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FOR MONITORING OF FOREST CONDITION

HODN OTENIE VARIABILNE VELKYCH SKUSNYCH PLOCH
PRE MONITOROVANIE STAVU LESA

§. Smelko', J. Saborowski’

! Technical University, Faculty of Forestry, T. G. Masaryka 24, 960 53 Zvolen
2 Georg-August University, Faculty of Forestry and Forest Ecology, Biisgenweg 4, D-37077
Gottingen

ABSTRACT: Two different types of estimators for per ha characteristics and proportions, i. e. classical ratio estimators for
cluster sampling and ppz-estimators, are discussed with respect to their statistical properties in the case of systematically
selected sample plots of variable size. A case study illuminates practical consequences of neglecting variable selection probabilities
in monitoring volume, stem number and defoliation. Particularly, the target values volume, stem number, needle/leaf loss and
number of trees in a damage class must be transformed plotwise into per ha values.

sample plots of variable size; ratio estimator; cluster sampling; point sampling; forest condition monitoring; needle/leaf loss

ABSTRAKT: V préci sa rozoberaji dva rozdielne typy odhadov pre hektarové charakteristiky a pre relativne podiely (klasicky
podielovy odhad pri skupinovom vybere a ppz-odhad) so zameranim na ich biometrické vlastnosti v pripadoch, ked skusné
plochy sa vyberaji systematicky a maji variabilnii velkost. Na vy¥sledkoch 3pecidlneho pokusu sa ilustrujd praktické dosledky
vznikajiice zo zanedbania variabiinych vyberovych pravdepodobnosti pri monitorovani porastovej zdsoby, podtu stromov
a defolidcie. Dokazuje sa, Ze zistené tidaje o zdsobe, polte stromov, strate asimilatnych orgdnov a poletnosti stromov v stup-

fioch defoliacie je potrebné na kaZdej skusnej ploche pred ich kone¢nym zhodnotenim prepocitat na hektirové hodnoty.

variabilne velké skusné plochy; odhad podielu; skupinovy vyber; bodovy vyber; monitoring stavu lesa; defolidcia

INTRODUCTION

The size of sample plots plays an important role in
all sampling techniques for forest inventory. It influ-
ences not only the needs of time and costs but also the
precision of inventory results. Therefore, one aims al-
ways at an optimal choice of sample size, considering
those antagonistic effects of increasing costs and de-
creasing sampling error. In Slovakia, numerous investi-
gations stated that such an optimal sample plot should
include 15-25 trees on an average (Smelko, 1968).
Thus, in younger stands with large stem numbers of
e. g. 1000 trees per ha a plot size of about 200 m?, and
in older stands with about 200 trees per ha, a plot size
of 1000 m? must be chosen. Normally, single stands are
much more homogeneous with respect to stem number,
age mixtures and so on than larger forest areas. There-
fore, higher effectiveness is expected in large scale in-
ventories by attaching one optimal plot size to each
stand, varying between stands dependent on the individ-
uval stem numbers per ha.
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Together with the application of variable plot sizes
the question of how to estimate usual population pa-
rameters of state and change and their sampling errors
arises. Beyond the variability of target variables like
volume, stem number or leaf loss, the variability of
sample plot areas must also be considered. At a first
glance classical ratio estimators seem to be the answer.
This problem was part of a joined project supported by
Zusammenarbeit in der Agrarforschung Bundesrepub-
lik Deutschland/Slowakische Republik. The paper deals
with the statistical background of concurring estimators
and their application in a forest monitoring project in
northern Slovakia.

DATA BASE

In Oravska Polhora, a region in northern Slovakia,
where the forests suffer under high immissions, n = 32
permanent sample plots were selected following a square
grid of 1 km mesh width. The plots are circles of dif-
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ferent sizes from 100 m? to 1000 m2, each containing
about 23 trees on an average. They are located mainly
in even aged stands of spruce, with stand ages varying
from 30 to 150 years, stocking degrees of 0.5-0.9 and
elevations of 720 m to 1350 m above sea level. The
midpoints are permanently marked in order to facilitate
repeated measurements of all quantitative and qualita-
tive characteristics of the same individuals. Another ad-
vantage is the high correlation between consecutive measu-
rements. In this paper we utilize measurements of 1991
and 1995, characterising volume and health condition
of trees in sample plots (Tab. I).

