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SUMMARY

Brachystegia floribunda (BENTH) has a high economic and social value for the peasant
communities of Angola and several African countries. The stem taper or profile functions
make it possible to estimate the diameter and/or volume at a given height of the tree, being,
therefore, one of the dendrometric characteristics that defines the shape of the stem of forest
species. Hence, the present study seeks to evaluate different mathematical models and

determine the one with the best fit for the estimation of diameters and volume of this
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species. In total, 66 trees were felled and rigorously boxed, of which 53 were used to adjust
the stem profile equations and 13 were used to validate the results obtained. Thirteen stem
profile models were evaluated and the fit was examined from the comparison of the
coefficient of determination, the root mean square error and a precision index. The Clutter
non-linear model turned out to be the one with the best precision and, through its
mathematical integration, allows obtaining an expression of the taper of the stem compatible
with the commercial and total volume of standing trees. This equation is recommended to
estimate the diameter and height per section of the stem, as well as the commercial and total

volume of the studied species.

Keywords: Stem taper, volumetric estimation, Clutter model, Stem profile, Shape Factor,

Shape Quotient, Brachystegia floribunda.

RESUNEN

Brachystegia floribunda (BENTH) tiene un alto valor econémico y social para las comunidades
campesinas de Angola y varios paises africanos. Las funciones de ahusamiento o perfil del
fuste permiten estimar el didmetro y/o el volumen a una altura determinada del &rbol,
siendo, por tanto, una de las caracteristicas dendrométricas que define la forma del fuste de
las especies forestales. De ahi es que el presente trabajo persigue evaluar diferentes modelos
matematicos y determinar el de mejor ajuste para la estimacién de didametros y volumen de
esta especie. En total, se derribaron y cubicaron rigurosamente 66 arboles, de los cuales
fueron utilizados 53 para ajustar las ecuaciones de perfil del fuste y 13 se emplearon para la
validacién de los resultados obtenidos. Fueron evaluados 13 modelos de perfil del fuste y el
ajuste se examiné a partir de la comparacion del coeficiente de determinacion, la raiz del
error medio cuadrético y un indice de precisién. El modelo no lineal de Clutter result6 ser
el de mejor precisién y, mediante su integracion matematica permite obtener una expresion
del ahusamiento del fuste compatible con el volumen comercial y total del arbolado en pie.
Esta ecuacion es recomendada para estimar el didmetro y altura por seccién del fuste, asi

como, el volumen comercial y total de la especie estudiada.

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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Palabras chave: Ahusamiento del fuste, estimaciéon volumétrica, modelo de Clutter, perfil

del fuste, Factor de Forma, Cociente de Forma, Brachystegia floribunda.

RESUMO

A Brachystegia floribunda (BENTH) tem um alto valor econémico e social para as
comunidades rurais de Angola e de vérios paises africanos. As fungdes de taper ou perfil
do fuste permitem estimar o didmetro e/ou o volume a uma determinada altura da arvore,
sendo, portanto, uma das caracteristicas dendrométricas que definem a forma do fuste das
espécies florestais. Assim, o presente trabalho tem como objetivo avaliar diferentes modelos
matematicos e determinar o melhor ajuste para a estimativa de didmetros e volumes dessa
espécie. No total, 66 arvores foram abatidas e cubadas rigorosamente, das quais 53 foram
utilizadas para ajustar as equacdes de perfil do fuste e 13 foram utilizadas para validacao
dos resultados obtidos. Treze modelos de perfil do fuste foram avaliados e o ajuste foi
examinado pela comparagdo do coeficiente de determinagdo, do erro quadratico médio e de
um indice de precisdo. O modelo ndo linear de Clutter foi considerado o mais preciso e, por
meio de sua integracdo matematica, permite obter uma expressdo da conicidade do tronco
compativel com o volume comercial e o volume total em pé. Essa equagdo é recomendada
para estimar o didmetro e a altura por secdo do caule, bem como o volume comercial e total

das espécies estudadas.

