





SILVA FENNICA

N:o 5 (1927)

METHODS FOR PREPARING YIELD TABLES

BY
YRJO ILVESSALO

Preface.

Owing to the fact that several inquiries have been made especially
from America concerning the methods applied in preparing the yield
tables now used in Suomi (Finland) we have printed in this paper a
short account of the preparation of the present Finnish yield tables
in English. [t commences with a short review of the methods generally
employed in preparing yield tables in Central Europe, pointing out the
main defects in these methods. Finally the employment of the present
Finnish yield tables will be briefly touched upon. The form and the
headings in these yield tables are given and on the basis of the figures
embraced in these tables the differences between the different forest
types are illustrated by some diagrams.
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Preparation of Yield Tables in Central Europe.

An accurate determination of yield is far more difficult in forestry
than in any other branch of economy for the reason that in most cases
the rotation, from the regeneration year up to the age of exploitability,
is very long and considerably exceeds the human age. The proper treat-
ment and solution of very many problems of forestry, however, presuppose
a thorough insight into the active laws of the growth and yield of stands.
Hence, as early as the origins of rational forestry, the need was felt for
some practical aids in the accurate determination of the yield of forests.
For this purpose so-called yield tables were invented in Germany over a
hundred years ago. These tables record the general laws of forest growth,
indicating accordingly the different kinds of growth and yield on an aver-
age in stands that have been normally developed, but are of different
age, classifiable with respect to the quality of forest soil in the same
group, and growing on a rather extended and continuous region.

During the last century, as well as during recent years, tables of this
kind have been prepared in several countries, especially in Central Europe,
endeavours having been made to correct in the later yield tables the
defects detected in the earlier orles. By this means yield tables have
been prepared for most of the forest-forming species of trees of Europe.

These yield tables prepared in Central Europe indicate for each spe-
cies of tree separately at the different age-grades, generally of 5 or 10
years’ length, the volume and the volume increment in cubic metres
(feet), the number of stems and the basal area, all per hectare, the mean
height, the mean diameter, and other similar factors in unmixed, evenaged
and normally developed stands, all the factors being, as a rule, specified
for the principal as well as for the dominated crop.

These tables have generally been based on observations on sample
plots with an average area of a quarter of a hectare, measured in consider-
able number in stands of different age, but of a fairly normal character.
For each sample plot all the requisite factors have been determined, and
from these again, mostly by graphical methods, the mean smoothed curves °
representing the development, with advancing age, of the volume, the
number of stems, the mean height, etc. have been derived.

The methods employed in the preparation of yield tables have been
very manifold, some leading to results comparatively rapidly, others after
a longer lapse of time. One of the most difficult, but at the same time one
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of the most important tasks has always been to find out which of the sample
plots chosen as the basis for investigations have to be referred to the same
growth series for which the mean yield values have to be calculated. In
nature there is an exceedingly great number of different fertility grades
of the site, and for this reason it is impossible to set up a different growth
series for each fertility grade. But on the other hand one single series of
yield numbers does not suffice for each species of tree. It has therefore
appeared necessary, in preparing yield tables and for their employment,
to group the stands under observation, in a comparatively small number of
fertility or quality classes (Bonitdtsklasse) and to calculate the series of
mean yield figures for each species of tree in these classes.

A simple method of setting up growth series, but impracticable, because
requiring too much time, would be to make the investigations on the same
permanent sample plots during a whole rotation (see HEYEr
1846). Then it would be necessary to arrange in each quality class(Bonitéats-
klasse) several permanent sample plots and to compute the mean growth
series from the data afforded by them. This method, however, requires
too much time, in the course of which even the principles of management
might change, and, perhaps, fire, storm and insects etc. might inflict so
. much damage as to render the final results more or less uncertain. Instead
of this direct method impermanent sample plots are measured in stands
of every age on various sites and all such plots are correlated as evidently
belong to the same growth series, deriving the mean series from them.

One of the earliest methods employed in preparing yield tables is the
method based upon an indicating stand, »index
m e t h o d» (Weiserverfahren). In the application of this method a certain
number of older, exploitable normal stands are taken as indicating stands,
in which, by stem analysis, it is determined what the volume, diameter
height, etc. of certain stems has been in these stands at the earlier age.
Those of the younger stands in which the sample trees show, at the same
age, the same course of growth as the corresponding stems of the indicat-
ing stand, are brought together into the same growth series.

