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Abstract. The negative consequences of illegal amber mining in Ukraine are
analyzed. Emphasis is placed on the urgent need for a reliable assessment of the
extent of illegal mining, determining the area of such sites and the necessary amount
of their further reclamation.

As part of scientific and technical research commissioned by the Ministry of
Education and Science of Ukraine "Development of a system for identification and
monitoring of lands damaged by amber mining” in the northwestern part of
Ukrainian Polissya selected 5 test plots of 100 km? with the highest distribution of
disturbed lands. The test areas have clear features and a significant area of merged
contours.

An integrated approach has been proposed for the identification and monitoring
of such areas, which involves the use of multi-zone satellite images, mapping from

unmanned aerial vehicles, and ground geodetic measurements. A methodology for
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such research has been developed. To automate the work on the basis of the free
open source program QGIS 3.4.2, the structure was substantiated and a modular
geographic information system was developed. Verification of the areas of disturbed
lands on the basis of satellite survey materials and field geodetic measurements has
been performed. Some results of researches of the sites of the broken earths in the
Sarny area of the Rivne area which testify to efficiency of the offered technique are
resulted.

Key words: amber, disturbed lands, monitoring, satellite images, ground

geodetic surveys.

Formulation of the problem.

Illegal amber mining in Ukraine began in the late 1980s, but it has become
widespread and threatening in the last 15-20 years. VVolumes of amber production are
quite large. Even according to modest estimates, they reach from 150 to 300 tons per
year. Nobody knows the real volumes. The most attractive areas for the extraction of
"sun stone™ are the northern districts of Rivne and Zhytomyr regions. Nobody knows
the real volumes. The most attractive areas for the extraction of "sun stone" are the
northern districts of Rivne and Zhytomyr regions. Industrial deposits of amber are
associated here mainly with humus quartz sands of the intermountain world of the
Lower Oligocene, which lie in layers at a depth of 2.5 to 10 m from the surface and
have a total thickness of 0.5-5.0 m. The content of amber in them is from several to
several hundred grams per cubic meter. The price of amber depends on its quality and
in Ukraine on the "black market", as a rule, ranges from 300 to 3 000 conventional
units (euros) per kilogram. The approximate total annual income is up to 300 million
euros [1].

This is a huge temptation for illegal miners. Despite the fact that world prices
for the mineral have been falling recently and the state is more actively combating its
illegal extraction, amber fever in these regions is still not happening. And this has

caused a number of negative consequences, among which are:



- ecological (destruction of vegetation and fertile soil layer, violation of the relief
structure, change of microclimate, deterioration of hydrological regime, water
pollution, etc.);

- economic (non-receipt of taxes and rents and, as a consequence, loss of cash to state
and local budgets, the need to eliminate the consequences of illegal diligence, losses
of agricultural, forestry, tourism and other industries);

- social (criminalization of the territory, decline in the capacity of government
agencies, involvement in the amber mining of adolescents);

- political (for example, a decrease in confidence in the Ukrainian state as a reliable
partner in the field of international environmental law).

Given the above, it is clear and urgent to identify and monitor lands damaged by
illegal amber mining, which would allow to assess the extent of illegal mining,
determine the area of such sites and the necessary volume of their further
reclamation.

Analysis of recent research and publications.

The study of theoretical and applied issues on this topic has not gone unnoticed
by domestic and foreign scientists and practitioners. Such investigations have been
covered in relevant publications [2-8].

The importance of issues of rational use of natural resource potential is reflected
in legislative documents, such as [9].

The aim of the study.

Theoretical developments and proposed methods for determining natural
resource losses on lands of illegal amber mining need their practical implementation
and improvement, as there is currently no clear algorithm for their implementation.
Such studies commissioned by the Ministry of Education and Science of Ukraine
were performed at the National University of Water Management and Nature
Management within the scientific and technical theme "Development of a system for
identification and monitoring of lands damaged by amber mining" (agreement NeDZ /
46-2018).

Materials and methods of research.



Based on multispectral images of satellite systems used as input data, developed
methods of geoinformation data analysis, providing functions for unambiguous
identification of target areas with the definition of their location (location), geometric
dimensions (areas), land composition, forests, arable land, etc. .) at a particular point
in time. Theoretical assumptions about the composition, scope and possible
interaction of geographic information system modules are confirmed by field
verification using classical methods of geospatial data collection.

Presenting main material.

