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Information about diameter distribution is used for predicting stand total volume, timber 
volume and stand growth for forest management planning. Often, the diameter distribution 
is obtained by predicting the parameters of some probability density function, using 
means and sums of tree characters as predictors. However, the results have not always 
been satisfactory: the predicted distributions practically always have a similar shape. 
Also, multimodal distributions cannot be obtained. However, diameter distribution can 
also be predicted using distribution-free methods. In the percentile method, the diameters 
at certain percentiles of the distribution are predicted with models. The empirical diameter 
distribution function is then obtained by interpolating between the predicted diameters. 
In this paper, models for diameters at 12 percentiles of stand basal area are presented for 
Scots pine, Norway spruce and birch species. Two sets of models are estimated: a set 
with and one without number of stems as a predictor. Including the number of stems as 
a predictor improved the volume and saw timber volume estimates for all species, but 
the improvements were especially high for number of stems estimates obtained from the 
predicted distribution. The use of number of stems as predictor in models is based on the 
possibility of including this characteristic to measured stand variables. 
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1 Introduction

Diameter distribution is one of the most descrip-
tive and important stand characteristics. However, 
in forestry practice the empirical diameter dis-
tribution is seldom measured. For example, in 
Finnish compartmentwise inventory, the growing 
stock is described by means and sums of tree 
characteristics, such as mean height and basal 
area, for each tree species. In applications, the 
diameter distribution is predicted with models. 
The predicted distribution is used to compute stand 
volume characteristics with treewise height and 
volume models and as a basis for tree growth pre-
dictions (Bailey and Dell 1973, Päivinen 1980). 

Different theoretical distributions, for example 
beta, Weibull and Johnson’s SB functions, have 
been used to describe the diameter distribution 
(e.g. Loetsch et al. 1973, Bailey and Dell 1973, 
Hafl ey and Schreuder 1977, Kilkki and Päivinen 
1986, Kilkki et al. 1989, Maltamo 1997). The 
parameters of these functions have either been 
predicted as a function of stand characteristics, or, 
they are solved from a system of equations, equat-
ing measured stand attributes with their analyti-
cal counterparts (Hyink 1980, Hyink and Moser 
1983). 

In Finland, forest inventories are mainly car-
ried out by sampling trees with Probability Pro-
portional to Size (PPS sampling) (Tomppo 1996). 
The most commonly used application of PPS 
sampling in large scale forest inventories is rela-
scope (angle-count) sampling, i.e. measurement 
of Bitterlich sample plots (Bitterlich 1984). When 
applying angle-count sampling the resulting diam-
eter distribution is weighted by tree basal area to 
emphasise larger and economically more valuable 
trees (Päivinen 1980). This weighted distribution 
is called basal area diameter distribution. 

When a diameter distribution is predicted from 
the mean characteristics of the growing stock 
using a probability density function, the varia-
tion observed in the original stands inevitably 
diminishes. The shape of the predicted diameter 
distribution is quite similar in most stands. Small 
trees are often described inaccurately, especially 
when using basal area diameter distributions. 
Siipilehto (1999) proposed the use of number of 
stems as an additional measurement to improve 
the accuracy of basal area diameter distribution. 

This approach improved especially the accuracy 
of the description of small trees. 

Also so-called distribution-free methods that 
do not rely on any predefi ned functional form 
have been presented. For example, Borders et 
al. (1987) developed the percentile based diam-
eter distribution prediction method. This method 
characterises an empirical distribution function 
with 12 percentiles. The percentiles were defi ned 
with respect to number of stems in a stand. 
The number of stems in desired diameter classes 
were calculated assuming a uniform distribution 
between adjacent percentiles. In other words, 
the distribution function was obtained by linear 
interpolation between the predicted diameters at 
the 12 percentiles. 