The net of sample plots represents a typical system-
atic sampling design with variable plot size. In chapter 2
we discuss the appropriate estimators of totals and ra-

tios for that design, based on selection probabilities pro-
portional to plot size (ppz). In chapter 3 the sample data
are evaluated by both the simple random cluster sample
estimators and the ppz-estimators, in order to examplify
the generally remarkable differences, which can be ex-
plained by the biases of the first of both types of esti-
mators.

EVALUATION OF VARIABLE SIZE SAMPLE
PLOTS: RANDOM CLUSTER SAMPLING VERSUS
SYSTEMATIC POINT SAMPLING

Let y; be the value of the target variable (volume,
stem number, number of trees belonging to a certain

L. Characteristics of single sample plots of case study Orava [F; - plot size, m; — stem number, v; - volume (m>), D; — defoliation, mean

needle loss per tree (%))

Plot 1991 1995 Utilization Mortality
No. F; m; v; D; m; v; D; m; v; D; m; v; D;
1 500 22 10.2 67.0 22 104 67.9
2 500 23 18.0 49.6 23 18.9 580
3 500 22 289 18.9 22 30.2 49.8 2 16 55.0
4 300 21 9.9 320 19 9.8 432 2 11.1 40.0 2 04 71.5
S 300 27 9.9 438 22 9.5 184 5 1.7 16.0 2 0.2 25.0
6 900 26 67.6 425 26 71.2 49.6
7 700 32 445 387 30 46.0 46.3 2 1.6 60.0
8 300 25 12.5 25.8 24 14.1 331 1 0.1 100.0
9 400 24 21.7 40.2 23 233 415 1 0.8 30.0 1 1.3 70.0
10 300 21 13.6 8.1 13 12.1 15.4 8 25 13
11 200 20 4.1 16.0 20 5.5 145
12 1000 27 51.0 51.7 25 511 67.4 2 42 55.0 4 7.0 475
13 700 28 40.6 3y | 27 43.6 317 1 1.5 20.0 2 09 82.5
14 300 26 9.9 34.8 26 11.2 36.9
15 300 23 125 11.1 17 11.7 6.8 6 21 425
16 300 22 10.1 338 22 11.9 416
17 300 25 14.6 17.0 24 17.0 18.9 1 0.1 60.0
18 700 30 31.2 36.8 29 333 384 1 1.8 40.0
19 800 25 19.7 44.2 24 21.0 58.5 1 0.2 60.0 1 0.4 80.0
20 500 20 342 28.0 20 35.0 37.0 1 2.0 40.0
21 300 21 19.6 39.8 18 18.6 417 3 1.8 68.3 2 34 225
22 300 23 14.6 383 23 15.5 424
23 100 21 1.6 0.0 17 - 24 0.0 4 0.1 0.0
24 300 22 8.2 38.6 22 8.9 49.3
25 600 24 13.2 33.1 22 134 47.0 2 0.9 57.5
26 700 13 29.8 39.2 12 30.3 4.2 1 1.0 65.0
27 400 26 17.6 317 26 19.1 254
28 400 19 121 52.6 19 13.1 56.8
29 500 25 28.1 37.0 25 29.2 41.0 2 0.8 90.0
30 800 23 489 51.9 21 46.8 45.2 2 28 90.0 1 0.5 75.0
3 700 26 25.4 438 24 25.4 435 2 13 60.0
32 600 21 12.5 50.9 20 13.0 60.8 1 0.7 45.0
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damage class) at sample plot i, F; the plot area and n
the sample size. Then the ratio estimator (ratio of means)

éyf

Vriha ="y M
2F
i=1
is known to be a consistent estimator of
N
Y.
Yha = ";,—' 2.1

Y F
i=1

the true per ha value of the target variable y, if (i) the
entire population to be inventoried is tesselated by all
possible sample plots (i. e. nonoverlapping and exhaus-
tive clusters) and (ii) the latter are selected with equal
probabilities (Cochran, 1977). Both assumptions are
usually not fulfilled in forest inventory practice, and,
consequently, (2.1) will generally be biased. Instead,
the sample plots (mostly circles) are selected as a point
sample from an infinite universe of possible plot mid-
points, and trees belonging to stands, where larger plot
sizes are chosen, are selected with higher probability
than those of smaller plots. The selection probability is
given by p; = F/F, F denoting the total area to be
inventoried. This remains also true if the sample points
are selected by a randomly located (usually rectangular)
sample grid. Hence, the unbiased ppz-estimator (mean
of ratios)

2.2)

(Vi;na = Y/F)) 1s the appropriate one. For a more detai-
led discussion, proofs and an additional simulation stu-
dy see Saborowski, Smelko (1998), for a sound
mathematical background of point sampling in forest
inventory Mandallaz (1991).

