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Abstract
Forests have been constantly growing with their dynamic structure. In order for this dynamic structure must be managed
based on sustainable perspective. Diameter, height, age, stand structure, etc. parameters are used in the inventory stage of the
planning. The easiest to measure among these parameters is the diameter. Therefore, the developed models are usually aimed
at reaching other forest parameters from the diameter. In this article, 9 different height-diameter models were fitted using
regression models, and feed-forward backpropagation artificial neural network model methods for uneven-aged fir (Abies
nordmanniana subsp. equi-trojani) stands in Kökez, Bolu region of Turkey. The models compared based on adjusted R2, bias,
absolute bias, and root mean square error (RMSE). It was observed that the best result was obtained from the artificial neural
network model, and the worst result was obtained from the power model.
Keywords: Linear models, Nonlinear models, Artificial Neural Network models (ANN), Height-diameter models, Feedforward backpropagation ANN
Please cite this article as follows:
Özkal, M. K., Atar, D., Aydın, M., & Tunç, F. (2021). Comparison of Traditional Regression Models and Artificial
Neural Network Models for Height-Diameter Modeling in Uneven-aged Fir Stands. Journal of Biometry Studies,
1(1), 1-7. https://doi.org/10.29329/JofBS.2021.348.01

developments related to stands (Eraslan & Şad, 1993;
Mısır & Yavuz, 2013; Seki, 2020).

1. Introduction
Fir species including Kazdağı fir (Abies nordmanniana
subsp. equi-trojani), East Blacksea fir (Abies
nordmanniana subsp. nordmanniana), and Taurus fir
(Abies cilicica) is in 7th place in the general ranking with
its distribution area of 511.703 ha in the forests of Turkey.
It covers 5.23% of the general forest area (GDF, 2020).

In recent years, Turkey has adopted planning system
approaches based on ecosystem-based functional planning
principles. In order to, making such plans, growth and
yield models for each tree species are needed. Although
Turkey is a very rich country in terms of tree species
diversity and stand structure, it lacks basic substrates for
the growth and development characteristics of tree species
in different stand establishments. One of the most
important elements of growth and yield models is the
height-diameter (h-d) models. Height-diameter equations
are used to estimate tree height with the help of the dbh.
This type of information becomes even more important
because the diversity of tree species is rich and the
differences of habitats are intense. This information is
necessary to make more accurate yield estimations for

Some researchers are primarily aimed at effective planning
which should be based on the continuity of benefiting from
forests. Forests are one of the most important natural
resources. They spread over very large areas and have a
long development process compared to other natural
resources. For these reasons, it is very important to operate
forests in a planned manner. In planned forests, there is a
need for models that serve the planner by revealing the
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decision mechanisms in ecosystem-based functional
planning studies (Özçelik & Çapar, 2014).

merchantable height of 471 fir trees in Greece. The several
models were created from Back Propagation Artificial
Neural Network (BPANN), Cascade Correlation Artificial
Neural Network (CCANN), and Generalized Regression
Neural Network (GRNN) models. The result shows that
the best two models were from BPANN and CCANN.

Tree dbh is the most easily measured parameter of the tree
in forestry. Thus, other variables of trees that are difficult
to measure are estimated using this variable. Many
simulation programs are used to determine the growth of
the stand and height estimation. The growth status of trees
at a point or period can be revealed with the equations of
the relationship between dbh and height. In addition,
height-diameter (h-d) equations guide determining tree
height and volume in a region or stand (Kalıpsız, 1984;
Carus, 1998; Eler, 2003; Temesgen et al., 2007; Çatal,
2009; Çatal, 2012).

In this study, height-diameter models were fitted using
regression models, and feed-forward backpropagation
artificial neural network model methods for uneven-aged
fir (Abies nordmanniana subsp. equi-trojani) stands in
Kökez, Bolu region of Turkey.
2. Material and Methods
2.1. Study area

There is always a positive curvilinear relationship between
diameter and height. Linear and nonlinear regression
models are used to reveal this relationship. Linear models
are used in studies where high precision prediction is not
desired. On the other hand, nonlinear models, which are
more flexible than linear models, are easier to apply to data
and are used more frequently (Carus & Çatal, 2017).

