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INFLUENCE  OF  DIAMETER  MEASURING  HEIGHT  ON  THE 
ADJUSTMENT  OF  VOLUME  AND  BIOMASS  EQUATIONS 

 OF  CERRADO IN  MINAS  GERAIS

Influência da altura de medição de diâmetro no ajuste de equações de volume 
e biomassa do cerrado em Minas Gerais

Vinícius Augusto Morais1, José Márcio de Mello2, Lucas Rezende Gomide2, 
José Roberto Soares Scolforo2, Emanuel José Gomes de Araújo3, Ana Luiza Rufini2

ABSTRACT
Different tree diameter measuring heights are displayed in the literature, which in some cases can lead to different results in 

the final estimates, if the model used is not compatible with the diameter measurement height. The aim of this study was to evaluate 
and validate equations of volume and biomass, adjusted by Goal Programming and regression by Ordinary Least Squares Method 
for the Cerrado Sensu Stricto and Campo Cerrado in Minas Gerais state, using information on diameters measured at 0. 10, 0.30 
and 1.30 meters from the ground level. Thus, we rigorously scaled 868 trees in areas of Cerrado Sensu Stricto and Campo Cerrado 
of Minas Gerais. Two different models were subsequently adjusted, one being dual input with the diameter measured at different 
heights and total height and the second with only the diameter. The results showed that the height where the diameter was taken may 
influence the accuracy of the models, the diameter measured at 1.30 m presenting the best fits with more accurate estimates. It was 
possible to generate an equation that can support the monitoring of deforested areas, using the stump diameter (0.10 cm from the soil).

Index terms: Regression models, forest inventory Brazilian, savannas.

RESUMO
Diferentes alturas de medição do diâmetro das árvores são apresentadas na literatura, o que pode levar, em alguns casos, a 

diferentes resultados nas estimativas finais, se o modelo utilizado não for compatível com a altura de medição do diâmetro. O objetivo 
deste trabalho foi avaliar e validar equações de volume e biomassa, ajustadas pela Goal Programming e por regressão através do 
Método dos Mínimos Quadrados Ordinários, para o Cerrado Sensu Stricto e Campo Cerrado de Minas Gerais, utilizando informações 
de diâmetros mensurados a 0,10; 0,30 e 1,30 metros em relação ao nível do solo. Para tanto, foram cubadas rigorosamente 868 árvores 
em áreas de cerrado Sensu Stricto e campo cerrado de Minas Gerais. Posteriormente foram ajustados 2 diferentes modelos, sendo 
um de dupla entrada com diâmetro medido nas diferentes alturas e altura total e o segundo somente com diâmetro. Os resultados 
mostraram que a altura de tomada dos diâmetros pode influenciar na precisão dos modelos, sendo o diâmetro medido a 1,30 m o que 
apresenta melhores ajustes com estimativas mais precisas. Foi possível gerar uma equação que pode servir de suporte na fiscalização 
de áreas desmatadas, utilizando diâmetro do toco (0,10 cm do solo). 

Termos para indexação: Modelos de regressão, inventário florestal, cerrado.
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INTRODUCTION

The diameter is the most important variable to be 
measured in the forest, where is applied to obtain strategic 
information. Normally, its values are associated to other 
variables such as volume, basal area and biomass. This 
variable was the first independent one to be tested in 
regression model and adjustment processes, which may 
in some cases be the only variable that makes up these 
models (Machado and Figueiredo Filho, 2009). These 
authors commented that until the early twentieth century 
diameter measurements were taken at different heights 
from the ground and this compromised the comparison 
of results obtained by different researchers in the forestry 

sector. Thus, it was agreed to take the measure of the 
diameter at 1.30 meters from the ground, known as DBH 
(diameter at breast height). Even with this standardization, 
there are still minor differences in the measurement heights 
among different countries such as: USA (1.37 m), England 
(1.29 m) and Japan (1.25 m). Also, the tree taper present 
a variety of trunks shape which is not always possible to 
measure the diameter at standard height.

