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Abstract. The article describes some of the UN-adopted indicators of sustainable
development of land use safety associated with the development of soil degradation
processes, approaches to assessing the development of soil degradation using
mathematical modeling tools, namely geoinformation models.

Indicator 15.3.1 of sustainable development goals reflects the ratio of the area of
degraded land to the total land area of the assessed area, and degradation is considered
as an integral indicator of such parameters as land productivity, soil organic matter
content and type of land use. It is established that when using remote sensing data
obtained from open sources, which serve as a basis for calculating land degradation
indices by the Trends.Earth tool via QGIS software, it is possible to establish such
changes at the administrative level (map scale 1: 100000) and spatio-temporal analysis
of such changes.

At the same time, it is difficult to ensure higher spatial resolution, which would
allow the analysis at the level of an individual farm or an enterprise. This is due to the
spatial resolution of the data that form the basis for such a calculation. In the Forest-
Steppe zone of Ukraine, the predominant type of land use is agricultural activity with
land plowing. Some farms practice minimizing tillage, which, in particular, should affect
the value of the indicator of land degradation.

With some convention of such an approach, the indicator allows to display in the
map space the data of changes in the condition of the land, the loss of soil organic
carbon according to remote sensing data and the nature of soil degradation for the
selected time interval. Due to difficult economic conditions, part of the lands for the
period 2001-2019. was not used in agricultural production, some fields were overgrown
with woody vegetation and were not actively cultivated, which was reflected in the
indicators of indicator 15.3.1. At the same time, most of the lands (over 66%) did not
undergo positive or negative changes during the studied period.

The use of indicators of soil condition, monitoring of the development of degradation
processes based on operational data and the possibility of their comparison for different
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time intervals plays a particularly important role in the context of the impact of global
climate changes on the soil cover, prospects for agricultural production and, in general,

on the quality of life of people.

Keywords: sustainable development goals, soil degradation, land use indicators,
geoinformation models, remote sensing data.

Topicality.

The United Nations Convention to
Combat Desertification (UNCCD —
United Nations Convention to Combat
Desertification) introduced a system of
indicators (UNCCD, 2021) that allow
for a global assessment of the condition
of agricultural lands and the risks of de-
velopment of degradation processes as a
result of their use. Thanks to this, it is
possible to conduct a spatio-temporal
analysis of changes in land cover, in par-
ticular, changes in the content of organic
carbon, soil productivity, changes in the
type of land use (arable land, forested
areas, pastures, wetlands, built-up are-
as, water surfaces, etc.) both on a global
scale levels, as well as for a specific ter-
ritory (group of countries, a country or
its administrative unit).

Since Ukraine joined the UN Land
Degradation Neutrality Target Setting
Program, such an analysis at the nation-
al and local levels is desirable and nec-
essary.

The aim of the research is to estab-
lish the localization of land degradation
processes in the Kyiv region according
to indicator 15.3.1 of the goals of sus-
tainable development by means of the
Trends.Earth module of the QGIS pro-
gram, for the period 2000-2019 (the lat-
est data at the time of writing the arti-
cle), to determine the main reasons and
predominant directions of changes in the
indicator during this period of time.

Analysis of recent research and
publications.

In the developed world, the develop-
ment of a system of integrated assessment
of'the state of land and the dynamics of soil
cover changes has long attracted the at-
tention of scientists, especially in connec-
tion with the challenges of recent decades
associated with global climate changes
and the problem of providing food for
the global population (2030 Agenda for
Sustainable Development, 2015 ). Indi-
cators of such an assessment are most
often represented by indicators that take
into account a complex of a wide range
of factors and allow quantitative account-
ing with a reflection of change trends in
the case of various development scenar-
ios (Kotykova O.1., 2017; Maryanovych
M.E., 2019; Yagodzinska A.S ., 2020).
A number of authors (Wessels K.J. et al.,
2007; Prince, S.D., 2019; Fedorov, O.P.
et al., 2019) consider the data of remote
sensing of the Earth as a reliable source
of operational information regarding in-
dividual indicators of land cover degrada-
tion, in particular as a result of processes
erosion, pollution, violation of the fertile
soil layer, dehumification, etc. (Balyuk
S.A., Medvedev V.V., Zakharova M.A.,
2013; Kovalenko A.O., 2018). An impor-
tant publication in Ukraine in this direc-
tion is the work of a team of authors from
the Institute of Space Research of the Na-
tional Academy of Sciences of Ukraine
(Fedorov, O.P, etc., 2019). In particular,
these authors note: "... it is expected that
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the governments of the countries of the
world will form national plans and initi-
atives based on the goals of sustainable
development according to the available
opportunities, and the goals, objectives
and indicators of the global level will be
adapted according to the development
and security priorities of the countries."
Thus, the National Program for achiev-
ing the goals of sustainable development
formulates goal 15, task 15.3: "To restore
degraded lands and soils using innovative
technologies": at the same time, as the au-
thors note, quantitative characteristics of
the level of land degradation are absent in
regulatory documents, as well as the con-
cept " neutral level of land degradation"
(Fedorov, O.P. et al., 2019).

