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Abstract 
 
The definition of stem diameter limits between pulp production and residues recovered from harvesting for energy can influence 
the dry biomass content of forest products. In this context, the aim of this study was to build linear regression models employing 
categorical variables to accurately estimate the biomass of pulp and residues from Eucalyptus saligna and E. urophylla × E. grandis 
clonal stands. Forest inventory and dry biomass data from thirty trees distributed in diameter classes of each stand were used as a 
database. The measurements of pulp dry mass and residues were treated as dependent variables. Concurrently, variables such as 
diameter at 1.3 m above the ground, total height, and transformations and combinations of these variables were considered as 
independent variables. The stem diameter limits of 8, 10, 12, and 14 cm along the stems were considered as categorical variables. 
To predict pulp and energy biomasses based on stem diameter limits, the categorical variable assumes a value of 1 (indicating an 
estimate within a particular k-factor), while the other k-factors were set to 0 (zero). The fitted models allowed for the estimation of 
dry biomass within the forest stands, resulting in percentage errors of estimation per hectare ranging between 4.5% and 11.2%. 
Moreover, these models incorporating categorical variables facilitated the simplification of estimates for both pulp biomass and 
recovered residues within commercial Eucalyptus stands. 
 
Keywords: Dummy variables, Forest biomass, Stem diameter limits, Wood by-products. 
Abbreviations: d_diameter at 1.3 m above ground, h_total height,   _dry biomass for pulp,   _biomass for energy,  ̂_estimate of 

dependent variable,  _independent variable,   _categorical variable for a given factor  ,  ̂ _estimated regression coefficient, 
 ̂_estimate of the random error, SW_Shapiro-Wilk normality test, BP_Breusch-Pagan homoscedasticity test, DW_Durbin-Watson 

test, R
2

adj._adjusted coefficient of determination, SEE_standard error of the estimate in percent,  ̂̅_Sample means, 
   _coefficients of variation,   _absolute error,   _percentage error,   _confidence intervals for the mean,  _probability level. 
 
Introduction 
 
Eucalyptus plantations are on the rise in Brazil, while the 
market for their products is considered promising. The 
country has approximately 9.93 million hectares of these 
plantations established in various states to supply the 
diverse segments within the forest sector. In addition, Brazil 
is known for its great forestry vocation for presenting 
suitable edaphoclimatic conditions, positioning it as a global 
leader in forest productivity, with an annual average of 
38.9 m³ ha

-1
 (Iba, 2022). 

Forest plantations offer an alternative approach to nature 
conservation, reducing the pressure on native forests (Zhang 
et al., 2015). Furthermore, these plantations have 
environmental benefits, such as soil conservation, biomass 
production, and CO2 sequestration (Du et al., 2015; Liang et 
al., 2016). In fact, there is no more space in the market for 
production segments that do not align economic activity 
with environmental preservation (Hunt et al., 2016). In this 
context, eucalyptus species are presented as sustainable 
forest plantations capable of satisfying environmental 
premises. 
Forest plantations offer a wide diversity of products destined 

for the various segments, such as sawmills, veneer, pulp, and 
energy (Santos et al., 2016; Kazmierczak et al., 2017, 
Carvalho et al., 2019). It is noteworthy that pulp production 
in 2020 reached its highest historical volume with 22.5 
million tons (Iba, 2022), in which 70% was exported. On the 
other hand, Hunt et al. (2016) note that the pulp and paper 
companies are reaching their market limits with decreasing 
demand due to the increasing use of digital media. In 
addition, there is a worldwide need to replace fossil fuels 
with sustainably managed products that mitigate CO2 
emissions in the context of new climate change policies. 
Energy production derived from forest biomass stands as an 
alternative to pulp production (Hora, 2017). In recent years, 
the production and commercialization of renewable energy 
from planted forests has advanced to 3.6 million tons, 
increasing the importance of biomass for Brazil's energy 
security (Iba, 2022). However, the energy forest option 
changes the management of forest stands by establishing 
denser plantations and earlier harvests. In addition, multi-
products can be obtained from the trees, through 
assortments of pulp and biomass for energy.  
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Table 1. Attributes of pulp biomass production and recovered residues for energy at tree level in Eucalyptus stands. 

