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 Background: We aimed in this study to estimate the height of the tree species of the 
Araucaria moist forest in the state of Santa Catarina. In order to carry out this analysis 
we employed the traditional technique of linear regression and tested seven different 
mathematical models, of which two were proposed by us, as well as an alternative 
option, which is Data Mining. We assessed both techniques in terms of accuracy by 
estimating the total height (Ht) based on the diameter at breast height (dbh). We tested 
the models and compared the adjusted equations by the following parameters: adjusted 
coefficient of determination (R2aj.), standard error of the estimate in percentage (Syx%), 
Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC) and 
Willmott’s index of agreement (dW). Based on a comparison between these parameters, 
the results indicated that the most accurate model was the Proposed Model 1 (h = β0 + 
β1. (1 / dbh) . dbh + β2) among the regression models (R2

aj. = 0.3384, Syx% = 20.0353, 
AIC = 288.1559, BIC = 296.8043 and dW = 0.6743) and DM5 1/d (5 closest neighbors, 
weighted by the inverse of distance) among the data mining models. We concluded 
that, in this case, the regression technique is more accurate, particularly in the Proposed 
Model 1. Also, data mining has potential use for the same purpose, but must be further 
evaluated and tested. 
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INTRODUCTION 

 
 Among the forests of southern Brazil, there is 
the Araucaria moist forest, which results from the 
interpenetration of southern Andean and tropical 
African-Brazilian floras (VELOSO et al., 1991). The 
Araucaria moist forest is interspersed with savanna 
and steppe areas, creating a mosaic system that 
characterizes most of the landscape in the southern 
region of the country (KLEIN, 1960). 
 Since the beginning of colonization, the 
Araucaria moist forest, as well as all other forest 
systems, has been extensively exploited by man, 
causing negative impacts. In the state of Santa 
Catarina, there are currently only small pockets of 
forest with Araucaria trees and the forest area lies 
mostly covered by secondary formations or by 
forests degraded by the removal of commercial 
species (REIS, 1993)  
 The state of Santa Catarina stands out from other 
Brazilian states in what concerns to knowledge of its 

flora, as systematic surveys conducted in the decades 
1950-1970 generated important information. The last 
systematic and quantitative survey of forests dates 
from the 1980s and in 2005 the Floristic Forest 
Inventory of Santa Catarina was founded (VIBRANS 
et al., 2010). 
 In forest inventories the diameter at breast height 
(dbh) is easily measured for all trees, but the height 
measurement provides accurate results only when 
performed by means of suitable instruments in a 
direct way. As it is not a fast measurement to carry 
out, it is usually just estimated indirectly and 
partially. The pairs of values obtained from 
diameters and respective heights are used to establish 
the height-diameter relationship, which is used to 
estimate the heights of the other trees as a function of 
the diameters already measured. Therefore, a 
problematic variable is estimated based on another 
one that is easier and faster to measure, reducing 
measurement time and costs (MACHADO & 
FIGUEIREDO FILHO, 2003; SANQUETTA et al., 
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2013a). 
 According to Machado et al. (1993), the use of 
height-diameter equations in the inventory has been 
increasingly common, making it more economical 
and, most often, as accurate as that achieved by 
measuring the height of all trees in the plot. 
 Other techniques have also been used for 
analysis of large datasets, such as Data Mining 
(DM), which aims to gather useful information from 
large data volumes. It defines the automated process 
of capture and analysis of large datasets in order to 
extract a meaning and it can be used both to describe 
characteristics of the past and to predict trends for the 
future 
 In this context, we aimed in this study to test 
seven mathematical models to express the height-
diameter relationship of trees of the Araucaria moist 
forest and compare the results obtained by data 
mining, indicating the best technique used and the 
equation that showed the best behavior. We also 
aimed in this research to provide equations that can 
estimate total height based on the diameter at breast 
height of trees, facilitating the monitoring of the 
regeneration of the Araucaria moist forest.  
  

MATERIALS AND METHODS 
 
Characterization of the study area: 
 For this study we used data of 132 trees of 65 

species native to the Araucaria moist forest in the 
State of Santa Catarina, collected in 2005 in different 
locations. 
 
Data gathering: 
 We measured the diameter at breast height 
(DBH) and total height (Ht) of the trees, which were 
measured upright and with the help of climbing 
equipment and skilled professionals. For this study, 
we used only the variables DBH and Ht. 
 
