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Seven models for predicting crown diameter using diameter at breast height were tested for Picea
orientalis L. (Link.) in Artvin. Data were obtained from 4208 trees measured on 117 temporary sample
plots. Sample plots were grouped into categories with 20 year mean age class intervals. Similarly,
sample plots were grouped into categories based on mean tree diameter at breast height (2 cm
diameter class interval). Mean diameter at breast height and mean crown diameter of sample plots in
age class were analyzed statistically. One linear and six non-linear diameters at breast height-crown
diameter functions were selected as candidate functions to model diameters at breast height -crown
diameter relationship. Regression analysis showed that there were statistically significant (P > 0.05)
and strong (F{2 > 0.80) relationship between diameter at breast height and crown diameter variables in
P. orientalis. The results of the study indicated that the diameter at breast height-crown diameter
relationship can be described by cubic, compound, growth or exponential model because of the same
R? values. But the cubic model gave the best result for relationship between diameter at breast height

and crown diameter.
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INTRODUCTION

Diameter at breast height (dbh) and crown width are
important tree characteristics and an accurate prediction
of tree dimensions has become prominent as analysis
techniques, models, and other statistical tools to allow for
the rapid evaluation of extensive volumes of data. Some
parameters (e.g., diameter or age) are easy to measure
with simple instruments and it is widely used by forest
inventories. However, a number of studies have shown
that other variables which are not so easily obtained are
also good predictors of forest dynamics and they can
improve the reliability of tools like growth and yield
models. One of these parameters is crown size, which
has received increasing attention as a means to estimate
tree growth (Bragg, 2001). Measurement of tree crown
width is more difficult and more time consuming than that
of dbh (Avsar, 2004). Crown width is used in tree and
crown level growth-modeling systems, where simple
competition indices are not available to adequately
predict recovery from competition when a competitor is
removed (Vanclay, 1994). Crown width is also used in

calculating competition indices based on crown overlap
(Biging and Dobbertin, 1992; Daniels et al., 1986) and
predicting aboveground biomass. Crown width models
can be formulated from open-grown trees or from stand-
grown trees (Gonzdlez et al., 2007). Equations for
predicting the dimensions of crowns in open locations
consider maximum biological potential, and so are known
as “maximum crown width” (MCW) equations, while those
for stand-grown trees which generally have a smaller
crown due to competition, are called “largest crown width”
(LCW) equations (Hann, 1997). LCW models predict the
actual size of tree crowns in forest stands, and have
many applications including estimations of crown surface
area and volume in order to asses forest health (Zarnoch
et al., 2004), tree-crown profiles and canopy architecture
(Hann, 1999; Marshall et al., 2003), forest canopy cover
(Gill et al., 2000) and the aboveground biomass. Model-
ing crown diameter as a simple linear model between
crown width and diameter at breast height is often
adequate (Canadas, 2000; Paulo et al., 2002;
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Figure 2. Example of measured pure P. orientalis stands

Benitez et al., 2003). Other studies suggest that these lin-
ear models can be improved with quadratic expressions
of diameter (Bechtold, 2003). Non-linear models have
also been used, such as the power function and the
monomolecular function (Bragg, 2001; Tomé et al., 2001;
Avsar, 2004).

The objective of this study is to develop a crown dia-
meter prediction model for Oriental spruce (Picea orien-
talis) grown in Artvin. Thus, it would be easier to determi-
ne tree crown diameter by means of regression equations
and it would cost less for the ground-based forest inven-
tory studies and stand structure determination in pure

Oriental spruce stands.

MATERIALS AND METHODS

Data for developing the models were obtained from 117 plots
natural P. orientalis stands in the Artvin, Ardanug and Savsat Forest
Enterprise (north-eastern part of Turkey 40° 57" N, 41° 30" E and
41°30° N, 42° 37" E) (Figure 1). A total of 4208 standing trees were
measured from July to September 2007. All stands were selected
as pure and even-aged. The representative plots were located on
forest maps for each forest enterprises using a GIS software pro-
gram (ArcGIS 9.2) (Figure 2).

The sample plot's dimensions were 20 x 50 m. At plot establish-



Table 1. Characterization of data set.

Mean Min. Max. S.D.
dbh 33.68 6.18 70.00 17.00
cd 4.05 1.57 8.25 1.59

S.D.: Standard Deviation

Table 2. Crown diameter functions analyzed.

FL::I:;:;;on Function form Designation
1 cd = by + b, . dbh Linear
2 cd = by + by . dbh + b, . dbh* + by Quadratic
3 cd = by + by . dbh + by . dbh*+ by _dbh’ Cubic
4 cd = by . dbh”! Power
5 cd = by . b™" Compound
6 cd = e(b0+h1.dbh) Growth
7 cd = by e @ P Exponential

cd: crown diameter.