Expectation true estimators for the variance of Yha do
not exist for systematic sampling. We use the variance
estimator for simple ppz-sampling

23

VO = Z(y, ha = Yha)?

nnl

which was shown to be a conservative variance estima-
tor in many applications of systematic sampling, and
estimate the sampling error o3, by 3= W( Yho-

a a

The principle of using individual per ha values of
target variables for each sample plot, argued for above,
can easily be transferred to more complex, composed
estimators. If e.g. the parameter to be estimated is a ra-
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tio, like the proportion p = k/m of trees belonging to
a certain damage class (k: number of trees of a class;
m: total number of trees), the totals k and m are estima-
ted separately by unbiased ppz-estimators according to
(2.2). This yields the ratio estimator (see also Sabo-
rowski et al., 1998)

]
—

T
'M=

:I.—

= 24)

>
1]
(=
1]
-:-;] £
M =

L
o

:I-—-

n
—

based on numbers per ha for each plot, and the common
variance estimator

V() = —i

Z ks, hg = P50 @5)

(n 1)

n
where =Y mj. y,/n.
i=1

A similar problem arises with estimating the mean
percentage of needle/leaf loss per tree. Let yij be the
needle/leaf loss percentage of tree j in sample plot i
consisting of m; trees and

m;
=2

=

its plot total. Then, in the case of simple random sam-
pling of clusters, the ratio estimator

n n
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2.6

{(Cochran, 1977) is recommended. It can be interpre-
ted as a ratio of two estimators, for the total of ne-
edle/leaf loss percentages and the total of trees in the
inventory region, respectively. Therefore, both must be
replaced again by the according ppz-estimators if the
sample plots are selected by a systematic grid, as men-
tioned above. Thus, in that case we use

Zyiha Zmi;hai

& i=1 _i=1
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and the variance estimator (2.5) with y,, instead of

k4, »and fm replacing p

teristics at identical individuals. This follows e. g. from
the variance formula

ESTIMATION OF THE ACTUAL STATE
AND CHANGE OF VOLUME AND HEALTH
OF TREES

Estimation of stem number and volume

Firstly, this chapter deals with the estimation of stem
number and volume per ha in the inventoried forest
region. Following the arguments above (chapter 2), the
plot characteristics volume (v;) and stem number (m;)
must be related to the plot size F;, yielding the trans-
formed variables v;.;, = v/F; and m;.,, = m/F;, which
must be substituted for y;.,, in formulas (2.2) and (2.3).
The results for that mean of ratios estimator are denoted

2/\ = — A A A A
O3, O‘ZMJ + o%m 2. itz - Frar* Fraz 3.
for the difference of the per ha characteristic
A A A A A
AYpy = Yo (1) = Ypy (1) = Yhy 1 = Vha2 3.2

A strong positive correlation can reduce the sam-
pling error of the estimated difference remarkably. The
statistical significance of a difference, that means of the
change of a state variable is tested by the paired t-test

by A in Tab. II. For comparison, B denotes the accord- t= §ha,2 "9ha,l (.3)

ing results for the ratio of means estimator given by 58,

(2.1) with y; = v; and y; = m; as well.

II. Estimation of stem number and standing volume per ha (5’\,,,,) and their changes Af:‘,m
Target Method 1991 1995 Utilization |Mortality Difference Increment
var. DSy, |85, B FutS (S, B 5, Poa | DnatSap,, | rtost | Bpat Sy, | test %, 5
Stem n. A 6023 £ 61.3] 102 |5558+51.2] (9.2) 46.5 13.1 [46.5%158]293" 0.976
per ha B 4858+ 372 7.6 |456.1+342 (1.5) 29.7 129 |[29.7 +12.91230° 0.938
Volume A 4233 +279] 6.6 44351275 (6.2) 16.9 109 20275 |268%|37.1+75 (492" 0980
per ha B 4539+333| 73 |470.0t341} (7.2) 22.8 205 |16.1%7.1 (227" 389+7.1 (552" | 0978

Case study Orava, n = 32, F; = 100-1000 m?
A - mean of ratios estimator
B - ratio of means estimator

The estimated sampling errors are rather large be-
cause of the low sample size. Method A gives lower
volumes per ha (and also smaller standard errors) than
B indicating a positive bias of B. The reverse is true for
the stem numbers per ha. The coefficients of variation
of the pure stem numbers (s, % = 15% and 18%) are
much lower than those of the stem numbers per ha
(Sm:ng% = 57% and 52%). The correlatigns between plot
areas F; and stem numbers m; are low (r,, p = 0.323 and
0.378).