The chosen approach makes it pos-
sible to carry out a comprehensive as-
sessment of soil cover changes and to
determine both the direction of the stud-
ied processes (degradation or improve-
ment of the state), as well as to display
the corresponding spatial and temporal
changes of the soil cover cartographical-
ly by means of geoinformation systems.
As part of the 2030 Agenda for Sustain-
able Development, Sustainable Devel-
opment Goal (SDG) No. 15 is: "Protect,
restore and promote sustainable use of
terrestrial ecosystems, sustainable for-
est management, combat desertification,
halt and reverse land degradation, and
halt biodiversity loss ". Target 15.3 aims
to: "By 2030, combat desertification, re-

store degraded lands and soils, including
lands affected by desertification, drought
and floods, and strive to achieve a neutral
level of land degradation." (FAO, 2018;
Knowledge Products and Pillars. UNC-
CD, 2021; Trends.Earth. SDG indicator
15.3.1. description, 2021). Among the in-
dicators developed by this organization,
for the purposes of our research, Indicator
15.3.1 deserves special attention, which
reflects the share of degraded land to the
total land area. The average value for
Ukraine is 25% (Land Portal Interactive
map, 2021).

Research materials and methods.

The United Nations Convention
to Combat Desertification (UNCCD,
1994) defines land degradation as "the
reduction or loss of biological or eco-
nomic productivity of non-irrigated or
irrigated crops, pastures, forests and
woodlands resulting from a combina-
tion of adverse factors, including pe-
culiarities of land use and management
practices" (UNCCD 1994, Article 1).
According to this definition, the degree
of land degradation for reporting under
Indicator 15.3.1 is calculated as a binary
(deteriorated / not deteriorated) quanti-
tative definition using its three sub-indi-
cators (Fig. 1), namely:

« trends in land cover type changes;

 trends in changes in land

productivity,

Indicator 15.3.1:

Degraded land area to total area ratio

Fig. 1 Factors taken into account when calculating the indicator 15.3.1.
(according to UNCCD, 2021)
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* trends in changes in organic carbon
reserves in the soil.

Actually, when calculating the indi-
cator, any significant decrease or nega-
tive change in one of the three sub-in-
dicators is considered land degradation.
A positive change in the indicator is as-
sessed as an improvement in the condi-
tion of the land.

The indicator allows individual
countries to quantitatively and quali-
tatively assess the degree of land deg-
radation. This assessment is useful not
only for national reporting to UN com-
missions and reporting under indicator
15.3.1, but also for tracking progress
towards voluntary Land Degradation
Neutrality goals and for developing
action plans to combat degradation, in-
cluding including through conservation,
sustainable management, reclamation,
restoration and protection of land re-
sources (Trends.Earth. SDG indicator
15.3.1. description, 2021).

The United Nations Convention to
Combat Desertification (UNCCD) is the
custodian institution of the Sustainable
Development Goals Indicator 15.3.1.
Information on this indicator has been
regularly collected by this institution
through a national reporting and review
process since 2018, every four years.
These data are available on the website
of the organization unccd.int. The Unit-
ed Nations Convention to Combat De-
sertification (UNCCD) is also the lead
agency for an inter-agency advisory
group to further improve the method-
ology and tools / data options of index
15.3.1, which includes key partner FAO
as well as the United Nations Environ-
ment Program (UNEP) and the United
Nations Statistics Division (UNSD).

The justification and calculation
methodology for the three sub-indica-
tors is well established and recognized

in the scientific literature (Wessels,
K.J. et al., 2007, 2012; Kotykova O.I.,
2017; Prince S.D., 2019, Alamanos, A.
and Linnane, S., 2021) and in multi-
lateral international agreements on the
main climate variables and biodiversity
(UNCCD, 1994; FAO, 2018).

