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Abstract. The Russian Federation needs to transition to carbon standards, which are
established in many foreign countries, to regulate and control the negative consequences of
anthropogenic human activity. Quoting of greenhouse gas emissions at the global level pushes
for the development and implementation of technologies to reduce them. One of the ways to
reduce emissions in agriculture is the creation of carbon farms. At present, there is no unified
methodological and statistical basis for the creation of a carbon farm in the Russian Federation.
When creating it, it is necessary to understand not only the general principles of agrolandscapes
functioning, but also to take into account the factors that have an impact on the carbon
absorption capacity of the land located on the territory of the farm. A new approach to reducing
emissions by optimising the location of agricultural land with regard to its sequestration
potential on the basis of spatial modelling has been proposed. The specificity of the approach
is demonstrated on the example of the farm of the All-Russian Research Institute of Reclaimed
Lands (Tver region, Kalininsky district, Emmauss settlement). After additional testing, the
approach can be recommended for implementation in the practice of carbon-depleting
agricultural land use.
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HayyHoe o6ocHOBaHuMe co3gaHusa KapboHOBOW pepMbl
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AnnoTaumsa. B Poccuiickoit @exepanun B HacTosIEe BpPEeMsl aKTyaJlbHbl BOMIPOCHI
1 Ipo0OIeMBI pa3paboTKU 1 epexoa K YIIepoIHBIM CTaHIAPTaM, KOTOPBIC Y)KE YCTaHOBJICHBI
BO MHOTHUX 3apyO€KHBIX CTpaHax, sl PETyJIUPOBaHMS U KOHTPOJISA HaJl HETaTUBHBIMU TIOCTEI-
CTBUSIMH aHTPOIIOTEHHOHN JEATEIbHOCTH uelioBeka. KBoTHpoBaHHE BHIOPOCOB MAapHUKOBBIX
ra3oB Ha II00aTEHOM yPOBHE HOATAIKHUBACT K pa3padOTKe M BHEAPCHUIO TEXHOIOTHH U UX
yMmeHbIneHus. OTHAM W3 IyTel yMEHBIICHUS BHIOPOCOB B CEITBCKOM XO3SHCTBE SIBISICTCS
co3naHue kKapOoHOBEIX (hepM. B Hactosmiee BpeMst Ha Tepputopuu PO oTcyTcTBYyeT enuHas
METOJIOJIOTHYECKas ¥ CTaTHCTUYECKast 0a3a Juist co3aanus kapOoHoBoii hepmel. [Ipu ee cosna-
HUH HEOOXOIUMO HE TOJNBKO ITOHIMATh OOIIIE IPHHITUITEL (PYHKIIHOHHPOBAHMS arpoianamad-
TOB, HO U YUHUTHIBaTh (haKTOPbl, KOTOPbIE UMEIOT BIMSHUE Ha MOTJOTUTEIBHYIO CIIOCOOHOCTh
yIIIepOAa YTOAbSIMH, PACIIONIOKCHHBIMU HA TeppUTOpHH GepMbl. [IpenokeH HOBBIM OAXO K
COKPAIIEHUIO BBIOPOCOB IMOCPEACTBOM ONTHUMH3ALMH PA3MEIIEHUS CEIbCKOXO03SIHCTBEHHBIX
YrOAUi C y4eTOM CEKBECTPAllMOHHOTO MOTEHLMaNa 3eMellb Ha OCHOBE MPOCTPAaHCTBEHHOTO
MonenupoBanus. Criennguka moaxo/ia MpoJeMOHCTPUPOBaHA Ha TpuMepe Xo3srcTBa Beepoc-
cuiickoro HUW wmenmnopupoBanHbix 3eMenb (TBepckas ob6nacth, KanuHUHCKUE paiioH,
nocesok Ommaycce). [Tociie 7onoaHUTENBHOH arpodalry NOAX0L MOXKET OBITH PEKOMEHI0BaH
K BHEJPEHUIO B MPAKTHUKY YTIIEPOA-ICTIOHUPYIOIIETO CeIbCKOXO035MCTBEHHOTO 3eMIICTIONB30-
BaHUs.