This method has been further developed to 
project future stand tables (Borders and Patter-
son 1990). Maltamo et al. (2000) used the per-
centile based approach to predict irregular stem 
frequency diameter distributions of stands in a 
natural state. With the percentile method, multi-
modal distributions could also be reproduced. In 
addition of linear interpolation, they used Späth’s 
rational spline to interpolate between the pre-
dicted diameters (Lether 1984, Späth 1974). 

The purpose of this study is to estimate percen-
tile based basal area diameter distribution models 
for the three most common tree species in Fin-
land. First, models for diameters at 12 percentiles 
are estimated. The basal area diameter distribu-
tion function is then obtained using rational spline 
interpolation.

2 Material and Methods

2.1 Material

The empirical data for modelling basal area diam-
eter distributions consists of pure and mixed 
stands on both mineral soil and peatland located 
in central and eastern Finland. These stands are 
owned by a private forest enterprise and all of 
these stands have been managed according to 
normal thinning regimes (Table 1). Six to twelve 
relascope (angle-count) sample plots were sys-
tematically located in each stand. Diameter at 
breast height (dbh) was recorded in 1 cm classes 



373

Kangas and Maltamo Percentile Based Basal Area Diameter Distribution Models for Scots Pine ...

from each tree included in the sample plots using 
the basal area factor two (m2/ha). The basal area 
diameter distributions were formed by summing 
the trees in the relascope sample plots in the 
stand. A stand was included in this study if at 
least 15 trees of same tree species were measured. 
This resulted in 416 stands being included for 
Scots pine (Pinus sylvestris L.), 251 stands for 
Norway spruce (Picea abies Karst.) and 121 for 
silver and pubescent birch (Betula pendula Roth, 
B. pubescens Ehrh.). 

2.2 Modelling the Diameter Distribution

The diameter distribution was modelled using 
the percentile based diameter distribution method 
(Borders et al. 1987, Maltamo et al. 2000). In this 
method, the empirical basal area diameter distri-
bution is described with the aid of the diameters 
at different percentiles of stand basal area (0, 10, 
20, 30, 40, 50, 60, 70, 80, 90, 95 and 100 %), 
denoted by d0, d10,...,d100. The 5th percentile was 
not used, since d0 and d10 were quite close in 
most stands. The logarithms of these 12 diam-
eters were modelled using measured stand vari-
ables as predictors. In estimating models for these 
percentiles the seemingly unrelated regression 
(SUR) method was used (Zellner 1962). In SUR, 
the correlations among the error terms of dif-
ferent models are utilised in order to improve 
the estimation. The median of the distribution 
(50th percentile) is commonly assessed in com-
partmentwise inventory in Finland and was thus 

assumed to be known. 
To be able to predict the diameter distribution 

using the predicted diameters at different percen-
tiles, all the diameters must be positive. The 
diameters are also required to be in increasing (or 
at least nondecreasing) order (d0<d10<...<d100), 
in order to produce a monotone distribution func-
tion and nonnegative frequencies for the diameter 
classes. Logarithmic models were used in order to 
meet the fi rst requirement. In most cases, logical 
predictions of diameters at different percentiles 
could be obtained by choosing the regressors in 
the models properly. However, in some cases 
the models produced, for example, a minimum 
diameter that was greater than the diameter at the 
10th percentile, d10. 

One possibility to ensure the nondecreasing 
order would have been to model the logarithm 
of the deviations between adjacent percentiles, 
for example log(d10–d0). However, this approach 
does not guarantee positive diameters. This 
approach was also tested, but in some cases it 
produced a negative diameter for the 0th percen-
tile. 

