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Abstract

The periodical radial increment on cores is measured beside the dia-
meter breast high and the height from every tree on a sample plot
within a sample which is used for the purpose of forest regulation.
More over an estimate of the height growth is needed to calculate the
periodical volume increment of the residual stand. A method is used
permitting to calculate an estimate for the height growth from the da-
ta of the sample., The increment of the thinned trees is estimated by
means of change of diameter distributions of the residual stand from
age class to age class and by considering the radial increment curves.
The increment of the residual stand and of the thinned trees are
essential by calculating the increment of the total stand of single
age classes and the total production of a time serie which is com-

bined by the plots of a sample.
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1. Introduction

In Austria 20 years ago the necessity to reduce the expenditure of
work and the requirement to increase the informations and the accuracy of
surveys led to the introduction of sample plot inventories in the survey of
forest conditions. In surveying the forest conditions for forest management
as well as in the national forest inventory of Austria, along with an in-
ventory of the growing stock, an inventory of the increment is carried out.
Together with statistics of the volume felled or, in the Austrian Forest In-
ventory, together with the inventory of the felled quantity these three
sources of informations are the basis of the assessment of the effects of
the way in which (mainly in the last decade) the stands were treated and the

connected exploitation.

2. Indirect estimation of the current increment of the total

If in surveys, besides characteristics of yield also characteristics
of site are comprised, the possibility exists - if there is a sufficient
number of sample plots — of the estimation of the actual and potential to-
tal growth production (GWL) for certain site units and stand types by ana-
lyses of the growth production as a basis for a general middle- and
long-term regulation of production and yield. If there is a sufficient num-
ber of sample plots for each unit of survey and site - besides the execution
of simple growth production analyses - it is also possible to construct lo-—
cal growth production tables, resp. site-yield-tables or the execution of
for different variants of treatment.

Magin (1965) showed a possibility to estimate the total growth pro-

duction in an inventory by using the k-values deduced from permanent ex-—

periments - )
K =VG/a eb In(N/AN)

and subsequently also the current increment for certain survey units as a
basis for simple growth production analyses. His formula for the GWL-in-
tegration is

\Y

t
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The disadvantage of this method is that the effect of different developments

of the number of trees or different degrees of thinning on the current in-
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crement of stand units combined to a growth series, may be estimated for the
single periods only with a rough approximation by assuming different values

for k by using an assumed initial number of stems and also estimation of the
removed and remaining number of trees.

With the value for k a value is introduced in the calculations which
corresponds to a certain conception of the model in respect to thinning
which corresponds with the way actually used and the thinning grade only ap-
proximately. As well as for each specific thinning program a separate yield
table should be constructed, also the corresponding specific values for k
should be available if the GWL-calculations should result in values for the

increment applicable for all age classes.

3. Direct estimation of the current increment of the total

It was obvious to look for a method to determine the current (resp.
periodic) increment of the different stands and their individual trees
that is of the leading and, by treatment, influencable bearers of the incre-
ment directly, in order to get a better and more objective estimation
of the effects of different stand treatments (thinning, fertilization, etc.)
Therefore it was proposed by Pollanschiitz (1968) to include in investi-
gations of growth production and the connected GWL-estimations besides the
results of an inventory of the growing stock also the results of an in-
crement inventory in the calculations. This way of GWL-estimation and the
estimation of the total increment of certain age classes can be written in

formulas as follows:

t
+
GWL Va EPZGes pZGes (a) pZI pZA
Z z +
pZy P2y / PI PZoes (k) PZy * PZy
., . _ P . N Py/m 'C
Poy/m N Py 5
\
Va initial volume GWL = 'Gesamtwuchsleistung' = total
growth production
VV volumen of the
remai \ing stand pZV periodic increment of the remaining
stand, calculated for average cli-
N = remov2d stand matic conditions (corrected pZ)



pZA half of the periodic increment pZGes(a)= total periodic incre-
of the removed stand ment (actual)
relation between pZ of the vo- pZGes(k)= total periodic incre-
lume-mean—-tree of the removed ment (corrected)
stand and pZ of the volume -
mean-tree of the remaining pZI = periodic increment of the
stand remaining stand calcula-
ted from the data of the
Nv number of stems of the remai- inventory (actual pZ)
ning stand
pZV/m = periodic increment of
PI climatic index of the periodic the volume~mean—tree of