	 In the case of the cerrado, the second largest 
biome occupying about 25% of the country (BRAZIL, 
2009), the diameters of the trees have been measured at 
different heights in relation to the soil, varying according 
to the methodology used by each author. CETEC (1995), 
Oliveira et al. (2005); Scolforo et al. (2008); Imaña-
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Encinas et al. (2009); Rufini, et al. (2010); Ribeiro et al. 
(2011) and Pinheiro and Durigan (2012); worked with 
the diameter of the tree measured at 1.30 meters from the 
soil (DBH). However, Abdala et al. (1998); Vale et al. 
(2002); Vale and Felfili (2005); Medeiros et al. (2008); 
Vale; Crespilho and Schiavini (2009); Lima et al. (2010); 
Carvalho (2011); Mews; Marimon and Maracahipes 
(2011); Paiva et al. (2011) and Ribeiro et al. (2012) worked 
with the diameter measured at 0.30 meters from the soil 
(DAS1). Castro and Kauffman (1998) and Siqueira (2006) 
used both measurement heights in their work.

There is also the possibility of taking the diameter 
adjusted model at 0.10 m above the ground, also called 
diameter at stump height (DAS2). In this case, can be 
used to aid environmental inspection, it enables the 
recovery of timber volume and biomass existing after 
logging, measuring only the diameter of the stumps 
found in the area.

Thus, the widespread use of biometric models that 
do not show compatibility between the dependent variable 
and those independent, can generate erroneous estimates. 
Thus, if the equation use the DBH as input, its effect may 
reflect the results of the inventory. The scenario presented 
allows inquiries regarding the predictive ability of models, 

when they employ different diameter measuring height 
standards.

Accordingly, the objectives of the study were to 
evaluate and validate volume and biomass equations, 
adjusted for the Cerrado Sensu Stricto and Campo Cerrado 
of Minas Gerais state, using information on diameters 
measured at 0.10, 0.30 and 1.30 meters relative to the soil 
level. In addition, two adjustment methods were compared, 
Goal Programing (GP) and Ordinary Least Squares (OLS), 
plus the use of the form factor.

MATERIAL  AND METHODS

Study area

The study was carried at Minas Gerais state, where was 
selected 20 remaining forest fragments. The areas was classified 
in two different physiognomic group, Campo Cerrado (shrub 
savanna) and Cerrado Sensu Stricto (Brazilian savanna). The 
first one has a poorly defined tree stratum with the presence 
of some trees and shrubs, and another one has more density of 
trees and shrubs combined with a vision of the canopy more 
sparse (Ribeiro; Walter, 2008). According to Carvalho et al. 
(2008) these natural areas cover ​​1,455,950 ha and 5,435,852 
ha, respectively in Minas Gerais state (Figure 1). 

Figure 1 – Location map the areas of  Campo Cerrado and Cerrado Sensu Stricto Sampled in state of Mina Gerais.
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Data base

The data set used in this study was from the Forest 
Inventory of Minas Gerais (IFMG) (Scolforo et al., 2008). 
Altogether were tree scaling 868 plants of 99 species were 
belonging to 70 genera of 37 families were scaling tree in 
20 forest fragments located in different regions of the state.

The individual volume for each tree was obtained 
by Huber method, with following sections: 0.1-0.3 m, 
from 0.3-0.7 m; 0.7-1.0 m, 1.0-1.30 m, 1.3-2.0 m the 
aboveground, and after this last section, meter by meter, 
until minimum circumference of 9.4cm. In addition, was 
measured the total height and diameter at 0.1, 0.3 and 1.30 
m above ground. The biomass was measure by estimation 
of the basic density, removing discs from positions 
corresponding to 0%, 25%, 50% 75% and 100% of the 
commercial height (Rufini et al., 2010).