In some countries land cover data
are collected by the national statistics
office, for many others land cover data
are shared between different sectors (ag-
riculture, nature conservation, forestry,
etc.) and related departments or min-
istries. Many national space agencies
have adequate means of remote sensing
of'land cover types. Regarding land pro-
ductivity and soil organic carbon stocks,
data collection is usually carried out on
the ground by specialized institutions at
national, regional and global levels.

The QGIS program, which one of
the authors of the article has been using
since 2008 for research work, is an open
geographic information system with a
wide range of modules that significantly
expand its functionality, which allows it
to not be inferior in many parameters,
in particular, to the commercial devel-
opment of ArcGIS by ESRI and others.
Algorithms of the geoinformation sys-
tem QGIS make it possible to model
spatio-temporal changes and display
cartographic models of the studied pro-
cesses of natural resources, in particu-
lar, soils (Bogdanets, 2019).

The Trends.Earth module allows the
user to calculate each of these sub-in-
dicators spatially, generating bitmaps
that are then integrated into the final
map of SDG 15.3.1 indicators and cre-
ate tabular arrays reporting the results
potentially improved and worsened by
this indicator of the areas of the study
area. As the custodian agency of Indica-
tor 15.3 of the Sustainable Development
Goals, the United Nations Convention
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to Combat Desertification (UNCCD)
has developed a Good Practice Guide
to provide guidance on the calculation
of Indicator 15.3.1. This document pro-
vides a brief introduction to Indicator
15.3.1 and describes how each indica-
tor is calculated using the Trends.Earth
tool. Trends.Earth uses biweekly data
from the MODIS and AVHRR remote
sensing resources to calculate annual
NDVI vegetation indices (calculated
as annual mean NDVI for ease of in-
terpretation). These annual NDVIs are
then used to calculate the corresponding
performance indicators. Land produc-
tivity is assessed in Trends.Earth using
three metrics derived from NDVI time
series data: trajectory, efficiency, and
condition. The productivity trajectory
measures the rate of change in primary
productivity over time. Positive statisti-
cally significant trends in NDVI would
indicate potential land improvement,
while negative significant trends would
indicate degradation.

Within a particular ecosystem, pri-
mary productivity is influenced by sev-
eral factors, such as temperature, as well
as the availability of solar radiation,
nutrients, and moisture. Among them,
moisture availability is the most variable
in time and can have a very significant
effect on the amount of plant biomass
produced each year. When analyzing
annual NDVI data, it is important to
interpret the results containing archival
precipitation information. Otherwise,
declining trends in productivity may
be misinterpreted as anthropogenically
induced land degradation, when in fact
they are driven by regional variations in
moisture availability.

Trends.Earth allows the user to
perform different types of analysis to
separate climatic causes of changes in
primary productivity from those that

may be the result of human land use de-
cisions on the ground. The productivity
indicator measures locally productivity
relative to other similar types of vegeta-
tion on similar land cover types or bio-
climatic regions of the entire study area.
The model uses a combination of soil
taxonomy units (using the American
USDA system, provided by SoilGrids
with a resolution of 250 m) and land
cover types (37 land cover classes with
aresolution of 300 m) to define these ar-
eas in the analysis process (Trends.Earth
documentation, 2021). To assess chang-
es in land cover, users need land cover
maps covering the study area for the
base and target years. These maps must
be of acceptable accuracy and produced
in such a way that a reliable comparison
can be made. Trends.Earth uses ESA
land cover type maps as its default da-
taset, but local maps from other sources
can also be used. The integration of the
three sub-indicators of the SDG indica-
tor 15.3.1 is carried out according to the
exclusionary rule, which means that if
an area has been identified as potentially
degraded by any of the sub-indicators,
then the area will be considered as po-
tentially deteriorating by indicator 15.3.
1. (Trends.Earth documentation, 2021).

Results and discussion. To evaluate
the indicator of soil degradation, we
chose a period where the base year is
2001, and the comparison year is 2019,
which sufficiently reflects the dynamics
of land use during this period in mar-
ket conditions and allows us to assess
the impact of various factors on the
state of the soil cover according to this
integral indicator. When working with
the Trend.Earth module, the territory
within the administrative boundaries
of the Kyiv region was selected. As a
result of data processing for the studied
territory by the Trend.Earth module,
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Fig. 2. Map (fragment) of the results of data analysis on soil cover

degradation by the Trends module.

data were obtained on the state of
land use (types of cover), the content
of soil organic matter and indicators
of land productivity according to the
method described above (Trends.Earth
documentation, 2021). These data were
uploaded to the geographic information
system environment QGIS for further
analysis. The data set reflecting the
trend of changes according to indicator
15.3.1 deserves special attention.

