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ABSTRACT  

One of the most important and widely used species in the natural forest of Miombo, in 

the Central Highlands of Angola, Brachystegia floribunda Benth is found mixed with other 

important species of the genera Brachystegia, Isoberlínea and Julbernardia, among 

others, but occupying the largest percentage of the forest area; however, there is limited 

accurate knowledge regarding the estimation of its commercial volume. This research, 

carried out in the forest areas of the Miombo formation, had the objective of determining 

the shape factors of the trunk and branches, as well as the shape quotient or diametric 

factor of the trunk. A sample of 53 trees, felled for logging and rigorously cubed, was 

used. The volumetric shape factor was determined, with and without grouping the trees 

in diameter classes. For the branches, only the volumetric shape factor was determined, 

with and without grouping, in branch length classes. As a final result, it was concluded 

that the volumetric and diameter shape factor of the trunks had a better correlation with 

the diameter, grouped in classes; and the correlation of the volumetric shape factor of 

the branches was higher when grouped in length classes.  

Keywords: Volumetric estimate; Form factor; Form quotient; Brachystegia floribunda. 
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RESUMEN  

Brachystegia floribunda Benth es una de las especies de mayor importancia y uso del 

bosque natural de Miombo, del Planalto Central de Angola, encontrándose mezclada con 

otras especies también importantes de los géneros Brachystegia, Isoberlínea y 

Julbernardia, entre otros, pero ocupando el mayor porcentaje de la superficie forestal; 

no obstante, el conocimiento veraz referente a las estimaciones de su volumen comercial 

es limitado. Esta investigación, ejecutada en las áreas forestales de la formación de 

Miombo, tuvo como objetivo, determinar los factores de forma del fuste y ramas, así 

como el cociente de forma o factor diamétrico del fuste. Se empleó una muestra de 53 

árboles, derribados para aprovechamiento forestal y cubicado rigurosamente. Se 

determinó el factor volumétrico de forma, con y sin agrupamiento de los árboles en 

clases de diámetros. Para las ramas, solo se determinó el factor volumétrico de forma, 

con y sin agrupamiento, en clases de longitud de las mismas. Como resultado final se 

concluye que el factor volumétrico y diamétrico de forma del fuste tienen mejor 

correlación con el diámetro, agrupados en clases; y la correlación del factor volumétrico 

de las ramas es mayor cuando se agrupan en clases de longitud.  

Palabras clave: Estimaciones; Volumétricas; Factor de forma; Cociente de forma; 

Brachystegia floribunda. 

 

RESUMO  

Brachystegia floribunda Benth é uma das espécies mais importantes e utilizadas na 

floresta natural de Miombo, no planalto central de Angola, misturada com outras 

espécies importantes dos géneros Brachystegia, Isoberlínea e Julbernardia, entre outros, 

mas ocupando a maior percentagem da área florestal; no entanto, o verdadeiro 

conhecimento sobre as estimativas do seu volume comercial é limitado. Esta 

investigação, realizada nas zonas florestais da formação Miombo, teve como objetivo 

determinar os fatores de forma do tronco e dos ramos, bem como o quociente de forma 

ou o fator diamétrico do tronco. Foi utilizada uma amostra de 53 árvores, abatidas para 

abate e rigorosamente cortadas em cubos. O fator de forma volumétrica foi determinado, 

com e sem agrupamento das árvores em classes de diâmetro. Para os ramos, apenas 

foi determinado o fator de forma volumétrica, com e sem agrupamento, em classes de 

comprimento. Como resultado final, conclui-se que o fator volumétrico e o diâmetro do 

tronco têm uma melhor correlação com o diâmetro, agrupados em classes; e a 

correlação do factor volumétrico dos ramos é maior quando são agrupados em classes 

de comprimento.  

Palabras chave: Estimativas; Volumétrica; Factor de forma; Quociente de forma; 

Brachystegia floribunda. 

 

INTRODUCTION  

Brachystegia floribunda Benth is commonly known by ossasa and also by sassa in other 

regions of Angola (Sanfilippo, 2014). It is a tree whose trunk is straight and cylindrical, 

6 -19 cm in diameter at the base, used, mainly, in the production of good quality 

charcoal, firewood, housing construction and wooden art objects.  
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The Miombo open forest occupies about 45.2 % of the total forest area of Angola, 

scattered over vast areas of the country and presents innumerable dominant 

associations, the most frequent being the genera Isoberlínea, Brachystegia and 

Julbernardia; Brachystyergia speciformis, Brachystegia tamarindoides, Brachystyergia 

floribunda, Brachystegia boehmii, Brachystegia utilis, Julbernardia paniculata and Ficus 

sansibarica.  

