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Abstract

Yield models are important tools in forest management planning because they can simulate stand
development and production under various management alternatives. Yield of forest stands is determined
using tables containing values of height, diameter, number of trees, volume, etc., for different site and age
classes. These tables have been created by using basically mathematical equations with statistical
analyses.

Some species are of low economic importance, but all of them are of high ecological importance for
the ecosystems. Abies nordmanniana subsp. bornmiilleriana Mattf. is one of the both-way important tree
species in Turkey. Hence, site index curves and yield tables for natural fir stands in the Western Black
Sea region were developed. Data were collected from a total of 20 sample plots and 15 sample trees. Site
index curves were used to classify into site classes of I, Il and Il, in order of decreasing productivity. The
yield models can be calibrated on Turkish Forest Management Planning Department field plot data and
tested against independent long-term growth and yield records.
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Introduction growth or yield of forest. No details of the
Growth models assist forest researches individual trees in the stand are determined.
and managers in many ways. Some important Size class models provide some
uses include the ability to predict future information regarding the structure of the
yields and to explore silvicultural options. stand. Several techniques are available to

Models provide an efficient way to prepare model stand structure, but one of the most
resource forecasts, but a more important role widely used is the method of stand table
may be their ability to explore management projection which essentially produces a

options and silvicultural alternatives. histogram of stem diameters. This approach
There is an extensive literature on growth is a compromise between the whole stand

modeling of pure even-aged forest stands, models and single-tree models.

especially of plantations. However, these The most detailed approach is that of

ecosystems are in many respects rather single-tree models which use the individual
simplistic, and many of these modeling tree as the basic unit of modeling. The
approaches do not apply in forest stands with minimum input required is a list specifying
trees of many ages or many species the size of every tree in the stand. Some

(Vanclay, 1994). models also require the spatial position of the
It is useful to classify growth models on tree, or tree height and crown class.
the level of detail they provide. A model may The first growth and yield model was
be considered a whole stand model, a size constructed by Alemdag (1962) for the ideal,
class model, or a single-tree model, fully stocked or normal Brutian pine (Pinus
depending on the detail required, provided brutia Ten.) forest stands in Turkey. Since
and utilized by model (Davis and Johnson, then, many normal yield tables have been
1987; Vanclay, 1994; Laar and Akga, 1997; constructed, for example for cedar (Evcimen,
Porté and Bartelink, 2002). 1963), Anatolian black pine (Kalipsiz, 1963),

Whole stand models are often simple and Scots pine (Alemdag, 1967), spruce (Akalp
robust, but may involve complexities not 1978), the Kazdagi fir (Asan 1984), alder
possible in other approaches. Population (Batu and Kapucu, 1995), and beech (Carus,
parameters such as stocking, stand basal area 1998).
and standing volume are used to predict the Until now, variable density yield tables

for natural Brutian pine stands (Yesil, 1992),
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spruce stands (Kose et al., 2001), chestnut
stands (Kapucu et al., 2002) and Scots pine
(Yavuz et al., 2010), growth and yield tables
for the 1-214 poplar plantations (Birler, 1983)
and Asian pyramidal black poplar plantations
(Birler et al., 1992) were constructed in
Turkey.

In this study, an empirical growth model
for Abies nordmanniana subsp.
bornmiilleriana Mattf. in Bostan Forest
District was developed and compared with
the results of other natural tree species
growth model.

Material

The data used in this study were collected
from natural fir stands in Bostan Forest
District of Kastamonu Forest Enterprise.
Total area of the study area is 8,297.5 ha and
forested area is 5,764 ha. Mean altitude and
slope of this area are 1,750 m and 60%,
respectively. These fir forests show an even-
aged stand structure.

From the various age and site classes, 20
temporary sample plots and 15 sample trees
were measured in 2012. Plot size is 600 sg.m.
In each sample plot, diameter at breast
height, stump diameter and bark thickness of
all trees, and the height of at least 30 trees
with different sizes were measured. In
addition, 15 sample trees 65 to 186 years old
were used to determine the site index and
perform stem analysis. The age, diameter at
breast height and total height of these trees
are shown in Table 1.

Methods

In this study, polymorphic method was
used to determine site index of fir stands.
Different approximations have been used in
polymorphic  method  (Johnson  and
Worthington 1963; Curtis 1964; Heper 1968;
Lenbert 1972; Graney 1973; Monserud 1984;
Alemdag 1985). But, these approximations
are similar to each other. In this study, the
“indirect method” with three independent
variables and developed by Alemdag (1985)
was used. The standard age was 100 years
and three site classes (good, medium, and
poor) were formed.

In order to build the growth model, at first

step mean diameter (d), mean height (h,),
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dominant height (hyo), age (t), number of
trees (N), basal area (BA), and volume (V)
per hectare of each stand were calculated by
using the data obtained from the sample
plots.