Model selected

Based on the work of CETEC (1995), Oliveira et 
al. (2005), Scolforo et al. (2008), Rufini et al. (2010) and 
Ribeiro et al. (2011) was decided to adjust the Schumacher-
Hall model in its logarithmic form (Equations 1 and 2). 
Table1 shows the adjustment forms made​​considering the 
type of independent variable.

In this step Method of Ordinary Least Squares 
(OLS) was used for generating the model parameters, which 
consists of minimizing the sum of squared deviations.

The verification of the fit was performed according 
to the following criteria: a)significance of the adjusted 
parameters by the t test with α=0.05significance,b) 
determination coefficient adjusted (R2aj.) (3), c) standard 
error of the estimate expressed per unit area, being t/ha 
for biomass and m³/ha for volume (4) and percentage (% 
Syx) (5), and d) graphical analysis of residuals.

Ln (Yi) = B0+ B1Ln(X1i) + B2Ln(X2i) ± Ln (Ɛi)

Ln (Yi) = B0+ B1Ln(X1i) ± Ln(Ɛi)

where: Ln = neperian logarithm; Yi = dependent variable, 
may be total volume with bark [TV wb (m3)] or biomass 
(DW (t)), X1i = diameter (cm) at different the lights, 
depending on the adjustment (Table 1), X2i = Ht [total 
height (m)] and Ɛi = estimation error.

Table1 – Different adjustment forms of the Schumacher 
and Hall Model.

Model Independent Variable
 X1 X2

1 DBH (1.30 meters from the soil) Ht
2 DAS1 (0.30 meters from the soil) Ht
3 DAS2 (0.10 meters from the soil) Ht
4 DBH (1.30 meters from the soil) -
5 DAS1 (0.30 meters from the soil) -
6 DAS2 (0.10 meters from the soil) -

Adjustment of models by regression.

(1)

(2)

Radjusted
2    R  aj =1- 1-
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*
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where: SSR= regression sum of squares; SST = total sum of 
squares; n = number of observations; p = number of parameters 
(except β0); = observed value ofi-th dependent variable; = 
estimated value of the i-th dependent variable; = average of.

We verified the regression model adjustment 
assumptions regarding the residuals (normality, 
independence and homoscedasticity of variance) by visual 
assessment of graphs of the residuals. Furthermore, we 
applied the Kolmogorov-Smirnov test to validate the 
normality of residuals. Analyses were performed using the 
statistical software Rversion 2.13.0 (R DEVELOPMENT 
CORE TEAM, 2011).

Adjustment of models by Goal Programming

The use of Goal Programming (GP) requires that 
the decision variables are continuous and unrestricted 
(-∞ < X < +∞), that is, they can assume both positive 
and negative values​​. However, there are no assumptions 
as those demended in the regression, the decision 
variablevalues being associated with the coefficients of 
the linear statistical model.

The mathematical formulation followed the 
structure of a linear programming model, where (6) 
represents the objective function scaled to minimize the 
sum of absolute deviations, (7) model restrictions (1, 2 or 
3) for the i-th observation and database (8) are constraints 
for the model (4, 5, 6) refering to the i-th observation from 
the database, and (7) and (8) being applied separately.

(5)

(4)

(3)
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were subdivided into: a) adjustment data used for model 
adjustment [696 trees] and b) validation data, used to only 
test predictive ability of generated models (172 trees). The 
criteria calculated to verify the predictive ability of the 
models were: sum of squared residuals, mean absolute 
error (MAE) (10), residual standard deviation (RSD) (11), 
and MAPE (9), and the closer to zero the value of these 
statistics, the better the outcome of the prediction (Prodan 
et al., 1997; Ahmad et al., 2005). 