The study area is within the boundaries of Bolu province,
Turkey. The study area is called the Kökez Sub-district
Forestry Directorate which is affiliated to the Aladağ
District Forestry Directorate of the Bolu Regional
Directorate of Forestry in the administrative structure of
the General Directorate of Forestry in Turkey. The study
area is located in the Western Black Sea Region as a
geographical region. According to the equator; it is located
between 40° 37' 05'' - 40° 42' 42'' north latitudes.
According to Greenwich; it is located between 31° 29' 26''
- 31° 38' 16'' east longitudes (Figure 1).

It is possible to calculate dbh data from height using new
technologies such as LiDAR. Diameter estimation models
can be fitted from the height by developing linear
regression, randomForest, and randomForest imputation
models (Ozkal, 2017).

Its lowest points are the route of the Büyüksu Stream,
located in the northern part, at an altitude of 700-710 m.
The highest point of the region is Ayıkaya Hill, which is
located in the south of the region (north of Hıdırseyhler
Plateau). Its altitude is around 1620 m.

With the development of technology, artificial intelligence
technologies are used in many areas, as well as in the field
of forestry. One of the sub-branches of these artificial
intelligence technologies is an artificial neural network
(ANN). Especially in the forestry works, stem taper
models (Sakici & Ozdemir, 2018; Schikowski et al., 2018;
Socha et al., 2020), tree bole volume models
(Diamantopoulou, 2006; Özçelik et al., 2010) and diameter
height models (Özçelik et al., 2013; Thanh et al., 2019) are
developed with artificial neural networks.

The vegetation types of the region consisting of trees,
shrubs, and herbaceous plants are listed below within the
framework of those that can be determined according to
the observations made in the field. The main tree types of
the area are fir (Abies nordmanniana subsp. equi-trojani),
black pine (Pinus nigra), Scots pine (Pinus sylvestris),
juniper (Juniperus oxycedrus), beech (Fagus orientalis),
hornbeam (Carpinus betulus), alder (Alnus glutinosa),
maple (Acer sp.), planetree (Platanus sp.), hazelnut
(Corylus avellana), poplar (Populus sp.), sapless oak
(Quercus petraea), Cyprus oak (Quercus infectoria),
willow (Salix sp.), and rowan (Sorbus sp.).

Viera et al. (2018) used ANN to estimate diameter and
height on eucalyptus trees in Brazil. They used many
activation functions of ANN. As a result of the models they
built, they had very high R2 and very low RMSE.
One of the most efficient machine learning techniques is
artificial neural network which involves fewer statistical
assumptions predicting independent variables (Mehrotra et
al. 2000; Atar, 2016).

2.2. Data
High forests are operated in two ways as even-aged and
uneven-aged in Turkey. The basic elements used in
regulating utilization are age, age class, area, volume, and
increment in the even-aged forests. They are dbh, diameter
class, number of trees, basal area, volume, and increment
in the uneven-aged forests (Keleş & Bulut, 2014). The data
were collected from the sample areas of the forest
management plan which were measured at intervals of 150
m x 300 m forests of uneven-aged. We chose to study the
height-diameter models of fir trees because the fir is the
dominant coniferous species for Kökez region which was
managed under the uneven-aged.

Ercanlı and Bolat (2017) stated that they developed a
model about diameter distribution using artificial neural
networks for uneven-aged pines of Kunduz, Samsun
region. NARX network, the feed-forward backprop,
Cascade Correlation, Layer Recurrent, and Elman
backprop were used for multiple layer network structures.
The data were obtained from 637 sample plots. The best
result was observed from feed-forward backprop ANN
model with 0.784 R2, 27.28 RMSE and 34360.8 AIC.
Diamantopoulou (2012) measured the stump diameter,
diameter at breast height, sawn-timber height and,
2
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Figure 1. The location of the study area
Diameter at breast height (cm) and height (m)
measurements of 862 trees were made in 309 sample plots
area of 600 m2. There was a requirement to measure the
height at least two trees in each sample plot. Summary
statistics including minimum, maximum, mean and
standard deviation for h and dbh values of the sample trees
are given in Table 1. Total data of the 862 sample trees
were randomly divided into two groups: model
development (80%, 633) and model evaluation (20%, 229)
in R software (R Core Team, 2021) (Figure 2).
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Table 1. Summary statistics of the sample trees
Data
Variable n Min Max Mean Std. Dev.
dbh (cm)
8.1 97.8 34.7
14.8
Model
633
development h (m)
4.1 38.1 20.2
6.9
dbh (cm)
8.1 90.0 36.2
15.2
Model
229
evaluation
h (m)
4.2 38.6 20.4
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2.3. Candidate functions
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The relationship between diameter and height has been
tried to be explained by testing the models created with
linear and non-linear equations before. (Huxley, 1932;
Curtis, 1967; Korf, 1939; Meyer, 1940; Wykoff et al.,
1982; Schumacher, 1939). In this study, we compared the
models created using the artificial neural network and
found the relationship between diameter and height to be
appropriate at a sufficient confidence level were used. All
models studied for this paper can be found in Table 2.
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Figure 2. Plots of tree height against dbh
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Table 2. Candidate linear and non-linear h-d models
No Model
Function
M1 Linear
ℎ = 𝑏0 + 𝑏1 𝑑𝑏ℎ
M2 Power
ℎ = 𝑏0 𝑑𝑏ℎ𝑏1
M3 Logarithmic
ℎ = 𝑏0 + 𝑏1 ln(𝑑𝑏ℎ)