Finally, to obtain both positive diameters and 
a logical order for the predicted diameters, a 
method combining both approaches was chosen. 
In addition to the logarithms of the diameters, 
one additional model was included in each model 
set. This additional model was used to model 
the difference between d10 and d0 (d40 and d30, 
in the case of the birch model). These models 
did not include predictors, the only term in these 
additional models was the intercept. Since SUR 

Table 1. Mean stand characteristics in modelling data. 1)

 Scots pine  Norway spruce  Birch species 
 n=416 n=251 n=121

 Min Mean Max Min Mean Max Min Mean Max

G 2.5 13.2 30 3 14.8 34.2 2.7 6.2 15.4 
N 35 908.6 5987 75.2 1062.4 2944.9 45.3 1004.4 4521.8
Volume 15.4 77.4 199.6 13.1 110.2 282.9 11.6 42.7 106.4
Volume Saw timber 0 54.0 192.5 0 86.1 282.4 0 22.5 106.4
dgM 9 20.5 49 6 19.9 38 5 15.6 37
dmin 2 8.4 13 2 5.3 18 2 5.5 30
dmax 30 32.6 67 14 36.6 66 9 30.4 61
Age 18 75.2 177 25 82.7 177 21.2 67.0 121.8

1 G denotes basal area, N number of stems, dgM basal area mean diameter, dmin minimum diameter, dmax maximum diameter and Age the 
mean age of the tree stock.
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estimation minimises the variance with respect 
to each model considered, the additional models 
act like constraints in the estimation process. 
A similar approach has been previously used 
by Zhang et al. (1997) to create individual tree 
growth models that produce compatible estimates 
for stand growth. With this approach, logical 
predictions were obtained in each case. How-
ever, in the case of very peculiar stands, illogi-
cal estimates may occur. Thus, the monotonicity 
of the diameter distribution always needs to be 
checked.

The constraining models, however, need to be 
used carefully, since the diameters at different 
percentiles are not analytically related as are the 
tree and stand growth models in Zhang et al. 
(1997). Adding a constraining model without 
careful consideration could move the problem 
of the previous diameter being greater than the 
following one elsewhere or otherwise worsen the 
results. Adding too many such constraints also 
makes the models linearly dependent. 

2.3 Application Stage

In the application stage, the estimate of the rela-
tive basal area in each diameter class [d1,d2] 
was calculated from the cumulative distribution 
of diameters F as F(d2)–F(d1). The value of the 
empirical distribution F was obtained by interpo-
lating the percentiles as a function of the predicted 
diameters with Späth’s rational spline interpola-
tion (Späth 1974, Lether 1984, see Maltamo et 
al. 2000). The relative basal areas were scaled to 
the measured basal area in the stand to obtain an 
absolute value of basal area bk in each diameter 
class k. Finally, the frequency fk in each diameter 
class k was calculated from the class basal area 
by dividing it with the basal area of the mean 
tree in this class:

f
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where Ak, Bk, Ck, and Dk are coeffi cients that are 
chosen so that f has a continuous second deriva-
tive, and pk and qk are user-defi ned nonnegative 
real numbers that control the tautness of spline fi t 
(Lether 1984). When qk and pk approach infi nity, 
the rational spline degenerates to a piecewise 
linear function, and making qk and pk zero pro-
duces a cubic spline. In this study 25 was used as 
the value of parameter qk and 30 for pk. 

The rational spline function always gives 
mono tone distribution, provided that the values of 
pk and qk parameters are high enough. However, 
for a certain value of pk and qk parameters, the 
distribution may not be monotone, and thus the 
monotonicity needs to be checked. In the future, 
spline functions, which are monotony preserving 
(e.g. Lahtinen 1988) should be tested. 

Volumes for each diameter class were calcu-
lated with Laasasenaho’s models (1982), using 
diameter at breast height as a predictor. Saw 
timber volume was defi ned as the volume of 
trees larger than or equal to 16.5 cm. The basic 
performance of the models was examined by 
calculating the root mean square errors and biases 
of stand volume estimates (m3/ha) obtained with 
these methods. The absolute root mean square 
error (RMSE) was calculated as
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where n is the number of sample stands, Vi is the 
true volume of stand i and V̂i is the volume of 
stand i estimated from the predicted distribution. 
The relative RMSE of the volume estimate was 
calculated by dividing the absolute RMSE by the 
true mean volume 
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In addition to stand volume, the RMSE and bias 
of saw timber volume and number of stems were 
considered. 

