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Received: 30.06.2019 Abstract. The Semyonovsky - Golovkovsky brown - coal deposit is located within the
Received in revised form: 04.12.2019 boundaries of the Dnieper basin geological group and is located in the Alexandria mining
Accepted: 07.12.2019 region on the watershed of the Ingulets and Beshka rivers. Overburden rocks are loess -

like, red - brown and glauconite - containing loams, kaolin and carbonaceous clays quartz,
glauconite - containing and carbonaceous sands. The total area of reclaimed land was about 1006 hectares, of which 39 % was used for
agriculture, 2 % was pasture and 59 % under forest reclamation. Geomorphologic assessment of the studied area was performed using
Sentinel-1 satellite radar interferometry. Multispectral imagery of Sentinel -2 satellite system was used for remote assessment within
the study area. We assessed the state of the Robina pseudoacacia plants growing under various forest conditions, in plantations created
on the reclaimed landscapes of the Semenovsky - Golovkovsky brown coal basin. The processes of self-regulation and restoration of
fertility on the reclaimed lands at the first stages of their biological development were slowed down. This significantly reduced the
resistance of phytocenoses, both pure and mixed, to the conditions of the environment to which they were exposed. A comparison of
the inventory stem wood of the black locust showed the superiority of monoculture plantations to mixed stands of pine - black locust
and maple - black locust. The forest-forming process progresses with age. Remote assessment of the territories was conducted to assess
the future prospects of biological conservation of reclaimed lands. The influence of the anthropogenic factor is observed throughout the
section and is manifested in the man-made formation of the relief, reshaping of dumps, removal to the surface of overburden rocks. It
is established that the height values can vary from 85 m to 213 m. 82.8 % of the surveyed area has not undergone significant changes
in relief. About 15.5 % of the territory was under the influence of alluvial - diluvia processes. There have been corresponding changes
in the share of vegetation according to vegetation cover fraction (VCF) over the past three years. The highest moisture content at the
level of 0.2 - 0.3 relative units in 2015 was recorded in the territory occupying 78.4 % . Meanwhile, the shares of land cover with this
level of humidity increased by almost 9% during the following 3 years to 2018. The highest density of vegetative cover was recorded
in the North -Western part of the study area of forest reclamation. Thus, considering the potential suitability of the area for forest
reclamation, we should note the important role of geomorphological, geological and water resources for the growth and development