Illegal amber mining has taken place and is currently carried out differently in
the north-western Ukrainian Polissya. It has certain peculiarities related to somewhat
different natural conditions of the territory, different time and method of extraction,
different activity of criminal armed groups, reaction to their actions of the local
population and authorities, etc. This requires the use of different approaches and
materials to accomplish the task. In this regard, 5 arrays of test plots with an area of
100 km? were selected, with the most widespread distribution of disturbed lands in
Rivne and Zhytomyr regions. The test areas have clear features and a significant area
of merged contours. For the identification and monitoring of sites it was decided to
use an integrated approach, which provides:

1) use of materials from different time space images, namely multi-zone satellite
images WordIlView-2, WordlView-3, Pleiades-1, Spot-6/7 (provided by the remote
sensing distributor in Ukraine LLC "TVIS UKRAINE" on a commercial basis),
Planet Scope (after registration are provided free of charge for a period of 14 days
with a limit of 500 km2) and Sentinel-2A / 2B (available on the website of the
European Space Agency ESA in free access). This makes it possible in in-house
conditions with high reliability and sufficient accuracy due to the textural, spectral
and temperature differences of sand dumps from the surrounding environment to
identify areas of illegal mining and realistically assess the scale of the environmental
disaster;

2) faster and more accurate mapping with the help of unmanned aerial photography

systems (provided that the risk of UAV loss due to criminal actions of miners is



minimized). To perform the work, a multi-engine unmanned aerial vehicle
PHANTOM 4 Professional from DJI was used,

3) terrestrial geodetic measurements using electronic total stations (mostly indoors
and in wooded areas) or satellite receivers (outdoors) to verify remote sensing
materials under the condition of free and secure access to observation points. The
first case used an electronic total station Leica TCR 405 Ultra, the second - a rover
RTK receiver based on a multi-frequency GPS receiver Leica 1200 and antenna
geodetic accuracy class Leica AX1202 GG.

When conducting research, especially at the initial stage, it was decided to pay
the greatest attention to satellite imagery materials, which in addition to the above
advantages, are characterized by global coverage (in our case this is important
because natural obstacles and human factors can hinder access to the right places) ,
relatively high frequency of survey (it is possible to analyze the dynamics of
landscape changes), the presence of proven processing algorithms, etc. Due to the
fact that amber is mined in different ways and in slightly different natural conditions,
and the disturbed areas are partially covered with different vegetation, for correct
decoding you need to use different types of space imagery (different in resolution, set
of spectral channels, date of removal).

Here are some research results on the array Ne3, which is located in the western
part of the Sarny district of Rivne region. lllegal extraction of amber from sand
deposits is carried out here, mainly in two ways: mechanical (excavation) and
hydraulic (hydraulic pump). The consequences of such actions on the ground are
shown in Fig. 1, 2. The methods are used depending on a combination of a number of
factors, the determinants of which are the depth of amber-bearing rocks and the level
of groundwater. In addition to the two main methods, the option of combined

extraction is used, when hydraulic wells are drilled in the trenches.



Fig. 2. The results of hydrowashing in the array Ne3.

Images from the Spot-6 and Sentinel-2 spacecraft were taken as input materials
for the study of the array Ne3 (Fig. 3, Tables 1, 2).



NiTeuusa
Litvytsia

Tpuny THA
Tryputnia

[T1300]

Huseupbk
Nyvetsk

Ope'aHuua
Orvianytsia,

Fig. 3. Scheme of the array zone Ne3.

Table 1. Specification of Spot-6 satellite data of the Ne3 array zone.

Spacecraft Spot-6 (AIRBUS, France)
Order type Archival photography
Scene ID DS _SPOT6_201610140904152_ FR1 FR1 F
R1 FR1 E026N52_03008
Cloudiness 0%
The angle of deviation from the 22,4°
nadir
Channels PSM 4-bands: R,G,B,NIR
Spatial resolution of the product 1,5 m/pixel
Radiometric resolution 16 bit/pixel
Data format GeoTIFF
Binding accuracy without anchor 10,0 m CE90
points
Coordinates of the shooting 51°34"34" N 26°29'47" E
center
Shooting area 100,00 sg. km
Projection, ellipsoid UTM Zone 35

Table 2. Specification of satellite data Sentinel-2 area of the array Ne3.

