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This paper presents how log-linear models can be used for modelling and forecasting
structural changes of Finnish non-industrial private forest ownership. Two cross-
sectional sets of data, which were collected in conjunction with two separate surveys by
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1 Introduction

In most European countries and in the USA, a
major part of the timber supply comes from non-
industrial private forests (NIPF). In these coun-
tries, a problem faced by public forest policy
makers is how to take into consideration the struc-
tural change of NIPF ownership in such a way that
the goals of forest policy are met with regard to
the national role of non-industrial private forestry

(Riihinen 1986). NIPF ownership is typically dis-
tributed among hundreds of thousands of individ-
uals and there seems to be a trend towards an in-
creasingly varied ownership structure due to the
social restructuring taking place in these coun-
tries. Thus, a realistic outlook of the future struc-
ture of NIPF ownership is of crucial importance.
It is then the task of forest policy makers to em-
ploy instruments that blend in with the develop-
ment trends (Järveläinen 1986, Vehkamäki 1986).
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Most research about NIPF owners has con-
cerned the silvicultural or timber sales behaviour
of forest owners (e.g. Kuuluvainen et al. 1996),
whereas little work has addressed the question
of structural changes of ownership (Reunala 1974,
Ihalainen 1990, Baughman 1996). Although there
are a few structural investigations, suffice it to
say that they have largely concerned past chang-
es in NIPF ownership. Less attention has been
paid to problems of forecasting structural change.

Earlier forecasts have been made either by
examining the factors affecting changes in the
ownership structure or by merely examining own-
ership changes. The first approach involves de-
termining a change in an ownership characteris-
tic that has been studied by means of explanation
models, so that is impossible to analyse several
structural characteristics simultaneously. Alig
(1986) and Plantinga et al. (1990), for instance,
analysed the factors influencing changes in area
of forest land, by owner groups, in determining
external factors affecting them.

The second approach makes no distinction be-
tween several analysed variables. In Sweden,
Eriksson (1990) forecast changes in several NIPF
ownership characteristics based on scenarios of
external elements prepared by official authori-
ties. In Finland, with the exception of prelimi-
nary results presented by Ripatti and Järveläinen
(1997), forecasts of NIPF ownership character-
istics carried out so far have been based on linear
trends derived from the absolute pace of change
observed in the past (Järveläinen 1988, Järveläi-
nen and Torvelainen 1993, Ripatti 1994).

The problem with the latter approach is that all
the variables that have been subject to forecasts
have been treated, one by one, in situations where
it has not been possible to take into considera-
tion the effects of other variables. Questions con-
cerning the effects of the interactions of varia-
bles on forecasts was considered to be the princi-
pal aim of the present study. The objective of the
study is to analyse multi-dimensional interac-
tions of forest holding and ownership character-
istics by using log-linear models and to forecast
their development to the year 2020. Forecasts
will also be made for both the number of owners
or holdings and area of forest land.

A total of six NIPF holding and ownership
attributes are forecast focusing on the earlier

pace of structural change. These attributes were
chosen because their changes have been demon-
strated to originate from general social change in
countries where NIPF ownership dominates
(Grayson 1993). The farmer-non-farmer distinc-
tion, for instance, is the most used attribute de-
scribing the structure of NIPF ownership in these
countries (e.g., Birch 1994). In addition, several
studies have demonstrated that NIPF owner’s
forestry behaviour is associated with ownership
characteristics (e.g., Binkley 1981, Dennis 1989,
Kuuluvainen and Salo 1991). Forest holding and
ownership characteristics have also connections
with values and objectives of forest ownership
(Karppinen 2000). The paper is structured as
follows. A description of data and log-linear mod-
elling is presented in the next section, followed
by an outline of the model constructed. The re-
sults of the estimations and forecast results are
then presented and discussed.

2 Data and Methods

2.1 The Data

Two cross-sectional data sets were employed.
Data were collected in conjunction with two sep-
arate surveys by means of mail questionnaires in
1975 and 1990, concerning Finnish NIPF hold-
ings with at least 5 ha of forest land in whole
country. The number of responses obtained in
1975 was 2897, while 2101 responses were re-
ceived in 1990 (Ripatti and Järveläinen 1997).

