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Abstract

Man-made forests are created with various goals, including reducing the pressure on natural
forests. Therefore, the knowledge of the status of their quantitative characteristics for
planning and achieving primary goals has always been of interest to the managers of these
types of forests. In this research, field data collection of parameters such as height, DBH and
crown area was done with Phantom 4 UAV RGB images (2 Cm), Total Station TS02 (7") and
standard metal meter(1mm). Then it was obtained by calculating the parameters with the help
of paired images (crown area) and point cloud (Height and Diameter at breast height). In the
next step, two-by-two linear and logarithmic regression relationships were created between
H, DBH and crown area parameters, and the value of R2 was also obtained. The results showed
that linear regression is better than logarithmic regression. Also, the amount of R2 between
DBH and H parameters in two cases of data from field measurements (R2=0.75) and data from
calculations (R2=0.83) gave better results than the comparison of other parameters.
Therefore, it is possible to use linear regression equations between DBH and H in very few

statistics, similar environmental conditions and no need for very high accuracy.

1. Introduction

Studying the physical quantities of trees provides the
possibility of optimal forest management to achieve the
desired structure. Among these physical quantities are
the diameter at breast height (DBH), height, crown area
(the largest diameter and the perpendicular to it for
calculation area), which in addition to the importance of
each one, examining the relationship between them is
importance (Liao et al. 2022; Tienaho et al. 2022). For
example, DBH, the crown area and the height of the tree
are among the variables that are measured in order to
estimate forest inventory, biomass, forest simulation,
tree growth theory, carbon estimation and volume
measurement. All of which require accurate models
between the physical parameters of the tree. (Lou et al.
2022). In forest statistics, tree height is often estimated
from the measured diameter of the tree at breast height.
The diameter of the tree can be measured easily and at
low cost. Measuring tree height is relatively more
difficult and costly (Moreira et al. 2021; lizuka et al.
2017). Therefore, models that are measured exclusively

based on diameter have a great impact on cost. With the
importance of breast diameter as the main biometric
variable of forest trees, its study has particular
importance (Nazariani et al. 2021). This variable has a
high correlation with the variables of height, volume and
other tree sizes and is considered an important factor in
the study of these characteristics (Arabatzis and
Burkhart. 1992). Another important physical parameter
that is used in modeling the growth and performance of
forest is the crown area, which is highly correlated with
tree growth and its accurate measurement in the forest,
especially for adult trees are challenge (Hosingholizade
et al. 2022). In order to solve these challenges such as
time-consuming and expensive in large areas, the use of
Unmanned aerial vehicle (UAV) paired images and the
resulting point cloud can solve the problems
(Hosingholizade et al. 2022). Therefore, the evaluation of
single trees in forest is highly considered for the use of
UAV technology in large-scale forests. These separations
are based on single trees in coniferous forests with good
accuracy (Igbal etal. 2021). Based on, different equations
have been developed between the physical parameters of
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the tree, but since the growth of different parts of a tree
depends on different parameters, such as soil type,
moisture, type and species of tree, amount of sunlight,
rainfall, temperature and human factors (pollutants).
(Jones et al. 2020; D'Odorico et al. 2021). Therefore, a
general equation cannot be used for all conditions and
species across the globe. Nowadays, the use of local
equations and its development according to the existing
conditions in order to study more and more accurately It
is widely used. (Goodbody et al. 2017).

Also, continuous imaging and parameter calculations
are not economical for small levels and it also results in
limitations oflocal flights and permits. On the other hand,
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the lack of flight teams and specialist forces for image
processing, sampling, quick and low count investigations
(very few number), makes the use of regression
equations still justified despite the capabilities of UAVs.
Therefore, in this research, while using paired images of
UAVs and the resulting point cloud and considering the
ground measurements, we tried to establish equations
using the appropriate in SPSS V.26 between physical
parameters such as crown area and diameter. so that
these equations can be used according to similar
environmental conditions in other places or small
number of investigations. “Figure 1” shows the process.
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Figure 1. Workflow of the study

2. Method
2.1. Study area

Pardisan Park of North Khorasan is located at the
eighth kilometer of Bojnord-Mashhad Road (37° 28 ' 57
N "-57° 25 "' 49 " E, Zone 40 N), at an average altitude of
1080 meters above sea level. This complex is purely
covered with Tehran pine (Pinus eldarica). The region is
cold semi-arid according to the coupon criteria and has a
relatively high slope in topography (1112 to 1037
meters). The average rainfall and its temperature
according to the statistics of Bojnord Airport
Meteorological Synoptic Station (the closest station to
the study area) for a period of 10 years (2011-2021) are
260 mm and 15 ° C, respectively.

2.2. Field data collection and processing

In this research, 324 Eldarica pine trees were
registered using dual-frequency GPS Raymand 3GB with
the definition of horizontal (0.5 cm) and vertical (1 cm)
accuracy thresholds. Then, the direction of the reference
ground and the better construction of the model were
marked on the ground from 14 control points with
proper dispersion and visibility from all directions and
recorded accurately with a dual-frequency GPS. In the
next step, 952 images were recorded with Phantom 4
UAV with 90-degree angles as Crossing with 80 and 40
percent longitudinal and sidelab coverage and at a height
of 40 meters from the ground. Due to restrictions on
presence in the area and permits, the flight took place at
14:30 local time (11:30 UTC) on March 4, 2021. For field
data collection, the height of all the trees was measured
using a TSO02 TotalStation (accuracy of 7 seconds of
degrees). Finally, by using a standard metal meter, the

diameter at breast height and the two perpendicular
diameters of the crown (to calculate the area with the
ellipse formula) were accurately measured. After field
imaging and data collection, a three-dimensional model
of the area and a mosaic image was obtained using the
PIX4D software using the SFM algorithm. To calculate the
area of the crown, segmentation of the RGB image of the
region using parameters Compactness, Scale and Shape
in Ecognition V9.1 was used. By generating point cloud
from RGB images, products such as Digital Terrain
Models (DTM), Digital Surface Models (DSM) and from
the difference between these two Canopy Height Models
(CHM) (height of each tree) were obtained by using
Cloudcompare v11. Then, the diameter at breast height
(height of 1.30 cm) was calculated on the Trimble
Business Center (TBC) software. Finally, the calculated
and measured data were statistically analyzed in SPSS
V.26 software.

