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Illegal amber mining has become an environmental disaster in Rivne region. In
particular, since 2014, amber has been illegally mined in the Varas district of the Rivne
region, near the village of Zelene. Local residents are witnessing the destruction of the
ecological and recreational value of forests, which until recently were places for them to
rest, pick mushrooms, berries, etc. In order to extract amber, forests are cut down, the
unigue ecosystem is destroyed, the soil cover is disturbed, the water regime of the soil is
changed, etc. Thus, "amber fever" causes significant damage to land resources. Land
disturbance due to amber mining has caused significant economic losses and
irreversible environmental changes. This research topic is timely, relevant and
important from the point of view of ensuring the sustainable development of territories.
The purpose of this study is to monitor lands whose soil cover has been disturbed as a
result of unauthorized amber mining by means of remote land sensing (RLS) and
geospatial analysis. RLS methods in combination with field observations of the research
object confirm the obtained results. As a result of the illegal mining of amber within the
experimental area of 40 hectares, a violation of the soil cover in the amount of 46.25%
of the total area was found. The scientific work has a valuable practical result and
makes it possible to remotely determine the location, time periods and extent of land

cover violations caused by arbitrary amber mining with high accuracy using space



cameras. Such a research area is representative, and the research results can be used to
develop recommendations and strategies for environmental protection and sustainable

development of territories.
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Relevance. Amber was formed in the Rivne region about 40 million years ago.
Rivne amber consists of 3-8% succinic acid, has a peculiar greenish tint and is more
"pliable” in processing. Its main deposits are: Klesivske (Klesiv) and Dubrovytske
(Dubrovytsia). Industrial extraction of amber began only in 1993, until the 1990s, all
developments were carried out in an artisanal way. The first large producer was the state
enterprise "Ukrburshtyn” (SE "Burshtyn of Ukraine") under the Ministry of Finance of
Ukraine. On average, 1 to 3 tons of "sunstone” were mined. Historical information about
the work of the enterprise is collected in the Amber Museum, located in the Rivne
Building of Scientists [1].

Starting from 2014 and until now, illegal extraction of amber has been carried out
in the territories of the Rivne region [2], which has led to the emergence of an ecological
disaster zone [3]. Unlicensed amber mining on the territory of the Rivne region has been
repeatedly highlighted in the mass media, which indicates significant areas with
mutilated land cover and the scale of both economic and ecological damage caused.
According to experts' estimates, the total amount of arbitrary mining in the north-west of
Ukraine reaches from 120 to 300 tons of amber per year, which in monetary equivalent
on the shadow market corresponds to about 300 million dollars [3].

However, the economic and ecological damage caused to the natural environment
Is even greater. Amber lies under a centuries-old forest, so in order to get it, treasure

hunters cut down and uproot valuable trees. Next, the "solar stone" is mined with the



help of motor pumps, and in this way, in the area cleared from the forest, pits with a
depth of up to 20 meters are washed with water. It is the currents of water that bring the
amber to the surface, where it falls into the hands of illegal amber traders.

From 2020, the places of legal amber mines will be transformed into tourist
facilities in some places. After the extraction of amber and valuable rocks, granite
quarries manage to become tourist attractive [4].

Since 2014, illegal amber mining has been taking place in the Varas district of the
Rivne region, in particular near the village of Zelene, turning picturesque areas into
ecological disaster zones. Land disturbance due to amber mining has caused significant
economic and environmental damage. Ensuring the sustainable development of
territories in the areas of amber mining is an important problem that requires a complex
scientific and management approach as a basis for preserving land resources from their
further degradation.

Analysis of recent research and publications. Scientists A.G. Martin and O.l.
Kachanovskyi studied the environmental and economic prerequisites for amber
extraction in Ukraine [5]. The issue of identification of disturbed lands as a result of
amber extraction using multispectral imagery and geoinformation modelling of damaged
land plots is addressed by such scientists as Kachanovskyi O.l., Martyn A.G.,
Bulakevych S.V. [6,7].

