTPOINT. EACH CUTPOINT YIELDS A CLASSIFICATION MATRIX,
CONTAINING COUNTS OF

PREDICTED AS SUCCESS PREDICTED AS FAILURE
CASES IN SUCCESS (A BELOW) b £ (B BELOW)

______________________ o i e
CASES IN FAILURE (C BELOW) : ¢ (D BELOW)

THE CROSS PRODUCT RATIO (COL. 11 BELOW) IS COMPUTED FROM THE CLASSIFICATION

MATRIX AS THE PRODUCT OF THE COUNTS OF CORRECT CLASSIFICATIONS

DIVIDED BY THE PRODUCT OF THE COUNTS OF INCORRECT CLASSIFICATIONS ( AD/BC )
THE 'COST' MATRIX TIMES THE CLASSIFICATION MATRIX YIELDS THE GAIN/LOSS FUNCTION
THE COST MATRIX PREDICTED
SUCCESS FAILURE
SUCCESS 0.00 -1.00
FAILURE -1.00 0.00

LOSS = + 0.0000 A - 1.0000 B - 1.0000 C + 0.0000 D

CUT- CORRECT PRED % CORRECT INCORRECT PRED CR.PROD.
POINT SUCCE FAILU TOTAL SUCCE FAILU TOTAL SUCCE FAILU TOTAL RATIO

0.030 46 16. 62. 100.0 11.1 32.6 0 128. 128. UNDEFINED
0.050 46 28 74. 100.0 19.4 38.9 0 116. 116. UNDEFINED
0.070 44 39 83 95.7 27.1 43.7 2. 105. 107. 8.17
0.090 42 54 96 91.3 37.5 50.5 4. 90. 94. 6.30
0.110 41 64. 105 89.1 44.4 55.3 5. 80. 85 6.56
0.130 40 84. 124 87.0 58.3 65.3 6. 60. 66. 9.33
0.150 38 88. 126 82.6 61.1 66.3 8. 56 64. 7.46
0.170 36. 90. 126 78.3 62.5 66.3 10 54. 64 6.00
0.190 36. 102. 138. 78.3 70.8 72.6 10 42. 52 8.74
0.210 36. 103, 139. '78.3 71.5 732 10 41. 51 9.04
0.230 36. 105. 141. 78.3 72.9 74.2 10 39. 49 9.69
0.250 36. 114. 150. 78.3 79.2 78.9 10. 30. 40. 13.68
0.270 36. 117. 153. 78.3 81.3 B0.5 10. 27 . 37. 15.60
0.290 32. 123. 155. 69.6 85.4 81l.6 14. 21. 35. 13..38
0.310 29. 128. 157. 63.0 88.9 82.6 17 16 33. 13.65
0.330 29. 131. 160. 63.0 91.0 84.2 17. 13. 30. 17.19
0.350 26. 135. 161. 56.5 93.8 84.7 20. 9. 29, 19.50
0.370 26+ 139, 165. 56.5 96.5 86.8 20. 5. 25 36.14
0.390 26. 1l41. 167. 56.5 97.9 87.9 20. 3. 23. 61.10
0.410 25. 141. 166. 54.3 97.9 87.4 21 3 24. 55.95
0.430 25. 142, 167. 54.3 98.6 87.9 21 2l 23, 84.52
0.450 25. 142. 167. 54,3 98.6 87.9 21. 2. 23. 84.52
0.470 25. 142. 167. 54.3 98.6 87.9 21 25 23 84.52
0.490 25. 142. 167. 54.3 98.6 87.9 21 2. 23. 84.52
0.510 25. 142. 167. 54.3 98.6 87.9 21., 2. 23. 84.52
0.530 25. 142. 167. 54.3 98.6 87.9 21.; 2. 23 84.52
0.550 25. 142. 167. 54.3 98.6 87.9 21, 2 23, 84.52
0.570 25. 142. 167. 54.3 98.6 87.9 21. 2L, 23 84.52
0.590 25. 142. 167. 54.3 98.6 87.9 21 ; 2. 23 84.52
0.610 23. 142. 165. 50.0 98.6 86.8 23. 2. 25. 71.00
0.630 23. 142. 165. 50.0 98.6 86.8 23. 2. 25. 71.00
0.650 23. 142. 165. 50.0 98.6 86.8 23. 2 25 71.00
0.670 21. 142. 163. 45.7 98.6 85.8 25. 2. 27. 59.64
0.690 21. 142. 163. 45.7 98.6 85.8 25. 2. 27 59.64
0.710 21. 2142. 163. 45.7 98,6 85.8 25. 2. 27. 59.64
0.730 20. 143. 163. 43.5 99.3 85.8 26. 1. 27. 110.00
0.750 5, J143. 148, 10.9 99,3 779 41. 1. 42. 17.44
0.770 5. 143. 148. 10.9 99.3 77.9 41. 1. 42. 17.44
0.790 4. 143. 147. 8.7 99.3 77.4 42. 1. 43. 13.62
0.810 4. 143. 147. 8.7 99.3 77.4 42. 1. 43, 13.62
0.830 3. 143. 146. 6.5 99.3 76.8 43. 1, 44. 9.98
0.850 3. 143. 14s. 6.5 99.3 76.8 43. 1. 44. 9.98
0.870 1. 144. 145. 2.2 100.0 76.3 45. 0. 45. UNDEFINED
0.890 1. 144. 145. 2.2 100.0 76.3 45. 0. 45. UNDEFINED
0.910 1. 144. 145. 2.2 100.0 76.3 45. 0. 45. UNDEFINED
0.930 0. 144. 144. 0.0 100.0 75.8 46. 0. 46. UNDEFINED
BMDPLR - STEPWISE LOGISTIC REGRESSION

Release: 7.0 (BMDP/DYNAMIC) Date: 01/17/94 at 17:59:

Site: S2U00172CK
END OF INSTRUCTIONS
PROGRAM TERMINATED

GAIN OR
LOSs

-23.00
-23.00
-23.00
-23.00
-23.00
-23.00
-23.00
-23.00
-25.00
-25.00
-25.00
-27.00
-27.00
-27.00
-27.00
-42.00
-42.00
-43.00
-43.00
-44.00
-44.00
-45.00
-45.00
-45.00
-46.00
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