The earliest form of the index method is that set forth by Huser
(1842). He analysed the mean sample tree of the indicating stand and
referred to the same growth series as it those of the yonger stands whose
mean stem, at the corresponding age, had the same dimensions as the
mean sample tree of the indicating stand. The assumption on which this
method rested, i.e. that the average tree of an exploitable stand should
also have been the average tree of the stand in its youth, is not, however,



4 YRIO ILVESSALO.

correct, on the contrary, the average tree of an exploitable stand generally
has in its earlier age belonged to the thickest diameter classes. In this
way the method of Huber has only a historical significance.

Trreopor and RoBErT HarTIG (1847 and 1865, 1868) remedied the
defect in the method of Huber, mentioned above, by dividing the trees
of the indicating stand into diameter classes (by means of the »Bestandes-
aufnahmenverfahren» of Hartig) and by analysing the mean sample trees
of the latter. In young stands a number of the thickest trees, equalling
that of the trees of the indicating stand, was set apart and grouped in
classes, within which again the mean sample trees were analysed. If the
growth of the latter average stems showed the same characteristics as
that of the indicating stand at the corresponding age, the stands were
brought together in the same growth series. It is, however, by no means
sure that the average stems thus selected would correspond to the average
stems of the indicating stand analysed. Moreover, Hartig himself points
out as a drawback to this method that the growth of individual trees
depends on the silvicultural system applied, thinning grades, etc.

The index method has been further developed by several authors.
WaseENER (1875) based it on a greater number of indicating stands,segregat-
ed 150 to 200 of the thickest dominant trees per hectare, calculated their
average tree and felled several sample trees with the latter’s diameter.
These were analysed with regard to the development of the height and
breast-height diameter. Further the volumes of the earlier age were
determined by the aid of the Bavarian volume tables. Whenever, in
young stands, the factors thus determined were found to be the same as
in the indicating stand at the same age, they were referred to the same
growth series. .

The equality in the growth between an indicating stand and young
stands has been investigated by many other methods. Scawappacu (1893)
arranged groups of 100 stems, and, among them, he used the average
height of such trees as belonged, when measured at the thicker end, to
the second group (101 —200), the so-called »Oberhéhe», as an indicator of
the correspondence existing among the individual stands. Lorey (1884)
brought into the same growth series all the stands in which 500 of the
thickest trees had the same volume and showed the same course of growth.
Brook (1889) grouped, according to diameter, the trees of a sample stand
in classes equal as to the number of trees, the average tree of which was
calculated and analysed. If, in young stands, the course of growth, basal
area and mean height at the end of each 10 years’ period were the same
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in the different classes as in the corresponding classes of the indicating
stand at that age (i.e. if the graphic increment curves of the corresponding
classes coincided), and in addition the ages of the stands differed from each
other by about one thinning period, moreover if an examination of the
soil, and so forth, authorised one to assume that the yield capacity under
consideration would permanently remain the same, the stands were presum-
ed to belong to the same growth series.

Some of these latter methods partly approach the so-called directing
curve and strip methods. The directing curve method (Leit-
kurvenverfahren) was originally invented by Carr and Epvarp Hever
(1846 and 1857, 1877). E. Hever arranged permanent sample plots in
stands which apparently belonged to the same site class. but differed only
in regard to age, the youngest age, for instance, being a,, the next ages, a,,
 agetc. In these the volume and the increment were calculated for the time
being and again after the lapse of certain periods until a stand of a, years
had reached the age of a,, that of a, years the age of a;, etc. The growth
of each stand was graphically recorded in the same system of co-ordinates,
and the short curves or broken lines were suitably combined into one single
increment curve separately for each quality class. HEYER held it to be
possible to prepare reliable yield tables in 20 —30 years by this method.