Spacecraft

Sentinel-2B (AIRBUS, France)

Order type

Archival photography




Scene ID S2B_MSIL1C _20180429T092029_N0206_R
093 T35UMT_20180429T112810.SAFE
Cloudiness 0%
Channels | Spatial resolution R,G,B,NIR 10 m/pixel
of the product 4 Vegetation red edge 20 m/pixel
2 SWIR 20 m/pixel
Coastal aerosol 60 m/pixel
Water vapour 60 m/pixel
SWIR - Cirrus 60 m/pixel
Radiometric resolution 11 bit/pixel
Data format GeoTIFF
Binding accuracy without anchor 20,0 m CE90
points
Shooting area 100,00 sg. km
Projection, ellipsoid UTM Zone 35

In the south-western part of the massif there is a test area, which is provided

with images from the spacecraft WordlView-2 and Planet Scope (Fig. 4, Table 3)

Niteuua
Litvytsia

FAOISEI25 kmy

BinbHe
T™HA Vilne
tnia

I paHi
Hrani

Mpaurokn
Pratsiuky

Fig. 4. Scheme of the test area of the array Ne3.
Table 3. Specification of satellite data WorldView-2 and Planet Scope of the

test area of the array Ne3.

Spacecraft WorldView-2 Planet Scope (Planet Labs, Inc., USA)
(Digital Globe Inc.,
USA)




Order type Archival photography

Scene ID 103001005CA03500 | 20180503 _084125_1012_3B_AnalyticMS
20180503 084126_1012_3B_AnalyticMS
20180503 084127 1012 3B_AnalyticMS

Cloudiness 0% 0%

The angle of 17,8°
deviation from
the nadir

Channels Panhromatic PSM 4-bands: R,G,B,NIR
MS:R,G,B,NIR,
coastal, yelow, red
edge, NIR-2

Spatial 0,5 m/pixel (P) 3,0 m/pixel
resolution of the 2.0 m/pixel (MS)
product

Radiometric 16 bit/pixel
resolution

Data format GeoTIFF

Binding 4,5 m CE90
accuracy
without anchor
points

Coordinates of 51°32'34" N 26° 23’ 36" E
the shooting
center

Shooting area 25,00 sg. km

Projection, UTM Zone 35
ellipsoid

Remote sensing data processing includes standard steps. It is clear that the
practical implementation of these stages depends on the hardware and software used.
The generalized procedure for processing remote sensing data is:

1) data preparation (formation of geospatial data base, unification of data formats);

2) pre-processing of data (geometric correction, atmospheric correction, radiometric
correction and calibration);

3)thematic data processing (preparation of composite and index images,

classification, map algebra, statistical information);



4) analysis of the obtained results (research of time series of data, support of further
decisions).

The presence of open heaps of sand and pits in the immediate vicinity of space
Images is the main feature of places of illegal amber mining. Such locations are
distinguished by a characteristic spectral image, fine-grained image texture and
temperature contrast with the surrounding vegetation. Taking this into account, the
method of identification and further mapping of illegal mining sites is based on
sequential analysis of multispectral space data on inherent spectral features and
assessment of ground temperature increase in disturbed areas (according to Landsat 8
/ TIRS analysis of recovered temperatures).

To reliably determine such areas, the analysis of hyperspectral remote images of
the HIPERION sensor of the EO-1 satellite is performed. The obtained results
provide an opportunity to form a complete spectral image of the desired object and its
identification in the space image.

In order to increase the amount of input data, in addition to standard images and
heat maps, index images and the results of the analysis of the main components are
used. Partially simplified procedure for determining the area can be presented as:

1) pre-treatment;

2) determination of surface temperature, construction of composites and index maps,
analysis of main components, analysis of spectral characteristics of the object;

3) construction of reference sites, creation of signatures, analysis of signatures;

4) classification, masking, determination of areas;

5) analysis of changes.

QGIS 3.4.2 was used as the basic desktop GIS. The processing of space images
was performed using standard QGIS modules and developed appropriate
applications. GDAL (Geospatial Data Abstraction Library) resources, additional
GRASS GIS and GIS SAGA modules were used to increase the system's capabilities.

The result of such work is an array of integer ridges, the cells of which carry

relevant information about the affiliation of the pixels to the disturbed lands. Having



different distribution of input data, it is further possible to determine the dynamics of

changes in the areas of illegal amber mining.

Fig. 6. Classification results according to SPOT-6.

In fig. 5 and 6 present the results of automated determination of disturbed lands
on the part of the test area of the array Ne3. The areas of the identified plots were 211
and 237 ha, respectively. The difference in areas is caused by different time
distribution of data and differences in their spatial separation.