Obviously, plot sizes are well adapted to the stem
numbers because they yield a low variability of stem
numbers per plot and a weak linear dependence of stem
numbers on plot sizes. Furthermore, the results exhibit
remarkable differences between A and B, which cannot
be neglected in forest inventories. The classical ratio
estimator is a bad choice with a high risk of large biases.

Beyond assessments of the actual state of forests,
monitoring also aims to detect changes of that state, i.e.
differences in totals, means and ratios between two in-
ventories at t; and #,. Application of permanent sample
plots is generally expected to increase precision of such
estimated differences by exploiting positive correla-
tions between repeated measurements of tree charac-
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with 31 degrees of freedom. This is necessary in order
to avoid an overinterpretation of differences which can
arise merely on account of sampling errors.

If we focus on volume, we have to distinguish be-
tween change of standing volume, estimated by the dif-
ference (3.2), and volume increment. Estimation of volu-
me increment requires the additional consideration of
the amount of timber utilization during a monitoring
period (#3, t;).

Tab. O shows significant changes of volume and stem
numbers per ha at the 5% error level. Remarkable are
the high correlations of volume and stem numbers per
ha between 1991 and 1995. Again, the differences be-
tween A and B are not negligibie.

Estimation of percentage of trees in damage classes

Another objective of the monitoring project was as-
sessment of forest damage. The trees of a sample plot
are classified into 5 damage classes 0, 1, 2, 3, 4 depend-
ing on their individual defoliation, the latter increasing
from class 0 to class 4. Additional aggregated classes
243+4 and 3+4 are usually considered for evaluation.
The proportion of trees belonging to each of those damage

J. FOR. SCI, 45, 1999 (8): 341-347



classes should be estimated by 1’; according to (2.4) be-
cause of the varying selection probabilities for trees
within plots of different sizes. Consequently, the change
of proportions from 1991 to 1995 is estimated by

Ap=p () =Pt} ) =Pr— P (B4

the variance, by analogy with (3.1), by

s2A sZ +s ~2.8504

X3 (3.5

where Sﬁ 3 is the covariance estimator

1 1
A= -, .
PPy myy My, n(n-1)

- Y, K

i=1

= Pt ) Kipg2 = PoMipa ) (3.6)

(seeSaborowski etal, 1998;Saborowski, 1990)
and the s% ,s»_are the variance estimators according to (2.3).

The relsults of the forest damage study are reported
in Tab. III. The letter A denotes results of (2.4) and
(2.5) and B of the according estimators, where k;.,, and
m;.p, are substituted by k; and m;. Method A gives lower
percentages than B for all classes except class 0. The
clearest difference of more than 10% for both years is
found for the combined class 2+3+4. This coincides
with the results in Saborowski et al. (1998) for the
forest damage inventory in Lower Saxony. It can be
explained by the higher selection probability for older
trees having generally more considerable defoliations.
This higher selection probability is not considered by
method B. Estimation of change yields similar results
for both methods. Correlations are high, but, in nearly
all cases, lower than for volumes.

Estimation of changes (A) shows a clear shift of trees
from classes 0 and 1 to classes 2, 3 and 4. The incre-
ments of proportions in classes 3, 4 and the combined
classes as well as the decrement in class O are signifi-
cant at an error level of 5%. This deterioration of health
condition was not remarkably obscured by utilization
because only 56% of trees were utilized in classes 2—4 and
30% in class 0, in class 0 mainly because of snow- and
windbreak.