Palavras-chave: Conicidade do fuste, estimativa de volume, modelo de Clutter, perfil do

fuste, fator de forma, quociente de forma, Brachystegia floribunda.

INTRODUCTION

According to Sanfilippo (2014) Brachystégia floribunda ( BENTH) is a common and exclusive
tree species of the “ Miombo ” forest formation of the Central High Plan of Angola. It
appears as an arboreal space with a trunk, generally straight and cylindrical, 6-19 cm in
normal diameter at 1.3 m from the ground, with rough and irregular bark. According to the

information obtained, it is an undemanding species in terms of soil quality that is generally

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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found as a homogeneous population in soils poor in organic matter, ferralitic, which is
characteristic of the region, well-drained and sandy. It produces round wood for rustic
constructions and firewood for good quality charcoal. In the forestry aspect, it should be
noted that the natural forest mass of Miombo in the village of Calombo where the present
investigation was carried out, occupied its entire territorial extension, but gave way, in large
part, to savannah plant communities due to human occupation.

The forest mass in the study area is characterized by being made up entirely of natural trees,
forming forest patches where the three genera mentioned above predominate, with B.
floribunda being one of the most representative species. In the Miombo formation of the
Angolan Planalto and in the area that is the object of this research, recent works have been
carried out and published by Frias Tamayo M. et al. (2021), Aldana and Lores (2021),
Salvador JA N. et al. (2017).

Direct estimation of the volume of individual trees is crucial in forest inventories; for this
reason, it is necessary to have mathematical expressions that allow modeling the taper and
estimating the total or partial volumes of the stem, through easily measured variables.
According to Pellico (2017) there is extensive information based on the mathematical
methodology used to improve the volumetry of trees, always based on the volume of
regular solids.

The profile of the stem or taper of a tree is defined as the coefficient of narrowing of the
diameter with the increase in height; therefore, the taper or profile functions describe the
expected diameters, with or without bark, at different heights in the stem ( Ramirez-
Martinez A. et al., 2018).

The variation of the taper in the stem of the tree is caused by the natural conditions of
growth, and by the response of the forest to the silvicultural treatments applied (Hernandez-
Pérez et al., 2013 and Uranga-Valencia et al., 2015). The taper can be described by means of
a mathematical function that allows predicting the diameters at different heights of the stem;
predict the height for a given stem diameter and predict the total volume of the stem or
between different stem heights by integrating the model (Lépez et al., 2016) . Taper models

are an important tool for determining timber stocks (by integrating the taper equation

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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between two heights) and classifying standing tree products (Ramirez-Martinez A. et al.,
2018).
According to Burkhart and Tomé (2012) there are several models that have been used to
describe the stem profile, and they have been classified according to the complexity of the
mathematical expressions, the number of variables and the coefficients of the model; the
general classification is based on: general models for individual tree, segmented models and
variable exponent models.

Stem profile analytical curve
The stem profile curves are mathematical functions that allow the average profile of the
trees to be represented. The distribution of the diameter along its axis is known as the profile
of the trunk or stem and as the curve of the taper of the stem is the curve with which it is
intended to represent it; for its part, the directrix curve is the curve generated by a model.
The functions to describe the profile of the stem of the trees was a topic of great interest for
foresters (Bi, 2000; Fang et al., 2000; Kozak, 2004). The construction of a volume equation for
the classification of different products from a function of the stem profile is based on the
capacity of this function to describe the diameter at different heights. Taking into account
the application of the definite integral to calculate the volume of a solid of rotation, it is
possible to determine the volume of wood between any two heights. Once the limit diameter
up to which the volume is to be known is specified, its corresponding height is determined
by analytically inverting the function or by means of some iterative procedure (Diéguez-
Aranda et al., 2003 and 2006).
The most widely used procedure for estimating individual volume is the use of equations
in which volume is the dependent variable, associated with independent variables that are
easy to measure in the forest, such as normal diameter at 1.3 m from the ground and height.
(Machado, 2002) .
The most common approach on volume compatibles developed systems was carried out to
express the P coefficient of Spurr 's combined variable equation, without the independent
term (V = Bd?h), where V is the total volume of the tree, d is the normal diameter, and / is

the total height of the tree) in profile equation form, or vice versa, using a compatibility

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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relationship. This ensures that the volume function and the profile function are analytically
consistent (Sharma and Oderwald , 2011).