The best h-d model was determined through relative
ranking system proposed by Poudel and Cao (2013). After
the calculation of model statistics as above involved
combining all the scores for each model and reranking
them to determine the overall score. The model that scores
1 on the overall ranking is the best model, while the model
that scores the highest on the overall ranking is the worst.
The evaluation data set was used to critically assess the
best model's accuracy, and t-tests were applied to examine
whether there exists a significant difference between
observed and predicted heights. Additionally, in order to
examine the problem of unequal error variance, a graphical
analysis was conducted of the residuals.

𝑑𝑏ℎ 𝑏1
)
1 + 𝑑𝑏ℎ

M4

Curtis

ℎ = 1.30 + 𝑏0 (

M5

Korf

ℎ = 1.30 + 𝑏0 𝑒 (−𝑏1𝑑𝑏ℎ

M6

Meyer

ℎ = 1.30 + 𝑏0 (1 − 𝑒 (−𝑏1𝑑𝑏ℎ) )

M7

Wykoff

ℎ = 1.30 + 𝑒 (𝑏0−𝑏1(𝑑𝑏ℎ+1)

M8

Schumacher

ℎ = 1.30 + 𝑏0 𝑒 (−𝑏1𝑑𝑏ℎ

−𝑏2 )

−1 )

−1 )

3. Results and Discussion

M9 ANN
Note: b0, b1, and b2: model parameters, h: tree height, dbh:
diameter at breast height

Measuring tree height is a difficult process in forestry.
Even if the height of all trees is measured, their accuracy
is controversial due to some application errors. Therefore,
equations have been developed for tree height estimation
using easily measured dbh in forestry. h-d models are one
of the most fundamental components in the development
of growth and yield models in forestry studies. With the
help of these models, many tree and stand parameters can
be easily estimated. In this study, 9 different h-d models
were tested in order to develop h-d models for natural fir
stands of Bolu-Kökez Region. For this purpose, 309
sample areas were taken and detailed h-d measurements
were made on 862 trees. The following results were
obtained in the comparisons made using the data obtained
from these sample areas.

Feed-forward backpropagation network type was selected
for creating a model using an artificial neural network on
MATLAB (MATLAB, R2021a). Network training
function of trained data was used for updating bias and
weight values based on the Levenberg-Marquadt
optimization. The performance function of the model was
selected as Mean Squared Error. Model 9 as ANN model
was created after these steps (Figure 3).
2.4. Model evaluation and selection
In this study, the selection of the best model was executed
using statistical evaluations. The statistics calculated for
each model are given as follows:

Adjusted R2, Bias, Absolute Bias, Root Mean Square Error
and, Akaike Information Criterion were calculated for 9
different models consisting of linear and nonlinear
regression models, and Artificial Neural Networks. All
models’ information is given in Table 3.

The adjusted coefficient of determination:
2

𝑅𝑎𝑑𝑗 = 1 −

(𝑛 − 1) ∑(ℎ𝑖 − ℎ̂𝑖 )

2

2
(𝑛 − 𝑝 − 1) ∑(ℎ𝑖 − ℎ̅𝑖 )

(1)

When all these results are compared according to the
ranking system developed by Poudel and Cao (2013), we
obtained the best result from M9, which we obtained from
Artificial Neural Networks. M7 developed by Wykoff et
al. (1982) and M4 developed by Curtis (1967) were
followed for the best models. The worst three models are
followed by M2 called power, M1 called linear, and M6
developed by Meyer (1940) (Table 4).