Objective Function: Minimize

Z
i

n

= ( )
=
∑

1

d + di
+

i
-

Subject to:

β β β γ0 1 21 2+ + − + = ∀+ −A A d di i i i i i,    

β β γ0 11+ − + = ∀+ −A d di i i i i,    

β β β0 1 2; ;  unrestricted

(8)

(7)

(6)

where: = value of the objective function to be minimized 
the derivation;= upper deviation regarding the i-th target 
for variable;= lower deviation regarding the i-th target 
for variable ; = independent variable associated to of the 
model, being : Ln(DBH) in Models 1 and 4, Ln(DAS1) 
in Models 2 and 5 and Ln (DAS2) in Models 3 and 6;= 
independent variable of the Models 1, 2 and 3 (Ln(Ht)); 
β1, β2, β3 = decision variables of the model, representing 
the adjustment parameters;  = total number of observations 
(trees) of the database for adjustment of the models.

The models developed by the Goal Programing 
method were formulated and resolved using the Lpsolve 
software through the simplex algorithm, as it deals with 
continuous variables.

Comparison of results

	 The comparison of the results generated via 
GP and OLS was through graphics of residuals, sum of 
squared residuals (SSE) and Mean Absolute Percentage 
Error - MAPE (9), the latter being proposed by Ahmed et 
al. (2005).

MAPE=
e

y
* 100 /ni

ii

n

=
∑ ( )











1

where: = residual referring to the i-th observation;  = value 
observed referring to the i-th observation; = number of 
observations.

Predictive validation

The predictive ability of the models was verified 
using a simple validation system. For such, the data 

MAE = /n
i

n

i iO E
=
∑ −

1

SRD = (R -R ) /ni med
2

i

n

=
∑

1

where: = the value of the i-th observation; = estimated 
value for the i-th observation; = residual corresponding 
to i-th observation; = average residual; = number of 
observations.

Form Factor

In addition to generating the tested equations the 
form factor (ff) was also calculated (12) by diameter class 
(5 cm), as well as general, considering the three different 
diameter measuring heights adopted.

ff =
V

V
obs

cil

where: = observed volume (rigorous scaling); = cylinder 
volume, using the diameters DBH, DAS1and DAS2.

Test of adjusted equations

In order to test whether the volumetric equations in 
the present study adjusted by GP and OLS, and also the form 
factor, could be used for the entire state of Minas Gerais, 
forest inventory data from 56 fragments of Cerrado Sensu 
Stricto and Campo Cerrado were used, as presented in 
IFMG. Other treatment tested was used 6 volume equations 
adjusted by Scolforo et al., (2008) for the watersheds. The 
comparison of means were made by analysis of variance 
(ANOVA) followed by the Tukey test at 5% significance.

RESULTS AND DISCUSSION

Table 2 contains the parameters of the models 
adjusted by the two methods (GP and OLS). Where all 

(12)

(11)

(10)

(9)
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parameters were significant by the t test. The adjustment 
and validation statistics of the models are presented in 
table 2.

In volumetric equation adjustments by the OLS 
method we observed that the Syx (%) ranged from 31.55 
to 54.90. The lowest values​​of this statistic are associated 
with model using DBH and total height. The same 
tendency was observed forR²aj.Observing the (SSE) and 
(MAPE) adjustment statistics, the OLS and GP adjustment 
methods showed no significant difference between them. 
Since the main advantage of GP is the not obligation of 
assumptions of OLS.

The graphic analysis of residuals showed that the 
adjusted dual input equations using DBH are that which 
provide a better fit to the data, while those of single input 
in function of the DAS2 presented a residual dispersion 
graphic with greater heterogeneity. The GP and OLS 
showed a few different trends regarding the distribution 
of residuals in equations using the DAS2, the first tends to 
underestimate the volumes in smaller diameter classes, but 
both tends in overestimate the volume (Figure 2).