As can be seen from the map
developed by us (Fig. 2), during the
studied period, degradation processes
prevail in the territory of Kyiv region,
they are caused by various factors, in
particular, intensive agricultural use
of land with plowing and loss of soil
organic matter and degradation due to
soil erosion, primarily water erosion.
At the same time, most of the lands
(over 66%) did not undergo positive

Earth, for the period 2001-2018.

or negative changes during the studied
period. According to the method of
calculating the indicator (Trends.Earth
documentation, 2021), the combined
effect of land use factors, soil organic
carbon content and crop productivity
in the studied territory is taken into
account.

Positive changes in the land
degradation indicator (shown in green
in Fig. 2) indicate mainly a decrease in
the agricultural use of these lands, at the
same time, the organic carbon content
of the soil, according to the analysis
of the studied territory, showed mainly
negative dynamics (Fig. 3).

According to our estimates, when
checking individual areas with an
increased value of the land degradation
indicator based on remote sensing data
at various times, these are most often
agricultural lands that are actively used.
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Fig. 3. Map (fragment) of the results of data analysis on soil organic carbon
by the Trends module. Earth for the period 2000-2019.

Touse indicator 15.3.1 in specific natural
and climatic conditions, it is necessary
to take into account local practices,
peculiarities and traditions of farming,
which will be significantly different,
for example, in Ukraine and Brazil.
Unfortunately, there is a limitation in
the possibilities of using this indicator
to characterize an individual farm or
enterprise, caused by the peculiarities of
the data that serve as the basis for such a
calculation (resolution 250-300m).

At the same time, to calculate the
indicator of land degradation using
the Trends.Earth tool, it is possible
to establish such changes at the level
of both the country as a whole and a
separate administrative region (map
scale 1:1000000) and conduct a spatio-
temporal analysis of such changes.
Therefore, in our opinion, this tool is
of considerable interest to academics

and practitioners for the purposes of
quantifying such changes in a defined
administrative unit.

Conclusions.

With some convention of such an
approach, the indicator allows to display
in the map space the data of changes
in the condition of the land, the loss of
soil organic carbon according to remote
sensing data and the nature of soil deg-
radation for the selected time interval.
In the forest-steppe zone of Ukraine, the
predominant type of land use is agricul-
tural activity with land plowing. Some
farms practice minimization of soil
cultivation, which, in particular, should
affect the value of the land degradation
indicator. Due to difficult economic con-
ditions, part of the lands for the period
2001-2019. was not used in agricultural
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production, some fields were overgrown
with woody vegetation and were not ac-
tively cultivated, which was reflected
in the indicators of indicator 15.3.1. At
the same time, most of the lands (over
66%) did not undergo positive or nega-
tive changes during the studied period.
When using remote sensing data, which
serve as the basis for calculating land
degradation indices, using the Trends.
Earth tool, it is possible to establish such
changes at the level of the administrative
region (map scale 1:1000000) and con-
duct a spatio-temporal analysis of such
changes. At the same time, it is difficult
to ensure higher spatial accuracy at the
level of a separate territorial community
or farm, which is due to the peculiarities
of the data that serve as the basis for such
a calculation. The use of indicators of
soil condition, monitoring of the devel-
opment of degradation processes based
on operational data and the possibility of
their comparison for different time inter-
vals plays a particularly important role
in the context of the impact of global
climate changes on the soil cover, pros-
pects for agricultural production and, in
general, on the quality of life of people.
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IHOWKATOPU CTAJ/IOIO PO3BUTKY BE3NEKU BUKOPUCTAHHA 3EME/Ib TA
OLIHKA PO3BUTKY AErPAAALIAHNX MPOLECIB 'PYHTOBOIO MOKPUBY 3
BUKOPUCTAHHAM FEOIH®OPMALIKHUX MOLE/EV

3EMJIEYCTPIV, KALJACTP | MIOHITOPUHI 3EME/1b 3'22: 83-92
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AHomauyia. Y cmammi onucaHo Oeski i3 npuliHamux OOH iHOukamopie cmanoz2o po3sumky
be3reKu 3emsaeKopucmys8aHHs, Nos8’a3aHux 3 pO38UMKOM npouyecie Oeepadauii rpyHmis, nioxoou
00 OUjiHKU po3sumKy de2padayii rpyHmie 3a 00rMomMo20t0 3acobie Mamemamu4HoO20 MOOesH08AH-
HA, a came 2eoiHopmauiliHux modesned.

