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Abstract

The height estimation of every tree included in NFI sample plots is based on height-diameter ratio measurements
of small amount of subsample trees. Height is measured for systematically selected every seventh tree on the sample
plot (Kuliesis et al. 2003a, 2009b). On average, height and diameter of 1-7 trees of prevailing and 1-3 trees of admixture
tree species are measured per one plot. Heights of the remaining trees are estimated using generalized height-diameter
model (KulieSis 1993) based on measured diameters of all trees as well as height-diameter ratio of subsample trees. The
goal of this study is to estimate the accuracy of tree height prediction using generalized height-diameter model based on
measurement of height-diameter relation of small amount of subsample trees. This study makes use of the data of height-
diameter ratio measurements on 1998-2010 NFI plots. This data derives from 47.5 thousand subsample trees of prevailing
eight tree species as follows: pine, spruce, birch, aspen, black alder, grey alder, oak, and ash, and 24.6 thousand subsample
trees of the same tree species as admixture in stands. Deviations of modeled heights from measured ones and their
significance were estimated in respect of tree species, tree position — prevailing or admixture, mean diameter, and mean
height. Spruce and oak stands have the most, and black alder and aspen stands have the least tree height variation per
group with the range of mean diameter + 2 cm and the range of mean height £ 1 m. Accuracy of mean tree height
estimation per plot shifts from 3-5% in stands with mean diameter equal to 40 cm and more up to 5-15% in stands with
mean diameter equal to 4-20 cm. Mean height deviations of predicted values from those obtained by measuring all tree
populations on stand is negligible for all species, -0.6 cm per prevailing tree, -2.5 cm per admixture tree and -1.3 cm per
any tree. Differences between predicted and measured height both of prevailing and admixture trees of all species are
statistically insignificant (probability level 0.95). Tree species were divided into two groups with different character of
height deviations for trees with diameter lower or larger than mean diameter of stand. Systematical deviations up to 9-
20 (33) cm were estimated for predicted heights of trees with diameter up to and over the mean diameter in pine, oak,
birch and black alder stands, while in spruce, aspen, grey alder and ash stands such deviations had random character not
exceeding 6-9 (24) cm. While all the system in general (sampling design and model) used for tree height estimation
during NFI can be given a positive evaluation, some height estimation improvements for prevailing pine and spruce
trees less than 7 m high and admixture birch trees less than 5 m high should be done by modifying the generalized
height-diameter model applied.
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Introduction

Measurement of tree height is time consuming to
compare with that of tree diameter at 1.3 m height, (here-
inafter diameter) and other measurements during for-
est inventory. Small amount of subsample trees is com-
monly used for estimation of relationship between
height and diameter and for prediction of height of every
remaining tree by regression equation. A lot of studies
are dedicated to the investigation of height and diam-
eter relationship in order to develop the most efficient
equations (Loetsh and Haller 1964, Larsen and Hann
1987, Huang et al. 1992, Pretzsch 2010). Special atten-

tion is paid to elaboration of regional (Trincado et al.
2007, Sharma and Parton 2007, Schmidt et al. 2011) and
generalized models (Temesgen and Gadow 2004, Dora-
do et al. 2006) allowing to exploit local or more gener-
alized peculiarities of height and diameter relationship
and to estimate height of trees more precisely with less
measurements and lower costs. It is crucial to employ
most reliable methods of height estimation during NFI
for proper representation of large-scale forest regions.
It is typical to use small amount sampling plots and
small amount of subsample trees for estimation of
height-diameter relationship in national forest invento-
ries (Tompo et al. 2010, Kuliesis et al. 2010). For relia-
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ble prediction of every tree height, using common re-
gression functions, it is necessary to measure minimum
5-7 sample trees per each object (plot, stand). Having
20-30 trees and 3-5 different species per each plot
would mean measurement of height of almost all trees
in the plot, what is expensive and ineffective.
Analysis of height-diameter ratio conducted by
measuring 8.9 thousand trees in 4,126 plots during the
inventory of state forests of Lithuania by sampling
method in 1969, proved it being possible to generalize
height-diameter relationship for trees of the same spe-
cies growing in the same storey of stand (Kymemmc
1981a, 1983b, 1992¢). Generalized height-diameter rela-
tionship models were elaborated for the 8§ main tree
species. The basis for generalized model was conclu-
sion that pattern of height-diameter relationship in ra-
tio terms depends mainly on mean diameter of trees in
the stand. Rate of height in relative terms convexity and
steepness of curves is decrease with the increase of
adequate diameter of trees (Figure 1). The equation
describes the family of curves defining relationship
among relative height, relative diameter and mean di-
ameter of stands. All curves in relative terms of stands
with different mean diameter have common point at
mean diameter and mean height of stand. The model
elaborated was tested over the wide growth area of the
species represented (Scots pine growth area subjected
to testing spread from the Northern regions of Russia
to Poland in the South and Siberia in the East (TpeTpsikoB
n ap. 1952, Cynpusinosud u ap. 1975), that of Norway
spruce — from Norway (Vestjordet 1972), the Northern
and Central Russia (TperssikoB u np. 1952, 3axapos n
ap. 1931) to Czech Republic, Poland and Ukrainian Car-
pathians (Smelko 1983, Bruchwald and Rymer-Dudzin-
ska 1981, Lypuk 1981), and that of birch and aspen in-
cluded the Northern and Central Russia (TperbsikoB u
ap. 1952, Topun 1931)). The differences between
heights predicted by model and those specified in re-
gional tables or models did not exceed + 1.3-2.0% (Kyue-
muc 1983). Generalized height-diameter relationship
model was approved and recommended for tree height
prediction in even-aged stands at forest inventory in
different regions of the former Soviet Union (Kynemnuc
1992) and was fully introduced into forest inventory
practice of Lithuania (Medienos... 1997). Generalized
height-diameter model can be adopted for tree height
prediction of individual stand, if the mean diameter of
stand and minimum diameter and height of one repre-
sentative tree is known. These were key parameters of
generalized height-diameter relationship model applied
in Lithuanian forest inventories by sampling methods
(Kuliesis et al. 2003a, 2009b). The model has been used
for prediction of tree heights from the beginning of
Lithuanian NFI in 1998 (Kuliesis et al. 2010).