There must always be a function that represents the section of the shaft at different heights.
Once this function is defined, the total volume of the piece or a part of it can be calculated
between two heights I ;and / 2. For example, Kozak (2004) used the model (Equation 1) for

certain conifers.

= b+ by (2) 42 (2) )

Where: d ,= diameter at height #;

DAP = diameter at breast height;

h = height at which the diameter of a section is measured;

and H = total height.

Pompas et al. (2009) tested six compatible taper models cited in the literature for Pinus
arizonica engelm , whose expressions correspond to linear and non-linear equations.
Although there is abundant information on the taper of the stem profile of trees, there is
little information on equations that describe the stem profile for broadleaf species, whether
natural or planted, since most of the stem profile models have been tested on species of the
genus Pinus.

Despite the efficiency of some equations, they do not always adjust to all forest species and
conditions of forest populations, so it is advisable to test them, through statistical trials, and
choose the model with the best result (Thomas, 2010).

Most of the methodologies developed for tree volume estimation consider that if the volume
of a tree is correctly determined, the found value is valid for another tree of the same
diameter, height and shape (Thiersch et al., 2006). The equations of tree taper with height for
forest plantations are important to determine the products to be extracted from thinning or
other silvicultural interventions. Forest products of different types can be objectively
determined with these mathematical technologies. Currently, the functions of diameter
taper with height are popular and efficient to represent the stem profile of trees and to

estimate, by integration, commercial and total volumes (Clutter et al., 1983 and Navar, 2013).

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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There is little research on this subject in the forest species of the Miombo forest formation in
the African countries where it exists. Therefore, the scientific problem to be solved in this
research is related to the almost complete absence of stem profile for the main Miombo forest
species. Hence the need to investigate in this line, with a view to finding models and stem
profile equations that allow the precise estimation of the timber existence as support for the
sustainable management of Miombo forests. Henceforth, the object of study is the stem
profile models applied to the species B. floribunda (Benth) in a specific forest area of the
Miombo formation.

The objective is to evaluate different mathematical models and determine the one with the

best adjustment for the estimation of diameters and volume of B. floribunda.

MATERIALS AND METHODS

The present investigation was carried out in the village of Calombo in the Cuima Commune,
Caala municipality, Huambo province in Angola, located approximately 25 km from Cuima
between the geographical coordinates 13° 30' 12" South latitude and 15° 41' 24” East
longitude.

To evaluate the dendrometric and dasometric characteristics, as well as the degree of
occupation and productivity of the species B. floribunda, 32 circular plots of 500 m2 (0.05
hectare) with a radius of 12.62 m were raised. The correction of the radius of the plot was
made so that its measurement was adjusted to a flat terrain. For this, the correction was
made using the formula R; = Ry cos @, where: R; = Radius in the horizontal line; R,= Radius

on the slope line; a= Value of the slope measured in degrees (Figure 1).

Rn

Ri
Figure 1. - Correction of the radius of the sample plot

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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For the analysis, a sample of 53 trees was used to fit different stem profile models, and 13
trees were used to validate the best fit model.

Each tree was felled and sectioned, making measurements of the normal diameter (d 1),
diameter at the base (db), diameter of the stump at 0.3 m from the ground (d o3), diameters
with bark at different heights “taper” (d i), height (/1 ;) at different diameters (m) and total
height (H) in m. All diameters were measured in cm.

In this study, 1107 pairs of diameters with bark and height data were used, which were
obtained from 53 B. floribunda trees distributed in a range of diameter and height categories
(Table 1).

Table 1 presents the summary of the descriptive statistics of the trunk analyses.

