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SUMMARY 

 

Ukraine, possessing significant forest resources, needs to improve its forest accounting 

methods to ensure sustainable management and conservation. The study focused on a 

comparative analysis of three geodetic methods – tacheometry, GPS surveying, and satellite 

imagery – for determining the areas of forest plots on a control site of the Boyarska Forest 

Research Station. The tacheometric method provided high measurement accuracy at short 

distances but is limited by the need for direct visibility and significant time consumption. GPS 

surveying showed potential for rapid area determination, but dense forest cover significantly 

affected signal quality and accuracy. Satellite imagery obtained from Google Earth Pro 

provided wide territorial coverage and cost-effectiveness but has limitations in spatial 

resolution and spectral sensitivity. The comparative analysis demonstrated high convergence 

between tacheometry and GPS surveying, while satellite imagery exhibited lower accuracy.  
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Introduction 

 

The accurate determination of forest plot areas is a critical task in forestry management, 

environmental monitoring, and land-use planning. Forests play a vital role in maintaining 

ecological balance, supporting biodiversity, and mitigating climate change. Precise area 

measurements are essential for assessing forest resources, planning sustainable management 

practices, and complying with legal and regulatory frameworks. However, the complexity of forest 

terrains and the variability of vegetation cover pose significant challenges to traditional and modern 

geodetic methods. This study focuses on the comparative analysis of three widely used geodetic 

techniques: the tacheometric method, GPS surveying, and satellite imagery. Each method has its 

advantages and limitations, and understanding their effectiveness in different forest conditions is 

crucial for improving the accuracy and efficiency of area determination. 

 

The importance of this research lies in its potential to enhance the reliability of forest area 

measurements, which directly impacts decision-making processes in forestry and environmental 

conservation. 

 

Method and Theory 

 

Modern geodetic technologies, including tacheometry, Global Navigation Satellite Systems 

(GNSS), and Earth remote sensing, open up new perspectives for high-precision determination of 

forest plot areas (Nataliia & Chukhna, 2024). The use of tacheometry provides detailed 

measurements at the local level, allowing for accurate data on the boundaries of forest massifs. 

GNSS technologies, in turn, enable rapid and efficient coordinate determination on a global scale, 

which is particularly valuable for large forest areas. Earth remote sensing, using satellite imagery 

and aerial photography, allows for monitoring forest cover over wide areas, detecting changes in 

the forest fund, and analyzing the dynamics of its development (Perspectives of remote sensing of 

the earth for solving forestry tasks). 

 

As part of a study aimed at selecting the optimal method, a comprehensive survey using a total 

station, GPS receiver, and satellite image analysis was conducted on the control plot of the 

Educational and Research Institute of Forestry and Park Gardening of the National University of 

Life and Environmental Sciences of Ukraine “Boyarska Forest Experimental Station”. To ensure 

spatial referencing of the measurements, three reference points were established in the village of 

Dzvinkove, the coordinates of which were determined using a GPS receiver. These points serve not 

only as reference points for the total station traverse but also as landmarks for the correct 

georeferencing of satellite images. Further analysis of the obtained data involves comparing the 

accuracy and efficiency of each of the methods used, which will allow determining the most optimal 

approach for determining the areas of forest plots in the conditions of Ukrainian forestry. 

 

To ensure spatial referencing of tacheometric measurements, necessary for the direct surveying of 

the studied area's boundaries, 57 boundary points were established. For the purpose of comparative 

analysis of the methods' accuracy, an additional 23 boundary points were fixed for GPS 

measurements, which allowed for the evaluation of differences in results obtained using various 

geodetic instruments (Fig. 1). To determine the area of the plot using remote sensing, Google Earth 

Pro software was used, which provides access to high-resolution satellite and aerial imagery 

(Fig.2). 

 

Further analysis of the obtained data involves the application of Geographic Information Systems 

(GIS) for processing and interpreting the results. In particular, it is planned to use spatial analysis 

methods to determine the precise areas of forest plots, as well as to assess the accuracy and 

consistency of data obtained using different methods. The results obtained will be used to develop 

recommendations on the selection of optimal methods for determining forest plot areas in the 

conditions of Ukraine, taking into account their accuracy, economic efficiency and availability. 
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Figure 1. Scheme of boundary point fixings (a – using a tacheometer, b – using a GNSS receiver). 

 

 
Figure 2. Determining the area of the experimental plot using specialized software Google Earth Pro. 

 

Results 

 

On the control plot, area determination was performed using the tacheometric method with a Trimble 

M3 total station, a Japanese instrument characterized by high accuracy in angle measurement (2 

seconds) and distance measurement (2 mm + 2 mm/km). Tacheometry, as a method, demonstrates 

adaptability to various conditions, including work in hard-to-reach places and areas with natural 

obstacles. Its key advantage is providing high measurement accuracy, especially at short distances. 

However, the application of tacheometry has its limitations, which include the need for direct visibility 

between points and limited use in large areas. The practical accuracy of tacheometer measurement is 

calculated by determining the absolute coordinate discrepancy:  
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where �� and �� are the residuals in the X and Y coordinates of the plot. 