The goal of this study is to optimize tree height
estimation system in sampling design of Lithuanian NFI,
to investigate the accuracy of generalized height-diam-
eter relationship model applied in NFI from 1998 through
2010 for tree height estimation in stands of eight main
Lithuanian forest tree species (Pinus sylvestris L. (here-
inafter Pine), Picea abies (L.) H. Karst. (hereinafter
Spruce), Betula pendula Roth (hereinafter Birch), Popu-
lus tremula L. (hereinafter Aspen), Alnus glutinosa (L.)
Gaertn. (hereinafter Black alder), Alnus incana (L.)
Moench (hereinafter Grey alder), Quercus robur L.
(hereinafter Oak), Fraxinus excelsior L. (hereinafter
Ash) and to explore possibilities of further development
or improvement of the model. The above made it neces-
sary to solve the following tasks:

1.To estimate the statistical tree height parame-
ters, which are necessary for optimization of forest
inventory sampling design;

2.To estimate deviations of tree height predicted
by the model based on mean tree diameter, mean height
of stand (plot) and diameter of trees from the meas-
ured one, separately for prevailing and admixture trees;

3.To estimate significance of deviation-bias of
height predicted by the generalized model from the
measured height and to evaluate the necessity to cor-
rect the generalized model.

Material and Method

The object of study are trees of eight forest tree
species dominating in forest stands of Lithuania, as
represented by permanent plots of NFI 1998-2010 as
well as generalized model of height-diameter relation-
ship used for height prediction. The study included
all trees, both prevailing and admixture ones, of eight
tree species (Table 1). The species with the largest total
basal area of trees or growing stock volume per sto-
rey of stand is called prevailing, while all other spe-
cies as admixture. Heights were measured for every
seventh systematically selected tree per plot. For trees
of admixture species positioned in different stories,
height of at least one tree was measured. Trees with
larger diameter were preferred for height measurements
because of less height variation in stand. Every sub-
sample tree with measured height and diameter was
used for mean height estimation of trees of specific
species and storey per plot. On an average, height and
diameter of 1-7 trees of prevailing and 1-3 trees of
admixture tree species from different storeys are meas-
ured per plot. Trees with diameter 2.1 cm and more as
well as more than 1.3 m high, growing in stands with
mean quadratic diameter of 2.1 cm and more, were in-
cluded in the study, making up the total of 72 074
subsample trees measured on 6 101 plot.
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Table 1. General statistics re- Number of Number of D,cm H,m
garding diameter at breast height Species plots subsam- Stand Subsample trees Stand Subsample trees
(D, cm) and total height (H, m) pletrees Mean Range  Mean S.D. Mean  Range Mean S.D.
’ O ght (H, Pine  prevailing 2078 18584 20.89 2-56  26.47 955 2162 1-35 2320 576
of tree species involved in the admixture 5506 1557 2-56  24.32 9.98 2071 1-35 2308 628
study Spruce  prevailing 1102 7379 16.65 2-56 2502  10.21 2016  1-33  23.04  6.40
admixture 4727 1458 2-56  24.80  11.04  21.08 1-37 2323 656
Birch  prevailing 1279 8585  13.72 2-56  23.00 9.67 2070  1-33 2356 652
admixture 6096 1528 2-56  23.81 10.04 1958  1-33 2210 628
Aspen prevailing 409 2372 14.97  2-56 27.74 12.08 24.30 3-35 26.36 7.39
admixture 2535 1546 2-56 2414  10.08  21.04 1-33 2310  6.22
Black prevailing 597 5039  15.37 2-50  21.63 7.69 18.03 -31 19.68  4.79
alder  admixture 2796 1423 2-56  23.35 9.65 19.16  1-31 2162 562
Grey prevailing 39 4201 1084 2-30  16.47 5.72 1459  3-25 16.84  4.25
alder  admixture 1452 12.84 2-46  23.31 10.65  17.68 129 2057 584
Oak  prevailing 136 651 2870 2-64  40.11 17.65  22.87  3-33 2447 594
admixture 848 19.52  2-54  27.74 10.71 21,74 1-31 23.44 5.97
Ash  prevailing 104 693 1871 2-56  28.09  11.31 2235  3-33 2428 580
admixture 610 1526 2-56  26.11 1149 2098  1-31 2299 639
Total  prevailing 6101 47504  17.63 24.75 20.51 22,61
admixture 24570 15.15 24.28 20.25 22.58
Generalized height-diameter relationship model
(Figure 1) is defined by regression equation L th
h E
= — 2 2) . =
R,.=1-(a,+aD +aD?)+ (b,+ bD + b,D?) H
~1 2) . -2 el seifs A
(R,*e)' + (c,+ ¢, D +c,D?) - (R, +e)?, (1 = b !
where coefficients a, b, ¢, and e are estimated for all 10 H i
eight main tree species of Lithuanian forests accord- H i i kg
X . X Generalized height-
ing to Kynemmuc 1981a, 1983b, D is a mean quadratic diameter curves
. . . (Ry=f(Rp,D) for
diameter of trees per stand, d, is the tree diameter at et aalais
diameter D and
Rhi=hi/H mean heights:
H & —
H = ---
H, .
1.5 H, —_—
& D d; d; Diameter, cm
D=40 1.0 R,
L Figure 2. The scheme of estimating mean height of stand
s ping I (plot) (H) by use of generah.zed height-diameter model base.d
. on mean diameter of trees in stand (plot) (D) as well as di-
—> birch —saspen
0.5

— black alder —=grey alder

—=oak — ash

36 40 44 48 52

20 24 28 32 56 60 64
D, cm

Figure 1. Generalized height-diameter model

1.3 m height, R, is the ratio of i-th tree height (,) and
the mean height of trees (H), adequate to the mean
quadratic diameter in the stand,

R,.=h/H, )
R, is ratio of i-th tree diameter and mean quadratic
diameter of trees in the stand

R, =4d./D. 3)

Mean tree height of stand, as a function of mean
quadratic diameter of stand (D), can be predicted by
Equation 1, when height (4,) and diameter (d,) of a
subsample tree is known (Figure 2)

H=h/R, (4)

ameter (d,) and height (h) of the subsample trees measured

Having measured heights of n subsample trees, like-
ly the mean tree height of the stand. can be estimated:
H=3H/n. (5)
The mean quadratic diameter and mean height for
prevailing and admixture tree species in every sample
plot of NFI were estimated. Ratios R, and R, , predict-
ed height (k) and its deviation (4) from the meas-
ured height were estimated for every subsample tree:
h =HR,, (6)
A, = h,~h, @)
The following method was applied to estimate the
significance of differences between the predicted and
measured heights of trees (Tmypman 1972):
dh,-h
A = =1 .

- ®)

The difference of the two mean values is estimat-
ed statistically as:
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t= A )
O h,-h)

where o, ) is a standard deviation of the difference

between the mean values:

o} +o}
o _ |%h .
- —n

where: O, » 0, are estimated standard deviation be-

(10)

tween the predicted and measured tree heights, n is
the number of measurements.