IHOukamop 15.3.1 yineli cmanozo po3sumky eidobpaxcae 8i0HoweHHA naowi deepadosa-
HUX 3emMesnb 00 3a2a/bHOI NaAowi 3ement oyiHo8aHoOI mepumopii, a deepadayia po32190aemoscs
AK iHMez2panbHUli MOKA3HUK Makux napamempis, AK npooyKmMueHicme 3emsi, 8Micm op2aHiYHoT
pevyosuHU y rpyHmMi ma mun 3emsni. 8UKopucmosysamu. BcmaHoeneHo, wo npu 8UKOPUCMAHHI
o0aHux /]33, ompumaHux 3 8iOKpUMuXx 0xcepes, AKi € 0CHOBOI 017 PO3PAXyHKY iHOeKcie de2padayii
3emesnb iHcmpymeHmom Trends.Earth yepes npoepamHe 3a6e3nevyeHHs QGIS, Moxcause 8CmaHos-
/IeHHA MAKUX 3MiH Ha aOmiHicmpamueHoMy pigHi (Macwmab kapmu 1: 100000) i npocmopoeo-4a-
cosuli aHasi3 MaKux 3miH.
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BooHoyvac saxcko 3abe3nequmu suwly npocmoposy po30insHy 30amHicme, ska 6 0o38oaa1a
Mpo8oOUMU aHAI3 HA pigHi OKpemo2o 2ocrnodapcmea Yu nidnpuemcmaa. Lie nose’ssaHo 3 npocmo-
po8oto po30dinbHor 30amHicmio OGHUX, AKI € OCHOBOH 071 MAKO20 PO3PAXYHKY.

3a nesHoi' ymosHocmi makozo nioxody iHOUKamop 00380/14€ 8idobpaxcamu 8 Mpocmopi Kap-
mu OaHi NPo 3MiHU CMaHy 3emesb, 8MpPamMuU op2aHi4Ho20 8yeneyto rpyHmie 3a daHumu 33 ma
Xxapakmep Oezpadauii rpyHmie 3a obpaHuli iHmepean yacy. . Y nicocmenosili 30Hi YkpaiHu nepe-
8AH(AIOYUM BUOOM 3eMsIEKOPUCMYBAHHA € CilbCbKO20CM0OapCbKa QifnbHICMb 3 opaHKor. Jeaki
20cnodapcmea NpakmMuKyome MiHiMi3ayiro 06pobimky rpyHmy, wio, 30Kpema, MAe 8rauHymu Ha
3HOYEHHA NOKA3HUKA Oez2padayii 3emesnb. Yepes cKAaodHi eKOHOMIYHI yMOo8U YACMUHA 3emesnb 3a
nepiod 2001-2019 pp. He BUKOPUCMOBYBABCA Y CiflbCbKO20CNTOOAPCbKOMY 8UPOOHUYMEI, OKpemi
110714 3apocsu 0epesHoro POCAUHHICMIO Ma AKMUBHO He 06pobrAnucs, wjo 8i006paxeHo 8 NoKas-
HUKax noKasHuka 15.3.1. Mpu ybomy binbwicme 3emens (noHao 66%) He 3a3HAAU MO3UMUBHUX YU
He2amueHUX 3MiH MPOMA20M 00CNIOHYB8AHO20 repiody.

BuKkopucmaHHsA iHOUKamopie cmaHy rpyHmis, MOHIMopuHa po3sumky 0e2padauiliHux npouye-
cie Ha OCHO8I orMepaMuBHUX OGHUX MQA MOM(/IUBICMb iX MOPIBHAHHA 3a pi3Hi Yacosi iHmepesanu
8idiepae 0cobaUBO BAXAUBY POsb Yy KOHMEKCMI 8UBY 27106aAbHUX 3MiH KAiMamy Ha rpyHmoasul
MOKPpUB, NepcrieKmusU Ha CinbCbKo20CcrnooapcsKe 8UPOOHUYMBO ma, 8 Yinomy, Ha AKICMb xcumms
nooed.

Knrouvoei cnoea: uini cmasnozo pozsumky, de2padayis rpyHmis, iHOUKamMopu 3emsaexKopucmy-
8aHHS, 2e0iHGhopmayiliHi modeni, daHi [33.
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