KawueBsble ciioBa: Oanmanc yriepona, KapOOHOBBIE (epMBI, CEKBECTpALUs YIIepoAa,
KBOTa Ha BBIOPOCHI, MPOCTPAHCTBEHHOE MOJICTUPOBAHKE, UCIIOIb30BaHUE 3eMETTh
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Baaronapuoctu u ¢puHancupoBanue. PaboTa BHITIONHEHA B paMKaX peai3alyy Bax-
HEeHIero WHHOBAIIMOHHOTO TIPOEKTa TOCYNAapCTBEHHOTO 3HaueHHs «Pa3paboTka cHCTeMBI
Ha3€MHOT0 U JUCTAHIUOHHOI'O MOHUTOPUHI'A ITYJIOB YTIJIEpOJa U MOTOKOB IMMAPHUKOBBIX I'a30B
Ha Tepputopun Poccuiickoii Deneparyn, odecieueHHe CO3TaHUsI CHCTEMBI yueTa JaHHBIX O
ITOTOKAX KJIMMAaTHICCKH aKTUBHBIX BEIIECTB M OIOPKETE YTIIEPOAa B JIecax M IPYTUX Ha3eMHBIX
aKojorudeckux cucremaxy (per. Ne 123030300031-6).

Bkaan aBTopoB. Konosanosa A.I1. — pa3paboTka OIX0/1a, POBEIICHUE SKCIICPUMEHTA,
HaNHCaHHUEe CTaThH, MOATOTOBKA wimiocTpauuil; Casun M. FO. — KOHIENTyaIH3alus, peaaKkTH-
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Cepust: Dxomorusi U 06e30macHOCTh ku3HenesTenpHocTH. 2024, T. 32. Ne 2. C. 93-106.
http://doi.org/10.22363/2313-2310-2024-32-2-93-106

Introduction

The problem of carbon sequestration has a transboundary character and
global scale, and therefore it is most noticeable for large areas — large territories,
individual countries, or natural areas [1]. Combating the problem of climate
change through the exploitation of carbon farms and the creation of
technologies for the absorption of greenhouse gases and their impact on the
environment is a relatively new area for discussion and debate in the scientific
environment both in the Russian Federation and abroad [2; 3]. Carbon farms are
one of the methods to optimise carbon sequestration by introducing methods that
increase the rate of CO2 removal from the atmosphere and its accumulation in
soils and plant organic matter. While conventional farming methods result in
carbon emission, carbon farming in the form of carbon farming has the opposite
effect [4; 5].

The article presents the results of research to scientifically substantiate a new
approach to emission reduction through optimisation of agricultural land
placement considering the sequestration potential of land on the basis of spatial
modelling.

Object of research

The object of the research is the land of the farm of the Russian
nationwide Research Research Institute of Reclaimed Lands (Kalininsky
district, Tver region). The farm is located in the south of Tver region,
15 kilometres from Tver. The territory is characterised by a temperate continental
climate.

The air temperature averages —8°C in winter and +20°C in summer (Figure 1
shows data on precipitation and average air temperature in Kalininsky district,
where the farm is located).
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Figure 1. Average air temperature and precipitation on the territory
of Kalininsky District, Tver Oblast [6].
Source: compiled by the authors.

Tver region is located in the central part of the East European Plain, with a
characteristic flat relief with alternating uplands and lowlands.

Sod-mesopodzol surface-gleyic reclaimed low stony soils (29.22%)
and sod-mesopodzol surface low gleyic reclaimed soils (18.71%) predominate on
the farm.

Method of research

The procedure of the research is presented in Figure 2.

In the first stage, a GIS database containing data on the farm’s
land resources was created. The database included the following
maps:

1. Soil map. The paper soil map of the farm at a scale of 1:10000,
created by ROSGIPROZEM specialists at the end of the 80s of the last
century, which was geo-referenced, vectorised and accompanied
by attributive information on soil properties, was taken as a basis
(Figure 3).
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- Land use types for analysis

Soil suitability
maps

suitability
evaluation by
relief

Lend suitability assessment for different
types of land use

Solution of an optimization problem in Microsoft
Exeel 2010 (linear programming) for the
distribution of suitable areas of different farmlands
within the same farm, taking into account carbon

!