Differences between values of the predicted and
measured heights are significant when:

t>ta
ta is statistics of ¢ value under probability «, ¢
t =95 = 2,0 (Cochran 1963, Fisas 1968).

If the values of the predicted and measured height
are within the limits of confidence interval, it can be
stated that differences are statistically insignificant.
On the contrary, when the parameters compared are
beyond the range of confidence interval, this implies
that differences are statistically significant.

Subjects of estimation were mean diameter of all
trees in plot and mean height corresponding to mean
diameter as well as differences between the predicted
and measured height of subsample trees of every spe-
cies in the plots. All plots were grouped by 4 cm mean
diameter and 2 m mean height steps. Every such sub—
group forms up a primary cell of investigation. Statis-
tical characteristics (means, variances, coefficients of
variation, correlation) of diameter and height of meas-
ured trees and the statistical significance of deviation
of predicted heights from the measured ones using
Student’s statistic t were estimated for every primary
cell as well as the totals by the mean diameter and
mean height of trees. The LOESS, a nonparametric
regression method. was used to estimate the major
trends of deviation of the predicted heights from the
measured ones (Cleveland 1979). Deviations of the
predicted heights from the measured ones for trees,
which are thinner and thicker than the mean diameter
per cell, were estimated separately. Data was processed
using ‘Statistica’ software package.

(11)
19

0683

Results

Variation of tree height in the stand. Mean diam-
eters of pine, spruce, birch, aspen and ash stands
included in the permanent plots of NFI in Lithuania
vary in the range of 2 to 56 cm, those of oak stands —
up to 64 cm, and those of grey alder — up to 30 cm for
prevailing trees and 46 cm — for admixture trees (Ta-
ble 1). The range of mean diameter for prevailing and

admixture trees is the same for most of species. The
mean height of trees in stands of six main species
attains 33-35 m, in stands of black alder — 31 m, and
in grey alder stands — 25 m.

The standard deviation of subsample tree diame-
ter in the most cases varies in the range of 9—-12 cm
(Table 1). Only for prevailing trees of oak stands this
parameter exceeds this range and attains 17.65 cm, while
the standard deviation of prevailing trees of grey al-
der stands is just 5.72 cm, and that of black alder —
7.69 cm. The standard deviation of admixture tree di-
ameter exceeds the standard deviation of prevailing
tree diameter for most of tree species with the excep-
tion of aspen and oak.

The height standard deviation of subsample tree
height for most of species varies in the range of 5.7 —
6.6 m (Table 1). Height standard deviation of prevail-
ing aspen trees attains value 7.39 m, while that of grey
alder trees is only 4.25 m, and of black alder trees —
4.79 m. Height standard deviation of admixture trees
exceeds the same of prevailing trees by 0.2—1.6 m,
except for birch and aspen.

The height standard deviation of pine trees per
each cell varies in the range of 1.1-4.0 m, averaging at
2 m (Table 2). Height standard deviation is a function
of mean height and mean diameter of trees. In stands
with constant mean diameter, height standard deviation
slightly increases with increase of mean height, until
attains maximum and after that decreases. For stands
with constant mean height of up to 12 m, height stand-
ard deviation decreases with increase of mean diame-
ter. For stands with mean height of 16 m and more,
height standard deviation performs like in the stands
with constant mean diameter, i.e. slightly increases with
increase of mean diameter until maximum value and then
decreases. The maximal height standard deviations are
typical for stands with average mean height in every
diameter group, that is, when mean diameter and mean
height ratio is equal to 1.2—1.6. (Table 2). Mean height
standard deviation of pine stands increases continu-
ously from 2.2 to 4.2 m with increase of mean diameter
of stands from 4 to 48 cm (Table 2).

The highest tree height standard deviation is
characteristic of coniferous species and oak stands
with mean diameter of 28—-36 cm, while that of stands
of broadleaved species is between 8 and 28 cm (Fig-
ure 3). Stands of spruce and oak are characterized by
the highest tree height standard deviation amongst all
of the species. The fastest decrease of standard devi-
ation at the increase of mean diameter is typical of grey
alder, aspen and birch trees. Starting from values of
about 2.0-2.2 m, they attain the minimum standard
deviation value of 0.8—1.0 m, when mean diameter of
trees reaches 28—56 cm and more (Figure 3).
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Table 2. Dependence of standard ~ Mean Mean height,m
deviation of the measured pine tree  diameter,om "2 4 8 10 12 14 16 18 20 22 24 26 28 30 32 Tota
viatl yeasured p 4 153 122 219
height on mean diameter and mean 064 080 090
height of trees (in numerator) and 8 1.08 1.29 1.80 244 227 294
. 0.83 0.85 0.90 0.89 0.86 0.96
correlation between the measured 12 123 158 203 1.89 171 2.13 1.81 319
and predicted heights (in denomina- 0.90 0.79 0.85 0.82 0.86 0.83 0.79 0.95
tor), when number of measured 16 166 1.73 2.10 2.05 1.97 1.90 1.85 326
. han 10 0.88 0.85 0.89 0.83 0.82 0.79 0.80 0.94
trees 1s more than 20 155 1.83 2.22 2.12 2.12 207 1.81 1.96 320
0.77 072 0.77 0.78 0.79 0.79 0.77 0.75 0.91
24 1.66 271 2.34 222 2.19 213 232 227 3.16
057 069 0.79 0.78 0.80 0.79 0.82 0.86 0.90
28 206 226 266 231 226 2.08 228 349
0.75 0.75 0.80 0.81 0.81 0.80 0.80 0.92
32 212212260 275 2.30 2.15 2.24 194 3.71
0.72 0.77 0.81 0.85 0.80 0.81 0.81 0.77 0.93
36 1.62 266 3.10 2.46 2.36 2.02 2.05 161 3.93
0.650.80 0.85 0.81 0.80 0.74 0.71 0.82 0.93
40 396 262 251 2.12 186281 3.96
0.90 0.83 0.81 0.73 0.77 0.89 0.92
44 195 225 1.70 162 1.88 3.86
067 0.80 067 0.68 0.78 0.94
48 150 1.38 163 111124 422
0.80 0.75 0.85 0.52 0.83 0.98
Total 153 114 151 166 2.06 198 197 210 2.10 222 225 224 220 2.13 187 2.14 576
0.83 0.86 0.85 0.86 0.84 0.82 0.79 0.79 0.78 0.80 0.80 0.80 0.78 0.73 0.83 0.97
—Pine —Epruce —-Birch e ey Dependence of tree height variation, expressed by
3 —Black alder ---Grey alder -+ Oak - Ash coefficient of variation, on stand mean diameter and
g mean height is more definitive. Coefficient of variation