Estimation of the mean percentage of needle/leaf loss
per tree

Sometimes, it is preferred to concentrate the results
of a forest damage inventory in a one-dimensional sta-
tistic, the mean needle/leaf loss per tree, instead of the
multivariate characteristic damage class. Therefore
a higher resolution of defoliation assessment is neces-
sary. The analyses of this paper are based on an assess-
ment in 5%-steps. According to our arguments in chap-
ter 2, we recommend (2.5) (A) as an estimator of mean
needle/leaf loss per tree and compare the results with
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III. Estimations of proportions of trees ﬁ (%) in 5 damage classes
and their changes Ap (%)

a) proportions ﬁd: 83 (%)

Damage 1991 1995
class A B A B
0 296+94 | 178+£50 | 243+£9.1 | 136146
1 213437 | 21.94£32 | 181+£34 } 17.7+3.2
2 413165 | 499147 | 440+62 | 51.7+45
3 6917 93+17 | 105+22 | 13.2+22
4 09+04 1.1+£05 3.1+08 3809
24344 | 49.0+75 | 60355 | 576+79 | 687154
3+4 78+£19 1 104220 | 137126 | 170127

b) change of proportions ApisAp (%) (* - significant change
at 5% error level)

Damage At 555 t-test By
class A B A B |AlB
0 -53126| -42+ 1.4 207" -3.00°| 0.96 | 0.75
1 32+24| -42%33]| -132{-127 |0.77 | 047
2 27+42| 18+32| 063] 056 |0.78]0.58
3 36+ 15| 39+16| 249" 244'| 074|080
4 22+08| 27+08| 3.01°| 3.37°|0.41 041
24344 | 86+37| 84%26| 232°| 3.23°| 089|068
3+4 59+ 17| 66+18] 3.54°| 3.67°| 078|081

Case study Orava, n = 32, F; = 100-1000 m?

A - estimation under consideration of variable selection probabilities
proportional to F;

B - estimation without consideration of variable selection probabilities

those of the simple ratio estimator (2.4) (B), which does
not consider the different selection probabilities. The
variance of changes

A

Ayppz Yppz2 ™ yppz,

is estimated by analogy with the formulas in chapter 3.2.

Results are reported in Tab. IV for our inventory
region in Orava. Method A exhibits an increase of mean
needle/leaf loss per tree from 28.5% * 3.7% to 34.5%
+ 4.2% during the 4-year monitoring period. It is illu-
minating to recognize the contributions of utilization
and mortality to the gross change. For utilized trees we
estimated a slightly lower defoliation than for the entire
population in 1991 and a much higher one for dead
trees. The net change of 5.70%, excluding utilized trees,
is not much less than the gross change (6.03%). The
standard error of estimated change (1.65%) is much less
than those of the state estimations in 1991 (3.7%) and
1995 (4.2%), due to the high correlation of 0.92 be-
tween defoliations in both years.

The differences between methods A and B are large
in 1991 and 1995 but relatively low for the change
estimations. The necessity of applying the statistically
justified method A is obvious again.
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IV. Estimation of mean needle/leaf loss (%) per tree and its change

1991 1995
Method | | _ | a S N N
z my my, ¥y “% Z m;) my, y s‘fz'
i i
A 609 | 2851 3.7 556 1345 | 4.2
B 753 344 | 26 | 707 407 | 2.7
Utilization Mortality
Method | " _ a . — 2
Ym | mp, y | Xmi| Mg y
i i
A 53 254 14 55.3
B 46 37.9 21 53.8
£ )
Change Ayw (A) and y, (B)
Method gross change net change
A% 8 | rtest A% rest | B 6
A 6.03 1.65 3.65* | 570 | 345" | 0920
B 6.32 1.05 | 6.01° 654 | 622" | 0923

Case study Orava, n = 32, F; = 100-1000 m?

A - estimation under consideration of variable selection probabilities
proportional to F;

B - estimation without consideration of variable selection probabilities

(* - significant change at 5% error level)

CONCLUSION

Beyond the theoretical justification of method A, the
results of the study in Orava exhibit clearly that the
differences between A and B applied to sample data of
a monitoring of production and health condition cannot
be neglected in practice. It is very important to distin-
guish between sample plots of equal and unequal size
and, consequently, between equal and unequal selection
probabilities, The latter occur automatically if sample
plots of variable size are selected by a systematic sam-