(formation) of plant communities
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Amnoranisi. CeMeHOBCHKO-I 010BKiBChKe OypOBYTIIBHE POJOBHUINE 3HAXOAUTHCS B MEXKaX Te0NoriyHoi rpynu J{HIIpoBchKoTo Oaceiy
i posramosane B OnekcaHIpiichKoMy paiioHi Ha Bomoxiti pidok larymens 1 bemka. BoHo sBisie co6oro BiAmpanboBaHuii Kap’ep Ha
JICHHY TTOBEPXHIO SIKOTO BUHECEHI TpChKi HOPOIU HAABYT1LIbHOI TOBII. PO3KpUBHI MOPOaH MpeaCcTaBIeHi 1econoaiOHIMHU, YePBOHO-
OypUMH 1 IIayKOHITBMIII[YIOYUMHU CYIIMHKAMHM, KAQOJIHOBHMH 1 ByDIMCTUMHU IIMHAMH, TIIAYKOHITOBUMH 1 ByDIHCTUMH IicKaMu. 3a-
rajbHa IUIONA PeKyIFTUBOBAHUX 3eMelib ckiiana oiamu3bko 1006 ra, 3 HUX HiJl CUIbCHKOTOCIOAapCEKUMHU YrigsamMu — 39 % tepuropii,
nacoBuIamu — 2 % 1 miJ JIICOBOK peKyibTHBAIE — 59 %. ['eomopdornoriuny OIiHKY IOCIiIKyBaHOT TepUTOpii OyJI0 POBEACHO
i3 3aCTOCYBaHHIM CYITyTHHKOBOI pamapHoi iHTepdepomerpii Sentinel-1. bararocnekrpansHi 3HIMKH CYIMyTHHKOBOI cucTeMu Senti-
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nel-2 Oys10 BUKOPUCTAHO JUIsl AUCTAHIIITHOTO CIOCTEPEXKEHHS IOCTiKyBaHoi TepuTopii. HaBenena ominka craHy HacapKeHb poOiHil
3BHYAIHOI, 10 BUPOILIYEThCA B PI3HMUX JICOPOCIMHHAX YMOBAaX IITYYHO CTBOPEHHX Ha PEKYIBTHBOBAHHX 3eMJISIX CeMEeHIBCBHKO-
[onoBkiBcbkOTO OypOBYTiUTBHOTO po3pi3y. Ilpomecn camoperymsmii Ta BiAHOBICHHS POIOYOCTI Ha PEKYIBTUBOBAHHX 3EMIIIX Ha
MEepILIHX eTanax ix 0i0JI0riuHOro OCBOEHHS OyIIM CHIIBHO 3arajbMoBaHi. L{e 3HauHO 3HIKYBaIO CTIHKICTh OioakaiieBux (iToeHo3iB,
SIK YUCTHX, TaK 1 3MilIaHUX, 0 YMOB HajaHOro M cepenoBuina. IIporpec GpopmyBaHHS JIICOBUX HACA/DKEHb BiJOYBA€THCS 3 BIKOM.
JlucraHmiliHa OIiHKA TEPUTOPii NpOBOAMIIACA 3 METOIO OLIHKHM IEepCIeKTUB OioyoriyHOi KoHcepBamii pPeKyJIbTHBOBAHHX 3EMEIb.
BrumB aHTPONIOreHHOTO (JAKTOpPY CIIOCTEPIraeThCsS MO BCHOMY PO3pPi3y 1 MPOSIBISIETHCS B TEXHOTEHHOMY (hOpMyBaHHI penbedy,
nepeopMyBaHHI BiJlBalliB, BHHOCI Ha MOBEPXHIO PO3KPUBHHX IOpia. BcTaHOBIEHO, 10 3HAYECHHS BHCOTH MOXYTH BapifOBaTHCS
Bixg 85 M 1o 213 M. 82,8% obctexxenoi Teputopii He 3a3HamM iCTOTHUX 3MiH penbedy. bmmsbko 15,5% Teputopii nepeOysano mifg
BILTMBOM aJIIOBIaJIbHO - ISJIIOBIaIbHUX TPOIieciB. 3a OCTaHHi 3 pOKH BiJMiueHi i BIAMOBIIHI 3MiHU YaCTKH POCIMHHOTO ITOKPHUBY Yepe3
MPOEKTHBHE MMOKPUTTS pocauHHOCTI. Halibinbmmii Bomorosmict Ha piBHi 0,2 - 0,3 BigHocHuX oxuuuIp B 2015 poui 3adikcoBaHo Ha Te-
purtopii, mo 3aiimae 78,4 %. Tum gyacom, 4acTka IpyHTOBO-POCIMHHOTO MOKPUBY 3 TAKOIO BOJIOTICTIO 30imbmmtacs y 2018 poui maibxe
Ha 9 % mpOTATOM TPHOX poKiB. HaifbimbIIa rycToTa pocIMHHOTO IOKPUBY Bi3HAUCHA B MIBHIYHO - 3aXiIHIH YaCTHHI JOCIIKyBaHOT
TepuTopii micomeniopanii. TakuM YUHOM, PO3MIAAAIOYU MOTECHIIWHY MPUAATHICTD TEPUTOPII U MeTioparii JiciB, CIil BiA3HAYUTH
Ba)XJIMBY POJIb T€OMOP(OJIOTIUHUX, TEOJOTTYHHX 1 BOJHUX PECYPCiB I 3pOCTaHHs 1 pO3BUTKY ((OPMYyBaHHS) POCIMHHUX yTPYIOBaHb