increment the remaining stand

Form the inventory the values for Va, VV’ NV, pZI, are needed; if not only
the "actual" but also the for average climatic conditions - expected
increment is to be calculated also the value for PI (resp. an estimated value
for the periodic year ring index, see chapter 6). Compared with the method

of Magin, besides the values for N and V from the volume inventory, instead
of the k - values, the values for the current increment directly from the

increment inventory of the preceding period pZ._ and, in respect to the in-

crement of the removed stems, the not so effeciive and therefore not so
critical corrected value c is used. This corrected value ¢ can be approxi-
mately deduced from the change - caused by age — of the diameter distri-
bution and by using the calculated diameter increment curve for the re-
spective period and finally by using a suited cubing-function with the
required values for d(iameter) and h(eight). In this process all needed
values are deduced directly from the volume and increment inventory. The
inclusion of values, e. g. the values for k, from other investigations is

not necessary. The only 'outside elements' are the general functions of the

form and bark factor used in the determinations of volume and increment.

4, Estimation of the increment of the remaining individual

The most effective and most important component of the GWL-calculation

and of the calculation of the total current increment (pZ eS) for the single

G
age classes 1s the periodic increment of the remaining stand, deduced from

the inventory, that is the actual increment of the past period of the re-

maining trees (pZIl or the periodic increment corrected with the climatic

index (va).
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In sample plot inventories for forest management purposes in Austria,
it is usual to measure the diameter (d) in breast height, tree height (h)
and the periodic radial increment (zr) of each tree of a sample plot.

In the course of calculation the volume at the end of the period (VE)
and the volume increment of the past period (zv) of each tree is determined
as the difference between volume at the end and volume at the beginning of

the period,

In volume calculations functions of the form factor (with the values
diameter in breast height and tree height) are used, g = F (d4,h). For all
important tree species the coefficients of the following form factor func-
tions are now at our disposal for the estimation of the stem wood over bark:

1

2 - c1n2 A A L A P
fomR = 3 * 3 TId Ay T ayg A 3t ATER T %

The volume of the stem wood is calculated with the general formula

<
1
1A
o
=2

SmR meR

In order to determine the volume of the single tree at the beginning of the
period (vA) we need - under consideration of the available equations of the

and h,. The diameter in breast height

form factors - only the values for dA A

at the beginning of the period
d A
A (dE— 2 z, Rf)
is to be determined from the measured data of the inventory. Since the radial
increment is measured under bark, genmeral for all main species avai-
. . A . .
laible =~ functions of the bark factor Rf = F(dE) are used as is shown in
A
the formula. (General form of the multiple regression equation Rf = e, *

1
Cl-d +C2 a).

The height at the beginning of the period (hA) is determined by subtrac-
ting the estimated value of the height increment (zH) - determined in a

special calculation process from the height measured at the end of the

period hA = hE Tz
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5. Calculation process for etsimating the height increment

For the special calculation process for the determination of the esti-
mate of the height increment (zH) it is presumed that of each sample plot
not only the age (t) but also the dominant-height-quality-class of the main
species (B) is known. Age is determined in the course of the survey by bo-
ring. The dominant-height-quality-class could be determined with the aid of
yield tables. Since the basis of each yield table are certain growing pro-
cesses and models of treatment, they can not be applied to each growth
series of certain site units. It seems therefore to be appropriate to calcu-
late the equation ﬁo =F(t,B) for each main species of certain site units
and stand types from the data surveyed in the course of a volume inventory,

The dominant height determined during the survey and "inventory speci-
fic'" for each sample plot is — for example when chosing the Bitterlich angle
count basal area factor 4 - defined as the mean height of the three trees
with the biggest diameter. As site class (B) the dominant height at the age

of loo (H )) is used. If not only the estimation of the pZ_ but also an

intensiveoilgoestended processing of a sample inventory is plaEned, e.g.
growth production analysis, then for securing the - from time series de-
duced - relation ﬁo=F(t,B) also some stem analyses are required. For the
approximate description of the development of the dominant height (see
fig. 1) up to now mostly the following basic modell has proved its usefull-

ness:

1n ﬁo =a+ alvln t + az-ln2 t o+ a3-ln B + a4-1n t*ln B + a5-1n2 t-ln B
or a basic modell in which the values for 1n2t were substituted by 1n3t
(this second basic modell is mostly then of advantage when - especially for
poor site classes in the first life periods - a relatively strough delayed
height growth is to be found (for example high up in the mountains). Which
has as a consequence a clearly significant turning point in the curves of
the development of the dominant heights). From transformation of the function
ﬁo F(t,B) the multiple regression equation B F(ﬁo,t) results for
the specific main species. This equation permits now the determination of
the site class of each sample plot by computer.

As the following step for each calculation unit (that are groups of
site units or stand types) and for each tree species the estimated multiple
regression equations ﬁ F(d,t,B) are determined. In looking for a sui-

ted mathematical modell we can start from the following basic conception
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DEVELOPMENT OF THE DOMINANT HEIGHT
Norway spruce, District Ottenstein

InHe = ag+ay lnt+02-|n3t+03- InB+04~lnt-lnB+05'In3t-lnB
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HEIGHT IN DEPENDENCE OF BREAST HEIGHT
DIAMETER, AGE, AND SITE CLASS

Norway spruce, pure stands, District Ottenstein
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1 2
-a) (bo+b .1nt+b,*1In"t) (c0+c «B) resp.

b
oder 1nh —(aO a 1 2

1 1

A A . 2 , _l_
h oder 1nh =(ao+al 1nd+a2 1In“d) (bo+b1 t) (Co+c

and by assuming different combinations of variables we can find the most

;" B)

suited regression equation for each tree species and calculation unit. Also
another conception than the above mentioned, may be the foundation for a
plausible and suited regression equation. As example of often used specific

(for a certain case) multiple regression equations are mentioned:

a) In h b+b-+b 1nt+b31n2t+b4'B

1
b) In h bo+b]1nd+b21nd+b32+bAB
1

. 1 .
c) In h b0 + b1 3 + b2 t + b3 B

(Under consideration of the determination of the diameter in 1.3 m it is of
advantage to use the tree height not measured from the ground but from
breast height).

In fig. 2 the result of the estimation is presented for the - in case
a) mentioned — multiple regression equation for dominant-height-site-class
35 and 15.

When the coefficients of the regression equation ﬁ =F (d,t,B) for
each calculation unit (site units and stand types) and for each tree species
are available, w1th the values B, dE’ tE’ dA A the estimates for the
height at the end (h ) and at the beginning (h Yof the period are determined.

The estimate for the height increment is the dlfference of these values,

zh = hE - hA'

In the calculation of z, not the measured value from the survey (hE)
but the deduced estimate (hE) from the function h =F(d,t,B) is used. In
the following calculation of Vyo hA = hE -z is used, that means that it
was started out from the measured value (hE).

6. Determination of the actual and for average climatic con-

ditions expected growth production of the remaining stand

Since all the needed measured values and estimates are available the vo-
lume Vg and the periodic increment zy = Vg TV, can be determined. The de-
termination of the growing stock of the remaining stand (Vv) and of the peri-

odic increment (pZI) of each sample plot (resp. calculation unit, whereby a
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conversion to data per hectare takes place) can be carried out, because

VV = EVE and pZI = Zz,. In the determination of the GWL for a management

v*
class (or district) and in the estimation of the total current increment for

the single age classes, the pZ. values are used, if the "actual" growth pro-

duction is wanted. '
If the - for average climatic conditions valid - increment production

is to be estimated, then also the expected, resp. corrected values dE(k) and

hE(k) have to be determined. The calculation

A
dE(k) dA + (Z'Zr-RF/I),

is to be carried out in which the year~ring index (I) of the different spe-

cies is deduced from an additional investigation (see Pollanschiitz, 1967
A

P.284-286). By using the regression equation h = F (d,t,B)at first the

estimate will be determined under consideration of dE(k)' The cor-

e (k)
rected value of the height increment is calculated with the formula
A
= - 1" " .
Zh(k) hE(k) hA and the '"corrected" value for the height at the end of the
period, used for the volume calculation, is

h

M) T Ba Yt Zhi

The - for average climatic conditions - expected value at the end of the
period and the expected periodic volume increment for the single age classes
result from the sums of the "corrected" values of the individual trees,
vV(k) = ZVE(k) and va = Ezv(k) ) The climatic index (PI) of the peri-
odic increment of the single age classes, mentioned in part 3, is the rela-
tion between pZI and pZV and is considered indirectly in the above menti-

oned calculations.