   (cm) 
Eucalyptus saligna Eucalyptus urophylla × Eucalyptus grandis  

 ̅     (kg)        ̅     (kg)        ̅     (kg)     %  ̅     (kg)       

08 134.6 ± 78.5 58.3 16.3 ± 2.7 16.5 183.1 ± 85.1 46.5 15.9 ± 4.2 26.7 

10 122.3 ± 76.3 62.4 28.4 ± 5.1 18.1 171.4 ± 85.1 49.6 29.9 ± 6.4 21.4 

12 113.7 ± 78.4 68.9 46.0 ± 7.6 16.5 156.6 ± 85.7 54.7 51.1 ± 11.8 23.1 

14 116.4 ± 76.3 65.6 75.6 ± 13.9 18.4 158.9 ± 73.7 46.4 84.9 ± 17.5 20.6 

   is the stem diameter limit,  ̅  is the sample mean of pulp biomass production,  ̅  is the sample mean of biomass energy 
production,    is the standard deviation of the sample mean,       is the coefficient of variation for pulp biomass and       is 

the coefficient of variation for residues recovered for energy. 
 
Some countries, such as the United States, use full trees for 
energy production originally conducted for pulp production, 
since their industries require quality chips, with a higher 
portion of wood and less bark (Baker et al., 2012).  
Besides the market and forest business issues, there are 
operational difficulties in feeding power boilers for the 
cogeneration of thermal energy in pulp and paper 
companies. These boilers are supplied by residues recovered 
from wood harvesting operations, composed of the final 
stem section usually with a diameter of less than 8 cm; in 
addition to barks, branches, and leaves that present low 
quality in physical and chemical characteristics, due to the 
high content of fine dust, ash, and moisture. According to 
Dai et al. (2012) and Rackl and Günthner (2016), these 
characteristics are the main causes of interlocks in screw-
type boiler feeders when using residue biomass, which can 
cause fires and work accidents. 
Due to the shortage of quality forest raw material for energy 
production, low fluidity point oil is utilized. This leads to an 
increase of up to five times in energy costs compared to 
utilizing the residues recovered from wood harvesting. 
Nonetheless, biomass should possess the necessary physical 
characteristics to ensure the uninterrupted flow of the boiler 
feed, resulting in neutral carbon emissions and cost savings 
in the supply. This objective can be attained by selecting the 
critical stem diameter between the two products or by using 
fully mature trees initially intended for pulping. 
The estimation of forest biomass for pulp and energy 
purposes within forest stands enables the planning of their 
utilization. These estimations are typically conducted using 
methodologies based on forest inventory data, employing 
biomass factors or equations where diameter, height, and 
volume provide as the independent variables (Somogyi et 
al., 2007). To achieve this, destructive sampling is commonly 
employed, involving the separation of tree components 
(Silveira et al., 2008). 
While studies concerning biomass quantification in 
Eucalyptus stands have been published (Assis et al., 2015; 
Salvador et al., 2016), their focus was on determining the dry 
biomass stock and nutrient content present in tree 
components, along with potential CO2 sequestration. As a 
result, biomass quantification becomes essential to guide 
the determination of economically favorable stem diameter 
limits between pulpwood and residues recovered from 
wood harvesting for energy production. This aims to 
ascertain the economically advantageous ratio between 
these products." 
Regression models with categorical variables can be an 
alternative for estimating the dry biomass of products 
considering different stem diameter limits. These models 
enable the estimation quantitative variables in a single 
model, considering dummy indicator variables which assume  

 
values of 0 (zero) or 1 (one) to denote the absence or 
presence, respectively, of specific attributes or categories 
(Pal and Bharati, 2019; Fernandes et al., 2022). By means of 
statistical models with categorical variables, it becomes 
possible to provide accurate and easily interpreted 
estimates of pulp and energy forest production in different 
scenarios. 
The aim of this study was to build linear regression models 
with categorical variables to estimate the biomass of pulp 
and residues recovered for energy, considering the stem 
diameter limits. By means of this approach, it is possible to 
provide information to managers for decision making under 
different forest management scenarios, as well as to support 
harvest operations, forest transport plannings, stockyard 
management, and the determination of consumer unit 
supply. 
 