Kniouosi cnosa: nicosa pexkynomusayis, 3eMenbHUll NOKpu8, OUCMAHYIUHI CHOCTNEPEXHCEHHSA

Introduction. Overburden rocks in the mining process
are removed by excavation. This leads to permanent
changes in topography and geological structures, and
disrupts the surface and subsurface hydrologic regime
(Shrestha and Lal, 2011). In particular, fertile soil
mixed with fragmented rocks is transported to form
large - scale dumps (Zhao et al., 2013) and forest
vegetation is removed with some forest biomass
harvested and most bulldozed into piles and burned
(Amichev et al., 2008). The natural succession
process of both soil and vegetation in dumps requires
a lot of time, during which, the dumps are exposed to
wind and water erosion processes (Zhao et al., 2015).
Thereby, restoration of soil and vegetation within a
short-time period is a high priority for opencast coal
mine reclamation. Meanwhile, the reclaimed mined
ecosystem could be regarded as an “empty cup” with
large potential to store tremendous amounts of soil
nutrients and vegetation biomass (Chatterjee et al.,
2009), which provides a platform to conduct both
remote and ground based sensing of the development
of soil and vegetation from scratch.

Composition, properties, natural overgrowth and
suitability of overburden rocks for land reclamation
are described in numerous case studies (Zipper, 2000;
Sobek et al., 2000; Likus-Cieslik and Pietrzykowski,
2017). The suitability of dumps for afforestation with
different tree and shrub species has been studied on
the basis of different approaches (Casselman et al.,
2006; Schaaf et al., 2000). Normal practice for re-
vegetation is selecting drought-resistant, fast growing
crops or fodder crops which can grow in nutrient de-
ficient soils. In certain areas, the main factor in pre-
venting vegetation is acidity. Plants must be tolerant
of metal contaminants typically present at such sites
(Caravaca et al., 2002; Mendez and Maier, 2008).
Compaction and texture of replaced soil during recla-
mation of surface - mined land can limit tree growth
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(Cleveland and Kjelgren, 1994). Re-forestation with
black locust (Robinia pseudoacacia) is considered
a successful technique that is often used for the rec-
lamation of open-cast mine areas (Vlachodimos et
al., 2013; Sytnyk et al., 2016). R. pseudoacacia as a
nitrogen-fixing plant enriches soil with organic and
inorganic nitrogen and organic matter to a greater ex-
tent than natural grasses. Most physicochemical prop-
erties in reclaimed mine soils under R. pseudoacacia
monoculture forest become considerably elevated
with the duration of the reclamation period compared
to undisturbed soils. The duration required to attain
the nutrient level in undisturbed soils was about 10
years of reclamation. Overall, R. pseudoacacia has
shown strong adaptation to poor soil conditions after
reclamation and has markedly ameliorated soil suc-
cession in dumps (Yuan et al., 2018).

The reactions to mixture of ores and their change
along a gradient of site conditions depend on the re-
spective limiting factor and the species’ potential to
overcome the limitation (Forrester, 2014). Comple-
mentarity in exploitation of water and mineral nutri-
ents is most effective and growth accelerating on sites
with limitation in water and mineral nutrients. Mixed
stands of Scots pine and European beech have signifi-
cantly higher structural heterogeneity than monocul-
tures of Scots pine and European beech (Pretzsch et
al., 2016). Comparison based on total biomass pro-
duction may bring different results, as mixing tree
species can change stem-crown allometry (Pretzsch,
2014; Liang et al., 2016; Vallet and Perot, 2016) and
also tree ring width and wood density (Zeller, 2016).
Tree species mixing can significantly modify indi-
vidual tree morphology and reduce or improve wood
quality (Pretzsch and Rais, 2016).

A successful reclamation programme must in-
clude a monitoring component to identify areas of
successful reclamation, as well as areas where man-
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agement problems exist or where reclamation practic-
es are failing (Lein, 2001). Monitoring of the natural
environment, especially areas degraded by mining ac-
tivities, is connected with the constant need for precise
and up - to - date land use/land cover maps (Szostak
et al., 2015; Townsend et al., 2009). Novel techniques
including geoinformation technologies such as those
used in making land use and land cover change maps
are used for characterizing the morphometry and de-
termination of the spatial structure of vegetation on
reclaimed post-mining areas (Chmielewski et al.,
2014; Dudzinska - Nowak and Wezyk, 2013; Szostak
etal., 2014; Wezyk et al., 2014). Remote sensing data
are useful for the investigation and monitoring of veg-
etation change in open pit mining areas over a long
period of time. This method is useful to identify areas
where vegetation may be stressed, or where reclama-
tion requires integrated approaches (Szostak and No-
wicka, 2013; Maiti et al., 2019).