- ecreases gradually with increase of mean diameter an

= d gradually with f d t d
E ) mean tree height (Figure 4). The rate of variation co-
E. efficient decrease is similar for all species, except for
T oak (decreases more slowly) and grey alder (decreas-
el . es faster) (Figure 5). The value of tree height varia-
Z tion coefficient is lowest at 7-8% in grey alder and

0 8 16 24 32 40 48 56
Mean diameter, cm

Figure 3. Standard deviation of tree height in a cell with
range of mean diameter of stand equal to = 2 cm and that of
mean height equal to £ 1m, depending on mean diameter of
stand and tree species

40 Mean height of trees
S T — <11 71130
30

—13.1-19.0 —19.0-25.0
25

-—31.0>

=25.1-31.0

Variation, %

Mean diameter, cm

Figure 4. Tree height variation of prevailing pine trees in a
cell (range of mean diameter of stand + 2 cm, that of mean
height + 1 m) depending on mean diameter and mean height

ash stands and reaches 10% in aspen, 11% in birch
and black alder, 13% in pine, and 15% in spruce stands,
when mean diameter of stands is equal to 24 cm (Fig-
ure 5). Three zones with different tree height variation
change rate can be distinguished. The first zone of
intense decrease of variation coefficient with increase
of mean diameter and mean height includes stands up
to 20 cm in mean diameter. Tree height variation de-

35 —Pine —Spruce
30 ==Birch ==Aspen

~ \ —Black alder ---Grey alder
25 \\\

Variation, %

0 8 16 24 32 40 48 56
Mean diameter, cm

Figure 5. Variation of height of prevailing trees in cells (range
of mean diameter of stand + 2 cm, that of mean height + 1 m)
depending on mean diameter of stand and tree species
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creases from 40 to 9%. Stands with mean diameter of
21-40 cm belong to the second zone, where height
variation drops from 17 to 4%, and, finally, in stands
with mean diameter over 40 cm, tree height variation
comes down from 10 to 2%. The highest tree height
variation is characteristic of spruce, in the second and
third being pine and birch stands. Tree height varia-
tion of above mentioned tree species is in the range
of 2—6%. The low tree height variation is typical of all
soft broadleaved species and ash. The maximal tree
height variation is 14% in stands with mean diameter
of 8 cm, while the minimal one at 5% is observable in
stands with mean diameter of 32 cm.

Curves representing height-diameter relationship
in certain object, for example, the whole of pine stands
of the country, change their shape and position, de-
pending on mean diameter and mean height of stand
(Figure 6). The pattern of height-diameter relationship
curves as a function of individual mean diameter and
mean height is essentially different from pattern of
mean height-diameter relationship curve for the total
object or its marginal curves.

40

38 Height-diameter curves of
36 pine trees in pine stands,
34 all country:

32 - = = mean

a0  EE== marginal
28
26
24

20 goo?  °
18 1 o °
16 2 -

14
12+
10 -

Height, m

Measured tree heights in stands
when mean:
D=12cm,H=12m - -[1]
D=28 cm,H=22m o o
D=36 cm, H=28 m » «

LN N-N

0 4 8 12 16 20 24 28 32 36 40 44 48 RN 56 60
Mean diameter, cm

Figure 6. Comparison of tree height-diameter relationship
in pine stands with different mean diameter (D) and height
(H) of trees

Accuracy of mean height estimation in a NFI
plot. Accuracy of height estimation depends mainly
on the number of measured subsample trees and
height variation in the stand (plot). Tree height vari-
ation in the plot is 3 to 40%. The number of subsam-
ple trees per plot in pine stands of certain mean diam-
eter increases with increase of mean tree height, in-
dependently on mean diameter (Figure 7). The aver-
age number of measured trees per plot in stands var-
ies from 1 to 7. The average number of due tree height
measurements, independently on species, increases

with increase of mean diameter up to 12—16 cm and
then decreases up to 1-2 measurements (Figures 8).

5

fm<7.1
. m7.1-13.0
Mean  g13.1-19.0
5 - height 19 1250
of trees
m25.1-31.0

m31.0>

Number of trees per plot

16 20 24 28 32 36 40 44 48 52 56
Mean diameter, cm

4 8 12

Figure 7. Number of subsample trees measured per plot for
height estimation depending on mean diameter and mean
height of pine stands

n

==Pine ==Spruce

==Birch ==Aspen

—Black alder ---Grey alder

LTI

Number of trees per plot
~

0 8 16 24 32 40 48 56
Mean diameter, cm

Figure 8. Number of subsample trees measured per plot for
height estimation depending on mean diameter of stand and
tree species

The highest number of measurements is due in
pine and spruce stands, i.e. in stands of species with
the highest tree height variation. Decrease of subsam-
ple tree height measurements per plot corresponds to
the decrease of tree height variation, so as to satisfy
acceptable accuracy of mean height estimation in wide
enough range of mean diameter of stands. The mean
standard error of height estimation in pine stands bears
an inverse relation to the mean diameter and mean
height of stands (Figure 9).

The standard error of height estimation holds a
very strong inverse relation to mean diameter of stands
(Figures 9 and 10). In stands of the first diameter group
(mean diameter up to 20 cm) with the highest tree height
variation the number of tree height measurements
varies from 2 to 8, on average 4. This allows for 5—
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25 Mean height of trees
i <7.1 7.1-13.0
2
20
#13.1-19.0 19.1-25.0
u31.0>

15 ) §25.1-31.0

10 -

0 i M- E i
12

4 8

Mean standard error,

n

MK

24 28 32 36 40 44 48 52 56
Mean diameter, cm

||

16 20

Figure 9. Accuracy of mean tree height estimation in sam-
ple plots of pine stands

20% mean standard error of plot mean height estima-
tion, what approximately corresponds to 1 m (Figures
8,9, 10).

For stands of the second diameter group (D = 20—
40 cm) the number of tree height measurements per
plot varies in the range of 2 to 6, what allows for 3—
10% mean standard error, when estimating the mean
height of a plot. This corresponds to approximately
1-1.5 m. The number of tree height measurements (1—
3) per plot of the third diameter group allows for stand-
ard error of 3—7%, what is adequate to 0.7-1.5 m. Re-
sults of this analysis show that NFI sampling design
of Lithuania allows to estimate the mean height of a
plot with standard error of 0.7-1.5 m, independently
on species. This precision is quite comparable to that
of instrumental measurement. The highest accuracy of
height estimation was received for plots of grey alder
and ash stands, while the lowest one was received for
spruce and especially oak stands with mean diameter
exceeding 28 cm (Figure 10).

