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 This research aimed to evaluate different volumetric and classification models of sites 
for the production prognosis in a Eucalyptus urophyla (S.T. Blake) population, in the 
north area of the Goias State (Brazil). The data used was taken from 21 permanent plots 
of continuous forestry inventories, considering that each plot was measured four times 
annually. For the purpose of prognosis of volumetric stocks, the Clutter model was 
adjusted. All models evaluated presented good adjustments, low estimate errors and 
elevated determination coefficients, highlighting the Schumacher-Hall to estimate 
volume and the Prodan to generate classification curves of the sites. The adjustment on 
the Clutter model resulted in satisfactory and precise equations for the projection 
estimates of volume per area unit and future ages.  

 
INTRODUCTION 

 
The planted forests, especially the ones with quick growth, such as the Eucalyptus sp. represent, in short 

term, an alternative for the energy matrix and for sinking the carbon emitted in the atmosphere (Stern, 2007; 
Zhang et al., 2012). In this context, Brazil has a privileged position, being one of the few countries in the world, 
with technological resources and adequate climate to sustain these forests (Stape et al., 2001; Gonçalves et al., 
2008). 

The modeling of growth and forestry production are important tools for management, assisting the decision-
making process. The modeling is used for production prognosis of volume, in a base area, of the production site 
or even for other variables that can be quantified in a forestry population (Retslaff et al., 2015). 

The whole-stand modelling (WSM) provides estimates for growth or production per unit of the area studied, 
considering that the volume per area predicted or projected is obtained from variables such as age, height, base 
area and site index (Campos and Leite, 2013). 

In a forestry settlement, the growth and production are influenced by factors as age, production capacity, 
site, genetic material used and silvicultural treatments. The production capacity of the site can be defined as a 
production potential of the wood of a certain species (Campos and Leite, 2013).   

The site curves are constructed from equations and used to classify the production capacity of the studied 
area under a quantitative perspective (Retslaff, 2015). Said equations are derived from functional relations, 
involving the dependent variable, average dominant height (hdom), and the independent variable, the age (t). 
They are constructed by using data regarding the dominant height and age from the temporary and permanent 
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plots, or the trunk analysis. The curves construction for the Eucalyptus spp. sites are used in several studies such 
as, Retslaff (2010).  

The prognosis on the forestry measuring is a prediction, projection or any other proceeding that allows 
estimating the growth in volume and base area; it can define the technical cutting age (Binoti et al., 2015). The 
production prognosis is a relevant element to establish management plans, being one of the main elements of the 
management (Campos and Leite, 2013). 

In Brazil, the most used model is the Clutter’s (Clutter, 1963). The model is constituted by a regression 
equations system, the production is expressed in function of the ages (current and future), of the site indexes on 
the current age, and current and future bases (Campos and Leite, 2013). 

However, the studies regarding estimate methods of growth models and production in forestry settlements 
in the Central-West region of Brazil are lacking. Studies regarding the growth modelling and production 
contribute to develop the forestry sector of the area. Such models are largely used, because they allow projecting 
the interest variable, in other words, the production prognosis, even for advanced ages, beyond the limits of the 
data observed (Nascimento et al., 2015). 

Under that perspective, this research aimed to test different volumetric and site classification models, and to 
verify the precision of the Clutter model for projecting the production of volume for Eucalyptus urophylla (S.T. 
Blake) settlements in the north area of the Brazilian State Goias.  

 
MATERIAL AND METHODS  

 
The data used came from a continuous forestry inventory of a clonal settlement of Eucalyptus urophylla 

(S.T. Blake), in an area owned by the Anglo American Group (CODEMIN). The climate, according to the 
Köppen and Geiger (1928) classification, is Aw, with a dry season in the winter and a wet season in the summer. 

The settlement was implanted in 2008, with an initial density of 1666 trees per hectare in a 3m x 2m 
spacing. The inventory was performed from 2011 to 2014, measuring 21 permanent plots of 480 m², at the ages 
of 3, 4, 5 and 6, collecting data for diameter at 1.30 m from the soil (bhd) and total height (Ht) of all specimen 
existing in the plots.  

The cubing was rigorous, it was performed by the Hohenadl method for each measuring year, with a total of 
36, 60, 67 and 62 cubed trees at the age of three, four, five and six, respectively, totalizing 284 specimens, 
which subsided the adjustment for the models presented (Table 1).  

 
Table 1. Models tested to estimate the individual trees. 

Author Model 

Spurr HdapββV 2
10 +=  

Berkhout dapβV 1β
0=  

Schumacher-Hall HdapβV 2β1β
0 +=    

Where: V = total volume estimated (m³); dbh = diameter-breast height (cm); H = total height. 
 
To classify the site quality an indirect method was used, in which the specimens with dominant height were 

selected, in accordance to the concepts defined by Assmann, represented by the arithmetic mean of the height of 
the hundred taller trees per hectare (Assmann, 1961). 