Determination of damage caused to land resources is described in the article by
Kachanovskyi O.1. [8]. Klymenko V.O.'s dissertation research is devoted to the issue of
assessing the impact of unauthorised amber mining [9].

Environmental issues related to amber extraction are covered by Bartmansky M.,
Malimon S. [10], and the impact of amber extraction on the environment is covered by
Kachanovsky O. I. [11]. Kachanovskyi O. I., Zalizko 1., Kyiko N. [12] assessed the
losses of forest landscapes. In addition to the actual assessment of damage, the work of
Filipovych V. E. [13] is devoted to the issue of operational control of the spread of

illegal amber mining based on multi-zone satellite imagery.



The analysis of publications shows the importance and relevance of remote
monitoring of lands disturbed as a result of arbitrary amber mining, which is confirmed
by a large number of scientific publications on this issue in various fields. Thus, the
issue of reclamation of land disturbed as a result of illegal amber mining was studied by
Butenko E., Khomych A. and Prokhorenko V. [14].

The purpose of this study: To carry out remote monitoring based on geospatial
analysis of lands disturbed by illegal amber mining.

Materials and methods of the study: In this paper, we used four-spectral satellite
Imagery obtained through the resources of Planet Labs PBC (planet.com), to which the
company granted the right to use for educational and scientific purposes. Images of the
study area were selected for the period from 2016 to 2023 with a resolution of 3 m/pixel.
Research methods are remote (RLS and geospatial analysis) and ground observations.

The object of observation was selected as a result of ground observations. Using
the free-access software tool Google Earth Pro, the boundary of the study site was
outlined with a perimeter of =2500 m, sides of =650 x 650 m, and an area of 40 ha,

located northwest of the village of Zelene, Varasky district, Rivne region (Fig.1).
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Fig. 1. Survey map of the experimental site in Google Earth Pro, 05.12.2021

An indicator of the change in soil cover as a result of illegal amber mining is the
change in vegetation cover. That is why the images were chosen in the warm season,
when green vegetation can best be identified, excluding images that were taken in high
humidity and cloudy conditions. Thus, the initial data were taken in the June-July period
(the exception was the photograph taken in March 2017, which first recorded minor
ground cover violations in the experimental area). According to space photographs with
a resolution of 3 m/pixel taken in the same period of the year starting from 2016, we can
observe how areas of amber mining were formed and expanded from a solid covered
forest (Fig. 2-9).



Fig. 4. Satellite image of 18.06.2018 Fig. 5. Satellite image of 14.06.2019

! Image source https://www.planet.com/ as part of Planet's Education and Research (E&R) Programme
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Fig. 6. Satellite image of 19.06.2020 Fig. 7. Satellite image of 19.06.2021

Fig. 8. Satellite image of 30.06.2022 Fig. 9. Satellite image of 24.06.2023
The satellite imagery was processed using the licensed IDRISI SELVA software

using machine learning (supervised classification). Each satellite image was analysed
individually according to the algorithm:
1. spectral analysis, selection of the best combination for forest cover study;

2. visual analysis, decoding of cover types;



3. selection and vectorisation of reference plots;

4. assessment of signature quality;

5. construction of thematic maps by various statistical methods;

6. analysis and selection of the best result.

The monitoring of disturbed lands due to amber extraction was supposed to be
carried out in forest areas during the period when all vegetation is green. In order to
classify the types of cover in such conditions, it was most appropriate to use ‘artificial
colours’, namely a combination of 4 (red), 3 (green), 2 (blue) spectral channels. The 4-3-
2 combination shows:

- green vegetation - in shades of red,;

- urban buildings - in green-blue;

- soil - from dark to light brown;

- ice, snow and clouds - white or light blue;

- coniferous forests - dark red or even brown compared to deciduous forests.