For the purpose of field verification of the method of identification of disturbed
lands based on the materials of satellite survey systems for the array Ne3, the target
area was selected, where field field surveys and measurements were performed. The
territory of the target area is provided with a picture from the KompSAT -3 spacecraft
as of July 29, 2019. The area of disturbed lands, determined automatically by the

space picture, was 31,93 hectares. The area of disturbed lands according to land



surveying was 35,06 hectares. The area of disturbed lands according to land

surveying was 35,06 hectares. Thus, the difference between the areas determined by

different methods is 3,13 hectares. This is 8,9% of the area determined by ground

survey. In this case, the automated mode did not identify part of the disturbed land,

overgrown with grass, shrubs and trees, which was the reason for this difference.
Conclusions.

A method for identifying and monitoring the state of lands of illegal amber
mining with the help of remote materials from various space imaging systems has
been developed. Data of satellite systems WordlView-2/3, Pleiades-1, Spot-6/7,
Planet Scope, Sentinel-2A/2B were used as input parameters.

To automate the work, the structure is substantiated and a modular geographic
information system is developed. A free open source program QGIS 3.4.2 was used
as the basic shell of the geographic information system.

Verification of the obtained areas of disturbed lands on the basis of satellite
survey materials and field geodetic measurements was carried out.

Approbation of the proposed method on certain areas of disturbed lands in Sarny
district of Rivne region has been performed.

The results of the study can be used to make appropriate management decisions
to eliminate the negative consequences of the phenomenon.
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IIpoananizosano HecamugHi HACNIOKU HeNE2ATbHO2O BUOOOYMKY OYpUMUHY 6
Yipaini. Haeonoweno na axmyanvHiti nompebi 00CmMOGIpPHOI OYiHKU Macuimaois
HeJle2aibH020 CMAapameibCmed, 6USHAYEHHI NI0W, MAaKux OLISIHOK ma HeoOXIOHUX
0bcs2ax ix nooanbwoi peKyrbmusayii.

YV  pamxax 6uxomanusi HAYKOBO-MEXHIUHUX OOCNIONCEHb HA 3AMOGIeHHS
Minicmepcmea oceimu i nayku Yxpainu «Po3pobnenusa cucmemu ioenmugixayii ma
MOHIMOpUH2Y 3eMellb, NOPYULEHUX BHACTIOOK 8UO00YBAHHA OYPUIMUHYY ) NIGHIYHO-
3axioHiu yacmuHi Yxpaincoxozo Ilonicca sidibpano 5 macugie mecmosux OLIAHOK
naowamu no 100 km? 3 Haubitbwum nowupenusm nopyuienux zemenv. Tecmosi
OLIAHKU MAOMb YIMKO BUPAICEH] O3HAKU MA 3HAYHY NIAOW) 3AUMUX KOHMYPIE.

Il i0enmupikayii ma MOHIMOPUHSY MAKUX MEPUMOpPIll 3aNnpOoONnoHOBAHO
KOMAJeKCHUNl  nioxio, sAKUll  nepeoddauac  BUKOPUCMAHHA — OA2amo30HATbHUX
CYNYMHUKOBUX 3HIMKIB, KapmozpagyeanHs 3 0Oe3niIOmMHUX NiMmalbHUX anapamis,
HazeMHui eeode3uuni sumipiosants. Pospobaeno memoouxy maxux oocniodicens. Jns
asmomamu3zayii pobim na 6a3i be3xowmosnoi npoecpamu 3 giokpumum xkooom QGIS
3.4.2 obpynmosano cmpykmypy ma po3poOieHO MOOYIbHY 2e0iHpopmayitiny
cucmemy. Buxoumano eepugbikayiro niow nopyuienux semenv 3a mamepianiamu
CYNYMHUKOBUX 3HIMAHbL [ HONbOGUMU 2e00e3udHUMU eumiptosaunamu. Hasedeno
OKpeMi pe3yrbmamu 00CNi0dceHb OiNAHOK nopyuieHux semenv y CapHeHCbKoMY
pationi Pignencokoi obnacmi, sKi 3ac8i0uyoms 0i€8ichb 3anponoHO8AHOI MEMOOUKU.

Knwuogi cnosa: oypumun, nopyuieHi 3emii, MOHIMOpUHe, CYynymHUKOBI 3HIMKU,

HA3eMHI 2e00€3UYHI 3HIMAHHAL.