The aim of our research was to make a geospa-

tial assessment of land cover after the extraction of
brown coal and the technical stage of reclamation of
disturbed areas.
Materials and methods. The Dnipro brown coal ba-
sin occupies an area the size of more 60 000 km?. 12
brown coal areas are part of this basin. The surface of
the basin is characterized as an elevated gently undu-
lating plain, sometimes dissected by river valleys and
a dense network of gullies and ravines.

Expressed dismembered relief causes the de-
velopment of surface runoff. This is a factor in the
formation of eroded lands with varying degrees of
washout. This part of the area is affected by deep
erosion. Artificial landforms in the basin are also ob-
served together with natural geomorphological forms.
These are quarry pits, trenches, overburden dumps,
deformed surfaces, etc. A characteristic feature of the
climate is quite a significant fluctuation in tempera-
ture and rainfall over the months.

Availability of soil productive moisture for plants
is average. Approximately every fourth to fifth year is
dry, due to insufficient rainfall in the spring and sum-
mer. Quite often there is a decrease (less than 50 %
of the field moisture capacity) of moisture reserves,
which coincides with the air drought — dry winds.
Common species of forest stands are oak, ash, maple,
elm, and linden).

The Semyonovsky-Golovkovsky brown - coal
deposit is located within the boundaries of the group
of the Dnieper basin and is located in the Alexandria
mining region on the watershed of the Ingulets and
Beshka rivers. Overburden rocks are loess - like, red
- brown and glauconite - containing loams, quartz,

glauconite -containing and carbonaceous sands, ka-
olin and carbonaceous clays. The total area of re-
claimed land was about 1006 hectares, of which under
agricultural land occupied 39 % of the territory, pas-
tures 2 % and land under forest reclamation — 59 %.
Overburden rocks are characterized by different
texture and origin. Their uptake to the earth’s surface,
together with man-made dismemberment of the ter-
rain, creates many options for the development of
various forest trees and shrubs. 15 sample plots (SA)
were laid in the last decade of the 20" century in
the Alexandria forestry. Forest species were planted
in five sites (blocks) of different age (5 - 30 years),
composition of stand (pure and mixed) and different
technozem composition. Rocks were represented by
deposits of neogenic and anthropogenic periods with
different textures: loamy, clay, sand. The sites select-
ed for the creation of forest plantations were charac-
terized by state of moisture and attachment to differ-
ent elements of the relief. The survey of the structure
and productivity of the forest stand was carried out in
accordance with the requirements of forest inventory.
Plantations of black locust (Robinia pseudoacacia) on
technozems occupied 150.6 ha, representing 27 % of
the total reclaimed area. Due to its biological features
and environmental needs, the culture of black locust
was used for various applications in the restoration of
disturbed lands. Mixed stands occupy an area of 58
ha, of which pine or Pinus sylvestris L.(P.s.) — black
locust or Robinia pseudoacacia (R.p.) account for 47
% of the territory and maple-black locust — 33 %.
Geomorphological assessment of the studied area
was performed using multitemporal satellite radar in-
terferometry. Multispectral imagery of Sentinel-2 sat-
ellite system was engaged for remote land cover as-
sessment within the study area. Relative soil moisture
for the territory of the Semyonovsky — Golovkovsky
brown-coal deposit area was estimated using the Sen-
tinel-2 Multispectral Instrument (MSI), Landsat-8
Operational Land Imager (OLI) and Thermal Infra-
red Sensor (TIRS) optical multispectral data. Stan-
dard preprocessing operations including radiometric
calibration, atmospheric correction and cloud mask-
ing were applied to input multispectral images. The
Landsat-8 OLI/TIRS 30 m spatial resolution imagery
was used to calculate true (not radiant) temperature 7
of land surface, while the Sentinel-2 MSI 10 m spatial
resolution imagery produces the Normalized Water
Index (NWI) (Sakhatsky and Stankevich, 2007). Both
T and NDWI maps after co-registration was fused
into land surface water content distribution (Zhang
and Zhou, 2016). Normalized Difference Vegetation
Index (NDVI) was computed to determine Vegeta-
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tion Cover Fraction (VCF) (Zhang et al., 2006) based
on Sentinel-2 Alexandria — Golovkovka 2015.08.09
and 2018.06.19 images.