Regression Models: 
 Height-diameter models are tools used to 
estimate the height of individuals based on the 
relationship between this variable and the DBH of 
trees. The use of these equations facilitates 
inventories, since it only requires the height 
measurement of a small group of trees for adjusting 
the models. To measure the rest of the individuals, 
one only needs the DBH, which is a much easier 
measurement to carry out. 
 In this study we tested seven height-diameter 
models whose equations were adjusted by the least 
squares method (Table 1). We used the total height – 
Ht (m) as the dependent variable and the DBH (cm) 
as the independent variable. Five models were 
obtained from the literature and two other were 
proposed. 

  
Table 1:  Models tested for the adjustment of the height-diameter relationship. 

Equation Model Authors/Nomenclature 
1 h = β0 + β1 . DBH Campos & Leite (2002) 
2 h = β0 + β1 . DBH + β2 . DBH ² Trorey (1932) 
3 1/h = β0 + β1 . (1/ DBH) Inverse 
4 h-1.3 = DBH ² / (β0 + β1 . (1/ DBH) + β2 .( DBH ²)) Prodan 
5 DBH ²/h = β0 + β1 . (DBH) + β2 .( DBH ²) Prodan 
6 h = β0 + β1.  (1/ DBH) + β2 . DBH Proposed Model 1 
7 h/ DBH = (β0 + β1 . (DBH) + β2 .( DBH ²)) Proposed Model 2 

 
Data Mining: 
 The data mining technique consists in seeking 
information from neighboring elements in order to 
obtain an estimate of an element of interest, that is, 
values in the dataset are searched for those closest to 
the object value of the estimate. The estimate is 
given by the average of the values of nearest 
neighbors to the element to be estimated. The 
technique is based on the premise that when vectors 
formed by their dimensions are closer, they tend to 
belong to the same class. 
 The use of data mining is still not widespread in 
Brazil, particularly in forest science. Recent studies 
have demonstrated its potential for estimating 
biomass and carbon stocks in forest species 
(SANQUETTA et al., 2013b; SANQUETTA et al., 
2015). Therefore, in this study we sought to test this 
technique to estimate the heights of trees.  
 We also tested 3 and 5 closest neighbors and 
employed as a weighting factor the inverse distance 
(1/d) and its square (1/d2). The distance used in this 
work was Euclidean. 

 
Statistical criteria for evaluation:  
 Data were evaluated through the following 
parameters: adjusted coefficient of determination 
(R2

ad), standard error of the estimate in percentage 
(Syx%), Akaike Information Criterion (AIC), 
Bayesian Information Criterion (BIC) and Willmott’s 
index of agreement, besides graphic analysis of the 
residues, as described in SANQUETTA et al. (2014). 
 

RESULTS AND DISCUSSION 
 
Regression model: 
 Table 2 depicts the results of the adjustments of 
the height-diameter equations. Overall, we found the 
adjustments of the tested models reasonable, 
considering the variability of the species (65 
altogether), which show different characteristics and 
different h/DBH relationships. Values of R2

ad ranged 
mostly from 0.2 to 0.3, what initially indicates a low 
level of adjustment. However, the values of 
Willmott’s index of agreement presented a 
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coincidence between the real and observed value 
ranging from 50 to 67%. In addition, the relative 
standard errors of the estimate ranged from 20 to 
23%, what represents estimates close to real values. 
This can also be confirmed by the residual plot, 
which rarely surpassed 50% (Figure 1).  
 According to the criteria of quality of 
adjustment, the Proposed Model 1 showed the most 

satisfactory results, with the highest value of R2
ad, the 

lowest Syx% and the lowest AIC and BIC values. 
 The behavior of the residues in percentage of the 
average height variable as a function of the DBH was 
similar in all tested models (Figure 1). The graphs 
show that the residues did not exceed 100% and were 
concentrated near the orthogonal regression line. 
Thus, statistical bias was not detected. 

 
Table 2:  Adjusted height-diameter equations and quality adjustment measures.   