Deviation of predicted heights from measured
heights. The deviations of predicted height from the
measured one of pine trees were analyzed for three
different periods (Table 3). Mean diameter and mean
height of subsample pine trees in pine stands in-
creased, on average, by 0.20 cm and 0.16 m per year
correspondingly during the period of 1998-2010 (Ta-

—Pine =Spruce
20 =—=Birch ==Aspen
\ —Black alder ---Grey alder

10

Mean standard error, %

2

0 8 16 24 32 40 48 56

Mean diameter, cm
Figure 10. Accuracy of mean tree height estimation in sam-
ple plots depending on mean diameter of stand and tree
species

ble 3). This increase is a result of dominance of 60—-80
years old pine stands and shortage of mature stands.
This predetermines less intensive final cuttings, less
percentage of young pine stands, and high accumu-
lation of volume increment to compare with normal
forest having equal areas of different age classes. The
mean diameter and the mean height of pine admixture
trees in stands of other species (spruce, birch) also
increase with age but not so fast, correspondingly 0.16
cm and 0.13 m a year. It is a result of more intense final
cuttings in stands of these species to compare with
pine stands.

Analysis of deviations in various inventory cy-
cles showed that mean deviation of predicted height
from the measured one is very similar for pine trees in
all inventory cycles (Table 3). The mean deviation of
predicted pine trees’ height from measured one in pine
stands changes from -0.3 in 2008-2010 up to +1.4 cm
in 1998-2002. The mean deviation during 1998-2010
inventory period per tree is 0.4 cm. The deviation of
predicted height of pine trees present as admixture in
stands of other species are very similar, they vary in
the range of -0.8-2.7 cm and practically do not depend
on trees’ mean diameter. Statistics ¢ shows that dif-
ferences between the predicted and measured height
are not significant for all inventory periods. Correla-

Table 3. Deviations in

Diameter, Height, H, Correlation between
Year of cm m Bias, N t=1.0 measured and pine tree height as predict-
Trees invento cm/tree Statistics f redicted height per i
ry of subsample trees pi o ght p ed. by .the generalized
19982002 255 25 1.4 000047 <5m 0.67-0.99 height-diameter  “model
Provailng  2003-2007 267 232 +09 000-039 <5m 0.63-0.99 from that measured during
2008-2010 273 239 0.3 0.00-0.88 - 0.56-0.99 various periods of forest
1998-2010 26.5 232 +0.4 0.00-0.50 =7m 0.65-0.98 inventory

1998-2002 23.7 22.5 -0.8 0.00-0.25 — 0.57-0.99

Admixture 2003-2007 24 .4 23.1 -1.1 0.00-0.33 — 0.61-0.98

2008-2010 25.1 23.7 2.7 0.00-0.16 — 0.56-0.99

1998—2010 24.3 23.1 2.7 0.00-0.32 — 0.59-0.98

*Statistical significance of differences with D=+2 cm, H=+1 m
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tion between the measured and predicted height in a
cell is very high; coefficient of correlation varies in
the range of 0.56—0.99 both for prevailing and admix-
ture species and in the most cases is higher than 0.7.
Correlation between the measured and predicted height
of trees practically does not depend on measurement
period. The results of analysis of predicted height
deviation from the measured one as well as correla-
tion between the measured and predicted height of
pine trees show it being possible for this analysis to
transcend individual periods and use aggregate data
for all the period of 1998-2010.

Analysis of correlation between the measured and
predicted pine tree height in pine stands grouped by the
mean diameter of stand show strong relationship between
the measured and predicted height (Figure 11A).

Coefficient of correlation (R) between the meas-
ured and predicted height varies in the range of 0.88—
0.94 for pine stands with mean diameter ranging from
16 to 40 cm. Analysis of relationship between the pre-
dicted and measured heights of pine trees as whole
in pine stands ascertained correlation coefficient be-
ing equal to 0.97 (Figure 12A). Regression coefficient
b in equation 4 = b-h, in the most cases is equal to
0.997-0.998. Nonparametric LOESS regression analy-
sis shows practically analogical tendencies in all the

A

8 D=24+2 cm
¥ =0.008%
R2=0,784

D=16+2 cn
y=0998x
R*=0.874

Predicted height, m

4 6 8 10 12 14 16 18 20 22 24 26 8

range of analyzed mean diameters of pine stands (Fig-
ure 11B). It was ascertained that there is a tendency
of some overestimation of predicted height for trees
in stands grouped by mean diameter in steps of 4 cm
and by mean height in steps of 2 m. The predicted tree
heights in the range of 6—32 m, depending on mean
diameter of stands, are unbiased.

Similar results were obtained when analyzing cor-
responding relationship and differences between the
predicted and measured height of trees of all other
species in all forest stands of country. The relation-
ship between the predicted and measured heights is
defined by coefficient of correlation (R) that varies
between 0.85 (for ash) and 0.94 (grey alder), 0.96 (black
alder, oak) and 0.99 (spruce, birch, aspen, Figure 12A).

Regression coefficient b varies between 0.991-
0.992 (for oak and grey alder) and 0.995 (for spruce,
ash) and 0.997 for other four prevailing tree species
like pine, birch, aspen and black alder. Nonparametric
regression LOESS analysis shows negligible tenden-
cy towards underestimation of the predicted height of
prevailing trees in coniferous stands with height of up
to 8—12 m and overestimation of predicted heights of
trees with height of over 28—-30 m in stands of most
species except black and grey alder whose overesti-
mation tendency comes to sight at height of over 22
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Figure 11. Analysis of deviation of prevailing pine tree height as predicted by generalized height-diameter
model from that measured in pine stands with different mean diameter: A-relationship between the predicted

and measured height, B-LOESS analysis
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Figure 12. Analysis of deviation of prevailing tree height as predicted by generalized height diameter model
from that measured in stands of different species: A-relationship between the predicted and measured heights,

B-LOESS analysis

m (Figure 12B). Height underestimation of spruce
stands with mean height of up to 12 m in spruce
stands is more definite. This circumstance can be ex-
plained by high adaptability of spruce trees to grow
in different storey or even in the understory of stand.