In general, saturated shades of red indicate healthy deciduous vegetation, while
lighter shades indicate herbaceous or shrubby vegetation (Figs. 10a, 11a).

For further analysis, the selected thematic maps were constructed by the method of
controlled classification using the minimum spectral distance method, as they best
corresponded to the original space photographs (Figs. 10b, 11b). Geospatial analysis was
carried out using a boolean operation, assigning the value of 1 to the forest cover
"coniferous forest". The areas of land that lost forest vegetation cover were determined
for a period of 1 year, using the Image Calculator function, Logical expression type.
And with the help of the AREA function, we obtained the absolute areas of land that

ceased to correspond to forest for the corresponding period (Table 1).
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Fig. 10. Classification of sattellite photo 03/07/2016: combination of "artificial colors"
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colors" (a), thematic map by the method of the smallest spectral distance (b)



Results of determining changes in soil cover, ha

Table 1.

2016-2017

2017-2018

2018-2019

2019-2020

2020-2021

2021-2022

2022-2023

9,08

5,18

4,93

1,75

6,58

3,01

0,72

A geospatial analysis of land cover changes and a comparison of its condition in

2016 with that in 2023 gives us absolute results of changes in forest area of only 18.50

hectares. The reasons for this are both the natural restoration of soil cover (shrub

growth), the re-engagement of previously disturbed lands in mining, and the errors of

remote sensing methods. Nevertheless, with a total area of 40 hectares, we can

confidently state that 46.25% of its territory, which was covered by forest in 2016, had

disturbed soil cover. Thus, the environment has suffered an extremely large negative

impact as a result of illegal amber mining (Fig. 12).

Mmonitoring20162023area

18.5043393786377

) = e




Figure 12. Changes in forest area due to amber extraction in 2016 to 2023 and field
surveys
Trends in the area of disturbed land are shown in the graph (Fig. 13). The most

significant changes in soil cover occurred between 2016 and 2019.
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Figure 13. Change in the area of disturbed land in the study area between 2016 and
2023
In 2020, another area to the north-east of the first area of illegal mining underwent
significant changes. As of 2023, we see a tendency to stop changes in soil cover (Fig.
14).
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Figure 14. Location of disturbed lands in 2020-2022

Research results and their discussion. Based on the results of the study, a student
research paper was written, which took 3rd place in the first round of the All-Ukrainian
competition of student research papers in the speciality ‘Geodesy and Land
Management’

Conclusions and perspectives. Remote monitoring of land resources based on
satellite images is, although not absolutely accurate, the least expensive way to track
changes in soil cover and detect negative impacts on the surrounding natural
environment.

According to the research, as a result of illegal amber mining within the
experimental area of 40 hectares, located near the village of Zelene, Varas district, Rivne
region, we found a violation of the soil cover amounting to 46.25% of its total area.
Such arbitrary actions caused comprehensive damages, including:

- violation of the stability of the natural environment as a result of changes in the
structure of land by cutting down the forest, washing out the top layer of soil under
water pressure, changing the relief, waterlogging;

- non-receipt of revenues to the budget from the extraction of minerals that are the
property of the Ukrainian people;

- loss of ecological and recreational value of the territory.

Therefore, the experimental area within the boundaries of the Volodymyretsk
territorial community of the Rivne region is a representative example of the impact of
illegal amber mining on the state of the environment. The use of GIS analysis makes it
possible to accurately determine the impact zones. The results of the research can be
used to develop recommendations and strategies for the protection of nature and

sustainable development of areas with amber mining potential.
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JJUCTAHIIMHUMA MOHITOPUHI 3EMEJIb, TPYHTOBUI MOKPUB
AKAX MOPYIIEHUM BHACJIJIOK CBABLIBHOI'O BHJOBYBAHHS