Table 1. - Descriptive statistical values of the studied trees

Variable No. Half Standard deviation Minimum Maximum

db _ 53 127 20,545 5 31.9
dos 53 119 21,176 4.5 30.9
d1s 53 9.9 14,923 4 18.6
h 53 8.3 2,969 5 133
dicc _ 1107 8.8 19,766 0 23
h; 1107 3.2 5,451 0 1.0

The dispersion of the heights (hm/H) and diameters (dm/D) in relative terms is illustrated

in Figure 2.

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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Figure 2. - Dispersion of relative diameter and relative height

Tested stem profile models
A stem profile model is a mathematical expression that allows you to predict the diameter
of a cross section at any height of the stem and to determine the volume of wood in any
segment of the stem. For the adjustment of the stem profile equation, 13 mathematical
models were evaluated, of which five are quadratic, five cubic and three non-linear. Eight

dh?
dec , two have 5
d DAP
1,3

of the tested models have as dependent variable as the dependent

variable and in three the dependent variable is d..(Table 2, appendix 2).

These functions represent the section of the trunk at different heights and once defined
allow the calculation of the total volume of the stem or part of it between two heights h ;and
h i+1 Equation 2).

Where, in the models,, d.. = diameter of the stem with bark at the relative height I (m);

(H-h) | _ (1-z-1/,) .
Xk =gy @
h

Z = ;;Ha =H —1,30m f; P,,[3, B, are statistical parameters.

h = relative height of the stem above the stump (m); X = ———;
(H-1.30m)

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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For the adjustment of the stem profile functions, 1107 data of diameter and height
corresponding to 53 trees were used. For the equations that required transformations, the
statistical parameters were calculated with the necessary transformations.

A correlation analysis for the stem profile made it possible to determine the most correlated
dependent and independent variables in the stem profile model.

To determine the validation statistics the determinant (R?) coefficient, the standard error of
the estimation (EEE) and the average bias were mainly used, which were calculated as

follows Equation 3):

1=

Zl 1(Y1 YL) 2 _Z?=1(Y1 ~1) [ZL 1(YL L) ]2
(7=

Sesgo médio =
Where:
Y;= observed value or the dependent variable;
Y;= mean value of the observed data;
¥;= predictive value; and

p= number of model parameters including the intercept.

RESULTS AND DISCUSSION

The Microsoft Excel 2010 allowed calculating the main dendrometric and dasometric
variables of the species B. floribunda. Among these variables are: number of trees per hectare
(Nha"); average diameter at 1.3 m from the ground (d, 3); diameter at 0.3 m from the ground
(do.3); mean total height (h;); average commercial height (h.); mean basal area in m 2 per
hectare at 1.3 m above the ground (G;3ha™!); mean basal area in m 2 per hectare at 0.3 m
from the ground ( Gy zha™?) ; the average volume in m3 per hectare with the basal area at 1.3
m from the soil (V; 3ha™!) and the average volume in m3 per hectare with the basal area at
0.3 m from the soil (V;3ha™1). These results were obtained from the 32 plots surveyed with

the aim of characterizing the forest mass where the research was carried out and are

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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summarized in Table 2, both for the total per hectare for the forest mass and for the

respective diameter classes (Table 2).

Table 2. - Main dasometric indices of the species B. Floribunda

CD Nha - dyg dys h, Gis Gos Vis Vos
(tm) (cm) (m) (m2ha-) (m2ha-) (m3ha-) (m3ha-d
2 83 23 34 24 0.001 0.003 0.0029 0.006
4 168 39 51 35  0.021 0.017 0.056 0.042
6 182 57 79 51 0.027 0.045 0.086 0.133
8 201 77 96 60 0.046 0.070 0.163 0.229
10 133 9.8 121 6.7 0.049 0.078 0.195 0.290
12 82 117 135 75 0.043 0.056 0.176 0.207
14 55 135 159 81 0.039 0.053 0.167 0.190
16 33 151 180 9.0 0.029 0.043 0.130 0.149
18 42 175 188 99 0.048 0.059 0.242 0.269
twenty twenty 19.0 195 8.0 0.028 0.030 0.240 0.244
22 twenty 21.0 220 100 0.035 0.038 0.176 0.089
24 twenty 242 220 9.0 0.046 0.038 0.215 0.178
30 twenty 29.6 309 128 0.069 0.075 0.405 0.441
Total/ hectare 1060 139 153 75 9,655 12,112 45,065 49,333

In general, in the area under study, the number of trees per hectare of diameter classes

greater than 15 cm is very low.