 

At the same time, the accuracy obtained on individual parts of the experimental site varied from 0.01 

to 0.14 m 

 

І:     �а�

�
=  �, ��� +  �, �
�         �а�

=  �, �
 m 

 

ІІ:  �а��

�
=  −�. ��� + �, 
��      �а��

=  �, 
� m 

 

ІІІ: �а���

�
=  �, ��� +  �, ���       �а���

=  �, �� m 

 

ІV: �а��

�
=  �, ��� + �, ���       �а��

=  �, 

 m 

In addition to reduced accuracy, the time spent measuring each point can be significant, especially when 

working with a large number of points over considerable distances. Such prolonged surveying leads to 

substantial economic costs, making the method not always feasible for large areas. Given these 

limitations, it is important to consider alternative methods of area determination, such as GPS and 

satellite imagery, which can provide more efficient coverage of large areas with lower time and 

economic costs. 
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Determination of forest plot areas using GPS was carried out with the ElNav i70 GNSS receiver, the 

declared technical specification of which provides positioning accuracy up to 2 cm. During the research, 

we encountered limitations in dense forest cover conditions. Despite the potential of the device, the 

density of the tree canopy significantly affected the quality of the received GNSS signals. The 

complication of the process of obtaining correction data, necessary to achieve the declared accuracy, 

led to a significant reduction in measurement results. In dense forest vegetation, the actual measurement 

accuracy varied in the range from 4 cm to 27 cm, which reflects the degree of influence of forest cover 

on the GNSS signal quality. These results highlight the need to consider the specifics of forest areas 

when selecting and applying GNSS technologies.  

 

Analysis of satellite imagery provided data covering a significant area, which is crucial for a 

comprehensive analysis of the spatial characteristics of the research object. The use of free resources 

not only helped optimize financial costs but also ensured wide data accessibility, which is an important 

aspect for scientific research, especially under budget constraints. However, the accuracy of satellite 

data is a subject of ongoing debate in the scientific community (Petryk et al., 2024; Slobodianyk, 2014). 

Unlike traditional ground-based methods, which provide high accuracy in limited areas, satellite 

imagery may have limitations in spatial resolution and spectral sensitivity. The achievable accuracy 

when using satellite imagery, even under optimal conditions, is limited to a range of 1-2 meters. This 

necessitates the use of additional methods to refine forest plot boundaries and increase the accuracy of 

the obtained data, especially in cases where high detail is required (Openko et al., 2022). 

 

The comparison of polygon area determination results presented in Table 1 reveals a high degree of 

convergence between the applied methods, where variations do not exceed tenths of a hectare. Such a 

minor discrepancy indicates internal consistency of the methodological approaches, which, in turn, 

underscores their reliability in the context of geodetic measurements. However, it is worth noting that 

despite the high consistency, slight differences may be due to a number of factors, such as the specifics 

of the equipment used, the peculiarities of the terrain of the studied areas, as well as errors inevitable in 

any measurements. 

 

Table 1. Comparative analysis of determined forest massif areas 

Method of area 

determination 

Polygon area, ha Measurement 

accuracy, m І ІІ ІІІ IV 

Tacheometric method 27,96 28,81 30,87 16,67 0,01-0,14 

GPS survey 27,97 28,82 30,87 16,65 0,02-0,27 

Satellite imagery 27,97 28,82 30,86 16,66 1,00-2,00 

 

Analyzing the data presented in Table 1, it can be concluded that the tacheometric method and GPS 

surveying demonstrate a high degree of convergence in determining forest massif areas. However, the 

use of satellite imagery, while providing speed and coverage of large territories, has a significantly 

lower measurement accuracy, which limits its application for tasks requiring high detail. The 

application of correction and validation methods, such as differential GPS correction or the use of 

ground control points for satellite imagery, can significantly increase the reliability of the results. 

Additionally, combining different methods, for example, using GPS for determining the general 

boundaries of a plot and tacheometry for detailed measurement of individual elements, can provide an 

optimal balance of accuracy and efficiency. 

 

Conclusions 

 

The analysis of the research results revealed that each of the applied methods for determining forest 

massif areas has its own characteristic features, advantages, and limitations. The tacheometric method 

provided high measurement accuracy – the stated 2mm, especially at short distances, confirming its 

adaptability to complex conditions. However, the need for direct visibility effectively reduces accuracy 

to 1-14 cm, and significant time costs limit its application in large areas. GPS surveying showed 

potential for rapid and efficient area determination, but dense forest cover significantly affected the 
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quality of received signals, leading to a decrease in measurement accuracy from the stated 2 cm to 27 

cm. With the increase in the area of surveyed territories, satellite image analysis gains advantages in 

speed and economic feasibility. The ability to cover large areas without the need for physical access to 

each point makes this method effective for large-scale studies. However, the limitations of spatial 

resolution (in the best conditions 1-2 m) and spectral sensitivity of satellite images, which can affect 

the accuracy of forest plot boundary determination, should be considered. Thus, the choice of the 

optimal method for determining forest massif areas depends on the specific research tasks, available 

resources, and accuracy requirements. For small plots with high accuracy requirements, the 

tacheometric method may be the most suitable. For medium-sized areas with limited access, GPS 

surveying can provide an optimal balance of accuracy and efficiency. For large areas with limited 

resources, satellite image analysis is the most cost-effective. 

 

It is important to note that while our study was conducted on a selective fragment, our overall goal is to 

determine the optimal methodology for determining areas for a large number of forest plots. There is a 

difficulty in collecting initial information for calculating areas due to the remoteness and volume of 

research territories. Forest plots often have uneven shapes and relief, which complicates the accurate 

determination of their area. Such plots may have inaccessible or hard-to-reach boundary areas, such as 

swamps, hills, or impassable thickets. This can complicate determination due to limited access and 

complexity even for modern geodetic technologies. 

 

The use of satellite imagery provides rapid data acquisition, characterized by minimal time and financial 

costs, which is a significant advantage when studying large areas. At the same time, the achievable 

accuracy of area determination provided by this method is sufficient for effective forest resource 

management and making informed decisions regarding their use and protection. Additionally, the 

effectiveness of satellite imagery can be enhanced by using modern data processing methods, such as 

image classification based on machine learning or the use of LiDAR (Light Detection and Ranging) 

data. These methods allow for more accurate determination of forest plot boundaries and obtaining 

additional information about their structure and condition. 
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