Map - scenaries based on the solution to the
optimization problem

\/f/*

Map of the optimal distribution of land in terms of
carbon sequestration

;,{/*

Analysis of current land use and development of recommendations
for an optimal land use plan

Figure 2. Scheme of sequence of works on development of an optimal scenario for the placement
of farm land in terms of increasing carbon sequestration
Source: compiled by the authors.
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Figure 3. Soil map of the farm:
7 —sod-medium podzolic erosion-hazardous; 2- sod-medium podzolic weakly stony drained
surface-slabogleyevous; 3— sod-medium podzolic superficially weakly gleyey drained;
4 - sod-medium podzolic psuperficially weakly gleyey; 5 — sod-medium-podzolic dried superficially gleyey;
6 - sod-medium-podzolic superficially gleyey dried slightly stony;
7 - sod-medium-podzol surface-gleyey drained weakly stony;
8- sod-medium podzol surface-gleyey slightly stony;
9- sod-strong-podzol profile-gleyivaty weakly stony dried;
70 - sod-strong-podzol profile-gleyey; 77 - sod-strong-podzol profile-gleyey;

77 - sod-strong-podzol profile-gleyey drained; 72- sod-siliceous-podzolic surface-gleyey
in complex up to 10% with sod-silno-podzolic profile-gleyey; 73— over-excavated lands;
74 - sod-silno-podzolic profile-gleyey dried)

Source: compiled by the authors.

2. Maps of terrain characteristics. To characterise the relief, SRTM!
terrain absolute height data were used (Figure 4). The data have a spatial
resolution of 90 metres and were obtained as of the beginning of the current
century. A derived terrain slope map was constructed in GIS and used in the
analysis.

3. Map of actual land use. To assess the current land use, images
of the farm territory obtained using Phantom 4 DJI FC 330 drone in 2020
and 2021 were analysed. Objects were recognised using desktop
interpretation methods by visual analysis of images with spatial resolution
from 10 to 50 centimetres. The farm land use map 1is presented
in Figure 5.

! EarthExplorer meteoblue. Available from: https://earthexplorer.usgs.gov/ (accessed: 10.12.2023).
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Figure 4. SRTM digital terrain model for the farm area
Source: compiled by the authors.
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Figure 5. Map of current land use of the Emmaus settlement farms
Source: compiled by the authors.

Additionally, literature data on carbon sequestration for different land types
were collected [6; 1].2

22006 IPCC Guidelines for National Greenhouse Gas Inventories. Volume 4: Agriculture, For-estry
and Other Land Use. Chapter 3. Consistent Representation of Lands. Available from:
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Based on the GIS database, maps of relief and soil suitability assessment
for the main types of agricultural land were created. Suitability assessment was
carried out based on FAO land assessment approaches adapted to Russian
conditions [9].

Given the overlap between the suitability maps in the GIS, the areas of land
suitable for a particular site were identified.

Having solved the problem of optimisation of areas taking into account
their carbon sequestration potential by the method of linear programming, the areas
of distribution of land types on the farm territory were obtained, which
made it possible to create maps-scenarios for land areas taking into account carbon
sequestration and select the most optimal scenario. After that, the current
land use was compared with the optimal scenario in terms of carbon
sequestration.

Spatial data analysis was performed using the ILWIS 3.3 application package.
Optimisation problems were solved using Microsoft Excel 2010.*

Results and discussion
Land suitability assessment by topography

Using ILWIS software, suitability assessment maps were created for
different types of land according to the slope of the terrain. Suitability
was assessed for land such as cropland, pasture, swamp and forest using the
following gradations: suitable, unsuitable and limited suitable (Table 1).
Figures 6-9 show the terrain suitability assessment maps for different lands
(black contour — farm boundary, green — suitable land, yellow — limited suitable,
red — unsuitable).

Table 1. Criteria for assessing suitability for different types of sites

Site type Suitable Suitable Limited Unsuitable
Arable land <2 2-5 >5
Pasture <5 5-8 > 8
Forest <8 8-12 >12
Marshland <2 - > 2

Source: compiled by the authors.

https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4 Volume4/V4 03 Ch3 Representation.pdf
(accessed: 11.12.2023).