Occupancy degree by diameter classes

In Table 3, it can be seen that the degree of occupation of B. floribunda (Benth) is high, since

it occupies 42.9 % of the total number of trees per hectare of the forest mass, and also the

average values of d, 3, dy3, and h;are respectively 1.6; 1.5 and 1.4 times higher than the

average values of all the species inventoried in the area. 61.5 % and 52.2 % of the average

basal area per hectare respectively at 1.3 m and 0.3 m from the soil, as well as 67 % and 49.5

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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% of the average volume per hectare also at 1.3 m and 0.3 m from the soil respectively

corresponds to B. floribunda (Table 3).

Table 3. - Degree of occupation of B. floribunda in the forest area under study

Parcel Nohatl d,;; dy; h Gy Gos Vis Vos

(cm) (cm) (m) (m2ha-l) (m2hal) (m3hal) (m3ha')

Average values per hectare 2470 8.8 104 55 157 23.2 67.3 99.7

of all species.

Average values per hectare 1060 139 153 75 9,655 12,112 45,065 49,333
from B. floribunda

(Benth).

% 42.9 61.5 52.2 67.0 49.5

This species has a high energy value, which is why it is widely used in the production of
charcoal and, according to previous data, it represents a high potential in terms of stocks in

irregular Miombo forests for the production of charcoal.

Table 4 shows the percentage of trees in the respective diameter classes, where the highest
percentages are observed between classes 4 and 10 with emphasis on diameter classes 8, 6

and 4, in that order respectively (Table 4).

Table 4. - Percentage of tree occupation by diameter classes of B. floribunda

diameter classes Nha-1 % diameter classes Nha-1 %

2 83 8 16 33 3
4 168 16 18 42 4
6 182 17 20 20 2
8 201 19 22 20 2
10 133 13 24 20 2
12 82 8 30 20 2
14 55 5
Total/ hectare 1060 100

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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The diameter distribution of the number of trees per hectare presents the typical shape of
irregular or multi-age forests, that is to say, that it has a negative exponential trend of
inverted ], which means that the smaller diameter classes occur with a higher frequency of
individuals than the smaller diameter superiors classes, this distribution guarantees the

perpetuity of this natural forest (Figure 3).

This feature is common in most tropical forest formations and has been confirmed by
Aldana (2010), but it had previously been explained by Scheffer et al. (1930) and Machado
(2002).

250
200 .
¢ y = -58,72In(x) + 224,74
150 R?=0,4621
2 100
S .
c
50
® o o
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

diameter classes

Figure 3. - Distribution of B. floribunda trees by diameter classes

Evaluation of the best profile model of the stem of B. floribunda
A correlation analysis of the diameter with bark (d ) was carried out, measured in different
sections along the stem, with respect to the other variables, in order to determine the

dependent variable of the general model of the stem profile. The correlation matrix of this.

Analysis is shown in Table 6. This Pearson bivariate correlation analysis allowed us to

determine the variables most correlated with the diameter with bark (Table 5).

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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Table 5. - Pearson's bivariate correlation matrix of the dendrometric variables for the profile of the

stem of B. floribunda

db dos d1s h dcc  hi
d "™ Pearson correlation .724™ 740" ,777" 434" 1 -.538
Next (bilateral) ,000 ,000 ,000 ,000 ,000 ,000
No. 1112 1112 1112 1112 1112 1112

*** Diameter with bark
** Correlation is significant at the 0.01 level (bilateral).
* The correlation is significant at the 0.05 level (bilateral).