Results 
 
The significance of estimated regression coefficients for the 

first factor ( ̂  ) indicates statistical difference of zero, 
except for pulp biomass (  ) in E. urophylla × E. grandis 
stand (Table 2). For this one, the biomass production 
considering the stem diameter limit of 8 cm can be 
estimated only as a function of quantitative variable    . 
This result indicates the average pulp biomass at the height 
of 8-cm stem diameter is similar to the production 
considering the full stem. 
The significance for the other regression coefficients shows 
the existence of a statistical difference in biomass 
production between the stem diameter limits (Table 2). The 
coefficients with negative signs express the reduction in pulp 
biomass (  ) with increasing stem diameter limit. On the 
other hand, the positive coefficients indicate the increase in 
residue production for energy (  ) with an increase in stem 
diameter limit. 
The lack of statistical significance by the Shapiro-Wilk (SW) 
test indicates the residuals are normally distributed, while 
non-significance by the Breusch-Pagan (BP) test shows 
homogeneity of variances, both at the 1% level (Table 2). 
The lack of residual autocorrelation in regression models 
was proved by the Durbin-Watson test (DW), at the 1% 
significance level (Table 2). These results corroborate the 
quality of the fits to satisfy the fundamental linear 
regression assumptions. 
The product of the square of diameter at 1.3 m above 
ground (  ) with the total height ( ) resulted in a 
quantitative variable chosen to estimate biomass production 
(Table 3), presenting adjusted determination coefficients 
(R²adj.) greater than 0.85. Furthermore, the standard error of 
estimate (SEE) was satisfactory for the energy biomass 
modeling (  ). On the other hand, the error measures for 
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energy biomass models (  ) were close to 20%, which 
expresses the higher difficulty to fit this component and 
justifies the use of log-transformation (Table 3). 
The studentized residuals of models fitted for pulp biomass 
and residues for energy showed a constant distribution, 
where the most of values are present in the range of ±2 
standard deviations of the t-distribution, indicating the lack 
of extreme data (Figure 1). However, brief overestimation in 
E. saligna was observed for the estimation of highest pulp 
biomass production, in which the dispersion of these 
residuals remained in the desired range values. 
When biomass productions were estimated in the sample 
units by means of categorical variables (Table 4), a reduction 

in the sample mean ( ̂̅) of pulp biomass was observed with 
increasing stem diameter limit (  ). In opposition, there was 
an increase in the estimated sample mean for energy 
biomass. Furthermore, the energy biomass production was 
higher in E. saligna stand, while pulp biomass was greater in 
E. urophylla × E. grandis stand. 
In general, greater variability in estimates (   ) was 
observed in E. urophylla × E. grandis stand (Table 4). 
However, the measures of sampling errors (  ) were less 
than or close to the 10% error limit, resulting in confidence 
intervals (  ) suitable for predicting the production of pulp 
biomass and residues for energy at the 95% probability ( ) 
level. 
 
Discussion 
 
In this study, models with categorical variables were fitted to 
estimate the biomass of pulp and residues recovered for 
energy at the tree level, using stem diameter limits. The 
statistical significance of the regression coefficients (Table 2) 
supports the inclusion of stem diameter limits as factors 
within the models. These models satisfied the linear 
regression assumptions, including residual normality, 
homoscedasticity, and absence of residual autocorrelation 
(Table 2), allowing appropriate statistical inferences 
regarding biomass productions. 
The combined variable     was employed as a quantitative 
predictor in biomass models (Table 3). This variable is 
commonly used in estimating the volume of (Raptis et al., 
2020; Behling et al., 2021) and biomass of forest species (Bi 
et al., 2004; Vargas-Larreta et al., 2017), where the 
linearization of the relationship with the response variable is 
its main advantage. For this study, the use of     can be 
justified, since the aboveground biomass is proportional to 
the volume of a cylinder of diameter   and height   (Dutcă 
et al., 2019). Moreover, these variables can be easily 
acquired through pre-cutting forest inventories, a standard 
practice in forest companies. 
The fitted models can provide information for decision-
making under different management scenarios, aiding in the 
planning of harvesting and transportation operations, yard 
management, and determining consumer unit supply. To 
exemplify the use of these fitted models in wood harvesting 
operations: biomass estimates for pulp and energy support 
the sizing of harvesting machines, work teams, and transport 
vehicles, as well as the biomass-to-energy conversion system 
(Wolfsmayr and Rauch, 2014; Nunes et al., 2020).  
In general, harvesting productivity control is based only on 
pulp biomass. Thus, changing the usual stem diameter limit 
from 8 cm to larger values could potentially decrease 
machine productivity, resulting in reduced pulp biomass per 
unit area and requiring greater machine displacement for a 