3 ILWIS — Remote Sensing and GIS software. Available from: https://www.itc.nl/ilwis/ (accessed:
09.11.2024).

* Solving optimization problems in Microsoft Excel 2010: textbook / N. 1. Shadrina, N. D. Berman;
[ed. by E. M. Vikhtenko]. Khabarovsk: Izd-vo Tikho-Ocean. gos. un-ta; 2016. 101 p. (In Russ.);
Problem formulation and solution with the help of the “Solution Search” add-in — Microsoft Support
Service. Available from: https://support.microsoft.com/ru-ru/office/mocranoBka-u-penreHue-
3a/1a4H-C-IIOMOIIBI0-HAICTPOUKH-TTOUCK-perneHns-5d 1a388-079d-43ac-a7eb-163e45925040
(accessed: 11.11.2023) (In Russ.).
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Figure 6. Map of terrain suitability for arable farming

Source: compiled by the authors.

Figure 8. Map of terrain suitability for forests

Source: compiled by the authors.

Figure 7. Map of terrain suitability for pasture
Source: compiled by the authors.

Figure 9. Map of terrain suitability for marshland
Source: compiled by the authors.

Assessment of land resources suitability by soil types

Similarly, based on the soil map, maps with soil suitability assessment for
different types of land were created (Figure 10—13).

am

Figure 10. Map of terrain suitability for arable
farming:
p — suitable; o —limited suitable; 7 —unsuitable
Source: compiled by the authors.

ey

Figure 12. Map of terrain suitability for forests:

p — suitable; o — limited suitable; n — unsuitable
Source: compiled by the authors.
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Figure 11. Map of terrain suitability
for pasture:
p — suitable; o — limited suitable; n — unsuitable
Source: compiled by the authors.

o
~
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Figure 13. Map of terrain suitability for
marshland:
p — suitable; o — limited suitable; n — unsuitable
Source: compiled by the authors.
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Integral assessment of land suitability

To create the final land suitability maps, it was necessary to create intersections
of relief and soil suitability maps for cropland, pasture, forest and swamp. The maps

are presented in Figures 14—17.

Figure 15. Map of terrain suitability

Figure 14. Map of terrain suitability for arable
farming: for pasture:
p — suitable; o — limited suitable; n — unsuitable

p — suitable; o — limited suitable; n — unsuitable
Source: compiled by the authors. Source: compiled by the authors.

00

[ 0

Figure 17. Map of terrain suitability
for marshland:
p — suitable; o - limited suitable; n — unsuitable
Source: compiled by the authors.

Figure 16. Map of terrain suitability for forests:
p — suitable; o — limited suitable; n — unsuitable
Source: compiled by the authors.

The data in Table 2, based on the literature review [6; 7], were used as the basis

for optimising the location of land on the farm.’

Table 2. Organic C stocks in different soil types at different sites
2
Farmland Soils - Stocks Coq, kg/m.
min max mid
Arable Sod-podzols, sod-podzol soils 4.40 7,8 6.1
Forests Sod-podzols, sod-podzolic soils 5.30 8.7 7
; Gley podzols, sod-podzol-gley soils,
Over-watered meadow, peat- and peat-podzol-gley soils, 10.00 25 17.5
swamp forests ) ;
sod-gley soils and humus-gley soils
Marshland Peat-bog 24.00 65 44.5
Meadows, meadow-shrub Floodplains weakly acidic and neutral
vegetation, abandoned P Y ’ 21.20 | 36.8 29
meadow and grassland
arable land

Source: compiled by the authors.

SFAO, 1976. Available from: https://www.fao.org/3/x5310e/x5310e00.htm (accessed: 10.12.2023).
OKOJIOI'us
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Using linear programming methods, a model of the optimal composition of
sites on the farm was constructed using information from Table 2 and land
suitability. This method was used to obtain a rational structure of land allocation
with maximum carbon sequestration for each type of land. The problem was solved
with the maximised optimality criterion — average carbon stock. In the end, the
linear programming method allowed to calculate the areas of lands at which the
maximum carbon sequestration capacity of farmlands will be achieved (Table 3).