As observed in Table 5, Pearson's variables with the highest correlation are dc with itself

and with di. 3. Therefore, the two most correlated variables were chosen, that is, the

dependent variables of the model are dCCandzi
1,3

Determination of the predictive capacity and goodness of fit of the different models

With the application of SPSS Statists version 19, the statistical analysis was carried out,
where the parameters, the correlations of the parameter estimates, the ANOVA and the
descriptive statistics were estimated, which are basic for the determination of the goodness
of fit and the prediction capacity of each model.

In Table 6, (see appendix 2) are the equations resulting from each stem profile model with
the main statistical indices. In this table, in addition to the equations with the respective
values of the regression coefficients, the following also appear: the correlation coefficient
(R), the determination coefficient (R 2), the standard deviation (S x), the root of . error
means squares and the aggregate difference. These statistical indices constitute the tool to
decide, according to their behavior, which of the tested models will have the best goodness
of fit and predictive capacity. Table 6 shows the equations of the five models with the best
goodness of fit and predictive capacity.

For the evaluation of each of the five selected models, the tree with the largest number of
sections was chosen from the database of the 13 trees defined for validation, and then the
diameter of each section was estimated. The calculation of the three statistical indices; Mean

bias, Coefficient of determination (R 2 and Standard Error of Estimates (SEE), allowed to

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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carry out the validation and determine the best model of the profile of the stem of the species

B. floribunda, whose formulas are (Equation 4):

Sesgo médio =

CIn(v-
I,y —

B3|

?zl(_i’; B f’:)g
n

¥
_‘) : EPE =
Y)? —p

(4)

Table 6 shows the statistical validation results of the five models, where it can be seen that

model 12, represented by equation

dee =

0,069 * d1,31'745 + H™943%(H — p;)1391 | is the best, since it presents the lowest

average bias and the lowest standard error of the estimation, in addition to present the

highest coefficient of determination (Table 6 and Table 7).

Table 6. - The best 5 models of stem profile with bark tested on the species B. floribunda

Model REC GIVE .
No Types R. R2- sx M S equations
086 | 075 | 0.134 d,. hY hy
2 Cubic 8' 3’ 8. 0.004 0.018 d— =1,161+(-0 558)( ] (—1,602{] +1'247[ﬁj
13
086 | 0.74 | 0.139 d h-1.30 h-1.30 h -1
i . R © =1,024 + (-0,82 0,640 +0,694
4 Cubic 0 0 0 0.0042 | 0.019 0., + (- 7)( 130 j+( )( 1.30) (H 30
Quadrat
eleve | ic 091 | 0.84 | 1.741 d,s(H—h) (H? = h®)(h; — 1.3)
0 (Amido 7 0 6 .05227 | 3,033 d. = 1,006 * =13 +(-0,118) * —
n)
nonlinea
r 091 0.84 | 1.745 _ 1,1,745 —0,4341y _ 7, 11,391
12 (Clutter 9 5 4 0.0353 | 3,046 dee= 0,069*ds"" +H (H—-hy)
1983)
non 096 | 0.93 | 1.158 = [ HEE
13 linear 5 2 6 0.0349 | 1,342 d,. = (0,423 + 1,081d, 5) [H——l,?,]

Table 7. - Validation statistics of the 5 best stem profile models of B. floribunda

Statistical indices

model2 model4 modelll model12 model13

mean bias 0.152 0.173 0.505 -0.099 -0.535
R2 - 0.803 0.804 0.707 0.839 0.710
EEA 0.872 0.869 1,031 0.787 1,041
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The graphical representation of the stem profile with each of the five models (Figure 4)
shows that models 12 and 13 are the closest to the real value. Therefore, it can be concluded
that the equation dg, = 0,069 * d; 3»"*° + H™%*3*(H — ;)31 is the one that best defines
the stem profile and most accurately estimates the diameters of the different sections of a B.

floribunda tree.

R eal dice

s deem 2

deem 4

m—deem 11

Diametros (dec)

e docm 12

deem 13

Altura (h)

Figure 4. - Represents a graph of the stem profile with different equations

CONCLUSIONS

B. floribunda is the most represented species in the study area with 42.9% of the total number
of trees per hectare, 61.5% and 52.2 % of the basal area per hectare at 1.3 and 0.3 m from the
soil respectively, as well as 67.0 and 49.5 % of the average volume per hectare at 1.3 and 0.3
m from the soil respectively.