ple grid. In that case values of stem numbers and volumes
must be transformed into per ha values in order to get
unbiased, or in the case of proportions (relative fre-
quencies of trees in a damage class) nearly unbiased,
estimations. This is also true for estimating mean nee-
dle/leaf loss, where stem numbers per ha must be used
instead of pure stem numbers in the usual cluster sam-
pling estimator for clusters of unequal size. Otherwise,
estimations and estimated sampling errors can have
a remarkable bias.
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Velkost skusnych ploch hra velmi vyznamni tlohu
pri vietkych vyberovych spésoboch inventarizicie lesa.
Ovplyviiuje nielen pracovné naklady v teréne, ale aj
variabilitu zistovanych veli¢in na skusnych plochich
a tym aj presnost vysledkov inventarizécie. Preto je vSe-
obecnou snahou zvolit si pri zohladneni obidvoch pro-
tichodnych tendencii (rasticich ndkladoch a klesajticej
vyberovej chybe) optimilnu velkost skusnych ploch.
Na Slovensku bolo zasluhou rozsiahlych vyskumov
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(Smelko, 1968) zistené, %e za optimainu &o do presnos-
ti a hospodérnosti moZno povaZovat taki skusnd plochu,
ktord obsahuje priemerne 15-25 stromov. To znamena4,
Ze v mlad8ich a hustejich porastoch napr. s 1 000 stro-
mami na 1 ha je optimélnou skusné plocha o vymere
200 m?, v starSich a red$ich porastoch napr. s 200 stro-
mami na 1 ha je to 1 000 m?. Uvedend tloha sa d4 riesit
ovela lahie pri porastovej inventarizacii ako pri vel-
koplo$nych inventarizicidch. Jednotlivé porasty maji
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spravidla homogénnej$iu vndtornd $truktdru (drevinovi
skladbu, vek, poCet stromov, zakmenenie ai.) ako velké
lesné oblasti. Pre jeden porast sa preto da zvolit jednot-
né optimalna velkost skusnej plochy. Pri velkoplosnej
inventarizdcii a monitoringu sa naopak otakava, ¥e sa
vy3Sia efektivnost dosiahne pouZitim variabilnej, t.j. od
porastu k porastu sa meniacej velkosti skusnych pléch.

Pri uplatneni variabilnej velkosti skusnych ploch vzni-
ké vSak dal8i problém: podla akych metodickych postu-
pov sa maju ziskané vyberové tdaje zhodnocovat, pre-
toZe tu okrem variability zistovaného znaku na skusnej
ploche treba zohladnit eSte aj variabilitu velkosti skus-
nej plochy.

Prispevok obsahuje riefenie tohto problému na ziklade
nemecko-slovenskej spoluprice v ramci tzv. agrarneho
vyskumu (1996-1998). Podkladom st tidaje z vyskum-
ného objektu Orava, pre ktory bola v r. 1991 zaloZeni
siet trvalych monitorovacich ploch (TMP) v lesnom hos-
podarskom celku Oravska Polhora v odstupoch 1 x 1 km.
TMP su kruhy o réznej velkosti 100-1 000 m?a zachy-
tavajui prevaZne smrekové porasty vo veku 30 aZ 150 ro-
kov so zakmenenim 0,5 aZ 0,9. Na kaZdej TMP sa zistili
vietky doleZité kvalitativne a kvantitativne veli¢iny stro-
mov a v roku 1995 sa vykonalo opakované meranie. Pre
prispevok sa pouZila idajova bédza (tab. I) z 32 TMP
o zésobe (v), pocte stromov (m) a po¥kodeni kordn stro-
mov (defoliacii ~ D). Skuto&nosfou, %e meranie sa
v r. 1991 i 1995 uskuto¢nilo na tom istom sibore stro-
mov, ziskala sa moZnost zhodnotit nielen stav uvedenych
veli¢in, ale aj ich zmenu pogas monitorovacieho cyklu
vritane faZby i mortality, a si€asne sa zabezpegila vel-
mi tesnd korelacia medzi idajmi na zagiatku a na konci
monitorovania, ¢o mé velkd metodickd vyhodu.

Pred vlastnym zhodnotenim uvedenych ddajov sa
v prispevku osobitnd pozornost venuje teoretickému roz-
boru biometrickych vlastnosti variabilne velkych skus-
nych pldch. Zavadza sa nasledovna symbolika: y; — hod-
nota cielovej veliCiny (zasoba, podet stromov, po&etnost
stromov patriacich do urgitého stupiia defoliscie) na i-tej
skusnej ploche, F; - vymera i-tej skusnej plochy, n— poget
skusnych ploch. Siet TMP v objekte Orava sa kvalifikuje
ako typicky systematicky vyberovy dizajn s variabilnou
velkostou skusnych pléch, t.j. taky, aky sa v inventariz4-
cii a monitoringu stavu lesa najastejie pouZiva v celej
Eurépe. Vzhladom na to, Ze stromy na skusnych plo-
chach nemaji rovnakd pravdepodobnost dostat sa do
vyberu, tito sa rovnd p; = F;/F (F - celkova vymera
inventarizovaného objektu) a je men§ia pri malych
a vic8ia pri velkych skusnych plochiach. To znamen4,
Ze na stanovenie priemernej hektarovej hodnoty §M ce-
1ého objektu sa musi pouZit ppz-odhad (,,mean of rati-
os* — priemer z podielov) podla vztahu (2.2) a jeho va-