The Miombo formation is of medium productivity in terms of commercial timber, but has 

a high social value in terms of woody fuel, construction materials, food products and 

medicinal plants (Caetano 2012). Several authors have conducted research work in this 

forest formation (Diniz 1973, Van Wyk 2013, Sardinha 2008, Figueiredo and Smith 2014, 

Sanfilippo 2013).  

Brachystegia floribunda Benth is the subject of this research work. According to Péllico 

(2004) there is ample information on tree volumetry based on mathematical methods. 

Volumetric equations are one of the most efficient procedures for estimating the volume 

of standing trees. The equations do not always fit all forest species and forest population 

conditions, and it is advisable to test them and choose the model with the best result 

(Thomas 2006).  

If the volume of a tree is correctly determined, the value found is valid for another tree 

of the same diameter, height and shape (Thiersch et al. 2006).  

The real volume of a tree is the percentage of the volume of a cylinder, whose definition 

is given by the diameter at a height of 1.3 m from the ground and by the total or 

commercial height of the trees. Thus, this relationship between the volumes is called 

Shape Factor. According to the same author, the volume of a tree can be estimated by 

multiplying the cylindrical volume by an average Shape Factor appropriate to the 

species.  

There is little information on research on volumetric and diametric factors of trunk shape 

for broadleaf species, whether natural or planted.  

Therefore, the scientific problem of this research is related to the almost total absence 

of dendrometric and dasometric information on the main forest species of Miombo. 

Hence the need to begin research on the subject related to the shape of the trunk, in 

the species under study.  

The objective is to determine the volumetric and diametric factors of trunk and branch 

shape, as well as their validation in the species Brachystegia floribunda.   

MATERIALS AND METHODS  

A total of 66 trees were felled and rigorously cubed, of which 53 were used to calculate 

the factors and shape quotients, and 13 were used to validate the results obtained.  

The diameter variable was measured at the base of the trunk, at 0.3 m, at 0.5 m, at 1.3 

m, at 1.5 m and every 0.5 m thereafter. Other variables measured were: total tree 

height, commercial height to the base of the canopy (trunk) and diameter at half the 

total length (d0.5H). The same measurements were also made on the branches of the 

trees, but at the base of the branch (db), at 0.3 m (d0.3) and at 1 m (d1.0) and from here 

at 0.5 m to the end of the branch, and in addition, the diameter was measured at half 
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the length of the branch (d0.5H), and the diameter at half the length of the branch (d0.5H). 

(Figure 1).  

 

Figure 1. - Diagram of the diameter measurement in the felled tree  

The method used was that of absolute sections, and the volume was calculated by means 

of the formula described by Newton (Equation 1).  

 

Where:  
Vi = Section volume i; 
gi = Larger end section area; 
gm = Area at mid-section; 
gi+1 = Minor end section area; 
Li = Section length.  

The databases where the dendrometric variables with bark are recorded, obtained for 

the trunk and branches respectively of the 53 trees sampled, are in the personal file of 

the authors. Table 1 only shows an outline of the database with some values.  
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Table 1. - Data base of the trunk with bark of the 53 sample trees of Brachystegia 

florinunda  

 

To calculate the shape factor, the following equation was used (Equation 2) and 

(Equation 3).  

 

 

The Schiffel method was used to calculate the shape quotient or diametric shape factor, 

i.e.: (Equation 4).  

 

Where:  
d(1/2h) = diameter at half tree height; 
d1.3 = diameter at 1.3 m from the ground;  
Qs = Schiffel shape quotient.  

Thus, the volume estimate will be (Equation 5).  
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Where:  
DAP = d1.3;  
h = tree height;  
Qs = Schiffel shape quotient.  

To determine the validation statistics, the main statistics used were the coefficient of 

determination (R2), the standard error of the estimation, the standard error of the 

estimation, and the standard error of the estimation. (EEE). These statistics were 

estimated as follows (Equation 6):  

 

Where:  
Y1 = observed value or the dependent variable;  
Y1 = average value of observed data;  
Y1 = predictive value; 

p = number of model parameters including the intercept.   

RESULTS AND DISCUSSION  

In the last two columns of Table 1 are the mean values of the shape factor with bark for 

individual trees of B. floribunda and in the last row are the mean values of the volumetric 

shape factor f1.3=0.71 and the diametric shape factor QS=0.70. There is practically no 

deference between the two factors. As shown in Figure 2, the volumetric shape factor 

has a slight decreasing trend with respect to increasing diameters.  