Results and discussion. There is a wide variety in
the spatial structure of phytocenoses in the studied
plantations of black locust, depending on the
diversity of forest growth conditions. The influence
of the anthropogenic factor is observed throughout
the coal basin and is manifested in the technogenic
formation of relief, reshaping of dumps, uptake of
overburden rocks to the day surface of the lignite
deposit. Elevations alternate with depressions. This
causes the diversity of the soil cover, both in fertility
and moisture. Dynamics of forest mensuration indices
of pure stands of black locust are shown in Fig.1.

— year - old Robinia pseudoacacia stands, which are
in decline and are represented by loamy sediments,
occupy the largest area. The range of moisture varies
from moist to wet loams. The height of the stand was
11 - 12 m, diameter — 12 - 14 cm, wood reserves — 83
- 96 m’/ha, respectively. It should be noted that the
average growth rates reached the maximum values at
the age of 20 - 25 years — 3.84 — 4.15 m’, and the cur-
rentin 15 - 20 years — 7.8 - 9.5 m°.

Some approaches have been applied in connec-
tion with the slow growth of forest crops on the dumps
to intensify the growth processes. Use of methods of
biological intensification of growth of tree cultures
gave good results. One of them is the introduction of
nitrogen fixing species into the forestry culture. Thus,
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Fig. 1. Dynamics of parameters of plantations of Robinia pseudoacacia

Eight-year plantings were located on the slope of
the eastern exposure and differed in the lowest indices
of forest inventory: height — 3.0+0.034 m, diameter —
4.01+0.06 cm, wood stock is 6.03+0.06 m*/ha.

The virgin plantings of black locust at the age of
11 - 13 years reached a height of 6.12+0.08 m and
a diameter of 8.1+0.10 cm. There was a differentia-
tion of wood stocks of 25 - 28 m*/ha and fluctuations
in the average growth from 1.92 to 2.55 m®. 15-year-
old plantations of Robinia pseudoacacia in the ravine
thalweg on loamy rocks in wet conditions of moisture
were surrounded by steep slopes of the south-western
and north - eastern exposures. The forest stand had an
average height of 7.98+0.10 m, an average diameter
of 10.04+0.15 cm, wood reserves — 44.03+0.25 m?/
ha. Black locust aged 20 years has a stock of stem
wood 83.1£0.40 m*/ha. Maximum forest growth ef-
fect of acacia on reclaimed lands was expressed in
the average growth achieved at this age. The mono 25
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plantations were created in which 40 % was occupied
by Scots pine and 60 % by Robinia pseudoacacia
(Fig.2).

Plantings with the composition of the stand
6R.p.4P.s. formed in the upper third of the waste of
the Western exposure on loamy sediments. Wood re-
serves amounted to 12.07 +0.12m’/ha. Black locust
had a height of 4.05+£0.07 m, diameter — 6.06+0.09
cm, pine — 3.03£0.07m and 3.98+0.09cm respective-
ly. It was found that with this ratio of tree species to
11 years of age, Robinia pseudoacacia was ahead of
pine in terms of growth. The advantage of pure pine
plantations was established on all parameters (altitude
33%, diameter by 50 % and stocks of wood at 100
%). Plants of Robinia pseudoacacia of natural ori-
gin penetrate with a decrease in the completeness of
the monoculture of pine from the surrounding areas,
ahead of the growth of the 11 - year - old pine (10Ps.
+ R.p.). In the future, with age (19 and 21 years),
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Fig. 2. Wood stocks in mixed forest stand of pine (Ps.) and black locust (R.p.)

Robinia pseudoacacia of natural origin is introduced
into the monoculture of pine by 10 % (9P.s.1R.p.).
However, it is significantly inferior to the growth
rate of the main plant, especially in terms of wood
reserves.