3 Results

Models for the diameters at different percentiles 
for Scots pine are presented in Tables 2 and 3, 
for Norway spruce in Tables 4 and 5 and for 
birch species in Tables 6 and 7. For each species, 
there are two sets of models. The main differ-

ence between these model sets is that the fi rst 
set for each species (Tables 2, 4 and 6) does not 
include number of stems per hectare as a predic-
tor (Percentiles 1), but the other set of models 
(Tables 3, 5 and 7) does (Percentiles 2). 

The predictors for the models were chosen from 
commonly measured stand characteristics. Basal 
area median diameter was used as a predictor 
in each model. For the model sets not including 
number of stems, stand age was another common 
predictor. In the model sets including number 
of stems as a predictor, it was used to predict 
the diameters below the 50th percentile and age 

Table 2. Regression models (SUR) for different percentile diameters of Scots pine (Percentiles 1). 
Median point (dgM or d50) is expected to be known. Clarifi cations of variable codes: Soil = 
dummy variable for stands on mineral soil, sd = standard deviation of the model. For other 
variable codes, see Table 1.

Percentile Variable 

 Intercept ln(dgM) ln(age) ln(age/G) Soil*Ln(age) Soil sd

ln(d0) –1.3776 1.3656 –0.1886 0.0300 - - 0.4553
ln(d10) –0.8903 1.3328 –0.1405 - - –0.0281 0.2288
ln(d20) –0.5176 1.1976 –0.0830 - - –0.0351 0.1374
ln(d30) –0.3422 1.1430 –0.0590 - - –0.0151 0.0915
ln(d40) –0.1550 1.0561 –0.0218 - - –0.0054 0.0644
ln(d60) 0.1576 0.9264 0.0297 - - - 0.0431
ln(d70) 0.3282 0.8452 0.0621 - - - 0.0567
ln(d80) 0.4505 0.7881 0.0896 - - - 0.0759
ln(d90) 0.6887 0.7214 0.1025 - - - 0.1012
ln(d95) 0.7921 0.7032 0.1045 - - - 0.1077
ln(d100) 1.0369 0.5889 0.1668 –0.0215 –0.0042 - 0.1380

Table 3. Regression models (SUR) for different percentile diameters of Scots pine (Percentiles 2). 
Median point (dgM) is expected to be known. For variable codes, see Tables 1 and 2.

Percentile Variable

 Intercept ln(dgM) ln(age) ln(N/G) ln(G) sd

ln(d0) 8.6060 –0.8606 - –0.9777 –0.1158 0.2186
ln(d10) 6.1340 –0.2992 - –0.7091 - 0.1436
ln(d20) 3.2620 0.3124 - –0.3852 - 0.0998
ln(d30) 1.6192 0.6628 - –0.2012 - 0.0780
ln(d40) 1.0015 0.7891 - –0.1167 - 0.0580
ln(d60) 0.1612 0.9298 0.0265 - - 0.0431
ln(d70) 0.3378 0.8542 0.0535 - - 0.0567
ln(d80) 0.4671 0.8037 0.0747 - - 0.0759
ln(d90) 0.7097 0.7411 0.0837 - - 0.1012
ln(d95) 0.8148 0.7246 0.0842 - - 0.1077
ln(d100) 1.0392 0.6288 0.1139 - 0.02490 0.1389
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was used to predict the diameters above it. The 
number of stems was not used as such, but rela-
tive to the basal area of the stand. Using number 
of stems as such would have lead to illogical 
results in stands with a very low number of stems. 
Using number of stems related to basal area 
describes the size distribution better. A shape 
index (G/NgM) presented by Siipilehto (1999), 
where gM is the basal area of median tree, was 
also examined but was not found useful in the 
logarithmic models used. 