Based on the means of the trees with dominant height (Hdom) per plot, at different ages (A), it was possible 
to classify the productive capacity of the settlements through Local Index (S), applying the Guide-Curve 
Method (Clutter et al., 1983), adopting the index age of seven for this settlement.  

This method generated anamorphic curves, which represent the same growth tendency for all locations 
evaluated, therefore, for each age; the distance between the curves is identical (Campos and Leite, 2013). 
According to Scolforo (2006), the anamorphic curves present a constant growth rate regarding the height for any 
site. The models tested to classify the sites are presented on Table 2.  
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Table 2. Models adjusted by the guide-curve method in order to express the production capacity in different locations.  
Author Model 

Prodan    
IdβIdββ

Id
)Hdom(Ln 2

210
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++
=  

Logístico 
   

IdβIdββ

Id
)Hdom(Ln 2

210

2

++
=  

Schumacher-Hall    ( )
Id
1

10 ββ)Hdon(Ln +=     
Where: h = total height estimated (m); d = DBH (cm); Id = Settlement age (years); hdom= dominant height (m); βi = regression coefficient 
to be estimated. 
  

The prognosis was obtained in whole-settlement level estimating the future volume through the Clutter 
model, as described by Campos and Leite (2013). The production is expressed in function of the ages, site index 
and base area.  

The settlement model used was Clutter (1963), composed by the following functional relations (Campos 
and Leite, 2013), adjusted simultaneously:  

( ) ( ) ( ) ( )εLnHd-1α-1α)B(Ln)BLn( 1I
I

1I
I

01I
I

2
2

1

2

1

2
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I
β

β)V(Ln 23202
2

1  

Where: B2 = base area of the settlement at future age (m² ha-1). B1 = base area of the settlement at current 
age. I1 = current age (year); I2 = future age. Hd1 = dominant height in current age (year). S = site index. V2 = 
volume of barked wood of the settlement at future age (m³ ha-1); α0 and α1 = base area models coefficients. β0... 
β3 = volumetric models coefficients; and ε = random error. 

For all models adjusted, approximately 30% of the cubed trees (84) were used for volumetric validation and 
25% of the plots were used to classify the sites and prognosis (5). The criteria used to select and evaluate the 
precision of the equations in order were graphic analysis of the residues, lower residual pattern-error (Syx), 
analysis of the original scale of the dependent variable in percentage and higher determination coefficient (R2).  

The Clutter model was evaluated based on the biological fundaments, in other words, it is expected that 
better the site, sooner the technical cutting age is ideal, keeping the same spacing and same species, which is 
represented by the crossing point between the Current Annual Increment (CAI) and Mean Annual Increment 
(MAI). The MAI and CAI curves were constructed for different site index, aiming to verify their effects over the 
technical cutting age (Nascimento et al., 2015). 

 
RESULTS AND DISCUSSION 

 
In accordance to the criteria stablished to select the best adjustment, it was verified that the Schumacher–

Hall model is the most precise, compared to the other models tested, when it comes to estimate the bark volume 
for all measuring years, presenting a waste distribution without tendentiousness (Figure 1).  

The results of the adjustment parameters and models’ precision are described on Table 3, for the years 
2011, 2012, 2013 and 2014. 

It is noted that the double entrance models present better statistics than the single-entrance ones, according 
to Miguel (2016), the double-entrance models usually achieve better results because they provide superior 
representations of the sampled population, diameter and height. The Suchumacher-Hall model is the most 
diffused due its statistical proprieties, since they present non-tendentious estimates; the Spurr model is 
highlighted due its easy adjustment (Campos and Leite, 2013).  

By comparing the results of the model selection criteria (R²; Syx%), it is observed that, generally, all 
models present satisfactory models, which is allowed under conditions of homogeneous plantations.  

To classify the production units, the Prodan and Logístico models presented similar residues distribution, 
the Schumacher model was disperser for residues at the age of 3 and the Prodan at the age of 4 (Figure 2). The 
Prodan and Logístico models had lower estimate errors and identical R² (Table 4) as well as Pego et al. (2015), 
in a classification study in a Eucalyptus spp. settlement, in the north area of Minas Gerais (Brazil), due the better 
adjustment and lower statistic pattern error. 
 
Table 3: Values of the adjustment parameters and volumetric models’ precision adjusted for a Eucalyptus urophylla (S.T. Blake) 

population.  
Author Syx Syx(%) R² β0 β1 β2 
Schumacher-Hall 0.0113 10.39 0.9756 0.0000432 0.0001811 0.0041000 
Berkout 0.0163 14.93 0.9493 1.7700421 2.5521931 0.0000327 
Spur 0.0116 10.63 0.9743 1.1150482   
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Fig. 1: Residues dispersion percentage of volume in function of DBH (diameter-breast height) for the three 
volumetric models adjusted.  

 
Table 4: Adjustment and precision parameters to estimate the dominant height.  