Model Coefficient R2ad. Syx% AIC BIC dW 

Campos & Leite 
β0 10.48923 

0.2849 20.7921 296.9549 302.7205 0.6144 
β1 0.121103 

Trorey 
β0 7.904884 

0.3142 20.4030 292.9563 301.6047 0.6495 β1 0.26775 
β2 -0.00171 

Inverse 
β0 0.045199 

0.3135 20.3718 291.5645 297.3301 0.6758 
β1 0.771532 

Prodan 
β0 6.604884 

0.2215 21.8128 311.5764 323.1076 0.4996 β1 0.26775 
β2 -0.00171 

Prodan 
β0 -11.7762 

0.1893 22.2683 317.0319 328.5631 0.4601 β1 1.307272 
β2 0.041754 

Proposed Model 1 
β0 17.59025 

0.3384 20.0353 288.1559 296.8043 0.6743 β1 0.025682 
β2 -107.464 

Proposed Model 2 
β0 7.904884 

0.3118 20.4819 294.9563 306.4875 0.6495 β1 0.26775 
β2 -0.00171 

 
 Several studies report the height-diameter 
relationship in woody species, such as bamboos 
(SANQUETTA et al., 2014b), teak (PEREIRA et al., 
2014), mixed native species (AZEVEDO et al., 
2011) and others. The degree of adjustment varies in 
each case. For the Araucaria moist forests 
(SANQUETTA et al., 2013a), the analysis of the 
height-diameter relationship concludes that the 
stratification of data by botanical families might 
improve the relationship between diameter and 
height, consequently improving the adjustment of the 
equations. However, such procedure may not be 
enough to explain internal variations in the 
relationship of these variables in specific cases. 
 In native forests, the variation between diameter 
and height is quite elevated due to different stem and 
canopy architectures, results of the inner 
characteristics of the species and the medium they 
live. Therefore it is important to analyze more 
thoroughly the interspecific variations in order to 
stratify data accordingly and obtain more precise 
models. In this study, the adjustment was performed 

for the whole group of species, as there was not a 
representative sample for each species assessed. 
Further studies are necessary to improve the 
adjustments herein presented. 
 
Data Mining: 
 Data mining results are shown below (Table 3). 
The technique of data mining presented an 
adjustment near regression, with similar adjustment 
measures. This mathematical technique that 
calculates (estimate) the value of a variable - in this 
study, the height – is based on the mean value of its 
closest neighbors, considering the diameter variable 
as reference, which is the predictor variable or 
variable of easy measurement. The test with three 
and five neighbors indicated that five neighbors is 
the option that results in smaller Syx% and higher 
Willmott’s index of agreement. In spite of the higher 
adjusted coefficient of determination, all other 
adjustment measures were superior. The best 
weighting parameter was the inverse-distance 
weighting. 

 
Table 3:  Data mining and quality adjustment measures.  

Model R2
ad. Syx% AIC BIC dW 

DM3 1/d 0.4296 23.3766 327.8856 330.2258 0.6054 
DM3 1/d² 0.4841 23.6201 330.6218 332.9828 0.6150 
DM5 1/d 0.3935 22.2436 314.7700 317.0109 0.6315 
DM5 1/d² 0.4615 22.8614 322.0031 324.2988 0.6315 

 
 The graphic residual analysis with the models of 
data mining showed balanced distributions 
throughout the x axis (DBH) and did not demonstrate 

the existence of tendencies in the estimates and 
residues predominantly concentrated between -50 
and 50%. Thus, the technique has an estimation level 
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comparable to that of the regression technique, 
predominantly used for tree estimates in the forestry 
field.  
 Data mining is little explored in the forestry 
field, although it has already proven its potential of 
application. Sanquetta et al. (2015) performed 
detailed analysis of the effect of the number of 
neighbors on the estimate of biomass of forested 
species from the Atlantic Rainforest and concluded 
that the use of five neighbors results in better 
estimates. The authors tested several variants of 
distance, weighting and predictor variables. They 
reach the conclusion that a higher number of 
independent variables improves the estimates and 
that the 1/d weighting was the most adequate. 
Chebichev distance proved to be the most 
appropriate.  
  We did not find reports of the use of this 
technique for the expression of the height-diameter 
relationship. Thus, this study has a relevant 
contribution as it uses this technique for the first time 
for estimating the height of trees. More studies need 
to be developed in order to strengthen and spread this 
technique throughout the forestry science, as 

modeling by means of regression is predominant in 
the literature. Data mining has the possibility of 
generating estimates near or superior to those 
achieved by means of regression. 
 
Conclusions: 
• The height-diameter models tested presented 
reasonable behavior considering the high dispersion 
of total height values in relation to diameter at breast 
height; 
• According to the adjustment measures, the 
height-diameter model (Proposed Model 1) had the 
best performance; 
• Based on the estimates obtained by data mining 
it is possible to state that the values are comparable 
to those obtained by the regression method of height-
diameter models and had a reasonable behavior; 
• Although R2

ad presented relatively low values, 
the adjustment was satisfactory considering the 
precision expressed by Syx% and the balanced 
graphic residual distribution. Thus, even though the 
precision of the models was not excellent, their 
accuracy can be considered satisfactory. 
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Fig. 1: Graphic residual analysis of hypsometric equations from the Araucaria moist forest of Santa Catarina. 
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Fig. 2: Graphic residual analysis of the data mining models for the estimated height of trees of the Araucaria 
      moist forest of Santa Catarina.  
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