riancia V(ﬁ,w) sa urli podla vyrazu (2.3); stredna chyba
odhadu ﬁha sa potom rovné druhej odmocnine z (2.3).
Ako vidief, do vypoctu nevchadzaji povodné hodnoty
¥;» ale ich hektérové hodnoty y;.,, = y;/F;. V pripade,
Ze by sa takyto odhad urobil podla modelu ,ratio of
means”, {iZe ako podiel z priemerov podla (2.1), ktory
plati len pre nidhodny vyber s rovnakymi pravdepodobnos-
tami (Cochran, 1977), ziskali by sa systematicky vy-
chylené odhady. Tieto skutognosti si podrobnejSie zdo-
kumentované a preverené v praci Saborowského,
Smelka (1998) a matematicky zdévodnené v publika-
cii Mandallaza (1991). Podobna situdcia nastiva aj
pri odhade relativneho podielu podtu stromov 1’3 v jed-
notlivych stupfioch po¥kodenia, kde treba uplatnit vzor-
ce (2.4 a 2.5), priCom symbol k oznauje podet stromov
s danym stupiom poSkodenia a m celkovy podet hod-
notenych stromov na TMP. Pre odhad priemernej hod-
noty defolidcie § na stromoch zo vietkych TMP je sprav-
ny vzorec (2.7) a pre varianciu y vyraz (2.5), v ktorom sa
namiesto k;.,, dosadi y;.;, a namiesto ‘3 hodnota §ppz‘

V dal3ich kapitoléch sa tato tedria aplikuje na konkrét-
ne uUdaje z vyskumného objektu Orava, priGom kvoli
porovnaniu sa vietky odhady robia dvojako: A — sprav-
nym spdsobom so zohladnenim nerovnakej velkosti skus-
nych ploch a B — nespravnym spdsobom bez zohladne-
nia tejto skutognosti. Vysledky sd zhrnuté v tabulkach
a tykaji sa hektirového podtu stromov a zasoby porastov
(tab. II), percentuélneho zastipenia stromov v stupfioch
poskodenia O, 1, ... 4 (tab. III) a priemernej hodnoty
straty asimila®nych orgénov (%) v celom objekte
(tab. IV). Osobitnd pozornost sa venuje stanoveniu
zmeny monitorovanych veli¢in po€as monitorovacieho
cyklu (podla 3.2 a 3.4), odvodenim strednej chyby tejto
diferencie (podla 3.1, 3.5 a 3.6) a testovaniu tatistickej
vyznamnosti zistenej diferencie (podla 3.3). Pritom sa
celkova (brutto) zmena analyzuje tak, Ze sa rozklada na
zloZky, ktoré vznikli rastovym procesom (ako netto
zmena), taZbovou &innostou a prirodzenou mortalitou.
Vietky vysledky sd prezentované rovnakou formou — stav
v roku 1991 a 1995 ako aj prislu$né zmeny si charak-
terizované priemernou hodnotou a jej strednou vyberovou
chybou. Z ich porovnania jednozna¢ne vyplyva, Ze medzi
spdsobmi hodnotenia A a B vznikaju také systematické
rozdiely, ktoré nemoZno tolerovat.

Ziverom sa zdoraziiuje, Ze v pripade, ked sa produké-
ny a zdravotny stav lesa monitoruje pomocou skusnych
ploch o variabilnej velkosti a ich vyber sa uskutogiiuje
podla pravidelnej systematickej siete, treba pri zhodno-
covani ziskanych vysledkov najprv prepolitat vietky
tdaje zo skusnych ploch na rovnaki vymeru 1 ha a pre
odhady priemernych hodndt monitorovanych velidin
pouZif v prispevku navrhnuté postupy a vzorce.
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