7. Comparisons of growth production and growth production ta-

If the sample plots of a certain stand type of a site unit are
arranged according to demsity, resp. according to certain series of stem
number development (or series of basal area development) then — by GWL-cal-
culations - the effects of different treatment programs can be estimated
with good results. Also comparisons between fertilized and not fertilized
management classes are possible, if sample plots from fertilized and not
fertilized forest areas can be united to two growth series of comparable

stem numbers and analog stand types of a site unit.
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If only sample plots with a great number of stems per hectare (sample
plots from the densest parts of a stand) are used and also the - by the cli-

matic index - corrected value pZ_, then the approximative estimation of the

s
"potential" productivity of a ceZtain stand type of a certain site unit and
also the construction of a specific growth production table (site quality
table) is possible. By using a sample plot of fairly dense and loose parts
of stands also an increment reduction table can be deduced, similar to those
enclosed to the yield tables for spruce by ASSMANN-FRANZ (1963).

If we make, in respect to species mixture and its changes with time,
certain assumptions, according to the above mentioned course of calculations
also for mixed stands growth production tables may be constructed and compa-
risons of productivity of different stand types may be carried out.

As an example, for the estimation of the current total increment of
single age classes presented in part 3, data of the sample plot inventory
of 1971 of the forest district of Ottenstein in Lower Austria are used. The
"actual" increment of the single age classes is to be estimated. Calcu-
lations are made for pure stands of spruce on fresh or very fresh sites with
good nutrition conditions. The dominant-height-site-class of the growth
series is between B=36 and B=39. Available are 315 sample plots (angle count,

basal area factor 4) between age 20 and lo5.

The single steps of the calculation are roughly presented below (see

table 1):

a) Determination of the development of the stem numbers by fitting the
NV-values per hectare, found in the course of the inventory in dependence
of age (In N in depence of t).The fitting is carried out only for sample
plots with an age of more than 35 yrs, since in this growth series only
from this age upward no ingrowth is to be expected;only diameters greater
than lo cm were used. The extrapolation of the fitted curve showed an
initial number of stems (age 3 yrs) of 6.o00, corresponding very well

with the number of plants chosen by the management of the district.

b) Fitting the diameters of the basal area mean tree (DG) in dependence of
age, where the earliest ingrowth over the step in diameter measuring

(in 1.3 m breast height was assumed for age 7.
c¢) Fitting the stand form heights (HF) in dependance of age.

o . 2 A ..
d) Fitting the quotient Q = pZI/l m G (periodic increment of the remaining

stand per 1 sqm basal area) found from the results of the inventory.
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HF and Q) it is now possible to calcu-

= (NV b'd DG), VV=(GV x HF)

e) With these fitted values (NV’ DG,
late the other needed an '"fitted" stand data Gv

and pZ (GV %X Q) for alle age classes.

I
f) If a complete growth production table is to be made also the dominant
heights (HO) and the mean heights weighted by basal area (HG) have to be

fitted.

g) The following calculation of the total periodic increment (pZGeS) of the
single age classes is presented in table 2. The columns for the GWL (to-—
tal growth production), the average total increment (dGZ), and the re-
moved stand (VA) are completed only for the example. Since the "actual"
increment of the remaining stand (sz) was used for the calculations,
the values have a systematic positive or negative error because of the cli-
matic influence of the preceding period. (In this case these values are
overestimated since the climatic index was more than 1). Usable values
for general growth production comparisons, valid for a local growth pro-
duction table of the removed stand (VA) are obtainded only if not the
directly - from the data of the inventory - calculated values of the
periodic increment (pZI), but the - for average climatic conditions - ex-
pected values of the periodic increment of the remaining stand (pZV) are
used for the calculations presented in d) -g).