In more recent times many investigators and forest research institutes
have availed themselves of the directing curve method, but in a form
more fully developed in many respects. Numerous permanent sample
plots have been arranged in stands belonging to different age-classes and
growing on all sorts of sites, and the investigators, accordingly, do not
rest content, as Heyer did, with one sample plot in each age-class and on
each quality class. The volumes, diameters, etc. of the sample plots are
re-examined after certain periods, generally after the lapse of 5 years,
and by recording graphically the data thus obtained, a great number of
short curves or broken lines are secured. These fragments of curves are
then combined in the same system of co-ordinates into greater directing
curves, on which in their turn the definite mean curves for the volume,
etc. are based. '

In the preparation of yield tables recourse is had in Central Europe
to a very large extent to the so-called strip method (Streifenver-
fahren), which also rests on graphical methods and has been set forth
by Baur (1877, 1888 and 1891) and Kouxze (1878). According to
Hurrer (1893) an analogous method was invented by D PErRTHUIS
as early as 1788.
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When preparing yield tables for spruce, Baur (1877) employed the
strip method, taking the mean heights of the sample stands as a basis, but
subsequently, in his tables for beech (1881), he substitued the volume for
the mean height. After sample plots have been taken in sufficient number
on all sorts of forest soil, special note having been taken of the best and
the worst site class, and the volumes of the sample plots have been mea-
sured, the volumes are entered as points in a system of co-ordinates in
which the abscissa stands for the age, and the ordinata for the volume of
the stand. As long as the stands are young the points which represent
the volume lie in the vicinity of the origo (zero position) and close together,
but with advancing age and at a greater distance from the origo they
spread wider like rays, rising higher at the same time. By drawing two
curves suitably, one through the upper and the other through the lower
points, Baur obtained the mean limits between which the overwhelming
majority of the points fall, and between which the yield of normal stands
of the different age-classes ranges during the period from the regeneration
years up to exploitability. Baur argues then, that, because it is desirable
that the different quality classes should stand at equal distances from
each other, in the graphic diagram, the zone between the upper and lower
limit curve should be divided into five uniform strips, parallel to the limit
curves. According to the strip, whether the first, second, etc., counting
from the top downwards, within which the point representing the volume
of a certain stand falls, the quality class of the sample plot is determined.
Thus the mean yield curve is ascertained for each quality class, and from
this the mean yield values are deduced' for the yield tables by drawing
a new curve in the direction of the limit curves, through the middle of a
strip representing a quality class. In the application of the yield tables
thus prepared, the quality class had to be deduced from the mean height
of the stand, and, for this purpose, the mean height curves had to be found
out by a graphic method analogous to that described.

An examination of the methods used in Central Europe in the preparat-
ion of yield tables, reviewed above, discloses many advantages, but also
many defects. Leaving out of account some defects common to all of
them, the index method can be said frequently to offer a good means for
ascertaining which of the sample plots belong to the same growth series.
The method, however, requires the utmost accuracy and judgment and
yet is easily misleading. The trees to be analysed have to be chosen from
amongst the dominant trees, which, in all probability, have been allowed
to grow more unchecked than the rest throughout the age of the stand.
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It may on the other hand also happen in this case, that a tree analysed
has previously grown in the shade or its top has been broken, and so forth.
Furthermore, it is indispensable that the stand should have been treated,
from the very beginning under the same silvicultural system, that it should
have been equally dense throughout its development, and so forth. If the
method is applied as it generally has been, i.e. choosing only one indicating
stand on each quality class, it is a matter of mere chance that it should
be normal in all respects. If it happens to border on the normal, a
growth series is found for a quality class which does not represent the
average, butj a limit. Apart from this, the stem analysis in broadleaf
forests, for instance, or in coniferous forests, growing very slowly, is often
beset with difficulties. :

The directing curve method, in the employment of which observation
of the growth on the sample plots is extended over a longer period of time,
is, of course, more reliable than a method which rests on a mensuration
only performed once. It is the more reliable the longer the period is in
which the sample plots are measured over and over again. If the number
of the sample plots is sufficient, measurements extended over 30 to 50
years will secure quite reliable directing curves. If, on the other hand, the
sample plots are few in number and the pieces of curves or broken lines
are very short, it happens very easily that sample plots of different growth
series are brought under the same directing curve. Accordingly, the
directing curve method is vitiated particularly by the drawback that the
yield tables will only be completed after a long lapse of time. Further,
it is difficult to decide (see for instance, BAuR 1881, pp. 34 —35), whether
the stands that have been brought under the same growth series, really
belonged originally to the same quality class, whether they have regenerated
in the same manner, with equal density, etc. and, lastly, whether they
have developed in the same way and under the same silvicultural -treat-
ment. Furthermore, the results obtained by the directing curve method
may be unfavourably affected in the cours of investigations by meteorolo-
gical factors (see ScEwAPPACH 1893, p. 62).