The mean deviation of predicted prevailing tree
height from the measured one in all range of mean
diameter classes varies in the range of £1-2 cm for
most species with exception of spruce (5.3 cm) and oak
(4.4 cm) (Table 4). The mean deviation of height is
similar for prevailing and admixture trees in stands of
all tree species but often with opposite sign. (Table 4,

Figure 13). The deviation of predicted height from the
measured one for admixture tree species varies between
—0.6 (spruce) and 4 cm (birch). The height deviation
of admixture species has a tendency of shifting from
negative to positive values with the increase of mean
diameter of stand (Figure 13). The mean height devia-
tion of the predicted values from measured ones for
all the population independently on species is just —
0.6 cm for prevailing tree, — 2.5 cm for admixture tree
and —1.3 cm on the total. Results of analysis of the
predicted height deviation from the measured one
show that height differences both for prevailing and
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admixture trees of all species are statistically insignif-
icant at the 0.95 probability level. Student’s statistic ¢
in the most cases does not exceed 0.35 (0.58) value
with some exception for prevailing pine and spruce
trees 7 m high and admixture birch trees with height
of up to 5 m (Table 4).

A very important parameter of height-diameter
relationship curves, especially those calculated using

is overestimated (Figure 14). Predicted oak tree height,
in opposite, is overestimated if tree diameter is less
than the mean stand value and underestimated for trees
thicker than the mean stand diameter. Height under-
estimation and overestimation are symmetrical in the
most cases and attain 10-20 cm (Table 4). The sym-
metrical deviation of predicted tree height from that
measured for pine, birch, black alder and oak are usu-

Table 4. Bias of tree

Bias, cm

Statistical significance of differences in a cell

heights predicted by the

generalized height-diam- Species

all trees

less than

trees with diameter with D=2 cm, H=+*1 m

more than mean

eter relationship model mean diameter diameter Statistics ¢ H for which t=1.0
in stands of different Pine prevailing +04 -19.6 +14.9 +0.00-0.50 <7m
tree Species admixture 2.7 +8.6 -15.7 +0.00-0.32 -
total -0.3 -11.9 +9.0
Spruce prevailing -5.3 -5.9 -4.9 +0.00-0.58 <7m
admixture -0.6 +0.9 -2.5 +0.00-0.13(0.45)* -
total -3.5 2.5 -4.1
Birch prevailing +0.8 -11.9 +8.9 +0.00-0.31 -
admixture -4.0 +7.2 -16.4 +0.00-0.35 <5m
total -1.2 -2.5 -0.1
Aspen prevailing -1.9 -5.8 +1.2 +0.00-0.27 -
admixture -2.4 +6.0 -12.2 +0.00-0.17(0.54)* -
total -2.2 +0.9 -5.0
Black prevailing +1.6 -28.0 +18.0 +0.00-0.37 -
alder admixture -0.9 +0.3 -2.1 +0.00-0.16(0.51)* -
total +0.7 -15.7 +11.9
Grey prevailing -1.5 +0.2 2.4 +0.00-0.34 -
alder admixture -3.9 +4.7 -14.3 +0.00-0.21(0.96)* -
total -2.1 +1.8 -4.6
Oak prevailing -4.4 +29.9 -32.7 +0.00-0.16 -
admixture -3.2 +74 -17.5 +0.00-0.25 -
total -3.7 15.9 -25.1
Ash prevailing -0.9 -8.7 +4.9 +0.00-0.17 -
admixture -2.4 +9.5 -23.7 +0.00-0.18 -
total -1.6 1.7 -5.2
Total prevailing -0.6 -13.9 +7.9
admixture -2.5 +5.3 -11.6
total -1.3 -5.9 +2.4

*In parentheses — single atypical "t" values

generalized model, is the mean diameter of stand. The
mean diameter of stand divides the curve into two
parts: the left, representing trees with less than mean
diameter, and right, representing trees with diameter
above the mean. The deviation of tree height in the
left part of curve does not always compensate height
deviations in the right part of the curve, especially,
when the predicted height is used for stem volume
estimation.

It poses the question if the height deviation is of
random character in all tree diameter classes or if the
deviation of the predicted height from the measured
one is of systematic one. The deviation of predicted
height was analyzed separately for trees with diame-
ter below and above mean value in the stand. Results
of analysis indicate that the height of pine, birch and
black alder trees with diameters below the mean diam-
eter of stand are underestimated, while that of trees
with diameter exceeding the mean value of the stand

ally observed at the mean diameter range above 20 cm
and its values exceeds the mean height deviation up
to 5-7 times (Figures 13, 14). The symmetrical devia-
tion of predicted tree height from the measured one
of spruce, aspen, grey alder and ash trees thicker or
thinner than the mean stand diameter were ascertained
for the mean diameter range up to 10—-14 cm and are
just 2-3 times bigger than the total mean height devi-
ation. Results of this analysis suggest that it is rea-
sonable to bring all tree species into 2 groups with
different character of height deviation for trees with
diameter below or above the mean diameter of the stand.
Systematical predicted height deviation up to 20—-40
cm was estimated for trees with diameter below to and
above the mean diameter in pine, oak, birch and black
alder stands, while in spruce, aspen, grey alder and
ash stands this deviation had random character in
average, not exceeding 5-10 cm and often changing
sign. The deviation of predicted height of prevailing
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Figure 13. Mean deviation of height predicted by the generalized height-diameter model from
that measured depending on mean diameter of stands as well as status of trees (prevailing or
admixture) in stands of different tree species
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Figure 14. Mean deviation of height predicted by the generalized height-diameter model from
measured one of prevailing trees below and above the mean diameter in stands of different

species

pine, birch and black alder trees from the measured one
suggests initiating the correction of generalized height-
diameter model by implementing in Equation 1 a coef-
ficient £ of correction used in equation:

Ry = Ry (1K) +k. (12)

However, further analysis of deviation of the pre-
dicted admixture tree height from the measured one
shows that the same model (1) results in deviations
of different sign for prevailing and admixture trees of
the species analyzed (Table 4). The total summarized
deviation of the left and right parts of the diameter-
height relationship curve for prevailing and admixture
trees of the selected species, especially pine and birch,
are just 2.5-11.9 cm. The summarized deviation of the
predicted height from the measured one for all eight
tree species in the left part of curve is -5.9 cm, while
in the right part is +2.4 cm, i.e. only 0.1-0.2% from the
mean height of trees.

Discussion

Generalized height-diameter relationship models
are usually created for certain region and species,
because low number of external variables makes it
much easier to define common regularities of depend-
ence between tree height and diameter. The small
amount of subsample trees with measured height and
diameter is usually enough to specify parameters of a
generalized model and to adopt it to local stand con-
ditions (Temesgen and Gadow 2004, Dorado et al. 2006,
Sharma and Parton 2007, Trincado et al. 2007). Vari-
ous techniques are employed for creation of general-
ized height-diameter models. The mixed-effect models
are based on population—specific (considers only fixed
parameters) and cluster-specific (considers both fixed
and random parameters) modeling techniques. Calibra-
tion of model and adaptation it to real conditions is
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conducted by performing height-diameter relationship
measurements on particular plot (Dorado et al. 2006,
Sharma and Parton 2007, Trincado et al. 2007). Basal
area, density of stand, height and diameter of domi-
nant trees as well as site indices and geographical data
are usually interpreted as fixed parameters for the
generalized height diameter models (Temesgen and
Gadow 2004, Dorado et al. 2006, Sharma and Parton
2007, Trincado et al. 2007). Measurements of height
and diameter of one tree (Trincado et al. 2007), three
smallest trees (Dorado et al. 2006) or other numbers
of trees per plot (Sharma and Parton 2007) are sug-
gested for calibration of the model.