 

Figure 2. - Correlation of shape factor with respect to tree diameter  

The trend of the correlation f1,3/d1,3 was analyzed with 5 types of correlation equations 

(logarithmic, linear, potential, exponential and polynomial) with the individual data of 

the sampled trees without any grouping. In all the equations there is a decreasing trend 

of f1,3 with respect to diameters, but the coefficient of determination (R2) is very low, 

although the highest correlation is shown by the linear equation with an R2 = 0.3176 

and the second degree polynomial with an R2=0.3181 (Figure 3).  
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Figure 3. - Equations of higher correlation f1,3/d1,3 without grouping into diameter 

classes  

But the graphical representation of the correlation f1,3/d1,3 fits better to the equation of 

a second degree polynomial.  

Table 2 summarizes the mean values of f1,3 grouped into diameter classes and also shows 

a clear decreasing trend with increasing diameters. But from diameter class 12 onwards 

the mean values of f1,3 are lower than the mean value of f1,3 =0.71 without grouping.  

Table 2. - Volumetric factor (f1,3) mean and by diameter classes for B. floribunda  

 

Figure 4 also presents the correlation equations f1,3/d1,3 and the trends of f1,3 with respect 

to diameters and R2 value grouped in diameter classes, with the same types of equations 

considered above, without grouping the values of f1,3 by diameter classes.  



ISSN: 1996–2452 RNPS: 2148                                                                                  
CFORES Journal, January-April 2021; 9(1):124-139  

                                                                                                     

  

  

http://cfores.upr.edu.cu/index.php/cfores/article/view/637 

 

Figure 4. - Correlation equations f1,3/d1,3 grouping in diametric classes  

Here it shows a more accentuated decreasing trend of and the coefficient of 

determination is higher than when f1,3 values are not grouped in diameter classes, 

indicating that the correlation f1,3/d1,3 is higher when grouped in diameter classes. Here 

the highest correlation is also in the linear equations with an R2 = 0.8384 and the second 

degree polynomial equation with an R2 = 0.8535, higher than the linear equation.  

Therefore, the graphical representation of the correlation f1,3/d1,3 grouped in classes fits 

better to the equation of a second degree polynomial.  

Validation of the volumetric trunk shape factor of B. floribunda.  

Table 3 shows the validation statistics for both shape factors (grouped and ungrouped). 

Although both R2 are low, it was the volume estimated with the shape factor with 

clustered trees that showed the highest coefficient of determination. (R2 = 0,46267). 

Also the lowest estimated standard error (EEE = 0.02654) was achieved with f1,3 = 0.63 

grouped in diameter classes and registered a low negative bias, therefore, it is advisable 

to use as a shape factor for the estimation of the standing tree volumes of B. floribunda, 

those grouped in diameter classes.  

 

 



ISSN: 1996–2452 RNPS: 2148                                                                                  
CFORES Journal, January-April 2021; 9(1):124-139  

                                                                                                     

  

  

http://cfores.upr.edu.cu/index.php/cfores/article/view/637 

Table 3. - Validation statistics of the f1,3 of B. floribunda.  

 

Therefore, the volumetric shape factor to be used, preliminarily, for the estimation of 

the volume of the trunk of the species B. floribunda will be taken from Table 2 for each 

of the diameter classes.  

Shape ratio of the trunk of B. floribunda.  

As shown in Figure 5, there is no marked trend of variation of the shape quotient with 

respect to diameters, also indicating a low correlation. QS/d.  

The average shape quotient (QS) without grouping the trees by diameter classes, as 

shown at the end of the last column of Table 1, is 0.70; similar to the value of the 

volumetric shape factor, which is 0.71.  

 

Figure 5. - Dispersion of the diameter shape factor or shape ratio (QS) with respect to 

the ungrouped diameters.  

Table 4 shows the QS values when trees are grouped into diameter classes, where a 

decreasing trend is observed with increasing diameter. This trend corresponds to that 

shown by the volumetric trunk shape factor, which means that, although there is a 

difference in values of 0.04, in practice they are equivalent to each other.  
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Table 4. - Trunk shape ratios of Brachystegia floribunda Benth according to diametric 

classes  

 

Figure 6 shows the equation defining the trend of the shape to diameter ratios.  

The equation corresponds to a second degree polynomial with a high correlation of 0.945 

and a given coefficient of R2=0,894, also high.  

 

Figure 6. - Correlation (QS/d1, 3) of the shape ratios of B. floribunda with respect to 

diameter classes  

Volumetric shape factor of the branches of B. floribunda.  