same pulp production. Additionally, it is highlighted that 
harvesting machines do not quantify recovered residues, 
which are subsequently processed by the chipping system in 
the field (Rodrigues et al., 2019). Therefore, quantifying 
residues becomes essential for sizing chippers and 
transportation vehicles (Sahoo et al., 2019). 
Another consideration involves to storing recovered residues 
for energy over an extended period to reduce wood 
humidity, ranging from 30 to 180 days (Oro et al., 2018). 
With an 8 cm stem diameter limit, the biomass for energy 
stored in the field is lower. On the other hand, a larger stem 
diameter leads to higher biomass production (Robinson et 
al., 2004), which requires more area as a storage yard and 
more time for drying residues with larger diameters, which 
should be considered into replacement planting decisions. 
Modifying the stem diameter limit from the standard 8 cm 
between products can enhance the quality of energy chips, 
potentially mitigating interlocking in screw-type boiler 
feeders when using biomass from wood harvesting residues 
(Dai et al., 2012; Rackl and Günthner, 2016). However, 
utilizing biomass for energy requires more than simple 
decision-making, in which demands studies on the physical-
chemical characteristics of the biomass (Mead and Pimentel, 
2006). The company in this study reported occasional 
utilization of stored pulpwood as a raw material for energy, 
aiming to improve the biomass characteristics. 
In addition to the mentioned examples, it is worth noting 
the models fitted with categorical variables considered the 
stem diameter limits of 8, 10, 12, and 14 cm for E. saligna 
and E. urophylla × E. grandis stands. Therefore, there are 
sixteen production scenarios if they were considered as 
independent fits. In this way, the incorporation of 
categorical variables reduced the estimation process to four 
models, with two models for each Eucalyptus stand, 
simplifying the procedure for predicting biomass production.  
 
Materials and Methods 
 
Study area and database 
The study was carried out in the Southern region of Brazil at 
the coordinates 24°26'42" S and 50°45'39" W. The 
predominant climate is classified as Cfb (Köppen), with an 
average annual temperature between 18 and 20 ºC and 
average annual precipitation between 1,600 and 1,900 mm 
(Alvares et al., 2013). The evaluated forest stands were 
composed of clones of Eucalyptus saligna Smith and 
interspecific hybrids of Eucalyptus urophylla S. T. Blake × 
Eucalyptus grandis W. Hill ex Maiden, which are the most 
planted genetic materials due to their productivity and 
characteristics that attend the consumer unit. These stands 
were 7 years-old, had an average density of 1,111 trees per 
hectare, spacing of 3.75 m × 2.40 m, and the same site. 
A forest inventory was carried out before the wood 
harvesting operation, aiming to measure the diameter at 1.3 
m above ground ( ) and total height ( ) of the trees. The 
sampling intensity was determined for finite populations 
(Kershaw et al., 2017), considering the error limit of 10% at 
the 5% probability level. Thus, 29 sampling units (s.u.) of 

37.1 m × 23.3 m were randomly allocated in the stands, with 
10 s.u. in E. saligna and 19 s.u. in E. urophylla × E. grandis. In 
addition, five diameter classes with 4 cm intervals were 
established in each stand, whose distributions were used to 
define the number of sampled trees for green biomass 
measurement. 

 ̂   ̂   ̂    ̂     ̂       ̂       ̂ (Eq. 1) 
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Table 2. Regression coefficients of the categorical variable and statistical tests for estimating pulp biomass and recovered residues 
for energy in Eucalyptus stands. 

id.  ̂  ̂    ̂    ̂    ̂   SW BP DW 

 Eucalyptus saligna 

(1)    -15.6553* -12.2480* -28.5073* -52.1467* 0.984
ns

 0.158
ns

 1.729
ns

 

 (p-valor) (<0.05) (<0.05) (<0.05) (<0.05) (0.349) (0.691) (0.050) 

(2)   (  ) 2.8266* 0.5532* 1.0445* 1.5407* 0.985
ns

 0.534
ns

 2.249
ns

 

 (p-valor) (<0.05) (<0.05) (<0.05) (<0.05) (0.301) (0.465) (0.829) 

 Eucalyptus urophylla × Eucalyptus grandis  

(3)    -0.7379
ns

 -11.7000* -27.4802* -53.3994* 0.983
ns

 4.662
ns

 1.942
ns

 