The diameters near the 50th percentile could, 
quite obviously, be predicted accurately with both 
model sets. The minimum and maximum diam-
eters were more diffi cult to predict, especially 
when number of stems was not used as a predic-
tor. The largest standard errors were obtained for 
birch. The standard errors presented in the tables 
are from the OLS fi t used as a basis for SUR 
analysis. 

The relative root mean square errors (RMSE) 
and the absolute biases of stand volume (m3/ha), 

Table 4. Regression models (SUR) for different percentile diameters of Norway spruce (Percentiles 1). Median 
point (dgM) is expected to be known. Clarifi cations of variable codes: Soil = dummy variable for stands on 
mesic and poorer mineral soil. For other variable codes, see Tables 1 and 2.

Percentile Variable 

 Intercept ln(dgM) ln(age) ln(age/G) ln(G) Soil sd

ln(d0) –0.3561 0.8351 - –0.1178 –0.1261  0.4021
ln(d10) –0.2120 0.8830 - –0.0736 -  0.2732
ln(d20) –0.1667 0.9679 - –0.0789 -  0.1711
ln(d30) –0.3199 1.0528 - –0.0379 -  0.1191
ln(d40) –0.1315 1.0266 - –0.0313 -  0.0990
ln(d60) 0.1766 0.9688 - - -  0.0564
ln(d70) 0.3237 0.8964 0.0348 - -  0.0770
ln(d80) 0.4768 0.8381 0.0603 - -  0.0932
ln(d90) 0.7771 0.7502 0.0792 - - –0.0392 0.1051
ln(d95) 0.9005 0.7016 0.1014 - - –0.0409 0.1164
ln(d100) 1.3823 0.6241 0.0832 - - –0.0682 0.1580

Table 5. Regression models (SUR) for different percentile diameters of Norway spruce (Percentiles 2). Median 
point (dgM) is expected to be known. Clarifi cations of variable codes: Soil = dummy variable for stands 
on mesic and poorer mineral soil, Gtotal the total stand basal area. For other variable codes, see Tables 
1 and 2.

Percentile Variable 

 Intercept ln(dgM) ln(age) ln(N/G) ln(N/Gtotal) ln(N) Soil sd

ln(d0) 6.7355 –0.6355 - –0.6862 –0.1075 - - 0.2250
ln(d10) 5.9686 –0.3039 - –0.6656 - - - 0.1758
ln(d20) 2.9714 0.3504 - –0.3454 - - - 0.1374
ln(d30) 1.2553 0.7431 - –0.1728 - - - 0.1058
ln(d40) 0.8795 0.8251 - –0.1120 - - - 0.0928
ln(d60) 0.1766 0.9688 - - - - - 0.0564
ln(d70) 0.3432 0.9013 0.0269 - - - - 0.0770
ln(d80) 0.5222 0.8496 0.0421 - - - - 0.0932
ln(d90) 0.8332 0.7694 0.0529 - - - –0.0343 0.1051
ln(d95) 0.9762 0.7280 0.0656 - - - –0.0337 0.1164
ln(d100) 1.0844 0.7460 - - - 0.0433 –0.0450 0.1565
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stand timber volume (m3/ha) and number of stems 
(per hectare) in the modelling data set are pre-
sented in Table 8. The results for Scots pine were 
the most reliable, and the results for birch were 
the least reliable. With all species, the most reli-
able results were obtained with the Percentiles 2 
method. For pine, including the number of stems 
as predictor reduced the RMSE of stand volume 
by 33%, that of saw timber volume by 16% and 
that of number of stems by 85%. For other spe-
cies, the results were quite similar. However, the 

improvements were not quite as high as for pine 
(Table 8). The bias of stand volume and saw 
timber volumes were negligible. Instead, the bias 
of number of stems may be quite high, espe-
cially if number of stems is not used as a pre-
dictor in a model. It is notable that even if the 
number of stems is assumed to be known, the pre-
dicted diameter distribution does not produce cor-
rect number of stems estimate. To obtain correct 
values for known number of stems, calibration is 
required (see Kangas and Maltamo 2000a,b).