Table 1. Summary Statistics of Sample Trees

Number Age Dbh Total
of Trees  (Years) (cm) Height
(m)
1 100 10.0 6.2
2 146 57.5 36.9
3 159 475 314
4 140 57.3 39.5
5 106 32.6 22.7
6 160 37.5 29.3
7 103 11.4 10.1
8 69 19.2 17.6
9 79 32.2 26.3
10 85 16.8 14.8
11 67 14.0 10.6
12 65 12.9 12.1
13 121 51.9 28.8
14 105 28.7 22.2
15 186 32.4 26.3

We constructed the single-entry volume
table to predict tree volume. At second step,
as a function of stand age and dominant
height, site index of each stand was
calculated. At third step, mean diameter,
mean height, number of trees, basal area and
volume per hectare of main stands were
predicted as a function of stand age and site
index. Lastly, volume of removed stand (in
this study, the total volume of the trees cut in
the last cutting periods was taken as volume
of removed stand). The diameter at breast
height, total height, and volume of cut trees
was calculated from the diameter at breast
height-stump diameter, total height-diameter
at breast height, and volume-diameter at
breast height-total height relationships,
respectively. After calculating the mean
volume of cut trees for each growth period,
these values were predicted as a function of
stand age and site index, and for each site
classes and age classes (ten year-intervals),
the elements of main stand and removed
stand were tabulated.
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Results be,,, — 0.014 x 11495
~According to standard age 100, the site R’=0.84, S,,=0.45 (log), P<0.001
index equations according to site classes are
as follows. ) By using these equations, 10-year interval
be, =-5.143+0.494 xt —0.001xt from age 30 to 110, and 2 m intervals from
R?=0.92 SyxE=3.3m P<0.001 site index 6.5 to 34.5, the site index table was
be, =—2.768+0.306xt —0.001xt? shown in Table 2.
R?=0.94, Syx=2.05 P<0.001

Table 2. Site Index Table For Fir (Abies nordmanniana subsp. bornmiilleriana Mattf.) Stands
Site  Indices (m)
Age 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
Poor (Class 1l1) Medium (Class I1) Good (Class I)
30 12 15 18 21 25 53 59 65 71 77 69 74 79 84 89
40 18 23 28 33 38 75 84 93 102 110 10.2 11.0 11.7 125 133
50 24 3.2 39 46 53 96 107 118 129 141 134 144 154 164 17.4
60 33 4.2 51 61 70 114 128 141 155 16.8 164 176 189 20.1 213
70 41 53 65 76 88 131 147 16.2 17.7 193 193 20.7 221 236 250
80 50 65 79 93 10.7 146 16.3 18.0 19.7 215 220 236 252 26.9 285
90 6.0 7.7 94 111 128 159 178 19.6 215 234 245 263 28.2 30.0 31.8
100 7.0 9.0 11.0 13.0 15.0 170 19.0 210 23.0 250 269 289 309 329 349
110 8.1 104 127 150 173 179 20.0 221 242 263 29.2 313 335 356 37.8

The mean diameter, mean height, per hectare were calculated from sample
dominant height, stand age, site index at plots data. Some summary data of sample
standard age 100, number of trees per plots are shown in Table 3.
hectare, basal area per hectare, and volume

Table 3. Some Statistics of Sample Plots

n Mean Min Max Standard Deviation
Stand age 20 102 33 186 294
Mean diameter 20 28.8 18.8 415 5.6
Mean height 20 20.2 8.2 36.9 4.8
Dominant height 20 30.8 135 37.9 3.2
Site index 20 25.2 9.6 42.0 4.8
Number of trees 20 873 475 1400 300
Basal area 20 55.6 13 113 24.6
Volume 20 1061 275 2134 483
The regression equations predicting some R?=0.56 SE=3.75 p<0.001

growth elements of main and removed ﬁ:—144.329+520.2140.40l><£n(be><t)
stands, as a function of plantation age and R2= 0.25 SE=4.18 6<0.001

site index are shown below.
d =-5.473+0.010x be xt
N = 41854.698 — 4.060 xt +1.816 x be xt — 5744.241 x /n(bet)

/n(V) = 4.115+0.001x be x t

2 —
R°=0.36 SE=0.19621 p<0.001 R’= 0.66 SE=0.247 0<0.001
G =—92.448 + 0.043 x be xt The results obtained from these equations
R%= 055 SE=16.42 p<0.001 for 10-year interval from 30 to 110, and for

poor, medium, and good site classes are
shown in Tables 4-6.
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Conclusions

In this study, an empirical growth model
was constructed for fir (Abies nordmanniana
subsp. bornmiilleriana Mattf) natural stands
which included three site classes (good,
medium and poor).