Author Syx Syx (%) R² β0 β1 β2 

Schumacher 0.86665 3.78551 0.94644 3.804945 -2.90838 
Prodan 0.61768 2.69802 0.9703 1.297879 -0.34087 0.324936 
Logístico 0.68668 2.99941 0.97032 27.3987 17.2456 -1.09698 

 
 

Fig. 2: Residues dispersion for estimates of the dominant height in function of the age.  
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By obtaining the dominant height, it was possible to classify the site, taking the age of seven as the index 
age for this settlement, in which the dominant height was 27.2 m. The superior and inferior limits of the three 
site classes at the index age were determined, with a 2 m amplitude (Table 5). Then, the index curves were 
generated for each site (Figure 3).  

 
Table 5: Classes sites for the clonal settlement of Eucalyptus urophylla (S.T. Blake), considering the Prodan model, through the guide-curve 

method.  
Site Classes      Li    Ls Site index 
III 24       Ͱ 26 25 
II 26       Ͱ 28 27 
I 28       Ͱ 30 29 

 

Fig. 3: Index curves of three classes (I High, II Medium and III Low productivity), considering the age index of 
seven.  

 
The Clutter adjustment model provided satisfactory equations for projection estimates regarding the base 

area and volume at future ages. All coefficients were statistically significant according to the t test (p<0.0485), 
besides, the equation provided elevated correlation between the values estimated and observed and low value for 
the pattern-error of the estimates (Table 6). The signals associated to the coefficients are in accordance to the 
literature (Campos and Leite, 2013), in which the α1 coefficient, associated to the age and dominant height in 
the current height is positive, and the β1, associated to the inverse age is negative.  

 
Table 6: Adjustment parameters of the Clutter model for the base area and volume variables.  

Parameter 
Base Area Volume 
α0 α1 β0 β1 β2 β3 

Estimate 3.8018 0.00453 2.02829 -0.49873 0.00969 1.03264 
T Test 3.8398 0.1241 1.2096 -2.834 4.0171 3.0477 
Significance 0.0002 0.9014 0.0000 0.0052 0.0001 0.0000 
Determination Coefficient (R²) 0.940236                      0.994389 
Pattem-Error (Syx%) 4.01                      1.6 

 
When the Clutter model was adjusted in the reduced form, it was verified an inconsistence on the α1 

coefficient that follows the [(1-I1/I2).S] expression, and, therefore, said expression was replaced by [(1-
I1/I2).Hd1], as suggested by Campos and Leite (2013). Salles et al. (2012), while evaluating the Clutter model 
in order to estimate the production of seven eucalyptus clones, conducted in a crop-livestock-forest integration 
system, verified different functional relations for each clone, indicating a need to evaluate the functional 
relations for each specific situation.  

The WSM estimated precisely the base areas and volumes at future ages (B2 and V2) (Figure 4). The 
estimate errors varied from -15.14% to 11.11% for base area and -2.14% to 3.14% for volume, not being 
verified, through graphic analysis of the residues, tendencies for under or overestimates, and, therefore, the 
estimates obtained from the simultaneous equations are considered reliable. In the literature, other works also 
reported a good performance for the Clutter model for eucalyptus plantations (Leite et al., 2011; CASTRO et 
al., 2013) 
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Fig. 4: Residues dispersion of volume and base area in function of the Clutter model adjustiment.  
 
According to Scolforo (2006) in the north region of Minas Gerais, areas with similar soil types, the mean 

annual increment (MAI) of Eucalyptus urophylla (S.T. Blake) varies from 25 to 50 m³, corroborating to the 
values found in this research, which varied from 28.07 m³.ha-1 to 40.01 m³.ha-1. In this research, for the index-
age of 7, the MAI obtained was 36.42 m³.ha-1, 39.21 m³.ha-1 and 42.56 m³.ha-1, for sites I, II and III, 
respectively. Castro et al. (2015), while evaluating a hybrid of Eucalyptus grandis W. Hill ex Maiden x 
Eucalyptus urophylla (S.T. Blake), established a technical age of 5.6 years for a MAI of 45.6 m³.ha-1. 

On Figure 5, the points in which the CAI and MAI curves cross are identified with vertical lines, 
confirming the biological fundament that the better the site, lower the technical cutting age. The prognosis data 
demonstrate that the studied site has homogeneous environmental characteristics, which causes the site classes 
to not present differences nor the technical age to vary among the site’s classes. Therefore, it is necessary to 
amplify the space of the site with greater productivity to make the competition adequate for a larger period.  

Fig. 5: Annual increments for volume in the sites’ indexes 25, 27 and 29 m. 
 
Theroricaly, it is expected that the dendomentric variables of settlements in sites with larger productivity 

present superior values for production, and, as well, the insertion of increment curves, beforehand, when 
compared to others (Nascimento et al., 2015). In this research, such theory was confirmed regarding the volume 
prediction.  
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Conclusions: 
All models tested, hypsometric and volumetric, presented satisfactory results for precision statistics.  
The model proposed by Prodan was the most stable to classify the production units of this study.  
The Simultaneous Adjustment System, proposed by Clutter, for whole-stand modelling provided reliable 

estimates regarding the volume production in the forest studied.  
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