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Paper describes machine learning (ML) methods and tools for transport modelling to access forest fires and 
forest resources by ground means in the regions of Russia. Forestry transport accessibility requires further investi-
gation and improvement. ML methods play an essential role in the detection of changes and automated data collec-
tion for transport infrastructure. We have analysed the recent scientific publications of two systems, namely Cyber-
Leninka, a Russian electronic library, and ResearchGate, a social networking portal for scientists and researchers. 
It should be noted that, as of autumn 2023, these systems had a small number of papers on ML applications in the 
forestry transport modelling. Plugins from Open Source QGIS repository were studied. An increase in the number 
of ML plug-ins from the researchers and students could be expected, as individual developers and small research 
teams show a growing interest in the topic. ML prospects for ground transport modelling in the forestry are still 
underinvestigated. 
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Transport modelling is a tool for planning 
and development of regions which is studied 
within many lines of research. One of the re-
sults of transport modelling in the forestry is 
the characterisation of transport accessibility 
necessary for the forest protection, conserva-
tion, and reproduction (Podolskaia, 2021).

Transport modelling to access the forest 
fires and forest resources remains relevant 
in Russia, since a significant part of the coun-
try’s forest reserves is located in remote and 

isolated areas. A number of scientific organi-
sations work in the area of transport model-
ling in Russia, the key ones being the All-Rus-
sian Scientific Research Institute of Forestry 
and Forestry Mechanization (ARSRIFFM, or 
VNIILM in Russian) and the Center for For-
est Ecology and Productivity of the Russian 
Academy of Sciences (CEPF RAS), as well as 
educational institutions, such as Mytishchi 
branch of Bauman Moscow State Technical 
University, Petrozavodsk State University, and 
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Saint-Petersburg Kirov State Forest Technical 
University. As mentioned earlier (Podolskaia, 
2021), each organisation has its own specialty 
in solving forest transport issues.

Machine learning (ML) as an artificial in-
telligence technology is currently attracting 
many researchers (Shyhaliev, 2020; Mihov et 
al., 2021); its methods are shown on the Fig. 1. 
Forest transport modelling requires the study 
of ML methods and tools in order to demon-
strate their state-of-the-art capabilities in the 
area of processing existing and incoming vec-
tor and raster data, as well as identification of 

new infrastructural patterns in the forestry. 
ML methods are particularly promising for 
data collection, as well as for determining the 
infrastructural changes that have occurred, 
which is true for all areas of modern informa-
tion technology, including geoinformatics.

In the forestry, machine learning methods 
help to solve various tasks, including classify-
ing territories according to the infrastructural 
load and availability of firefighting facilities (fire-
chemical stations, or FCS), and establishing cor-
relations between the distribution of forest fires 
and infrastructural facilities using regression.

Figure 1. System of machine learning methods 
(Source: Artificial Intelligence Tools and Platforms for GIS, 2023 

https://gistbok.ucgis.org/bok-topics/artificial-intelligence-tools-and-platforms-gis)
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forest use), or temporary (e. g., winter) roads 
is a hybrid area at the confluence of trans-
port and forestry. Due to the narrow thematic 
scope of this topic, the number of publications 
using ML is rather limited. 

For the analysis, data from two differ-
ent systems (a Russian scientific library and 
a European academic network) were used to 
search for scientific papers in Russian and 
foreign (mainly English) languages. Search in 
the CyberLeninka scientific electronic library 
in September 2023 have shown that papers 
containing key phrase “machine learning in 
the forest transport modelling” present about 
20% of the total number of papers dedicated 
to the machine learning in the forestry. Simi-
lar result was obtained by searching in the 
CyberLeninka, summer of 2021. Search by 
the key phrase “machine learning in the for-
est transport modelling” (the first 20 pages of 
search results) on ResearchGate, free Europe-
an social network and hub for collaboration of 
scientists and researchers, showed two the-
matic groups of papers with several examples 
in each. The first group includes papers on 
the use of ML methods in transport projects, 
where the authors mention the insufficient 
use of ML advantages (Behrooz, Hayeri, 2022). 
Same group has researches implementing ML 
methods in the economic estimates of road 
construction cost (Jaafari et al., 2021). The 
second group includes papers on the recog-
nition of quantitative and qualitative char-
acteristics of forests on the satellite images 
(Mihajlov, Saj, 2017) and papers dedicated to 
the natural resources. An example of student 

It is advisable to use the following ML 
methods to solve problems of modelling and 
assessing transport accessibility: random for-
ests for zoning (Podolskaia et al., 2023), con-
volutional neural networks for detection of 
roads on satellite images (Podolskaia, 2022), 
and subsequent comparison with datasets 
from global sources such as OSM.

In recent years, there have been many 
publications on the use of ML methods in 
transport and logistics projects as well as in 
the assessment of natural resources. Little at-
tention has been paid to the forest transport 
modelling so far, although this area combines 
the tasks of transport and economics and 
the specific features of forestry. In CEPF RAS, 
ML methods are a well-established practice 
in various projects; to cite one example, the 
random forest method is used for regression 
modelling of climate-regulating ecosystem 
services of forests (Narykova, Plotnikova, 
2022; Plotnikova et al., 2022). 