BYPUITUHY
Ha PisHenwuni exono2iunum Iuxom cmaio He3aKoHHe 8UO00Y8aHHs O)PUIMUHY.
3oxpema, 3 2014 poky na mepumopii Bapacvkoeo paiiony Pignencokoi obnacmi,
nooauzy cena 3eneHe 00Ci 8edembCs Hele2albHUll 8u00Oymox Oypwmuny. Micyeasi
Jrcumeni € c8i0KaMu mozo 5K 3HUWYEMbCS eKON02IYHA Ma peKpeayiina YiHHICmb JICI8,
AKI e 00HeoasHa Oyau Ol HUX MICYsmu 8IONOYUHKY, 30upanHs 2pudis, 5210 moujo.
Il]o6 00b6ymu Oypwmun 30iUCHIOEMbCA GUPYOKA NiCi8, PYUHYBAHHA VHIKANIbHOL
eKxocucmemu, NOPYUleHHs 2pYHMo8020 NOKPUBY, 3MIHA BOOHO20 PEXCUMY SPYHIMY MOUO0.
Taxum yunoM «OYPUIMUHOBA TUXOMAHKAY 3A80A€ 3HAYHOIL UKOOU 3eMENIbHUM PeCypPCaM.
llopywenns 3emens 6HACNIOOK GUOOOYMKY OYPUMUHY 348040 3HAYHUX EKOHOMIYHUX
30umKi6 i 0e3n08OPOMHUX eKOJIO2TYHUX 3MIH HABKOIUWHBbO20 cepedosuwya. Jlana mema
O0CNIOIHCEHHS € CBOEUACHOIO, AKMYAILHOIO MA BANCIUBOIO 3 MOYKU 30pY 3a0e3nedenHs
cmanozo po3eumky mepumopii. Memorw 0ano2co 00CHiONHCeHHsI € MOHIMOPUHE 3eMelb,
2PYHMOBUL NOKPUS AKUX NOPYULEHUL BHACIIOOK CAMOBINIbHO20 8UO000Y8AHHS OYPULMUHY
3acobamu  OUCMAaHYiliHO20 30HOY8aHHS 3emenv ([33) i eceompocmoposoco awnanizy.
Memoou J[33 y nocoHanui 3 HAMYypHUMU CNOCMEPENHCEHHAMU 00 EKMY OO0CHIONCEHHS.
niomeepodicyloms  ompuMmaui - pezyivmamu. Buacniook HenecanvHoco  8uU0006YMKY
Oypwmuny 6 medxcax 0ocnionoi Oinauku naowero 40 2a uUABIEHO NOPYULEHHS

2PYHMO0B020 Nokpugy obcseom 46,25 % 6io 3acanvhoi naowi. Haykoea poboma mae


https://uk.wikipedia.org/wiki/2014

YIHHULL NpAKMUYHUL pe3yibmam ma 003680J8€ 3 GUCOKOI0 MOYHICINIO 8UKOPUCMOBYIOYU
KOCMO3HIMKU OUCMAHYIUHO SUHAYUMU JTOKAYII0, YaACOBL nepioou ma oocsieu nopyueHs
2PYHMOBO20 NOKPUBY 3€Melb, 3YMOGIEHI C8ABINbHUM 6udoOysanuam oypwmuny. Taxa
00CNiOHa OLIAHKA € Penpe3eHmamusHoi0, a pe3yaibmamu 00CHLONCEHH MONICYMb Oymu
guxopucmaui 051 pO3POOKU PEKOMEHOAyil ma cmpamezii 3axXucmy HAGKOIUUIHLO2O

NPUPOOHO20 CepedosuUa ma Cmano2o po3GUMKY mepumopii.

Knwuoei cnosa: suoobysanns Oypuimuny, 8u00OYmMox OYpUIMUHYy, NOPYULEHHS
2PYHMOB020 NOKpUBY, MOHImopuHe 3emennw, [[33; eeonpocmoposuil ananiz, He3aKoHHe

8UO00YBAHHS, 3eMellb, 2PYHMOBUL NOKPUB SKUX NOPYULEHULL.