On a superficial examination, the strip method appears to be very
simple and quick, but a closer inspection shows it to be founded in many
respects on a very weak basis, as has often been pointed out. Thus G.
Hever (1877, p. 196) and BorgerEVE (1888, p. 94) have proved that
just the stands that function as limits, i.e. those of the very best and very
worst growth, on which the method is entirely based, are very rare, existing
often in a few age-classes alone. For want of sufficient material the limit
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curves, as well as the other increment curves deduced from them, will be
drawn on very uncertain grounds (for instance, Ercamorn 1902). It is
also very doubtful, whether the curves for the medium quality classes
can be deduced directly from the limit curves. For instance, the increment
curves for spruce forests drawn by BAUr himself appear, indeed, fine and
harmonious, but a closer examination and a comparison with the data
afforded by the sample plots, reveal that the increment curves have been
drawn summarily, the lower one, for instance, having been drawn on the
basis of a couple of points only. It is by no means certain that the points
correlated are referable to the same growth series. It is quite possible
that they belong to different series, which may cross one another (see
Frury 1907, pp. 48—49 and v. GurreNBERG 1903, p. 45). The growth
series of this schematic type, drawn exactly at equal distances from each
other, are accordingly quite artificial.

Although the index method and the directing curve method often
render useful service in determining which of the sample stands are
referable to the same growth'series, they, however, necessarily presuppose
that the quality classes have been determined and limited beforehand by
some method or other. The earlier yield tables excepted, the classifica-
tion of site has almost always been more or less exclusively based on
site classes deduced earlier by the strip method or, the quality classes
have been calculated in each individual case by the strip method.

The defect attached to the earlier yield tables, viz. that, based as they
were on various methods of determining the quality class they could not
be compared with each other even with regard to the same species, was to
some extent — not, however, wholly, for instance with regard to the
different growth regions — removed by the Association of the German
Forest Research Institutes by adopting a special scheme for determining
the quality classes for the principal species of trees on the basis of the
yield (see for instance, WEBER 1891, p. 135). But as these modes of classify-
ing sites also rest on grounds which are different for each species of tree
and wholly independent of each other, and entirely ignore the soil, the
following objections must be made even against the recent yield tables
of this type (see CasanpmEr 1909 pp. 162—163). First, that the quality
classes given in them for the different species of trees do not correspond
to each other. It is, therefore, impossible in these yield tables to compare
the yields of different species of trees on these quality classes. And secondly,
their quality classes and growth series are very artificial products. The
artificiality inherent in these growth curves, even in the very latest yield
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tables, is clearly proved among other things by the fact that the increment
curves for the different quality classes have such a schematically uniform
course that it cannot possibly correspond to the real and natural course
of growth in normal stands on the different quality classes (see p. 8 and
CasanDpER 1909, p. 163). :

The application of the yield tables prepared in Central Europe, i.e.
the estimate of the quality of the site, is mostly based on the me an
height of the stand. Baur admits (1877, p. 16) that in certain cases
it is apt to be misleading in the estimate of site, when the stand is young.
GreBE (1872, p. 331) pleads for the employment of the mean height only
conditionally and for-convenience sake. ScHUBERG (1882, p. 137 and 1888, p.
86) finds it necessary to take into account, in addition to the mean height,
many other factors, such as the number of stems, the mean diameter, etc.
BorGGrEVE (1888, p. 91) approves of employing the mean height as a re-
liable basis for estimating the quality of the site only in stands of exploit-
able age. WALTHER (1884) requires as a condition for the employment
of the mean height that the stands should be perfectly normal. Henzr
(1902) has obtained, with regard to the mean height, results which are
very unfavourable in many respects. FrLury (1903) and Casanus (1914)
determine the close dependence of the mean height on the method at the
formation of the stand and on the silvicultural system.