From the development series of the single significant values of the
stands it is obvious that in the stands of spruce of very good site class
up to now in the young growth between age 15 and 25 only slight measures
(cleaning, resp. reductions of stem numbers,precommercial thinnings) were
carried out by management. Presently commercial thinnings are to be expec-—
ted only from age 30 upwards. Slight to moderate thinnings have been
carried out in short intervals until the final cut of the stands at age
90 - llo. As a consequence of the slow, but in the final result relatively
strong, opening up of the stands - besides natural regeneration ocally

heavy overgrowing with grass can be found.

8. Estimation of the increment in the Austrian Forest Inven-

Finally the difference of the increment estimations between sample
plot inventories of forest management and of the naticnal forest inventory

should be indicated. In the 'Austrian Forest Inventory 1961-1970' as well
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as in the 'Austrian Forest Inventory 1971-1980' - under consideration of the
high requirements of accuracy - besides d, h, and z, also the do 3h (diame-
’

ter in 0,3 of the total height of each tree) and z, are measured. Therefore

in the course of processing of volume inventories ?orm factor functions of
the general form 9 = F(d, ho,3h’ h) are in use. In this respect the papers
'"Methodik der Auswertung und Standardfehler—Berechnung der Osterreichischen
Forstinventur' (Technique of Evaluation and Calculation of the Standard-Er-
ror in the Austrian Forest Inventory) by R.BRAUN (1969) and 'Eine neue Me-
thode der Formzahl- und Massensbestimmung stehender Biume' (A New Method of
Determining Form—Factor and Volume of Standing Trees) by J. POLLANSCHUTZ
(1965) should be mentioned.

Since in the Austrian Forest Inventory contrary to forest management,
besides the radial increment under bark (zr) also the height increment (zh)
is determined in field work, only an additional estimate for the change of
the 'upper diameter' (do,3h) over bark is necessary in the course of incre-
ment inventory processing. In a special investigation multiple regression
equations for the main species have been determined which permit the estima-

tion of the 'upper diameter' (d ) of 5 years ago, i.e. for the beginning

0,3h
of the increment period (see BRAUN). The general regression equation is

d

.(D1=3 oR ) D
1,3 oR

a>

+ a

0,3h mR %o 1 0,3H mR

D is used for the diameter at the end and d for the diameter at the begin

of the period. The 'upper diameter over bark at the end of the period' is
determinded with the Spiegelrelaskop by BITTERLICH the 'breast height
diameter under bark at the end of the period' by calipers and measurement

of the bark thickness, and the 'breast height diameter under bark at the be-
gin of the period' by increment boring. Analog to the determination of the
periodic volume increment in the course of the above mentioned- processing
and evaluation of sample plot inventories of forest management, the annual
current increment in the Austrian Forest Inventory is determined for each

sample tree by the formula

Vactual VS years before

LZ =
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9. Final remarks

The intensive processing and analysis of a sample plot inventory for
forest management as well as for a national inventory in which for each
element of survey the comnection to a certain site unit and certain stand
type ist determined, gives the possibility of growth simulations and in-
vestigations of production. The results of such investigations are basic
features for example in the course of general 'Development plans for
forestry and timber economy' for middle and long term studies of timber
supply. In national inventories the result of an intensive processing and
analysis, resp. finally the result of interpretation is the basis for
forest policy and for general decisions in forestry.

The modern means of electronic data processing (EDP) gives us the
possibility to work out from an enormous quantity of data an easily per-
ceptible number of stand characteristics. Further on to win in the course
of analyses of growth production, growth simulations, and production stu-
dies from a minimum of data a maximum of information. If suited sample
plot inventories are existing this occasion a very much improved produc-
tion estimation should not be missed in the interest of an appropriate and
promising regulation of productionand yield and with this an improvement

of the planning of exploitation and management of the forest stands.

lo. Summary

Depending on environment factors the estimation of the actual and
potential yield of stands in certain sites assumes the determination of
the total periodical volume increment of single age-classes.