In the same way, the mean diameters at 1.3 and 0.3 m from the ground and mean total height
are 1.6; 1.5 and 1.4 times higher than the average values of all the species inventoried in the
area.

Of the 13 adjusted stem profile models, the non-linear model by Clutter ( 1983) was the best
,whose general formula is dcc = by * DP> + H?3(H — h)Py the equation that defines the stem

profile of the species B. floribunda is (Equation 5):

https://cfores.upr.edu.cu/index.php/cfores/article/view/784
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dCC

0,069 * dy 37*® + H7043%(H — h;)1*%L. (5)

Appendix 1 (Table 8)
Table 8. - Models adjusted for the profile of the stem of B. floribunda

No Model Types equations
1 nonlinear quadratic _ 2
Ao =b, + bl[ﬁJ +b, [ﬁj
13 h, h,
2 nonlinear cubic 2 3
d h. h. h.
— =y +b| = [+b,| | +by|
d
13 hy h hy
3 nonlinear quadratic _ o 2
G +b1[hi 1.30J+b2[h, 1.30]
13 h, -1.30 h,-1.30
4 nonlinear cubic h. -1.30 h -1.30)° h -1.30)°
€ =hy +b,| ——|+b,| ———| +b,| —
d, h, -1.30 h, -1.30 h, -1.30
5 nonlinear quadratic 2
dec =b, + bl[ﬁ —1} + b{ﬁ —1)
13 h, h,
6 nonlinear cubic 2 3
Ao _ b, + bl(h‘—lJ+b{hi—lJ + b{hi—1]
dis h h h,
7 nonlinear quadratic _n _n )\
dCC — bo + bl[ ht hI j_‘_ bz( ht hI J
13 h,-1.30 h, -1.30
8 nonlinear cubic “ p, +b1( h —h, ]+bz[ h —h Jz X bs[ h—h, ]3
dys h, —1.30 h, —1.30 h, —1.30
9 Quadratic (Kozak dh? _ h n\?2
(ozald oar = bo 1 (5) 402 (5)
10 Cubic (Kozak dh? h h\? n\3
( ) pap — Do b1 (ﬁ) + b, (ﬁ) +b; (ﬁ)
eleven nonlinear (Amidon 1984) dec = B D(H-h) +B (H2-h?)(h-13)
0 H-13 1 H2
12 nonlinear (Clutter 1983) dcc = By = DP2 + HPs(H — h)P+
13 nonlinear (Rustagi and Loveles 1991) H-h ]32

dec = (B + B1dya) |

H-1,37
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Appendix 2 (Table 9)
Table 9. - Models evaluated in the species B. floribunda to select the one with the best goodness of
fit and predictive capacity

No Model R. R2 sX REC GIV Equations
Types - M ES
1 Quadra 08 07 014 0004 0020 4

tic 53 28 14 2

h h\?
© 1,225+ (-1,376) — |+0,465 —
dysg H H

2 Cubic 08 07 013 0004 0018 4 h h\?
68 53 48 0 —£ =1,161+(-0,558) [Hj +(-1 602{ ) +1'247(ﬁ)
13

3 Quadra 0.8 0.7 0.14 0.004 0.021 _ 2
fic 5 13 58 4 9s _1 0014 (-0,985)( —1.30 j 0,298(Mj
d,s ~1.30 H-1.30
4 Cubic 0.8 0.7 0.13 0.004 0.019 _ 3
60 40 90 2 9 1004 (—0,827)( ] +(-0 640)(&J + 0,694(&)
dys 1.30 H -1.30