3. Results

In this research, the number of 324 pine trees in
Tehran with different diameters and heights according to
the difference in the year of their planting were directly
measured in the field. “Table 1” shows a summary of field
measurements. Torres-Sanchez et al. (2018) also studied
325 tree bases in estimating the characteristics of single
almond trees on UAV data, which is similar to the number
of samples in the present study. As can be seen, the
studied pine trees had a relatively diverse range of
diameter and height, and this issue plays an important
role in establishing equations and evaluations. “Table 2”
also shows the linear and logarithmic regression
equations between the parameters of tree height (H),
DBH and crown area.
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Table 1. Summary of statistical characteristics of the crown area of 324 pine trees Estimated UAV events

Method Characteristic Min Max Mean STD CV (%)
Height (meter) 0.54 13.07 6.62 2.60 38.91
Field DBH (meter) 0.10 0.62 037 0.11 30.29
Crown area (square meter) 0.81 49.94 15.95 7.92 49.74
Height (meter) 0.68 13.14 6.78 2.56 37.86
Calculation DBH (meter) 0.11 0.72 0.44 0.13 30.96
Crown area (square meter) 5.85 44.35 17.22 6.43 37.01
Table 2. Linear and logarithmic equations by using Field (F) and calculated (Cal) data
Parameter Linear Equation R2 Logarithmic Equation R?
H(F) <> DBH(F) y =0.0379x + 0.118 0.75 y =0.1724In(x) + 0.062 0.67
H(F) <> Crown area(F) y =1.3904x + 6.552 0.21 y =5.9275In(x) + 5.198 0.16
DBH(F) > Crown area(F) y =0.0105x + 0.204 0.52 y =0.1469In(x) - 0.016 0.51
H(Cal) <> DBH(Cal) y =0.0479x + 0.110 0.83 y =0.2302In(x) + 0.018 0.74
H(Cal) <> Crown area (Cal) y =1.3583x + 8.008 0.29 y = 6.055In(x) + 6.241 0.22
DBH(Cal) <> Crown area(Cal) y =0.0159x + 0.161 0.63 y =0.2887In(x) - 0.367 0.60

4. Discussion

As shown in “Table 1”. The physical parameters
(DBH, H, crown area) resulting from calculations
generally have lower standard deviation (STD) and
Coefficient of variation (CV) compared to field
measurements, which indicates less dispersion of this
type of data. Among the parameters, the DBH standard
deviation is lower than the height and crown area
parameters, which means that the field measurement as
well as calculations in DBH have been done more
accurately than the height and crown area, which can
cause different reasons. One of these reasons is direct
access to the tree trunk. In other words, calculation of
height and crown area is indirect, which can be the
correct sign error for measurement, not taking the staff
to calculate the length of the diameters (for use in area
estimation) and the total station level error to measure
the height. Regarding the height, as is clear in “Table 1”,
it has less standard deviation than the crown area, which
measurement with total station and marking is more
accurate than visually finding the dimensions and border
of the crown and measuring it can be one of the reasons.
Also, the values of statistical parameters such as: Max,
Min and Mean indicate the diversity in the physical
parameters of pine trees in the study area.

By examining the data in “Table 2”, in general, it can
be seen that in the Eldarica pine trees in the study area,
in the linear regression mode, the R2 value was higher
than the logarithmic mode. In simpler words, in the
linear mode, the relationship between the variables has
been associated with a higher correlation. Of course, this
correlation and changes in it were not the same for all
parameters. For example, by examining the relationship
between DBH and H parameters, it has the highest R2 in
linear (R2=0.75) and logarithmic (R2=0.67) data for
direct field measurements. The same advantage exists
when using data from calculations, that is, in the case of
using calculation data, the R2 value for DBH and H
parameters has a higher value. On the other hand, the
amount of R2 in parameters H and crown area in two
modes of direct field data collection and computational
data has the lowest correlation for pine trees in the
region in linear mode (R2=0.16 and R2=0.21).
logarithmic result is (R2=0.22 and R2=0.29).

5. Conclusion

Estimation of physical parameters in man-made
forests is an important goal for applications using UAVs.
However, the use of UAVs and their accuracy in
estimating physical parameters have been proven many
times in forest studies. In some cases, due to the small
number of trees, the use of UAV is not economical and
even in some areas, it is not possible to issue a flight
permit. Therefore, quick and low-cost evaluation so that
even non-experts can collect data is becoming more
necessary and the use of regressions has a special value.
Based on the obtained results, the use of linear
regression in estimating the physical parameters of
Eldarica pine trees has brought better results. Also, the
use of DBH and H parameters in two modes of direct field
data collection and the data obtained from calculations
has a much higher correlation rate than other physical
parameters. Therefore, it is suggested to use these
equations between DBH and H to estimate parameters
(linear regression) for areas with soil, weather and other
parameters similar to the studied area.
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