However, the number of forest owners is great-
er than the number of forest holdings, because,
e.g., about 40 per cent of the holdings are owned
jointly by the spouses and/or by children. A com-
mon practice, in studying forest owners, is to
derive ownership characteristics of the holding
from person who is responsible for looking after
the holding (Ripatti 1999, p. 4).

Being repeated over time with the same or
nearly the same variables, the data enabled the
creation of sequences of measures in discrete
time. Thus, it was possible to include a time
trend in the analysis. Despite the fact that the
data did not concern the same holdings, i.e. it
was not made up of a so-called panel data, it



Ripatti Use of Log-Linear Models in Forecasting Structural Changes in Finnish Non-Industrial Private Forest Ownership

277

provided a relatively accessible way of incorpo-
rating a time dimension into the material, and
thereby of drawing conclusions concerning the
trends.

The forecast attributes were treated in a dichot-
omous form and their distributions are presented
in Table 1. Due to the great number of 64 cells
produced from the table of six dichotomous var-
iables, only marginal distributions are presented.
The number of attributes which could have been
used to describe structural change is in principal
large, but six dichotomous attributes were used
because it helps in the treatment of the data and
interpretation of the results (Payne et al. 1994).

The data were analysed by means of the BMDP
statistical software (BMDP 1990). In the compu-
tations, the observations were weighted because
of the areal cluster sampling method employed
included probabilities that depended on the total
area of the holding (Karppinen and Hänninen
1990, p. 23–24).

2.2 Construction of Trends by Log-Linear
Models

When analysing the relationships of dichotomous
variables (Evans et al. 1991), log-linear model-
ling was chosen because it is the most appropri-
ate method for forecasting NIPF ownership at-
tributes simultaneously. The main advantage of
log-linear modelling is that it takes into consid-
eration all inter-connections of the variables used.
Log-linear models also permit variables to be
measured continuously with the Weinbull distri-
bution as shown by, e.g., McFadden (1974). Fur-
thermore, the structure of log-linear models is
asymmetrical when no clear response variable
exists (DeMaris 1992, p. 7).

The starting point of log-linear modelling is a
cell frequency table, which shows how the fre-
quency in each cell depends on the combination of
other variables. The log-linear model represents
the logarithm of the expected cell frequency as a
linear combination of the main effects and inter-
actions. As in the case of the logistic regression
model, the log-linear model is operationalized in
terms of odds ratios. The odds value is defined as
π / (1 – π), which is the ratio of an event occurring
(π) to that of it not occurring (1 – π). With odds at
2:1, the event is twice as likely to occur as not.
Thus, the odds ratio, denoted by ψ  (in equation
1), is the ratio of the odds of an event in class π (1)
occurring rather than π (0) to the corresponding
odds of the event not occurring.

ψ π π
π π

= −[ ]
−[ ]

( ) / ( )

( ) / ( )

1 1 1

0 1 0 (1)

The model, which takes into consideration all
the potential interdependencies in the present
data, is referred to as a saturated model, and it
can be specified by the following equation
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Table 1. Variables used in the study, and their defini-
tion and percentage distribution in 1975 and 1990.

Names of variables Year
1975 1990

% of owners or holdings
(% of area of forest land)

OCCUP Occupation of owner
farmer 63(69) 48(56)
non-farmer 37(31) 52(44)

AGE Age of owner
less than 60 years old 68(69) 63(66)
at least 60 years old 32(31) 37(34)

SEX Sex of owner
male 83(84) 72(75)
female 17(16) 28(25)

TYPOWN Type of ownership
family-owned 84(81) 76(75)
jointly-owned 16(19) 24(25)

RESID Residence on holding
resided holding 71(75) 59(66)
no resided holding 29(25) 41(34)

FOR Area of forest land
at least 20 ha in size 51(83) 51(81)
less than 20 ha in size 49(17) 49(19)
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where Mbcdefg is the expected frequency in cell
(bcdefg), with occupation (b), age (c), sex (d),
type of ownership (e), residence on holding (f),
and size of forest holding (g). The terms on the
right-hand side of the equation represent the
parameters to be estimated. The constant term
represents the fitted log-frequency for the cell
where all six variables are on the first level.