The objective of this work is to study the 
possibilities of ML methods and tools for the 
GIS project of ground transport modelling in 
the forestry of Russia. The tasks of the study 
are to analyse the number of published sci-
entific papers found in the CyberLeninka and 
ResearchGate projects and to identify availa-
ble Open Source GIS modules (tools) for forest 
transport modelling.

MATERIALS AND METHOD

Forest transport modelling of ground ac-
cess using public, special-purpose (e. g., for 
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research is a master’s thesis on ML methods 
for assessing and mapping forest resources 
defended at Saint-Petersburg State University 
(Snytkina, 2020). Based on the review results, 
it can be argued that the most popular ML 
methods for the forestry are k-nearest neigh-
bour (k-NN), support vector machine (SVM), 
and variants of decision trees.

Relevant tasks of ML in the forest trans-
port modelling of ground access include the 
most popular tasks in cartography and geoin-
formatics (Kolesnikov et al., 2018), that are:

•	 classification ― assigning an object to 
one of the categories based on its characteris-
tics (Mihajlov, Saj, 2017);

•	 regression ― prediction of one or sev-
eral quantitative characteristics of an object 
based on a set of its other features (Narykova, 
Plotnikova, 2022; Plotnikova et al., 2022);

•	 clustering ― division of a set of objects 
into groups based on the characteristics of 

these objects (module example: https://gis-
lab.info/qa/qgis-attr-based-clust.html).

The experience of the Transport Issue 
Team of the Laboratory for Forest Ecosystems 
Monitoring of the CEPF RAS includes model-
ling of ground access for special firefighting 
machinery by roads of different classes using 
research regression for forest fires and infra-
structural data. The group uses a variety of 
software tools, focusing on Open Source tools, 
of which the QGIS Open Source GIS package is 
the leading one. Plugins for solving ML tasks 
from the tool repository (https://plugins.qgis.
org/plugins/tags/machine-learning/) are 
shown on the Fig. 2. The list of tools available 
in May–October 2022 (Cluster Points, Deep 
Learning Datasets Maker, EnMap-Box3, and 
Mapflow) has increased and, as of September 
2023, included 6 items (Fig. 2). All of these 
plugins have been uploaded to the repository 
since 2020.

Figure 2. QGIS plugins with the tag ‘machine learning’
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We plan to develop forestry QGIS plug-ins 
with OSM layers for the settlements and road 
network, an archive of forest fires detected by 
the MODIS system, and routes to access the 
forest fires by ground means made according 
to the methodology and GIS technology devel-
oped and implemented at the Laboratory for 
Forest Ecosystems Monitoring of the CEPF RAS.

CONCLUSION

Paper shows the current state of ML 
methods use in solving problems of forestry 
and forest transport modelling; it includes a 
list of Russian organisations working on this 
topic and scientific papers available via the 
CyberLeninka electronic library and the Re-
searchGate network. A brief overview of the 
Open Source QGIS plugins for ML in forest 
transport modelling was performed.

In the long term, one can expect that the 
number of plugins will slowly increase and 
their functionality will become more com-
plex. The field of GIS tools for transport mod-
elling in the forestry, which is an area of ML 
methods application, remains quite small due, 

firstly, to the fundamentally hybrid character 
of the topic and, secondly, to the certain versa-
tility of available GIS plugins from the reposi-
tory. Reasoning from experience in studying 
the history and results of plugin development, 
one could also assume that most of these the-
matic transport and forestry tools will be cre-
ated within the framework of research papers 
or academic qualifying papers. Open Source 
Python libraries, such as Keras, Scikit-learn, 
PyTorch, and NumPy, are being in active use 
for ML. There are some plans to use ML meth-
ods for transport modelling of ground access 
in creating estimates and scenarios of the spa-
tial arrangement of fire-chemical stations in 
fire-prone regions of Russia.
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В статье описываются методы и инструменты машинного обучения (MО) для транспортного моделирова-
ния доступа к лесным пожарам и лесным ресурсам наземными средствами для регионов России. Транспортная 
доступность в лесном хозяй� стве является предметом изучения и улучшения. Методы MO играют важную роль 
в обнаружении изменений�  и автоматизированном сборе данных для транспортной�  инфраструктуры. В статье 
проанализированы последние научные публикации двух систем, а именно: россий� ской�  электронной�  библиоте-
ки «КиберЛенинка» и европей� ской�  сети для общения ученых ResearchGate. Необходимо отметить, что по состоя-
нию на осень 2023 года количество работ по использованию МО в моделировании транспортных перемещений�  
в лесах указанных систем было небольшим. Были изучены плагины из репозитория QGIS с открытым исходным 
кодом. Можно ожидать возможного увеличения количества плагинов для MО от исследователей�  и студентов, 
отдельные разработчики и небольшие исследовательские группы проявляют интерес к теме. Перспективы МО 
для наземного транспортного моделирования в лесном хозяй� стве еще недостаточно изучены.

Ключевые слова: машинное обучение, открытый код, ГИС, лесное хозяйство, транспортное модели-
рование
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