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Abstract       The diameter at breast height is a biometric characteristic directly 
correlated with the height, volume or biomass of the trees. In forestry practice, 
there are situations in which this parameter cannot be determined directly (e.g. 
illegal logging, disturbances or in the case of checking harvesting practices 
following trees extraction). The only biometric parameter that can be measured 
in these cases is the diameter of the stump. In the present study, three linear 
regression models were calibrated by which the diameter at breast height can 
be reconstructed based on the stump diameter at ground level, at a height of 
10 cm and 30 cm. The statistical criteria used to validate the models were 
highest for the model based on stump diameter at a height of 30 cm.   
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Diameter at breast height (dbh) is one of the 

most accessible tree parameters which can be 
measured. The generally accepted height for measuring 
diameter at breast height is 1.30 meters from the 
ground level [3]. Measuring this parameter involves 
low costs, less difficulty and greater accuracy 
compared to other characteristics (height, crown 
diameter) [11]. This diameter (dbh) is strongly 
correlated with the total height, wood volume and 
biomass [2]. Thus, many biometric parameters of trees 
(height, volume, double bark thickness) can be 
estimated with high accuracy only by measuring dbh 
[10]. 

In current forestry practice, there are situations 
when the measurement of the breast height diameter is 
not possible. Such situations can occur in the case of 
illegal logging, checking harvesting practices following 
trees extractions, or in the case of natural disturbances 
[7; 8].  

To estimate the volume of wood, implicitly 
the economic value of the missing trees, it is necessary 
to reconstruct the diameter at breast height based on the 
diameter of the stumps. 

Regression models can be used to reconstruct 
dbh based on the diameter of the stump at different 
heights. The relationship between dbh and the stump 
diameter depends on the structure of the forest stand 
(age, site class) and the environmental conditions 
(slope, soil composition, soil volume) [2]. For these 
reasons, it is necessary to develop local regression 
models that capture the particularities at the level of a 
forest district.  

Studies to calibrate linear regression models 
have been performed for different species of economic 

interest [1; 4; 5]. 
This study aims to calibrate a local regression 

model that estimates diameter at breast height based on 
the diameter of the stump at different heights, with 
applicability at the level of the forests administered by 
the Gheorgheni Forest District. 

 
Material and Method 
 

The study area is represented by the forests 
managed by the Gheorgheni Forest District, located in 
the Gheorgheni Depression, Eastern Carpathians. 
Biometric measurements were performed in 111 stands 
aged between 20 and 120 years. In each stand was 
sampled randomly a number of 20 to 40 trees. Two 
perpendicular diameters at the following height were 
measured: at ground level, at a height of 10 cm, 30 cm, 
and 1,30 m. The measurements were made using a 
forestry caliper with an accuracy of 0.1 cm and a rule 
to determine the height. A validation process was made 
to eliminate and correct measurement errors in the 
database. In the final data set, 4122 trees were 
included. 

To estimate the diameter at breast height from 
the stump diameter, three linear regression models (for 
each stump height) were calibrated using the following 
general form: 

0 1
dbh a a ds      

with: 
dbh – diameter at breast height, 
ai – model coefficients, 
ds – stump diameter.  
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To validate the regression models, the 
distribution of the errors was analyzed.  

The determination coefficient (R2) and the 
root mean square error (RMSE) were calculated for 
model evaluation. 

Statistical data processing was performed 
within the RStudio program using the R language [9]. 

Results and Discussions 
 

The data set used to develop the regression 
models consists of 4122 trees. The main statistical 
parameters are shown in Table 1. The standard 
deviation for stump diameters has a higher value at 
ground level and a lower value at a height of 30 cm. 