If it be taken into account: 1) how the mean height assumes very
different values according to the principle on or formula by which it has
been calculated or estimated; 2) how the mean height changes — without
the least change, in reality, in the quality of the site — after every thin-
ning and differently according as the thinning has been different, simi-
larly after every selection cut, by which the biggest and, at the same time,
the highest trees are removed from the stand, while the smallest and
shortest trees are left standing; 3) how, for instance, in Suomi (Finland)
the pasture-land forests, which, as forest soil, are exceedingly good, classi-
fied by the mean height method fall, being sparsely stocked and therefore
short-boled, into too low a quality class; and, otherwise, a forest land of
the self-same kind may, on account of the present casual condition of the
stand, be brought in different cases into entirely different quality classes;
4) how, for instance, that part of the same dry heath which is covered
with pine; has to be classed, if estimated by the mean height method,
in a quality class far higher than a part usurped by the spruce,
which, as a rule, grows on such a soil at a rate considerably slower than
the pine, while the same quality class will comprise widely different forest
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lands; for instance, the worst class will comprise heaths of the driest type,
rocky grounds, swamps of poor growth, etc.; and , finally, if it be taken
into account, 5) how a forest land is to be assessed, by the method under
consideration, which itself is quite clear as well as the surroundings; the
conclusion is inevitable that at least in Suomi (Finland) the mean
height is inapplicable in the estimate of the
quality of the site by the applicationof the yield
tables, and accordingly unsuitable as a basis for
the preparation of yield tables.

In North Europe the yield tables in existence are very few in number,
and in the preparation recourse has been had to the same methods as in
Central Europe (for instance: AF STrOM 1846, SEGERDAHL 1852 and 1868,
Maass 1911, STALSBERG 1882, VARGAS DE BEDEMAR 1849, etc.)

Preparation of Yield Tables in Suomi (Finland).
The earlier attempts and the new fundamental principles.

The first attempts at yield tables in Suomi are those made by Bocker
1829, and GyrpEN 1853. The first yield tables in the strict sense of the
word are those prepared by BLomqvisr in 1872. These are set out on prin-
ciples, which are entirely different from those used in the preparation of
yield tables in Central Europe, viz. the former set out from the kind and
the quality of the soil of the site and its suitability for different species
of trees. As these yield tables, which contain the results of investigations
that were singularly farreaching and thorough for those times, are anti-
quated in more than one respect under present conditions, and as their
application is consequently beset with difficulties, the Society of Forestry
in Suomi (Finland) started work with a view to producing new yield
tables for the most important species of trees of the country. The
research work for this purpose was begun in 1916 and was carried on
for about four years without interruption.

The two main points in which the new Finnish yield tables were plan-
ned to run on lines different from those customary in Central Europe,
were as follows: 1) On everysample plot,already at the time as it is measur-
ed, the quality of the site should be assessed on the spot and independently
from the standing crop covering it. Thus the sample plots of each site
class in setting up the growth series can from the very beginning be treated
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as independent groups. And thus the quality classes will consequently be
the same for all species of trees. 2) In determining which of the stands of
the same site class belong to the same growth series endeavours should
be made to achieve results by the mathematical-statistical methods.
By means of these the mean stem distribution series (frequency series)
should be deduced and recorded in the yield tables for each species of
tree on each site class at each age-grade. These series are indispensable
for calculating the financial value of the stand, and they are, as represent-
ing the mean number of stems for each diameter class, of special signific-
ance for a country like Suomi (Finland), in which the prices vary widely
for trees of different diameters.

With regard to both these points mentioned, the further work could
start from the foundation laid by the earlier investigations carried out in
Suomi; in regard to the first point, by resorting to the Finnishsystem
of forest types, worked out by CAsaNDER (1909, 1921 and 1926),
and in regard to the second point, by having recourse to the applications
of the mathematical-statistical methods invented
by Casanus (1914).

CasanpER had proved that forest sites can be naturally grouped in
some definite types which, in cultivated tracts, can best be characterised
chiefly on the basis of the vegetation surface-cover (undergrowth). In
nature the plant species generally occur grouped in some regular plant-
communities which are more or less clearly distinguished from one another
and each of which has some very distinct demands with regard to the site.
Since the quality of a site is an expression of the capacity of a site to
group sites according to the vegetation characteristic of them, consequently
to group forest sites according to the plant-communities of forests. In the
same forest type all those stands are included, the vegetation of which,
at the age of maturity for felling or approximately so and in normally
dense condition is characterised by a more or less similar floristic compo-
sition and ecological-biological nature and all those stands the vegetation
of which differs from the so determined one only for reasons, which are
- to be considered as accidental or temporary, in any case not permanent
(such as the age of the stand, felling, etc.). The lands belonging to the
same forest type are to be regarded biologically as of equal value *.

1 The types are named after one of their most characteristic plants or groups of
plants and abbreviated names are formed from their initials, e.g. the ling or Calluna
type (CT), the cowberry or Vaccinium type (VT), the blueberry or Myrtillus type,
(MT) etc.