5 Quadra 0.8 0.7 0.14 0.004 0.020 d h h 2
tic 52 25 21 3 =122+ (-l,lSl)[H —1] + 0,341(H - j

13

6 Cubic 0.8 0.7 0.13 0.004 0.018 d h h 2 h 3
65 49 58 1 —e —1,160+ (—0,484)( - ) +(- 1,183)( - j + 0,795( - )
120 H H H
7 Quadra 0.8 0.7 0.14 0.004 0.020 d H_h H-h 2
tic 54 30 09 2 =0,314+0 377( j+,312[ )
dﬁ H-1.30 H-1.30

8 Cubic 08 07 013 0.004 0.018 2 3
68 54 44 0 A =O,253+0,029(HH 120]+1,409( H-h j +(—O,666{ H-h ]

13 - H-1.30 H-1.30
9 Quadra 06 04 047 0.014 0.228 dh? h hy?
tiC 76 57 79 4 W = —0,349 + 4-,695 (ﬁ) + (—3,660) (E)
(Kozak

)

10 Cubic 07 05 043 0.013 0.187 dh,

46 56 21 0 -
(Kozak DAP

)

elev. Quadra 09 08 174 .0522 3,033 dee = 1,006 * M_i_( 0,118) * %ﬁh.—m
en tic 17 40 16 7 H
(Amid
on)

= 0,023 + (=0 764)( ) +11,981 (g)z +(—10,735) (2)3

12 Nonlin 09 0.8 174 0.035 3,046 dee = 0,069 d}é'”s + H0434(H — h;) 1391
ear 19 45 54 3
(Clutte
r 1983)
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13 nonline 09 09 115 0034 1342 H —h 1%°%
. o s o dec = (0,423 + 1,081d, ) [H——13]
Appendix 5 (Table 10)
Table 10. - Real diameter (di . and calculated (d . with the best five stem profile models
say cc hi dcc dcc dcc dcc dcc
Model 2 Model 4 Model 11 Model 12 Model 13
10.8 0 8.9 8.9 94 9.6 10.3
9 0.3 8.8 8.7 9.1 9.2 10.0
8.2 0.5 8.6 8.6 8.8 8.9 9.7
8.2 0.5 8.6 8.6 8.8 8.9 9.7
8 0.75 8.4 8.4 8.5 8.6 94
8 1 8.2 8.2 8.1 8.3 9.1
8 1 8.2 8.2 8.1 8.3 9.1
7.7 1.25 8.0 7.9 7.8 8.0 8.8
7.7 1.5 7.7 7.7 7.5 7.7 8.5
7.7 15 7.7 7.7 7.5 7.7 8.5
6.7 1.75 7.5 74 7.2 74 8.2
6.6 2 7.2 7.1 6.8 7.2 7.9
6.6 2 7.2 7.1 6.8 7.2 7.9
6.5 2.25 6.9 6.9 6.5 6.9 7.6
6 2.5 6.6 6.6 6.2 6.6 7.3
6 2.5 6.6 6.6 6.2 6.6 7.3
6 2.75 6.3 6.3 5.9 6.3 7.0
6 3 6.0 6.0 5.5 6.1 6.7
6 3 6.0 6.0 5.5 6.1 6.7
6 3.25 5.7 5.7 5.2 5.8 6.3
5.6 3.5 5.4 5.4 4.9 5.5 6.0
5.6 3.5 5.4 5.4 4.9 5.5 6.0
5.6 3.75 5.1 5.1 4.6 5.3 5.7
5.6 4 4.8 4.8 4.3 5.1 5.4
5.6 4 4.8 4.8 4.3 5.1 5.4
5.2 4.25 4.5 4.5 4.0 4.8 5.1
5.2 45 4.2 4.2 3.7 4.6 4.8
5.2 4.5 4.2 4.2 3.7 4.6 4.8
4.9 5 3.6 3.6 3.1 41 41
4.9 5 3.6 3.6 3.1 41 41
4.9 5.25 34 34 2.8 3.9 3.8
4 5.5 3.1 3.2 2.5 3.7 3.5
4 55 3.1 3.2 25 3.7 3.5
3.9 5.75 2.9 2.9 2.2 3.5 3.2
3.9 6 2.7 2.7 1.9 3.4 29
6.2 5.9 5.9 5.6 6.2 6.6
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