However, the construction of saturated models
was not the primary aim because, in theory, the
data could indicate a pattern of relationship with-
out using up all of the available degrees of free-
dom. If a saturated model is estimated, the esti-
mated frequencies would correspond exactly to
the observed frequencies, i.e., the estimates would
merely describe the observed data (Evans et al.
1991, p. 105).

The forms of the models were determined with
reference to the usual chi square tests that indicat-
ed the level of independencies of the variables.
The so-called k-factor table shows the highest
order included in a model (Brown 1990, p. 283).
With tests indicating no statistical significance, at
least at the 5 per cent level, the model may not
include any k-factor + 1 order interactions. How-
ever, the above tests may hide the marginal effects
of one or more interactions among the more nu-
merous non-significant interactions because they
test multiple interactions. Therefore, cell devia-
tions between expected and observed values were
also estimated (Haberman 1972). Deviations
more than 5 per cent risk were not permitted.

2.3 Forecasting Procedure

Even though the odds ratios are the most impor-
tant parameters in log-linear modelling, they were
not used in the forecasting procedure employed
here. Instead, the odds themselves were used
because they have a fundamental role to play in
forming the relative odds. Once the models had
been estimated, the forecasting procedure was
begun by comparing the odds of structurally iden-
tical models from years 1975 and 1990 in order
to obtain relative odds. Thereafter, the forecast-
ing procedure was completed using the odds and
relative odds. The relative odds were calculated
as follows

RO
M i i

M i i
( , )

( ) / ( ' )

( ) / ( ' )
1990 1975

1990

1975
= [ ]

[ ]
π π
π π (3)

where the RO is the relative odds of an arbitrary
NIPF ownership character derived from struc-
tural identical models of 1975 and 1990. How-
ever, it should be noted here that even when
using complex models, i.e., including multi-
dimensional interactions, only the odds of the
first level effects (k-factor order) were used in
forecasting because the aim of the study is to
forecast trends of separate attributes, not their
combined effects.

Following the calculation of the relative odds,
forecasts were made concerning the selected at-
tributes for the years 2005 and 2020. This was
done by using the odds of 1990 and the relative
odds. As a starting point, the odds for 1990 were
used. In order to obtain odds for 2005, the odds
for 1990 were multiplied by the relative odds as
a count variable. Similarly, the odds for 2020
were obtained by counting the odds for 1990,
and multiplying them by the squared relative
odds. Finally, the percentage distributions were
approximated from the predicted odds for 2005
and 2020.

3 Results

3.1 Model Constructions

The results of the k-factor tables for 1975 and
1990 are presented in Table 2. The results for
number of owners or holdings suggest that, since
the models on line number 5 were not signifi-
cant, it may not be necessary to include any sixth
order effects in the models. However, due to the
large deviations between the expected and ob-
served values in the fifth order effect models, the
log-linear algorithm did not converge higher than
the fourth order effects. Therefore, the construc-
tion of the pairs of log-linear models describing
the owners or holdings can be defined as follows
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The k-factor table also suggests that the results
concerning area of forest land on line three were
not significant, and therefore it may not be nec-
essary to include any four-way interactions in
the models. Thus, the construction of the pairs of
log-linear models describing the area of forest
land can be specified by
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3.2 Estimation Results of Log-Linear
Models

The results for the number of owners or holdings
derived from model pairs of 1975 and 1990 are
presented in Table 3. Both models had a good
ratio of likelihood chi-square with seven degrees
of freedom, indicating that in terms of the over-
all statistical significance, the models fit the ob-

Table 2. The results of the k-factor marginals. Results
concerning area of forest land are shown in paren-
thesis.

K-factor Degrees Year
of freedom

1975 1990

0 63 5057.31 2170.20 *
(6588.10) (3554.98) *

1 57 1074.68 983.91 *
(1023.01) (1046.90) *

2 42 208.35 246.75 *
(128.17) (189.08) *

3 22 60.85 106.15 *
(20.89) (59.78)

4 7 23.69 44.71 *
(7.24) (33.61)

5 1 0.39 0.42 1)

(0.00) (2.51)
6 0 0.00 0.00

(0.00) (0.00)

* Significant at 5 per cent level in 1975 and 1990.
1) Deviates at 5 per cent risk.

Table 3. The estimated results of the log-linear models. Results concerning area of forest land are shown
in parenthesis.

