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Models for individual-tree basal area growth were constructed for Scots pine (Pinus
sylvestris L.), pubescent birch (Betula pubescens Ehrh.) and Norway spruce (Picea
abies (L.) Karst.) growing in drained peatland stands. The data consisted of two separate
sets of permanent sample plots forming a large sample of drained peatland stands in
Finland. The dependent variable in all models was the 5-year basal area growth of a tree.
The independent tree-level variables were tree dbh, tree basal area, and the sum of the
basal area of trees larger than the target tree. Independent stand-level variables were
stand basal area, the diameter of the tree of median basal area, and temperature sum.
Categorical variables describing the site quality, as well as the condition and age of
drainage, were used. Differences in tree growth were used as criteria in reclassifying the
a priori site types into new yield classes by tree species. All models were constructed as
mixed linear models with a random stand effect. The models were tested against the
modelling data and against independent data sets.
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1 Introduction

In Finland, the area of peatlands and paludified
forests drained for forestry up to 1991 was 6
million ha (Aarne 1993). In the beginning of the
1980s, the percentage of the growing stock and
the total volume which was in peatland forests
was 18 % and 22 %, respectively (Paavilainen
and Tiihonen 1987). The proportions are proba-
bly increasing because most drained peatland
stands are about to reach or have just reached the
commercial size. Drained peatland stands differ
from those growing on mineral soils because of
the skewed age- and size distributions and
clumped spatial distribution of the trees (Hökkä
and Laine 1988, Hökkä et ai. 1991, Miina et ai.
1991). Furthermore, drainage causes long-term
changes in site properties. Because these factors
most probably influence tree growth, specific
growth models taking them into account should
be applied when growth predictions for drained
peatlands are made. For the purposes of timber
management planning, the need for accurate pre-
dictions of growth is evident because drained
peatlands represent such a large proportion of
the total forest land.

At stand level, post-drainage growth has been
examined in several Finnish studies since the
1920s (Lukkala 1937, Heikurainen 1959, Huika-
ri et ai. 1967, Heikurainen and Seppälä 1973,
Laine and Starr 1979, Keltikangas et ai. 1986,
Penttilä 1990). Site quality indices in terms of
the relative post-drainage timber productivity of
peatland site types in different parts of the coun-
try were defined by Heikurainen (1959). A com-
mon method has been to evaluate the timber
production potential of different sites on the ba-
sis of the relative growth rate (growth expressed
as a function of present stand volume) of stands.

Tree-level growth analyses have become more
common during the last decades. In Finland,
Saramäki (1977) constructed growth and yield
tables for pubescent birch (Betula pubescens
Ehrh.) stands growing on drained peatlands in
northern Finland with stand-level equations, but
also derived tree-level growth equations. Sites
were classified on the basis of stand dominant
height development. In Sweden, Hänell (1984,
1988) developed a site type classification for
peatlands on the basis of individual-tree basal

area growth models for Scots pine (Pinus sylves-
tris L.), Norway spruce (Picea abies (L.) Karst.)
and pubescent birch (Betula pubescens). To ob-
tain the post-drainage forest productivity of the
distinguished sites, stand-level equations were
developed and used to simulate stand develop-
ment after drainage. In Canada, Payandeh (1973)
used both tree- and stand-level approaches when
studying the post-drainage growth of black spruce
{Picea mariana (Mill.) B.S.P.) stands. The pat-
tern of response of annual tree ring growth of
black spruce following drainage has been ana-
lyzed by Dang and Lieffers (1989). In Finland,
spatial individual-tree growth models for Scots
pine growing on drained peatland have been de-
veloped by Miina et ai. (1991), Miina (1994,
1996) and Penner et ai. (1995).

When growth models are applied to forest man-
agement planning systems and used primarily
for inventory updating, the models should meet
specific requirements (Burkhart 1993). The in-
put variables should be common and easy to
measure. The models should describe growth in
a simple and logical way. Furthermore, the mod-
els should be unbiased, which requires that the
modelling data be a representative sample of the
forests where the models will be applied. Dis-
tance-independent individual-tree growth mod-
els are most commonly used. Most forest man-
agement planning systems in Finland operate
with the MELA growth simulator (Siitonen et ai.
1996). The growth models in MELA for drained
peatland stands have been constructed using in-
ventory data collected from drained peatlands
(Keltikangas et al. 1986). A common basic mod-
el is applied to stands growing in mineral soil
sites and peatlands, but in the peatland growth
models, specific parameters related to site and
its post-drainage succession are incorporated
(Ojansuu et al. 1991).

In this study, individual-tree basal area growth
models for Scots pine, Norway spruce and pu-
bescent birch (hereafter pine, spruce and birch,
respectively) were constructed to substitute for
the present models in MELA. Simultaneously,
the present peatland site type classification was
reformed with the aim of determining a reasona-
ble number of yield classes that significantly
differ from each other in terms of tree growth.
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2 Materials

2.1 Modelling Data

The modelling data consisted of two separate
inventory data sets covering the whole area where
forest drainage has been applied in practical for-
estry (Fig. la). For southern Finland and south-
ern parts of northern Finland, the permanent sam-
ple plots of the 8th National Forest Inventory
(NFI8) were used. For northern Finland, a spe-
cial set of permanent growth plots (SINKA) was
used (see Penttilä and Honkanen 1986, Mielikäi-
nen and Gustavsen 1993).

The NFI8 plots were established in 1985 to
produce information concerning changes in the
Finnish forests. The remeasurement was carried
out in 1990. The plot establishment is based on
systematic sample tracts. Each tract contains a
cluster of 3 to 4 plots, and the distance between
tracts is 16 km.

The SINKA plots were established in 1984-88
in order to produce data for stand- and tree-level

growth models for drained peatlands (Penttilä
and Honkanen 1986). The first remeasurement
was done in 1988-1994 following a period of 5
growing seasons on each plot. The plots have
been sampled by stratified systematic sampling
from those NFI7 plots that were located on
drained peatlands. Sampling units were stands
that were in satisfactory silvicultural condition
(i.e., not underproductive according to the defi-
nitions given in the NFI field guide (Valtakun-
nan metsien... 1977)) and homogeneous with re-
spect to site and stand developmental stage (Pent-
tilä and Honkanen 1986). Birch-dominated stands
were sampled only in the southern parts of north-
ern Finland and spruce-dominated stands in La-
pland.

The NFI8 sample plot was composed of two
circular plots: a greater plot with a radius of 9.77
m and a smaller plot with a radius of 5.64 m
superimposed on the greater plot. All trees with
dbh exceeding 10.5 cm were measured in the
area of greater radius and trees with dbh of 4.5-
10.5 cm in the area of smaller radius. If the dbh
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Fig. 1. Location of the modelling data (a) and test data (b) by tree species.
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