Table 6. Regression models (SUR) for different percentile diameters of birch species 
(Percentiles 1). Median point (dgM) is expected to be known. Clarifi cations of variable 
codes: Soil = dummy variable for stands on mesic and poorer mineral soil. For other 
variable codes, see Tables 1 and 2.

Percentile Variable

 Intercept ln(dgM) ln(age) Soil sd

ln(d0) –0.8506 0.8843 - - 0.4695
ln(d10) –0.7117 0.9867 - - 0.3811
ln(d20) –0.6304 1.0604 - - 0.2478
ln(d30) –0.4704 1.0730 - - 0.1912
ln(d40) –0.2686 1.0525 - - 0.1023
ln(d60) 0.2271 0.9495 - - 0.0854
ln(d70) 0.3753 0.8728 0.0402 - 0.1158
ln(d80) 0.5079 0.7461 0.1152 - 0.1271
ln(d90) 0.7905 0.6419 0.1539 –0.0499 0.1841
ln(d95) 0.9894 0.5828 0.1671 –0.0806 0.2057
ln(d100) 1.1442 0.5318 0.1994 –0.0812 0.2512

Table 7. Regression models (SUR) for different percentile diameters of birch species 
(Percentiles 2). Median point (dgM) is expected to be known. Clarifi cations of variable 
codes: Soil = dummy variable for stands on mesic and poorer mineral soil. For other 
variable codes, see Table 1 and 2.

Percentile Variable

 Intercept ln(dgM) ln(age) ln(N/G) Soil sd

ln(d0) 7.5465 –0.7072 - –0.8683 - 0.2157
ln(d10) 5.1096 –0.1207 - –0.5997 - 0.1865
ln(d20) 1.9001 0.5752 - –0.2585 - 0.1650
ln(d30) 0.4795 0.8865 - –0.0946 - 0.1503
ln(d40) –0.2672 1.0520 - -  0.1023
ln(d60) 0.2257 0.9500 - - - 0.0854
ln(d70) 0.3717 0.8749 0.0397 - - 0.1158
ln(d80) 0.5119 0.7485 0.1126 - - 0.1271
ln(d90) 0.8064 0.6471 0.1465 - –0.0487 0.1841
ln(d95) 1.0168 0.5920 0.1541 - –0.0778 0.2057
ln(d100) 1.1898 0.5457 0.1787 - –0.0758 0.2512
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4 Discussion 

In this paper, models predicting the diameters 
at different percentiles of stand basal area 
were estimated using seemingly unrelated regres-
sion method (SUR). Estimate of empirical diam-
eter distribution was obtained by interpolating 
between the predicted diameters. From the empir-
ical distribution function, the basal area at desired 
diameter classes could be calculated. However, 
the predicted diameters could have been used 
directly to describe the diameter distribution, 
without using interpolation. For example, if diam-
eters at 5th, 15th, …, 95th percentiles were pre-
dicted with models, the distribution would be 
described with the aid of ten individual trees, 
each representing 10% of the total number of 
stems or basal area. 

The models were estimated for logarithmic 
diameters in order to avoid negative diameters in 
predictions. An additional model for the differ-
ence between the minimum diameter and 10th 
percentile diameter (30th and 40th percentile 
diameters for birch) was included in order to 
obtain a monotone cumulative distribution. With 
this model structure, logical distributions were 
obtained in all cases. 

However, it seems probable that the illogical 
results could be avoided or at least reduced by 
collecting more data, or by using another method 
than angle-count sampling in collecting the data. 
This is because in angle-count sample plots the 
reliability of the measured diameters at the small-
est percentiles is poorer than the reliability of the 
diameters at the largest percentiles. Observing 
a very small tree in an angle-count sample plot 

is quite rare. However, when one small tree is 
measured from one angle-count plot, the estimate 
of the number of small trees will be very high at 
this plot. Thus, the more angle-count sample plots 
are measured, the more stable is the occurring of 
such trees in a certain stand.