Table 3. Model statistics and parameter estimates from crown diameter
prediction equations.

Function Model statistics Parameter estimates

code R%4 MSE bo b b2 bs

0.834 0.4194 1.1730 0.0855 - -
0.853 0.3714 0.9220 0.0296 0.0008 -
0.862 0.3494 1.0389 0.1401 -0.0028 0.000033
0.855 0.0223 1.8352 1.0215 - -
0.835 0,0253 0.5491 0.5737 - -
0.855 0.0227 0.6072 0.0213 - -
0.855 0.0227 1.8352 0.0213 - -

NOoO O~ WD =

ment, following data were recorded for every sample tree; species,
ages, diameter over bark at breast height (dbh = 5 cm) to the near-
est 0.1 cm and cower diameter to the nearest 0.1 m. dbh were mea-
sured with calipers in two perpendicular directions. In a second
stage, 30 - 40 trees per plot were randomly selected to record cro-
wn diameter. In a third stage, 6 dominant trees per plot were selec-
ted to measure age. Each plot's age was calculated as arithmetic
mean of measured tree age. Two crown diameters were measured
per tree, one being the horizontal diameter of the axis of the crown
which passes through the centre of the plot and the second being
perpendicular to the first. The arithmetic mean crown dia-meter is
calculated from these two field measurements. Table 1 shows a
characterization of the data set.

To investigate relationship between dbh and crown diameter,
sample plots were classified by age (e.g. 21 - 40 years; 41 - 60
years), firstly. Secondly, all tree diameters in each age class were
grouped as 2 cm range. A low value of first diameter class is 5 cm.
Arithmetic means of dbh and crown diameter in each diameter class
were carried out by using SPSS statistical software package prog-
ram. Arithmetic mean diameter over bark at breast height is the dbh
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considered as an independent variable and arithmetic mean crown
diameter is the crown diameter considered as dependent variable.

Seven dbh-crown diameter equations (Table 2) were selected as
candidate functions to model the dbh-crown diameter relationship.
One of these models is linear and others are non-linear. Compari-
son of the model estimates was based on graphical and numerical
analysis of the residuals and values of two statistics: the mean
square error (MSE), which analyses the precision of the estimates;
and the adjusted coefficient of determination (R%g), which reflects
the part of the total variance that is explained by the model. In all
statistical analyses, a confidence level p = 0.05 was used for statis-
tical significance.

RESULTS AND DISCUSSION

The results obtained by fitting the candidate equations
are shown in Table 3. For dbh-crown diameter relation-
ship, the dbh was taken as the independent variable,
while the crown diameter was taken as the dependent
variable. All parameters were found to be significant at
the 5% level. Several models for fitting data were per-
formed well and produced very similar results. The cubic
model gave the best performance according to the values
of the statistics used to compare the models in the fitting
phase. Consequently, this model was selected. The reg-
ression equation was:

cd = 1.039 + 0.14dbh - 0.0028dbh = 0.00003dbh

where cd is crown diameter; dbh is the diameter at breast
height over bark.

The adjusted coefficient of determination and the
mean square error of estimate were Rzadj = 0.862 and
MSE = 0.3494, respectively. There was a strong positive,
non-linear relationship between crown diameter and dbh
(Figure 3). Figure 4 showed the plot of the residuals ver-
sus crown diameter estimated from the selected model.
The regression models between dbh and crown diameter
variables were statistically significant (P < 0.05). That the
R® value is more than 0.75 in the models established.
This indicates that dbh is the strongest predictor of crown
diameter for P. orientalis. The cubic model is the best to
predict the crown diameter for fitting data (Rzadj = 0.862;
MSE = 0.3494).

A number of studies also investigated the relationship
between dbh and crown diameter for Picea spp. Similar
studies were also carried out using different tree species
(for example Bragg, 2001; Bechtold, 2003), and a strong
relationship between dbh and crown diameter was noted.
For P. orientalis, this present study also showed strong
relationship between dbh and crown diameter.

From the results of this study, it was seen that dbh and
crown diameter could be estimated by means of dbh,
which is easy to measure for the studies in ground-based
forest inventory and stand structure determination for
pure P. orientalis stands. The dbh-crown diameter rela-
tionship should be used for the estimation of crown dia-
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Figure 3. Relationship between dbh and crown diameter (Cubic model).
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Figure 4. Plots of the residuals versus predicted values for the selected models.

meter. The dbh-crown diameter relationship can be
described by the cubic model in pure and even aged P.
orientalis stands in Artvin.
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