Several basic functions were derived for
the construction of empirical yield tables.
Independent or predictor variables in these
functions are stand age and site index. All of
the regression equations were found at 0.001
significance level. The volume, mean height,

mean diameter, and basal area regression
equations gave the highest coefficient of
determination (R®) and the lowest standard
error of estimation (SE).

The results indicate that fir is a fast
growing tree species. The mean annual
increment at standard age 100 for good,
medium, and poor sites are 16.2, 8.5 and 6.1
m°, respectively.

In Turkey, comparing the growth and
yield relationships of fir to different
hardwoods, fir has greater values than them.

SITE CLASS: | (Good Sites)

Table 4. An Empirical Yield Table for Fir (Abies nordmanniana subsp. bornmiilleriana Mattf)

stands
Stand Main Stand Removed Stand Current Annual Total Yield MlenacrIQEr:]utal
Age Cpieaht HetghtDiamete of Trees Aven VO of Trees VOUME orime 1 Volume o o Growth
m m cm m> m m® m® m® % m® % m® m
30 7.7 6.2 10 4293 28 151 151 0.0 50 50
40 11.4 10.7 14 3144 36 203 1148 92 92 145 6.5 295 311 51 74
50 14.9 14.3 19 2367 44 275 778 78 170 149 5.4 444 38.2 55 89
60 182 177 23 1824 54 371 543 65 235 16.1 45 605 38.8 6.2 101
70 21.4 20.6 35 1442 65 500 381 53 288 18.3 4.0 788 36.6 71 113
80 244 236 39 1180 75 675 263 45 333 220 36 1008 33.0 84 126
90 273 270 43 1007 88 911 172 34 367 271 33 1279 28.7 101 142
100 300 293 50 906 93 1230 101 23 391 342 32 1621 24.1 123 16.2
110 32.4 31.0 60 863 102 1161 43 11 402 44.1 3.0 2062 19.5 15.1 187

SITE CLASS: Il (Medium Sites)

Table 5. An Empirical Yield Table for Fir (Abies nordmanniana subsp. bornmiilleriana Mattf)

stands
Stand Main Stand Removed Stand Total Yield Mean Annual
Current Annual Increment
Age Dom_inant Mean  Mean Number Basal Volume Number Volume Total Increment Volume Intermediate Main Total
Height  height Diameter of Trees Area of Trees Volume Yield % Stand Growth
m m cm m’  m m? m? m? % m % m m
30 5.2 6.2 8.8 6077 25 112 112 3.7 37
40 9.7 8.8 12 4747 30 136 1330 66 66 9.1 5.8 203 3238 34 51
50 11.3 11.3 15 3788 38 167 959 58 124 8.8 49 291 42.7 33 58
60 15.7 134 20 3063 42 203 725 58 182 9.5 44 385 47.2 34 64
70 204 154 22 2500 46 248 563 62 244 10.7 4.2 492 49.5 35 70
80 215 17.2 25 2056 51 303 444 58 302 113 3.7 605 49.9 38 76
90 25.0 18.7 29 1702 64 371 354 50 351 11.7 3.2 722 48.7 41 80
100 27.3 20.0 30 1419 68 453 283 45 396 127 29 849 46.7 45 85
110 29.8 21.1 35 1194 74 553 225 40 437 141 2.7 900 44.1 50 9.0
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SITE CLASS: lll (Poor Sites)

Table 6. An Empirical Yield Table for Fir (Abies nordmanniana subsp. bornmiilleriana Mattf.)

stands
Stand Main Stand Removed Stand Current Annual Total Yield Mlﬁzr;eAmnennlial
Age Domjnant Mean Mean Number Basal Volume Number Volume Total Increment Volumelntermediate Main Total
Height Height Diameter of Trees Area of Trees Volume Yield % Stand Growth
m m cm m m m® m® m® % m® % m m
30 2.8 1.2 9021 8 85 85 28 28
40 3.8 2.8 7527 17 95 1493 60 60 7.0 5.8 155 38.6 24 39
50 49 33 10 6405 24 106 1123 56 116 6.7 5.2 222 52.2 21 44
60 6.1 5.4 14 5517 26 119 888 62 178 7.5 5.2 297 60.0 20 49
70 7.5 6.4 16 4790 30 132 726 65 243 7.9 5.0 376 64.8 19 54
80 8.9 7.2 19 4182 33 148 608 61 304 7.6 45 452 67.3 18 56
90 10.4 9.7 21 3665 38 165 517 62 366 7.9 4.2 531 69 18 59
100 120 110 23 3219 42 184 446 58 424 7.7 3.8 608 69.7 18 6.1
110 137 121 26 2831 43 205 388 58 483 8.0 3.6 688 70.1 19 6.3
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