According to results of our investigations
(Kymemnc 1981a, 1983b), height-diameter relationship
curves in stands with specific mean diameter and mean
height are affected by change of altitude and rate of
height. In the generalized model elaborated for Lithua-
nian conditions, the mean diameter of stand was used
as main factor determining the pattern of height-diam-
eter relationship curve. This parameter is the base of
every inventory and is most precisely estimated. Be-
sides to this, it integrates influence of a lot of param-
eters usually participating in other generalized mod-
els, such as basal area, density, age and site growth
conditions. The abovementioned parameters are highly
correlated and can be expressed by the mean diame-
ter of stand. Application of the model for tree height
estimation in stands with known mean diameter grow-
ing in very different geographic regions proves ac-
ceptable for estimation of height standard deviation
within the limits of + 1.3-2.0 % (Kynemmuc 1983, Bruch-
wald, Rymer- Dudzinska 1981, Smelko 1983, Vestjordet
1972, Tosctonec 1931, Tiopun 1931, Tperbsikos, Top-
ckuit, Camoitnosuy 1952, CynpusinoBud, TeTeHbKHH,
[Momoga 1975, Lypux 1981). Analysis of NFI height and
diameter measurement data across all mean diameter
and mean height range (Figure 6) shows that the curves
of tree height-diameter relationship for individual
stands cannot be substituted by the common curve
for all mean diameter range or by other (for example,
marginal) curves. That means that application of the
generalized height-diameter relationship models based
on the mean averaged curves in even-aged stands
requires a plenty of measurements to evaluate the
height-diameter relationship for individual conditions
described by the mean diameter and mean height.
Averaged height-diameter curves are more suited in
multistory, multiple-age stands with variable size of
trees (Temesgen and Gadow 2004, Kynemnc 1981a,
1983b, 1992¢).

Constant perfection of methods and standards
applied in the forest inventory is very important in the
pursuit of harmonization of the data collected to be

used for national and global needs. Analysis of height
tree measurements conducted by NFI of Lithuania over
the period of 1998-2010 showed that the sampling
design and the use of generalized height-diameter
model for prediction of all tree heights by measuring
small numbers of subsample trees ensures satisfacto-
ry precision. Using the model under consideration, the
mean height of sample plot was estimated with mean
standard error of 0.7-1.5 m. The generalized height-
diameter model allows to precisely enough predict the
height of trees in stands of all species. Mean devia-
tion of the predicted height from the measured one of
prevailed trees in stands of all species was -0.6 cm,
while that of admixture trees was +£1-2 (4) cm. It was
also noticed that thinner trees are underestimated by
5.9 cm and thicker ones are overestimated by 2.4 cm,
what can lead to an overestimation of growing stock
volume up to 0.1%. Bias of prevailing pine, birch and
black alder tree height prediction on both sides of the
mean diameter of stand is practically compensated by
an opposite height prediction bias for admixture trees.
A simple correction of the generalized height-diame-
ter relationship model can improve the precision of
prevailing trees’ height prediction, but this would like-
for-like increase height deviation of admixture trees.

Analysis of NFI data from the period of 1998-2010
confirms our previous conclusion (Kymemuc 1981)
about influence of the mean tree diameter in the stand
on the pattern of height-diameter relations. Results of
study reaffirm universality of generalized height-diam-
eter model and, as was demonstrated earlier (Kynemuc
1981a, 1992b), its applicability in broad spectrum of
conditions. Results of our study shows applicability
of the model for main and admixture tree species in-
cluding trees of different stories and age, defined in
forest stand. Our research results assembled in this
paper as well as those by other authors cited in this
work (Temesgen and Gadow 2004, Sharma and Parton
2007) illustrate that the relationship of height and di-
ameter of trees as well as their standard deviation is
comparable enough in even-aged stands of different
species and regions, so the model proposed could
serve as a base for elaborating general models for
broader yet range of conditions.

Conclusions

1. Height standard deviation of stands of all the
species involved varies in the range between 4.25 and
7.39 m for prevailing trees (the lowest value for alders,
the upper one for aspen) and between 5.62 and 6.56 m
for admixture trees.

The standard deviation of prevailing tree height
in stands with mean diameter varying in the range of
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+2 cm and with mean height in the range of =1 m,
varies in the range of 0.5 and 3.5 m. The highest tree
height variation is observed in spruce that being fol-
lowed by pine and birch stands, while the least vari-
ation is characteristic for broadleaved species stands.

2. Sampling design of Lithuanian NFI implying
measurement of 1 to 8§ subsample tree heights per plot
allows for 0.7-1.5 m standard deviation of plot mean
height estimation.

3. The generalized height-diameter model, keep-
ing in mind different pattern of height-diameter rela-
tionship curves for stands with different mean diame-
ter and mean height, ensures high accuracy in height
prediction, its average for all stands not exceeding +1—
2 cm, which implies no real influence on the growing
stock, mean stand height or estimation of site index
resting on these parameters.

4. General positive evaluation of all the system
(sampling design, models) used for tree height esti-
mation during NFI still leaves the need for some im-
provements for pine and spruce prevailing trees less
than 7 m and admixture birch trees less than 5 m high.
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BEPU®UKAINIAS MOJEJENA THUMOBBIX PAJOB 3ABUCHUMOCTHU BBICOTHI OT