Bias:
𝐵=

∑(ℎ̂𝑖 − ℎ𝑖 )
𝑛

(2)

Absolute bias:
𝐴𝐵 =

∑|ℎ̂𝑖 − ℎ𝑖 |
𝑛

(3)

Although most results of the models are consistent with the
literature, unsuccessful models in this study were among
the successful models in other studies. These results may
be due to differences in the biology of the tree species,
local conditions, and operational purposes.

Root mean square error:
𝑅𝑀𝑆𝐸 = √

2
∑ (ℎ𝑖 − ℎ̂𝑖 )
𝑛−𝑝

(4)

Diamantopoulou (2012) fitted BPANN model from
merchantable height of 471 fir trees in Greece that R value
was 0.79 and RMSE was 2.99. Li and Jiang (2010) tested
BPANN model about tree height model from plantation
larch trees. They estimated R value as 0.83 and mean
square error as 0.13. We calculated R values as 0.85 and
RMSE as 3.80 for our data.

Akaike Information Criterion:
𝐴𝐼𝐶 = 𝑛. ln(𝑅𝑀𝑆𝐸) + 2𝑝

(5)

where;ℎ𝑖 ,ℎ̂𝑖 , ℎ̅𝑖 are observed, estimated, and mean height
values, n is the number of data used for fitting and p is the
number of model parameters.
4
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Figure 3. Plots of M9 ANN Model
When the error distribution of M9 is examined, it can be
observed that the error distribution is relatively
homogeneous for different diameter values and this
distribution has heterogeneous variance. However, some
larger predicted height errors were observed in 10-20 cm

dbh interval. It has been observed that the number of
sample trees in this interval is less than the sample trees in
the other intervals, and the distribution of tree heights with
a dbh of 10-20 cm interval is very wide (Figure 4).

Table 3. Parameter estimates and goodness-of-fit statistics for h-d models
Model
Radj2
Bias
Absolute bias
RMSE

AIC

M1

0.609

0.0

3.3

4.30

927.29

M2

0.621

-0.4

3.2

4.23

917.34

M3

0.682

0.0

2.9

3.88

861.73

M4

0.686

0.0

2.9

3.86

858.64

M5

0.685

0.0

2.9

3.86

860.95

M6

0.677

0.2

3.0

3.91

866.79

M7

0.686

0.0

2.9

3.86

858.35

M8

0.685

0.0

2.9

3.86

859.06

M9

0.691

0.0

2.9

3.80

849.79

5

Parameters
b0
b1
b0
b1
b0
b1
b0
b1
b0
b1
b2
b0
b1
b0
b1
b0
b1

Estimate
7.606
0.363
1.524
0.729
-18.913
11.376
35.721
19.625
38.543
14.355
0.878
33.081
0.027
3.589
20.422
35.272
18.855
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Table 4. Ranking for h-d models
Ranking for
Model
M1
M2
M3
M4
M5
M6
M7
M8
M9

Radj2

Bias

Absolute bias

RMSE

AIC

9.00
7.83
1.88
1.49
1.59
2.37
1.49
1.59
1.00

1.00
9.00
1.00
1.00
1.00
5.00
1.00
1.00
1.00

9.00
7.00
1.00
1.00
1.00
3.00
1.00
1.00
1.00

9.00
7.88
2.28
1.96
1.96
2.76
1.96
1.96
1.00

9.00
7.97
2.23
1.91
2.15
2.75
1.88
1.96
1.00

Total Rank

Overall
Ranking

37.00
39.68
8.39
7.36
7.70
15.88
7.33
7.50
5.00

8.38
9.00
1.78
1.54
1.62
3.51
1.54
1.58
1.00

Estimated Heigt Error (m)

15
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Figure 4. Plots of height estimation residuals vs. dbh
Carus, S. (1998). Aynıyaşlı doğu kayını (Fagus orientalis
Lipsky.) ormanlarında artım ve büyüme [PhD
dissertation, Istanbul University]. (in Turkish)
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