Variable Lambda L/SE Odds Lambda L/SE Odds Relative
odds

1975 1990

OCCUP –1.040 * 0.901 0.222 *** 1.249 1.386
non-farmer (–0.100) * (0.905) (0.152) *** (1.164) (1.286)

AGE –0.324 *** 0.723 –0.145 *** 0.865 1.196
at least 60 years old (–0.285) *** (0.752) (–0.171) *** (0.843) (1.121)

SEX –0.601 *** 0.548 –0.278 *** 0.758 1.383
female (–0.539) *** (0.583) (–0.267) *** (0.765) (1.312)

TYPOWN –0.851 *** 0.427 –0.629 *** 0.533 1.248
jointly-owned (–0.745) *** (0.475) (–0.572) *** (0.564) (1.187)

RESID –0.330 *** 0.719 –0.125 ** 0.883 1.228
no resided holding (–0.312) *** (0.732) (–0.212) *** (0.809) (1.105)

FOR 0.097 * 1.101 0.081 1.085 0.985
less than 20 ha in size (–0.750) *** (0.473) (–0.682) *** (0.506) (1.070)

* Significant at 5 per cent level
** Significant at 1 per cent level
*** Significant at 0.1 per cent level

Number of observations 2870 (2870) 2100 (2100)
Degrees of freedom 7 (25) 7 (25)
Likelihood ratio chi-square 23.690 (26.820) 44.710 (61.63)
P-value 0.001 (0.365) 0.000 (0.000)
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served data well. The relative odds of the own-
er’s occupation (OCCUP) was the highest of the
tested model pairs. Indicates that the odds of
non-farmer ownership rather than farmer owner-
ship was 1.4 times higher in 1990 than in 1975.
The second highest relative odds of the model
pairs was the owner’s sex (SEX). The odds of
the forest owner being female rather than male
was 1.4 times higher in 1990 than in 1975.

The relative odds of the forest owner’s age
(AGE) suggest that odds of a forest owner’s being
at least 60 years old rather than less than 60 years
old was 1.2 times higher in 1990 than in 1975.
Further, the odds for a holding to be both jointly-
owned (TYPOWN) and with residence elsewhere
(RESID) rather than family-owned and with per-
manent residence were 1.2 times greater in 1990
than in 1975. Conversely the relative odds of FOR,
i.e., the odds of the forest holding being smaller
than 20 ha rather than larger was almost one.

With the exception of the variable FOR, the
results for the area of forest land were similar to
the results for the number of owners or holdings.
The results of FOR with respect to the area of
forest land differed from the results of the owners
or holdings in two important respects. First, the
lambdas for FOR were highly significant both in
1975 and in 1990. Second, the relative odds for

FOR indicates that odds of a holding being small-
er than 20 ha rather than larger was slightly higher
in 1990 than in 1975. However, the ratio of like-
lihood chi-square indicates that the goodness of fit
of the 1975 model was not very high, thought all
the six pairs of variables were statistically signif-
icant at least at the 5 per cent level.

3.3 Structural Changes in NIPF
Ownership until 2020

Following the estimation of the log-linear model
pairs, the next step was to use the relative odds
to forecast the trends of each character describ-
ing the NIPF ownership from 1990 to 2005 and
even to 2020. The number of years for which
reliable forecasting can be made depends on how
long the forces encapsulated in the relative odds
can be expected to stay unchanged (Buckwell
and Shucksmith 1979, p. 137). In the present
study, the relative odds were based on a cycle of
fifteen years. However, assuming that the forces
behind the relative odds will not be change, it
might be interesting to predict 30 years ahead by
using unaltered relative odds.

The results of the forecast are presented in
Table 4. In general, with the exception of the

Table 4. The relative odds, observed odds of 1990, and calculated odds and approximated
percentage distributions for years 2005 and 2020. Results concerning area of forest land
are shown in parenthesis.