Table 5 also shows an outline of the database with some values, where the main 

dendrometric variables measured in each of the evaluated branches are indicated. The 

last three columns show the shape factors taking reference diameters at the base at 0.3 

m from the base and at 1.0 m from the base.  
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Table 5. - Dendrometric variables and shape factors of B. floribunda branches  

 

The shape factors fb and f0,3 show the greatest dispersion. The mean values of the shape 

factors of the ungrouped branches are as follows fb = 0,54; f0,3 = 0,58 e f1m =0,71  

Table 6 shows the results of the shape factors with the same reference diameters, but 

grouped by branch length class.  

Table 6. - Shape factors of Brachystegia floribunda branches according to length class  

 

In this case, the shape factors grouped in length classes are: fb = 0.50; f0,3 = 0.55 and 

f1m =0.70 respectively and were obtained from the branch that has the average length 

of the interval or range of all the trees in that class interval.  
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Figure 7 shows the correlation of the branch shape factors with respect to the ungrouped 

and grouped branch lengths.  

 

Figure 7. - Shape factors of branches with different reference diameters  

The shape factor of the branches grows with the height of the reference diameter; the 

same happens when they are grouped in length classes. In addition, they increase with 

length up to about 6 or 7 meters, after which they begin to decrease.  

The equation that best defined the trend line and the one that showed the highest 

correlation between the respective shape factors and branch length was the second 

degree polynomial; fb had the highest correlation with branch length with a coefficient 

of determination of R2=0,6948.  

The shape factors of the branches were also evaluated by grouping them by diameter 

clases (Table 7). In this case, the values obtained were: fb = 0,53; f0,3 = 0,54 y f1m 

=0,69.  

Table 7. - Branch shape factors in relation to diameter grouped into diameter classes  

 

As shown in Figure 8, the shape factors grouped into diameter classes are similar to 

those obtained when grouped into length classes, except for the shape factor at the base 

(fb) which is higher, while (f0,3) and (f1m) are slightly lower.  

Figure 8 shows the trends and coefficients of determination of the three branch shape 

factors in relation to the diameter classes.  
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Figure 8. - Correlation of branch shape factors with length grouped into diameter 

classes  

The equations of the three trend lines also correspond to a second degree polynomial 

and fb was also the most highly correlated, with a coefficient of determination of 0.736, 

higher than the value when the shape factors are grouped into length classes.  

In general it is observed that, while in the shaft the shape factor decreases with 

increasing diameter, in the branch it tends to increase with the diameter up to 

approximately 10 cm and from there it begins to decrease, i.e. the shape of the branches 

tends more to the shape of the paraboloid.  

Validation of the volumetric shape factors of the branches of the species  

Brachystegia floribunda  

An analysis of the statistical indices allowed a more accurate evaluation of the best 

average shape factor for the estimation of the volume of the branches of Brachystegia 

floribunda.  

Table 8 shows that the mean shape factor calculated with the reference diameter at 1 m 

from the base of the branch had the highest correlation with the length of the branches 

and with the ungrouped diameters, but the best results were obtained when the 

branches were grouped in length or diameter classes, showing practically no difference 

between the two forms of branch grouping. Therefore, for the estimation of branch 

volume in Brachystegia floribunda it is recommended to measure the reference diameter 

to calculate the volume of the cylinder at 1 m from the base of the branches and multiply 

this volume by the shape factor of 0.7.  
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Table 8. - Validation statistics of the three form factors (fb), (f0,3) and (f1) of the 

branch of Brachystegia floribunda  

 

CONCLUSIONS  

There is a correlation between shape factor and diameter, being higher when trees are 

grouped into diameter classes.  

The shape factor decreases with increasing diameter, fitting a second degree polynomial 

equation, but the recommended value should be for each diameter class when trees are 

grouped into diameter classes.  

The branch form factor of Brachystegia floribunda has a tendency to increase with the 

height of the reference diameter and branch length up to about 10 cm in diameter and 

up to about 6 or 7 meters in length, after which it begins to decrease.  

To estimate the volume of Brachystegia floribunda branches, the reference diameter 

must be measured to calculate the volume of the cylinder at 1 m from the base of the 

branches and this volume must be multiplied by the shape factor of 0.69.  

The average value of the shape quotient calculated without grouping the trees by 

diameter classes is 0.70, similar to the value of the volumetric shape factor.  

It is recommended to use the shape quotient that corresponds to the diameter class of 

the tree for the volume estimation. To estimate the volume of Brachystegia floribunda 

branches, the reference diameter must be measured to calculate the volume of the 

cylinder at 1 m from the base of the branches and this volume must be multiplied by the 

shape factor of 0.69.  

The average value of the shape quotient calculated without grouping the trees by 

diameter classes is 0.70, similar to the value of the volumetric shape factor.  

It is recommended to use the shape quotient that corresponds to the diameter class of 

the tree for the volume estimation.  
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