Mixed stands of the same age with different
structure of the forest stand with the participation of
Robinia pseudoacacia present another area of inter-
est. Two sample areas had the same composition of
7 Black locusts + 3 Maples or Acer pseudoplatanus
L.(A.p.) aged 10 years, but differing in geological
conditions, which led to a change in the parameters of
forest taxation (Fig. 3).

can note that the wood reserves on the leveled areas
were 22 % higher due to greater completeness.
Results of previous similar case studies compar-
ing the same experimental pure and mixed-species
plantations have shown that productivities were ei-
ther similar or greater than the same species grown in
monocultures (Piotto et al., 2003; Alice et al., 2004;
Petit and Montagnini, 2004; Petit and Montagnini,
2006). Meantime, it was established that mixed - spe-
cies plantations have greater potential advantages
than monocultures (Mao et al., 2017). The greatest
use of melioration in forest plantations is through the
combination of a Nitrogen (N) - fixing and a non - N

12

10

7R.p.

Age,

W Height, m

10

M Diameter, cm

3Ap.

year

B Wood stock, m3/ha

Fig. 3. Wood stocks in mixed forest stand of pine and black locust

Maple at the age of 10 years occupies up to 30
% of such areas. Comparing the same structure of the
forest stand phytocenosis (7R.p. + 3A.p.), growing in
different conditions on washed and leveled areas, we

- fixing tree species (Kelty, 2006). N - fixing tree spe-
cies may increase the supply of available N in the soil,
benefiting both N - fixing and non - N - fixing trees.
Strong facilitative effects of N - fixing species on the
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growth of non - N - fixing species were found on a
site with low soil N, but not on a site with high soil
N (Bouillet et al., 2013).Trees and shrubs in the ter-
ritory of a lignite deposit after the biological stage of
reclamation were both in pure and in mixed condition.

Thus, Robinia pseudoacacia monocultures on
territories of reclaimed mines had higher values of
height, diameter and productivity. These plantations
at the age of 5 - 11 years exceeded at this stage the dy-
namics of growth and wood reserves of mixed planta-
tions. The similar results have been obtained in case
studies (Bouillet et al., 2013; Mao et al., 2017; Kelty
et al., 2006; Pretzsch, 2014).

The highly dynamic process of the secondary

’

Fig. 4. Terrain elevations within the study area
(Sentinel-1A Alexandria — Golovkovka 2018.06.08 / 2018.06.20
interferometric pair)

forest succession has been shown on the tested areas
of sulfur mines (Szostak et al., 2015).

Results of remote sensing of geomorphological
features of the reclaimed area (terrain relief features
formed in the post-reclaimed period). The studied
area terrain elevations are shown in Fig.4.

The influence of the anthropogenic factor is
observed throughout the section and is manifested
in the man-made formation of relief, reshaping of
dumps, removal to the surface of overburden rocks.
It is established that the height values can vary from
85 m to 213 m. The results of these changes in the
microrelief for the last 3 years (from 2015 to 2018)
are presented in Figure 5 and Table 1.

Fig. 5. Terrain elevation change within the study area
(Sentinel-1, Alexandria — Golovkovka 2015.08 — 2018.06)

Table 1. Legend of terrain elevation change

Code | Colour | Class Difference Percent
Unclassified no data 0.0000

Strong Down <-0.30 01223

5 Moderate Down | —0.30 .. -0.15 0.7967

3 Weak Down —0.15..-0.05 80757

4 No Change —-0.05..0.05 82 7699

5 Weak Rise 0.05.0.15 73865
Moderate Rise 0.15..030 0.7891

Strong Rise >0.30 0.0597
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According to the data obtained, 82.8 % of the
surveyed area has not undergone significant changes
in terrain elevation. About 15.5% of the territory was
under the influence of alluvial-diluvia processes.

Data on the distribution of land surface water
content in the summer of 2015 and 2018 within the
surveyed area are shown in Fig.6 and Table 2. The
logarithmic regression relationship between the
Wi/ parameter and relative water content was re-
stored therefor.

2015.08.09

Elevations alternate with depressions, which
causes the diversity of the soil cover, both in fertility
and moisture.

The highest moisture content at the level of 0.2
- 0.3 relative units in 2015 was recorded in the ter-
ritory occupying 78.4 %. Meanwhile, the shares of
land cover with such humidity increased by almost
9% over the next 3 years.