The models were also tested with respect to the 
accuracy of predicted stand volume, saw timber 
volume and number of stems in the modelling 
data set. Thorough tests in varying conditions 
are presented in Kangas and Maltamo (2000b). 
The models worked quite well for predicting the 
diameter distribution. With regard to the tree spe-
cies, the Scots pine results were the most accu-
rate, and the birch results the least accurate. The 
accuracy of the percentile based method using 
number of stems as a predictor (Percentiles 2) 
was superior when compared to the model set not 
including number of stems (Percentiles 1). The 
percentile based method presented by Borders et 
al. (1987) has been proved to be a good alternative 
for describing diameter distribution in Finnish 
conditions (see also Maltamo et al. 2000). 

Siipilehto (1999) proposed number of stems 
to be added to the standard stand characteristics 
to be measured. In Finland, since the beginning 
of the use of relascope tables (Nyyssönen 1954) 
basal area has been the main stand density char-
acteristic which has been measured and the use 
of number of stems has been slight. If the stand 
volume results are of primary interest, measuring 
the number of stems may not be necessary. How-
ever, the description of stand structure improves 
considerably if the number of stems is measured, 
resulting in more accurate estimate in all stand 
characteristics, for example pulpwood volume 

Table 8. The results of the prediction of basal area diameter distribution of Scots pine, Norway 
spruce and birch. 

Prediction method Material RMSE% Bias RMSE% Bias RMSE% Bias

 Volume Saw timber Number of stems

Percentiles 1 Pine 2.29 0.07 10.91 –0.96 40.44 101.75
Percentiles 2 Pine 1.54 0.23 9.23 –1.06 6.09 23.11
Percentiles 1 Spruce 2.79 0.58 9.91 0.23 38.71 159.90
Percentiles 2 Spruce 2.35 0.80 8.00 0.16 10.19 76.84
Percentiles 1 Birch 4.31 0.19 21.97 –0.39 58.51 207.49
Percentiles 2 Birch 3.24 0.20 19.85 –0.76 15.69 79.43
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(Siipilehto 1999). This may also have a profound 
effect on the growth and yield predictions, a 
subject which remains to be studied. 

If the models of this study had been estimated 
from sample plots of a fi xed radius, the results 
would probably have been better in terms of 
number of stems. On the other hand, with the 
same number of tallied trees, the results would 
probably have been worse in terms of stand 
volume characteristics. This is due to the fact that 
in angle-count sampling large trees, which have 
the greatest effect on volume characteristics, are 
emphasised (Päivinen 1980). A change in model-
ling data would also improve the description of 
diameter distribution of birch species because the 
data used here was not very representative.

In Finland, several diameter distribution models 
have been presented since the beginning of 1980’s 
(e.g. Päivinen 1980, Kilkki and Päivinen 1986, 
Hökkä et al. 1991, Maltamo et al. 1995, Mal-
tamo 1997, Maltamo and Kangas 1998, Siipilehto 
1999, Maltamo et al. 2000). These studies include 
parameter models for beta, Weibull and Johnson’s 
SB distribution and also applications which use 
non-parametric and distribution-free approaches. 
The accuracy of most of these models has been 
tested only in their own modelling data. Test 
results in independent data sets has been pre-
sented in the studies by Maltamo and Kangas 
(1998), Siipilehto (1999) and Kangas and Mal-
tamo (2000b). 

The next step in diameter distribution studies 
could be the optimal use of constructed models 
and measurements in different situations. Using 
calibration estimation applied in connection with 
diameter distribution by Cao and Baldwin (1999) 
and Kangas and Maltamo (2000a) it is possible 
to modify predicted distribution to produce cor-
rect values for all measured stand characteristics. 
However, it is presumable that the amount of 
measured stand variables should vary in different 
situations (stand age, main tree species, stand 
density etc.). 
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