Relative Observed Calculated Calculated Approx. Approx.
odds odds, 1990 odds, 2005 odds, 2020 %, 2005 %, 2020

OCCUP 1.386 1.083 1.501 2.080 60 68
non-farmer (1.286) (0.786) (1.011) (1.300) (50) (57)

AGE 1.196 0.587 0.702 0.840 41 46
at least 60 years old (1.121) (0.515) (0.577) (0.647) (37) (39)

SEX 1.383 0.388 0.537 0.742 35 43
female (1.312) (0.333) (0.437) (0.573) (30) (36)

TYPOWN 1.248 0.333 0.416 0.519 29 34
jointly-owned (1.187) (0.333) (0.395) (0.469) (28) (32)

RESID 1.228 0.695 0.853 1.048 46 51
no resided holding (1.105) (0.515) (0.569) (0.629) (36) (39)

FOR 0.985 0.961 0.947 0.932 49 48
less than 20 ha in size (1.070) (0.235) (0.251) (0.269) (20) (21)
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holdings less than 20 ha in size and owners of at
least 60 years of age, the attributes under study
increased very rapidly during 1975–1990, but
thereafter they begin to decrease. It can be also
seen that the forecast trends for the owners or
holdings and for the area of forest land were
quite similar, but the pace of change was slower
for the latter.

The results suggest that the relative odds are
important element in the forecasts. For example,
the proportion of the non-residents was 29 per
cent in 1975, and it was forecast to increase to
even 51 per cent in 2020. On the other hand, the
starting point of forest owners of at least 60
years of age was over one third in 1975, but it
was forecast that their proportion will increase
to 46 per cent in 2020. As was mentioned earlier,
these forecasts depend on the continuation of
past rates of structural change in NIPF owner-
ship as a whole. Besides, the greater the time-
span of the forecasts, the more uncertain are
their results.

4 Discussion

This paper has shown how log-linear models can
be used for modelling simultaneously structural
changes of six dichotomous NIPF ownership at-
tributes. The approach adopted here has used the
technique to examine complex models related to
substantive structural inter-connections concern-
ing the relationships among forecasted attributes.
In most studies of the structural change of NIPF
ownership, multi-dimensional interactions are
ignored. Therefore, log-linear models represent
a major improvement over traditional forecast-
ing techniques concerning the structure of NIPF
ownership.

The results show that the pace of change in the
forecast variables appears to be less than it would
be if derived from extrapolation of the earlier
trends. For instance, while the actual proportion
of non-farmer forest owners increased from 37
per cent to 52 per cent during the period 1975–
90, their proportion was forecast to reach 68 per
cent in 2020. On the other hand, the preliminary
results derived from monitoring system for Finn-
ish non-industrial private forestry show that the

actual increase of the proportion of non-farmers
is faster than forecasted (Ripatti et al. 2000).
However, it should be pointed out that a number
of exogenous factors may alter the current trends
in the structural change of NIPF ownership in
the future, for example, the number of farms or
age structure of owners may change in unpre-
dicted ways due to the changes in EU policies.

Log-linear models are specifically designed to
take into the account the categorical nature of
the variables and they enable the formulation
and testing the relationships among variables.
One of their particular strengths is that they al-
low control of the variations observed over time
in the marginal distributions of variables so that
changes in relationships can be assessed net of
these variations (Payne et al. 1994). Besides,
log-linear models provide a powerful scheme for
analyzing multi-way tables.

Some problems may, nevertheless, occur in
log-linear modelling. These include the sensitiv-
ity of the significance tests to sample size, the
choice of measures of fit, the effect of a clus-
tered sample design on inferences, and the pres-
ence of cells with very small or zero frequencies
(Agresti 1990). From the viewpoint of the present
study, the problem is associated with the use of
dichotomous variables. They do not necessaryly
permit the analysis of certain important effects
of the variations to be measured (Evans et al.
1991, p. 102–103). For instance, the use of a
farmer and non-farmer dichotomy does not ena-
ble the measurement of the theoretically impor-
tant effects of variations in occupational status,
especially within the increasing non-farmer cat-
egory. Besides, in the present study, all variables
were not statistically significant even though the
models fit the observed data well.

Finally, it should be noted that the first-order
interactions of two the identical six-way log-
linear models were used as the means of fore-
casting the trends in NIPF ownership. It would
be interesting to incorporate the time variable
into a single model and put to use in one seven-
way model instead of two identical six-way mod-
els. Further investigation should also focus on
the implications of the structural changes in NIPF
ownership over time. More emphasis should also
be placed on factors underlying the structural
changes in non-industrial private forestry.
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