VCF image differencing is successfully used to
follow the long-term success of reclamation (Sarp,

2018.06.19

Fig. 6. Water content distribution maps, Sentinel-2, Alexandria — Golovkovka

Table 2. Legend of water content estimation

Code | Colous | Value | Percent | Value | Percent
| 2015.08.09 | 2018.06.19
o [ o | 00000 | nodata | 0.0000
1 | 00-01 | 00003 | 00-01 | 0.0014
2 | 01-02 | 13803 | 01-02 | 28939
ER | 02-03 | 783774 | 02-03 | 872895
4 B o03-o04 | 181562 | 03-04 | 73259
s I o0s-05 | 03683 | o04-05 | 07078
s I os5-06 | o020 | o05-06 | 02217
7 I os-07 | 02854 | o06-07 | 03207
s I o7-08 | 09052 | o07-08 | 0919
o I oz oo | 03259 | o0s-09 | 03192
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Table 3. Legend of VCF parameters

2018.06.19

Fig. 7. Vegetation cover fraction maps, Sentinel-2, Alexandria — Golovkovka

Code | Colour Value Percent Value Percent
2015.08.09 2018.06.19
o I rodata | 00000 | nodata | 0.0000
1 00-01 | 256841 | 00—01 | 292965
01-02 | 86552 | 0.1-02 | 12.5878
02-03 | 90779 | 02-03 | 127751
03-04 | 94638 | 03-04 | 114648
04-05 | 86933 | 04-05 | 88962
05-06 | 76262 | 05-06 | 7.1871
06-07 | 63338 | 06-07 | 65164
07-08 | 71992 | 07-08 | 52522
O 08-09 [ 103037 | 08-09 | 39347
10 [ 09-10 | 69628 | 09-10 | 20892

2012). The classic method for NDVI-based VCF
calculating from Carlson & Ripley paper (Carlson
and Ripley,1997) was used:

VCF(x, y) = [[NDVI(x, y) — NDVI )/(NDVI, —
NDVIL)J*,

where VCF(x, y) is VCF value inside (x, y) image
clement, NDVI and NDVI, are NDVI thresholds
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values for vegetation-free and full vegetation cover
terrain respectively.

Data on the state of vegetation cover in the
summer of 2015 and 2018 in the surveyed area are
shown in Fig.7 and Table 3.

The VCF differentiation allows separation of
vegetated areas from areas with little or no vegetative



Oleksandr M. Masiuk, Mykola M. Kharytonov, Sergey A. Stankevich

Journ. Geol. Geograph. Geoecology,29(1), 135-145.

cover. High VCF values are mostly indicated for
reclaimed and vegetated areas. The highest density of
vegetative cover was recorded in the North-Western
part of the study area of forest reclamation. At the
same time, vegetation cover fraction over the past
three years decreased by codes 8-10 and increased
by codes 1, 3, 4. Thus, considering the potential
suitability of the area for forest reclamation, one
should note the important role of geomorphological,
geological and water resources for the growth and
development (formation) of plant communities.
Conclusion. The processes of self-regulation and
restoration of fertility on reclaimed lands at the first
stages of their biological development were slowed
down. This significantly reduced the resistance of
phytocenoses, both pure and mixed, to the conditions
of the environment provided to them. A comparison of
the inventory stem wood of the black locust showed
the superiority of monoculture plantations to mixed
stands of pine-black locust and maple - black locust.
Progression of the forest-forming process takes place
with age. Remote assessment of the territories was
conducted to assess the future prospects of biological
conservation of reclaimed lands. The influence of the
anthropogenic factor is observed throughout the sec-
tion and is manifested in the man - made formation of
relief, reshaping of dumps, removal to the surface of
overburden rocks. It is established that the terrain’s
height values can vary from 85 m to 213 m. 82.8 %
of the surveyed area has not undergone significant
changes in relief. About 15.5 % of the territory was
under the influence of alluvial - diluvia processes.
There have been corresponding changes in the share
of vegetation using the VCF value codes over the past
three years. The highest moisture content at the level
0f 0.2 - 0.3 relative units in 2015 was recorded in the
territory occupying 78.4 %. Meanwhile, the shares of
land cover with such humidity increased by almost 9
% over the next 3 years. The highest density of veg-
etative cover was recorded in the North - Western part
of the study area of forest reclamation.
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