Within a sample for purpose of forest regulation diameter breast
high (d), height (h) and the periodical radial increment (zr) are measu-
red on every tree of the sample-plot. More over an estimate for the
height is needed for the calculation of the volume increment. The esti-—
mation of this value assumes the determination of the site-class of every
sample-plot by means of the regression equation B=F (Ho, t). HO stands
for the height of dominant trees and t for the age. B means the site-class
defined as height of dominant trees in the age of loo, - Ho(]oo)'Theheight
increment results in the difference between the height at the end (hE) and
the height at the beginning (ha) of the period. The height is estimated by
means of the regression equation deduced from the data of the survey,

h =F (d, t, B). The periodical volume increment results according
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z =v for the calculating the volume the form-factor-functions

A% E A
f=F (d, h) with independent variables d and h are used.

-V

Additional to the determination of the periodical volume increment
of the residual stand the increment of the thinned stand is estimated by
means of the factor c to reach the total periodical volume increment. The
factor ¢ stands for the relation of the volume increment of the mean tree
of the remaining stand to that of the removed stand.

The analysis of growth production and the construction of specific
yield-tables assumes the intensiv analysis of the data of a sample for
purpose of forest regulation as discussed in the paper. They are the basis
of the significant and successful yield regulation, the treatment of

stands and the preparation of working plans.

Il. Zusammenfassung

Eine den tatsichlichen 8rtlichen Verhiltnissen entsprechende
Schitzung der aktuellen und der potentiellen Leistungsfihigkeit bestimmter
Bestandestypen auf bestimmten Standortseinheiten setzten eine objektive
Ermittlung des gesamten periodischen Zuwachses in den einzelnen Altersstu-
fen voraus.

Im Rahmen von Stichprobe-Inventuren der Forsteinrichtung werden von
jedem Baum einer Probefliche die Mefiwerte BrusthShendurchmesser (d) und
die Baumh&he (h) und der periodische Radialzuwachs (zr) gemessen. AuBer-
dem wird um den Volumenzuwachs berechnen zu k&nnen ein Schitzwert fiir den
Hohenzuwachs bendtigt. Die Berechnung dieses Schitzwertes setzt eine Boni-
tierung mit Hilfe einer Beziehungsgleichung B=F (Ho, t) jeder Probe-
fldche voraus. Hiebei bedeuten HO die Oberhdhe der Hauptbaumart, t das
Alter und B die Oberhdhenbonitit im Alter loo, - Ho(]oo)' Der H6henzu-
wachs wird als Differenz der HShe am Ende (hE) und der HShe am Anfang (hA)
der Periode berechnet, wobei eine aus den MeBwerten der Vorratsinventur
abgeleitete Beziehungsgleichung zur Schitzung der HShe Verwendung findet
h=rF (d, t, B). Der periodische Zuwachs des Einzelbaumes ergibt sich ge-—

miBn z, =V Vyo wobei zur Volumenschitzung Formzahlfunktionen mit den

Eingangsgrgﬁen d und h Verwendung finden, E =F (d, h).

Abgesehen von der Exrmittlung des periodischen Zuwachses des verblei-
benden Bestandes wird, um zum gesamten periodischen Zuwachs zu gelangen,
unter Einfiihrung eines Korrekturwertes c der Zuwachs des ausscheidenden Be-

standes im Zuge der Berechnung der Gesamtwuchsleistung (GWL) ermittelt.
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Der Korrekturwert c bedeutet das Verhdltnis des Volumenzuwachses des Zu-
wachsmittelstammes des verbleibenden Bestandes zu dem des ausscheidenden
Bestandes.

Die in der Abhandlung skizzierte intensive Aufbereitung und Analyse
der Daten einer Stichprobe-Inventur der Forsteinrichtung stellt die Basis
fiir die Wuchsleistungsanalysenh und die spezifischen Wuchsleistungstabel-
len dar. Diese bilden wiederum die Grundlage fiir eine verbesserte Lei-
stungseinschidtzung im Interesse einer sinnvollen und erfolgversprechen-
den Ertragsregelung und somit einer Verbesserung der Nutzungsplanung und

der Bewirtschaftung der Waldbest#nde.
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