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SOIL ORGANIC CARBON: ASSESSMENT OF DYNAMICS AND
SEQUESTRATION POTENTIAL ON THE EXAMPLE OF UKRAINE
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Introduction

One of the biggest challenges of today ns the glahai problem
of climate warming. A number of | have

In recent years, the untapped potential of carbon dicwide

elnersed to reduce the negahva anthropogenic impact,

thi UN F on Climate Change
{1992), the Kyoto Protocol {1997], the Paris Climate Agreement
{2015}, and the Glasgow Climate Pact (2021). Among these
agreements, the Paris Agreement stands out, where countries
have committed themselves to taking steps to reduce carbon
emissions and keep warming below the 1.5°C limit, which
triggers climate apocalypse scenarios. Fallure to fulfil the
promises of the countries under the Paris Agreement will lead
to a warming of the globe well ahnu 1 5°C by the end of the
21st century, which means an i Thurc are

i soils in agricultural landscapes has been
widely highlighted as one of the most environmentally
cost-effective solutions for climate change mitigation and
adaptation.

The main positive effect of increasing the volume of CO2
absorption by soils is the growth/restoration of their potential
fertility, which is due to a significant increase in the amount of
arganic matter entering the soil, Sustainable soil management
practices result in the almost complete elimination of
agro-technical measures imvalving soil rotation and the

often discussions about the ways and extent of

to various oulluns for mlmmai tillage. This

reductions, but no one has any additional questions about the
sequestration of carbon dioxide from the by soils

reduces the of organic matter and
the dwuiopmunt of water and wind erosion processes. The
of these beneficial effects ensures the restoration

through progressive land use,

In recent years, the ential of carbon dicxid
sequestration by soils in agricultural landscapes has been widely
highlighted as one of the mast environmentally cost-etfective
solutions for climate change mitigation and adaptation.

Problem statement

In Ukraing, which has 45 million hectares of agricultural land,
the limiting factor fur assessing carbon stocks, dynamics, and
petential for carbon sequestration is the lack of input data.
Currently, there are only a few potential scurces or ways to obtain
S0C content data;

1. 3931 soil samples coliected during 1964-2016 pp. Hotder:
Mational Scientific Center "Institute for Soll Sclence and
Agrochemistry Ressarchnamed afier 0.4, ST
ISSAR). On this basis, the Ukrainian part of the Global Soil Organic
Carbon Map was created with a resalution of 1 kmy/pieel,

The maln problems of the dataset are: 1) inaceessibilil
due to the data holder's policy; 2) hesides the fact that this
number of samples |s quite small for such a large area, their
extended time frame makes a large part of them irrelevant.

y for use

TL. Materials from a large-scale soil survey of Ukraine in
1957-1961 and their subsequent cormection (conducted until the
warly 19905). Result: soil maps at a scale of 1:10000 for an area of
40-45 million hectares, Holder: State Geadesy, Cartography and
Cadaster Agency of Ukraine {StateGeoCadastre). The potential
number of samples (Including full-profile enes) is up to 1 milllon,
Despite the time extension, full dense coverage of the territory
would aliow o build spatial and temparal series of changes not
only in 50C content but alse in other indicators,

of soil fertility.

At the same time, the assessment of the real potential of
sequestration on a scale up to and including countries Is aften
limited by the lack of quality data lor bullding an Initiating map
of organic carbon content in soits.

The main problems of the dataset are: 1) inaccessibility for
use due to the data holder's policy; 2) being in a non-digitized
form; 3} samples were not georeferenced until recently; 4) only
in recent years data have been collected as average mixed
samples of 4-5 hectares, most af the older Information refers to
the whole fletd. The holder disseminates statistical and mapping
mmerls:s by administrative reghons and districts rFrg. Ia, b,

' it approachis (Fig 3o

V. The National Agriculture Land Degradation Neutrality
{ALDN) monitoring platform was created with the support of
FAD, GEF, Ukrainian Soil Partnership (USP) and a number of
national institutions. Holder: USP (http:{ismld.com.ua). This
includes data for the 0-30 cm layer from NSC ISSAR - 1000 soil
transects (Fig. 2a), and 51 5P1 - data from 750 manitoring plots
(Fig. 2b) = annually from 2015 to 2020, as well as 4030 fields -
atotal of 5TE0 soil samples.

The main problems of the dataset: difficulty in dewnloading
{there are no tools for exporting the entire data set, access is
provided separately for each data point).