AUAMETPA
BbIBOPOUYHOW WHBEHTAPU3ALIUU

A. Kynemmnc, I'. Kya6okac u A. A. Kyaemmuc

Pe3iome

JEPEBBEB C HCIIOJB30BAHUEM JAHHBIX HAIIMOHAJBHOM

OmnpeneneHne BHICOTHI IS KaXI0TO JepeBa Ha BBIOOPOYHBIX IIIONIAKaX HAlMOHATbHOM nHBeHTapu3anun neca (HIJI),
KaK MpaBHUJIO, OCHOBBIBACTCSl Ha COUYETAHWHM M3MEPEHHs BBICOT U IMaMETPOB HEOOJBLIOrO KOJUYECTBA ACPEBBEB C
perpeccioHHbIMH MeTonaMu oueHkd. B HUJI JIUTBBI BBICOTBHI M3MEPSIIOTCS ISl KaXIOTO CEIbMOr0 CHCTEMaTHYECKU
oToOpaHHOTO nepeBa Ha BeIOOpouHOoi Turomanke (Kuliepis et al. 2003a, 2009b). Ha kakmo#l 1uiomragke u3MepsoTcs B
cpenHeM 1-7 mepeBbeB npeobmamaronux u 1-3 gepeBa COMYTCTBYIOIUX OPOA. BRICOTHI OCTaIBHBIX JEPEBBEB OIIEHUBAIOTCS
MIPY TOMOIIM MOJIEIH THIIOBBIX PSAOB 3aBUCHMOCTH BBICOT OT AumaMeTpoB naepeBbeB (Kymemmce 1981a, 1983b, 1992c¢),
HUCIIOJIB3Ys JAAaHHBIC U3MEPCHHBIX NUAMETPOB BCEX AEPEBLEB U COOTHOLIECHUE MEXAY AUAMETPOM U BBICOTOM y'-léTHbIX
nepeBbeB. Llenp naHHOI pabOTHI — OLEHUTH TOYHOCTH OLEHKH BBICOT JEPEBHEB, MCIOJB3YS MOJEIb THIIOBBIX PSIOB
3aBUCHMOCTH BBICOT OT JJHAMETPOB JICPEBbEB U JaHHBIE H3MEPSHUH TUaMETPOB M BBICOT MaJIOi BEIOOPKH YUETHBIX IEPEBBEB.
B pabote ncronp30BaHb! JaHHBIC N3MEPEHHBIX BBICOT U JHAMETPOB AEPEBhEB Ha BBHIOOpOUHBIX momianakax HUJI JIuteer B
1998-2010 rr. Beero ucnons3oBansl ganHbie 47500 y4€THBIX IepeBhEB BOCEMH MTPEOOIa arONIiX MOPOI: COCHBL, €JIH, OepesHl,
OCHHBI, OJIbXH YEPHOH, 0JIbXU cepol, 1yba u AceHs, a Takke 24600 yu€THBIX AepeBbEB TEX K€ MOPOJ, HO COIYTCTBYIOLIUX B
HaCaXJCHUAX JepeBbeB. OTKIOHEHHS] OLICHEHHBIX C MOMOIIBI0 MOJEIH BBICOT JIEPEBHEB OT M3MEPEHHBIX M 3HAYMMOCTh
OTKJIOHEHHUH OBIIM OLIEHEHHI JUIS MPeoOIafalouX U COMYTCTBYIONNX AEPeBbeB KakJoH Moponsl. JlepeBbs enu u ryda
OTJIMYAIOTCS HANOOIIBIIEH, a YEPHON OJIBXH M OCHHBI — HANMEHBIIICH H3MEHINBOCTBIO BBICOT B APEBOCTOSX, CTPYIITHPOBAHHBIX
0 CpeiHeMy AuaMeTpy (4 CM CTYIEeHH) U cpeaHei BricoTe (2 M cTymneHn). TOUHOCTD OILIeHKU cpeqHel BEICOTHI Ha BEIOOPOYHOM
IJIoNIaKe MeHsAeTcs 0T 3-5 % B HaCaXXJCHUIX CO CPEIHUM JUaMeTpoM, paBHbIM 40 cM, 10 5-15% B HacakAEHUAX CO CPETHUM
nuameTpoM, paBHbEIM 4-20 cM. CpeziHee OTKIIOHEHHE OLIGHEHHBIX [0 MOJIEIIH BBICOT JIEPEBLEB OT H3MEPEHHBIX cocTaBisieT -0,6
CM I TIpeoOJIalafoNuX B HAaCAKAEHUN JEPEBhEB, -2,5 CM — JJIs COIyTCTBYIONIMX JIEPEBhEB U -1,3 ¢M IJIS BCEX JEPEBHEB.
Paznuumsa Mexxmy OIEHEHHBIMHU IO MOAENH M M3MEPEHHBIMH BBICOTAMHU IJIS NMPEOOTaNalOMNX U COMYTCTBYIONIUX ITOPOT
SBIISIFOTCSL CTATUCTUYECKH HE3HAYMMBIM (TIpu ypoBHe 3HaummocTu 0,95). BeineneHs! ABe rpyImbl APEBECHBIX MOPO 1O
XapakTepy OTKJIOHEHHUI BBICOT JAEPEBbEB C AMAMETPOM MEHbIIE CPEJHEero AuameTpa IPEBOCTOSI U AEPEBBEB C AUAMETPOM
OouibIlie CpefHero auamerpa IpeBocTost. OTKIOHEHHUS ONPEAEICHHBIX M0 MOJEIH BBICOT OT M3MEPEHHBIX JEPEBbEB COCHHBI,
1y 6a, Gepesbl ¥ 4epHO# onbxu BenmanHoH 9-20 (33) cM HOCHT CHCTeMaTHYEeCKHH XapakTep, TOraa Kak JUIs eJTH, OCHHBL, Cepoi
OJIBXH | SICEHS OTKJIOHEHHS BEIMIMHOH 0-9 (24) cM MMEIOT ciTydalHbIH XapakTep. Bes cncremMa OmeHKH BBICOT JIePEBBEB —
cxema BBIOOPKH M MOZENb THIOBBIX PSI0B, ucronb3yemas B HWJI JINTBEI, B 1enoM SIBIISIETCS JOCTOBEPHBIM HHCTPYMEHTOM,
CIOCOOCTBYIOIINM HOJIyYEHHIO TAHHBIX HEOOXOANMOI TOYHOCTH, OrPAHUYMBAEMON TOYHOCTHIO U3MEPUTENBHBIX TPUOOPOB, C
MHHUMaJbHBIMU 3aTpaTaMH BpeMeHH. BEIABIEHA 11e7ec000pa3HOCTh YCOBEPLUICHCTBOBAHUS MOJAEIH THIIOBBIX PSJOB IJIS
OLICHKH BBICOT NPe00iIaJaloluX JIepeBbeB COCHBI U €M BBICOTOH MEHbIIEe 7 M M COITyTCTBYIOIINX JEPEBBEB TEX XKe ITOPOJ

BBICOTOM MCHBIIE 5 M.

KiroueBble cjioBa: MOZCJIb TUIIOBBIX PAMLOB 3aBUCUMOCTH BBICOT OT JUAMETPOB, y'-{éTHbIe JACPEBbA, OL[CHéHHbIe (0]
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