 (p-valor) (<0.05) (<0.05) (<0.05) (<0.05) (0.239) (0.031) (0.274) 

(4)   (  ) 2.8245* 0.6522* 1.1913* 1.7045* 0.995
ns

 2.205
ns

 2.082
ns

 

 (p-valor (<0.05) (<0.05) (<0.05) (<0.05) (0.963) (0.138) (0.563) 

 ̂ is the estimated dependent variable,    is the pulp biomass,    is the recovered residues from wood harvesting for energy 
production,   ,   ,    and    are the stem diameter limits of 8, 10, 12, and 14 cm, SW is the Shapiro-Wilk normality test, BP is the 
Breusch-Pagan homoscedasticity test, DW is the Durbin-Watson autocorrelation test, * significance at 5% level, and 

ns
 non-

significance at 1% level. 

Table 3. Models fitted with categorical variables for the estimation of pulp biomass and recovered residues for energy in Eucalyptus 
stands. 

id. Model R²adj. SEE% 

 Eucalyptus saligna 

(1)                                                              0.996 7.58 

(2)   (  )              
                                              0.879 20.17 

 Eucalyptus urophylla × Eucalyptus grandis  

(3)            
                                                 0.990 10.98 

(4)   (  )              
                                              0.857 23.69 

     is the pulp biomass (kg),    is the recovered residues for energy (kg);   is the diameter at 1.3 m above ground (cm),   is the 
total height (m),    is the stem diameter limits of 8, 10, 12, and 14 cm, R²aj. is the adjusted coefficient of determination and SEE% is 
the standard error of the estimate in percentage. 
 
Green biomass was quantified using the destructive method, 
in which tree components were separated, measured, and 
sampled. Each tree was segmented in the compartments: 1) 
stem with bark, for pulp, 2) end stem section, for energy, 
and 3) branches and leaves, for energy. The stem mass was 
measured in four end section scenarios, considering stem 
diameter limits (  ) of 8, 10, 12, and 14 cm in commercial 
height between pulp and energy products. In addition, we 
simulated the sectioning of 7.2 m long logs for pulp and the 
harvesting of logs longer than 2.4 m due to the distance 
from the stakes in the log-carrying vehicles. 
The sampled green biomass was measured with a digital 
balance of 0.01 g precision and 500 kg capacity. For the 
stem, 5 cm thick discs were taken at the relative diameter 
heights of 0% (base), 25%, 50%, and 75% of the total height 
of trees. Leaf and branch samples were obtained from the 
tip, middle and base of the branches located at the mid-third 
of the crowns. Biomass samples were dried in an oven with 
air renewal and circulation until constant mass. A 0.01 g 
precision balance was used to measure mass, in which the 
dry biomass of trees was determined using the moisture 
content of the samples in each component. 
 
 

 
Fitting regression models with categorical variables 
The dry biomass for pulp (  ) was determined for each tree, 
as well as the residues recovered from wood harvesting for 
energy (  ), such as branches, leaves, whole stem bark, and 
final stem section, were sampled considering the stem 
diameter limit scenarios (Table 1). Using these data, linear 
regression models with categorical variables were fitted at 
the tree level, in which the diameter limits (  ) of 8, 10, 12, 
and 14 cm along the stem were considered as the four k 
factors of the categorical variable in the models (  ).  
The dry biomass for pulp and residues recovered for energy 
were considered as dependent variables ( ̂). The diameter at 
1.3 m above ground ( ) and the total height ( ), as well as 
the logarithmic, quadratic power, inverse, and their 
multiplicative and division combinations, were assumed as 
quantitative independent variables ( ) in the regression 
models (Equation 1). 
where  ̂ is the estimate of dependent variable,   is the 
quantitative independent variable,    is the categorical 

variable for a given factor   (stem diameter limit),  ̂  is the 
estimated regression coefficient and  ̂ is the estimate of the 
random error. 
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Figure 1. Studentized residuals of the models fitted with categorical variables for estimating pulp biomass and recovered residues 
for energy in Eucalyptus stands.  
 
Table 4. Estimates of pulp biomass production and recovered residues for energy in Eucalyptus stands by means of the fitted 
models with categorical variables. 