 
Table 1 Statistical parameters of the data set 

Diameter (cm) Minimum value  Maximum value  Mean value  Standard deviation  
Stump at ground level 10.10 120.00 58.66 20.65 

Stump at 10 cm 9.40 105.55 48.27 16.75 
Stump at 30 cm 8.90 88.20 41.55 13.90 

Diameter at breast height 8.55 69.90 34.56 10.78 
 

The distribution of the number of trees on 
stump diameters or dbh classes follows a normal 
distribution (Fig. 1). The amplitude of variation of the 

diameters is maximum for the diameters measured at 
ground level and lower for diameters at the height of 
1.3 m.  

 

  
 

Figure 1. Distribution of the number of trees by stump diameter at different heights and dbh classes 
 
To estimate the diameter at breast height from 

the stump diameter, 3 regression models were 
calibrated. In many cases, the stump diameter is not 
available at a height of 30 cm and for this reason, 
models were also calibrated for the stump diameter 
measured at ground level and height of 10 cm. 
Parameter estimates for all models are presented in 
Table 2. It can be noticed that the dispersion of the 
values increases with stump diameter, and it is highest 
for the ground level (Fig. 2). The calibrated regression 
model based on stump diameter at ground level has the 
lowest determination coefficient. If the diameter at 
breast height is estimated based on the stump diameter 

at ground level only 71.7% of the variation of dbh is 
explained by the model. The low value of R2 is related 
to the significant stump deformation of Norway spruce 
at ground level. Due to this fact, it is not recommended 
to use stump diameter at ground level to estimate dbh, 
but certain situations such as illegal logging (stump cut 
radiantly at ground level) require the use of this 
diameter to estimate the volume of trees. In the case of 
estimating dbh based on the stump diameter at ground 
level using the proposed regression model for 
diameters below 25 cm, an overestimation can be 
expected 
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Table 2 Regression equations parameters 

Stump level 
Equation parameters 

R2 RMSE 
a0 a1 

Ground level 8.612 0.442 0.717 5.729 
Height of 10 cm 5.717 0.597 0.862 4.004 
Height of 30 cm 3.252 0.753 0.944 2.540 

 
The regressive model calibrated using the 

stump diameter from a height of 10 cm, as an 
independent variable, shows an increase of the 
coefficient of determination. Thus, 86.2% of the 
variability of dbh is explained by the model. For 

diameters below 20 cm, the proposed model 
overestimates the dbh (Fig. 2B). For diameters over 80 
cm, there are fewer measurements and the model is not 
very accurate 

 

 
Figure 2. Relationship between stump diameter and dbh (with the red line the calibrated model) 

 
The model using the stump diameter at a 

height of 30 cm has a lower dispersion of values. For 
this reason, this stump diameter is mainly used in 

practice to estimate the diameter at breast height. The 
regression model has the highest coefficient of 
determination (0.944), indicating a strong and 
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significant correlation between these two biometric 
parameters. Other studies have provided similar values 
for the coefficients of the regression model based on 
stump diameter at a height of 30 cm for Norway spruce 
[4; 6]. 

To evaluate the proposed regression models, 
the distribution of the errors was analyzed (Fig. 3).  

In all three analyzed cases, the errors show a 
normal distribution. The errors distribution shows a 
higher amplitude of variation for the stumps measured 
at ground level. The errors have higher extreme values 
for this model. For the other two models, residual 
errors have smaller extreme values. 

 

 
Figure 3. Residual error distribution for each regressive equation 

 
Our results suggest that the proposed 

regressive models are valid and can be used in forestry 
practice, mainly in the forest managed by the 
Gheorgheni Forest District. It is known that local 
conditions can induce significant differences in the 
growth and productivity of trees [7]. The proposed 
regression models allow estimating the diameter at 
breast height based on the stump diameter, and to be 
used to estimate the volume of wood or the forest 
structure. 
 
Conclusions 
 

Local regression models by which the 
diameter at breast height can be estimated based on the 
stump diameter are a necessity because general tables 
may underestimate or overestimate the real values. The 
results achieved in this study are represented by three 
regression models with applicability in the Gheorgheni 
area for Norway spruce. The model with the highest 
precision was developed based on the stump diameter 
at the height of 30 cm. 
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