According to the predictive validation, it was 
possible to observe that the equations fit better when uses 
DBH against the other diameter measurement the lights. 
The equation adjusted by GP using DBH and Ht, showed 
a slightly higher MAPE value than by OLS, but with a 
little difference. Analyzing the MAE and RSD statistics, 
GP performed better, except for RSD in the equation that 
uses DBH and Ht (Table 2).

The biomass equations presented Syx (%) values 
higher than the volume equations, where the DBH and Ht 
variables indicate a advantage of adjustments according to 
the volume tendency. There was no difference between the 
used methods (GP and OLS) adjustments. The predictive 
validation confirmed that the best results are those arising 
from the equations that consider DBH and Ht, presenting 
the best values ​​for the statistics used.

The graphic analysis of residuals confirmed that the 
use of DBH and Ht combined provide the best adjustments 
(Figure 3). In terms of tendency, both fitting methods 
presented very similarly.

The stand error of the estimate (%) values ​​observed 
in this work are justified by the great variability found in 
nature, and already discussed by various authors (CETEC, 
1995; Chave et al., 2005; Rezende et al., 2006; Scolforo 
et al., 2004; Basuki et al., 2009; Imaña-Encinas et al., 
2009; Rufini et al., 2010; Miranda; Melo; Sanquetta, 
2011; Ribeiro et al., 2011), being more pronounced in 
the case of Cerrados (Rezende et al., 2006; Scolforo et 
al., 2008, Imaña-Encinas et al., 2009). Corroborating Ta
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efforts to standardize the measurement height 
diameters at around 1.30m, a diameter that best 
describes the shape of the tree, besides there being 
a greater accuracy in the measures taken at this 
height, because at this point, the diameter measuring 
operation is more ergonomic. Felfili, Carvalho and 
Haidar (2005) justify the diameter measurement at 
0.30 m above the soil by the small size of the Cerrado 
Sensu Strictoand Campo Cerrado trees, as well as the 
bifurcation of shafts near the ground.

this hypothesis, Rezende et al. (2006) affirm that such 
variability tends to increase as larger diameter trees are 
included in the database, for a simple reason; these trees 
are generally rare events in remnants on the Cerrado. 
Thus, to improve the adjustment quality, one would 
have an enormous sampling effort, that would make field 
operations unfeasible.

The DBH proved to be the dependent variables 
that best explains the volume and biomass, generating 
the most accurate results. This result reflects the 

Figura 2 – Distribution of residuals of models outside bark volume adjusted for GP (red) and OLS (yellow) for cerrado 
Sensu Stricto and campo cerrado of Minas Gerais.

Figura 3 – Distribution of residuals of models biomass adjusted for GP (red) and OLS (yellow) for cerrado Sensu Stricto 
and campo cerrado of Minas Gerais.
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	 The form factor generated for each diameter class  
(Table 3) showed that it is higher for DBH, decreasing 
towards the base (DAS2), indeed expected, since trees the 
near base are thicker. Among the classes, the factor increased 
up to 37.5 cm class, decreasing from this diameter.

In the present study the form factor showed peak in 
the 37.5 cm class. There are some aspects which can justify 
such a behavior, such as sampling, which is connected 
with a smaller number of tree species in the higher classes. 
Another aspect is the shape of the tree itself (crown 
architecture and shaft), belonging to few sampled species.

The diameter measured at 1.30mis the best variable 
to beused indifferent equations to estimate the volume and 
biomass for the Cerrado Sensu Stricto and Campo Cerrado 
of Minas Gerais.

The adjusted models in this study maybe 
satisfactorily used to estimate volume and biomass 
since the average of the errors were very low in all 
adjustments, the models being adjusted by GP or OLS, 
under the conditions of an expressive data base. The 
use of GP or OLS showed no expressively different 
results.

The diameter measurement height can interfere 
with the results, when estimating the volume and biomass 
weight in the Cerrado Sensu Stricto and Campo Cerrado 
of Minas Gerais. The use of DBH and total height being 
recommended as for adjustment model in these areas.
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