  (  ) Product  ̂̅(       )       (     
  )      [  (       )   ̅    (       )]    

Eucalyptus saligna 

08 Pulp 203.09 11.8 ±16.76 ±8.3 186.33 – 219.85 
 Energy 18.01 7.1 ±0.89 ±4.5 17.01 – 18.90 
10 Pulp 189.11 12.2. ±16.23 ±8.6 172.87 – 205.34 
 Energy 31.31 7.1 ±1.56 ±5.0 29.75 – 32.86 
12 Pulp 170.54 13.0 ±15.56 ±9.1 154.98 – 186.09 
 Energy 51.17 7.1 ±2.55 ±5.0 48.63 – 53.72 
14 Pulp 125.67 15.9 ±14.05 ±11.2 104.78 – 158.66 
 Energy 84.05 7.1 ±4.18 ±5.0 79.87 – 88.24 

Eucalyptus urophylla × Eucalyptus grandis 

08 Pulp 209.47 14.2 ±14.02 ±6.7 195.45 – 223.50 
 Energy 15.95 18.5 ±1.39 ±8.7 14.56 – 17.34 

10 Pulp 197.04 14.1 ±13.08 ±6.6 183.96 – 210.11 
 Energy 30.62 18.5 ±2.67 ±8.7 27.95 – 33.29 
12 Pulp 180.27 13.9 ±11.84 ±6.6 168.44 – 192.11 
 Energy 52.49 18.5 ±4.58 ±8.7 47.91 – 57.08 
14 Pulp 152.73 13.8 ±9.89 ±6.5 142.84 – 162.63 
 Energy 87.68 18.5 ±7.65 ±8.7 80.03 – 95.34 

   is the stem diameter limit,  ̂̅ is the estimate of the sample mean,     is the coefficient of variation,    is the absolute error of 
the estimate,    is the percent error of the estimate,    is the confidence interval for the mean,    is the estimated lower limit,  ̅ 
is the mean population value,    is the estimated upper limit and   is the 95% probability level. 
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For the prediction of pulp and energy biomasses by stem 
diameter limit, the categorical variable assumes on a value 
equal to 1 (one) for the estimate at a given  -factor. 
Furthermore, the other  -factors assume value of 0 (zero) in 
the same regression model. Thus, considering the 
incorporation of stem diameter limits as an additive effect 
categorical variable to estimate biomass per tree, different 
intercepts were estimated, resulting in one level per k-factor 
(Equation 2), in which the final models for estimating 
biomass production ( ̂) can be rewrite by means of 
(Equation 3). 

 
where  ̂ is the estimate of biomass production for pulp and 
energy and A1, A2, A3 and A4 are the stem diameter limits 
(  ) of 8, 10, 12 and 14 cm, respectively. 

The estimated regression coefficients ( ̂ ) per  -factor were 
compared at the 5% significance level by the t-test, making it 
possible to indicate the influence of each factor on the 
biomass estimation. Furthermore, Shapiro-Wilk normality 
test (SW) and Breusch-Pagan homoscedasticity test (BP) 
were applied to verify the linear regression assumptions, 
considering non-significance at the 1% probability level. 
Also, Durbin-Watson test (DW) was performed to verify the 
lack of residual autocorrelation in regression models at the 
1% probability level. The adjusted coefficient of 
determination (R

2
adj.) and standard error of the estimate in 

percent (SEE) were applied to evaluate the quality of 
estimates. Graphical analysis of the studentized residuals 
was also used to evaluate biases in the estimates and 
outliers. 
 
Estimation of pulp and residues biomass production 
By means of fitted models with categorical variables, we 
estimated the biomass of pulp and residues for energy in the 
inventory samples, considering the stem diameter limits and 
the estimators of simple random sampling (Kershaw et al., 

2017). Sample means ( ̂̅) and coefficients of variation 
(   ) were used as descriptive measures, while absolute 
(  ) and percentage (  ) errors made it possible to 
evaluate the quality of the estimates. Finally, confidence 
intervals for the mean (  ) were obtained at the 95% 
probability level ( ). 
 
Conclusion 
 
The biomass models fitted with categorical variables, 
considering the stem diameter limits of 8, 10, 12, and 14 cm, 
made it possible to simplify the estimates of pulp biomass 
and recovered residues production in commercial Eucalyptus 
stands. These models allow decision-making in different 
management scenarios, aiming to support the machines, 
vehicles, and equipment sizing, while also ensuring a 
consistent supply of high-quality raw materials for pulp and 
energy production. 
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