V. There is one more type of data source - internal data of
agroholdings, farmers and owners, but the lack of possibility to
accumulate this data does not allow us to evaluate it as an
mathod,

The main problems of the dataset are: i for use
due to the data holder's policy and being in a non-digitizad form,

01, A continuous agrochemical survey of Ukraine's

The analysis of potential data sources in Ukraine shows that
the fourll\ option is the most realistic way to obtain dataona

landscapes every 5 years in the form of so-called rounds -
currantly, despite the war of the russian federation against
Ukriing, the 12th round is being conducted. Holder: Ukrainian
State Institute "Soil Protect Institute {S1SPI).

Methodology

The spatial modelling of soil organic carbon content was
based on a framework similar to that proposed by Tomisiav
Hengl et al. in the creation of the SoilGrids series of maps and
similar ta the approaches used in the creation of the Global Soil
DOrganic Carbon Map, but medified towards simplification, for
instance, calculations are only conductad for the plow Layer (as
the training dataset is only available for the 0-30 cm layer).

The mapping models were created using the R-Statistic
environment at a reselution of 250 m/plxel. There are 4 main
steps in this process:

« auerlaying observation points and covariates (derivatives of

scale. Given policy in this
area, as can be seen from the list af sources, there is great
potential to expand this database to a significant volume, Of
course, given the current pelitical and military situation, this,
unfortunately, cannot be a priority in the near future.

= selection of the type of model for spatial forecasting {we
wsed the implementation of the Random forest algorithm in the
R-Statistic ranger package;

« 50C modeiling for a specific year (2015-2020);

« creating difference maps to track the dynamics of S0C changes.

The i ial was using the modified
EOSDA RothC model from FAD (Technical Manual Glabal Soll
Organic Carbon Sequestration Potential Man GSOC&QH 2020}.
In particular with | in af
celﬁuLatmns the anllll;r te select an arbitrary resolution by

relief, i slope and surface
curvature, topegraphic humidity index, agroclimatic data, etc;)

Resuits and discussion

Spatial S0C content modelling (Fig. Za) was conducted to
visualise both spatial and temporal changes from 2015 to 2020,
The map of differences in SOC content between 2020 and 2015
(Fig. 3b) shows changes with a slight p
areas where the content tends to decrease. Despite the rather
short current time series, we see significant potential of this
approach, espacrallv given the progress made in recent years in
this kind of , there are c that

2 of coarse-grained data to high
and ion of refined biomass growth
factors for ditferent types of agricultural land within Ukraine.

« It is virtually impossible to properly (instrumentally) verify
spatio-temporal models created for previous years and

predictive models, ially in pied and combat zones.

The obtained model of the potential of carbon sequestration
by soils of agricultural landscapes for various land use
scenarios (Fig, 4) allows to establish territories in which

need to be addressed in the future:

» Lack of evenly distributed soil profile data for individual

fields or monrtmmg plots, both current and historical. Data

g is particularly The further we go
backiin time, the fewer abservations are available, so the
temporal gaps are potentially an order of magnitude more
critical than the spatial data gaps;

« Outdated data on soll profiles tand to show significant
wvarlations (variety of methods, laboratories), so, for instance,
for hiumus (soil arganic carbon), with rather low temporal
dynamics, it is difficult to detect actual changes over time in
cases when the signal-to-noise ratio is low;

Conclusions

In the course of our research and analysis, we have |dentified
several potential sources of 50C data, some of which can be a
powerful source of information for spatial and temporal
modelling of seil organic carbon content. We traced the

ics and created car le models of agri soil
carbion content for the period between 2015 and 2020, and
based on this, conducted an assessmant of the soil carbon
sequestration potential over a 20-year period using the RothC
maodel and at a sufficiently high spatial resolution.
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Fig. 1. Humus content in ukrainian soils according a SI 5PI data for 2006-2010 (a),
2011-2015 (b) and our model data (c)

Fig. 2. Data of ukrainian ALDN monitoring platform:
a) soils profiles; b) monitoring sites
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Fig. 3. Spatio-temporal SOC model for 2015-2020 (a) and n‘:ﬁerence map 2015-2020 (b)
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Fig. 4. Predicted carbon content in the soils of Ukraine in 20 years under
the BAU scenario (a) and relative rates with an increase in the supply of
carbon to the soil: S5M1 (b), 55M2 (c) and S5M3 (d)