The solution of the optimisation problem showed that lands occupied by bogs
and pastures have the maximum absorption capacity in the study area. Therefore,
when creating the map of optimal land distribution, the lands maximally suitable
for bogs and pastures were first considered, and the remaining lands were
distributed between arable land and forests. The resulting map is shown in
Figure 18.

Table 3. Areas of current land use with different suitability assessments, ml

Farmland Limited suitable Suitable A"eragekcg/’r?]‘l’" stock,
Arable land 2572 442 196 198 6.1
Pasture 627 028 2320 629 29
Forest 518 833 2 457 809 175
Marshland 86 509 0 445
Total 2976 642

Source: compiled by the authors.

Table 4. Result of solving the optimization problem, ml

Farmland Limited suitable Suitable Sum of suitable and
limited suitable
Arable land 298 0 298
Pasture 568 908 2 320628 2 889 536
Forest 298 0 298
Marshland 86 509 0 86510

Source: compiled by the authors.

Comparing the map of this scenario with the map of actual land use shows that
its implementation would require a fundamental change in farm specialisation. The
required conversion of some lands to others is presented in Table 3.

According to the data in Table 3 and Map (Figure 18), about 67 per cent of the
farm's land would need to be converted to other land. To increase carbon
sequestration and transition to a fully carbon farm, it will be necessary to gradually
change the farm's specialisation from crop production to livestock production, and
cropland (including abandoned cropland) will need to be converted to pasture and
hayfields.

It should also be noted that the results obtained are based only on the analysis
of the resource potential of land and do not include an economic analysis of the
consequences of the proposed land conversion, without which the practical
implementation of the developed scenario is hardly advisable. However, they can
be considered as a basis for the development of recommendations on the gradual
optimisation of land use of the farm to make it more efficient in terms of carbon
sequestration and gradual transition to a fully carbon farm.
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Table 5. Comparison of land use areas and areas according to the
optimal in terms of carbon sequestration on the Emmauss farm area

Current land use Proposed land type Suitability class Area, m*
Arable land Marsh Limited suitable 40 809.1
Forest Limited suitable 423.7
Pasture Suitable 1254 997.8
Pasture Limited suitable 97 264.6
Arable land Limited suitable 276.3
Water surface Pasture Suitable 2260.0
Pasture Limited suitable 3904.8
Meadow Marsh Limited suitable 10652.7
Pasture Suitable 614 018.0
Pasture Limited suitable 110 059.5
Drainage channel Pasture Suitable 1008.4
Pasture Limited suitable 22.9
Forest Marsh Limited suitable 24 469
Pasture Suitable 163 456
Pasture Limited suitable 214 832
Other vegetation Marsh Limited suitable 6597
Pasture Suitable 159 202
Pasture Limited suitable 130736
Field road Marsh Limited suitable 958
Pasture Suitable 24 645
Pasture Limited suitable 6341
Power mast Pasture Suitable 1128
Pasture Limited suitable 19
Asphalt road Pasture Suitable 16 365
Pasture Limited suitable 1625
Structures Pasture Suitable 208
Shrubs Marsh Limited suitable 2175
Pasture Suitable 61287
Pasture Limited suitable 5668
Log store Marsh Limited suitable 141
Pasture Suitable 747
Source: compiled by the authors.
N

marshland (limited suitable)
forest (limited suitability)
pasture (limited suitability)
pasture (suitable)

arable land (limited suitability)

1:12500

[ =5 — ]

0 500

OonCm

Figure 18. Map of optimal land allocation in terms of carbon sequestration
Source: compiled by the authors.
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Conclusion

The study proposed a spatial scenario of optimal land allocation considering
carbon sequestration on the example of the farm of the Russian nationwide
Research Institute of Reclaimed Lands (Tver region, Kalininsky district, Emmauss
settlement).

Such a scenario allows assessing the potential of using farm land as a carbon
farm and evaluating the potential for carbon sequestration by agricultural land. The
proposed approach should be considered when developing an on-farm land
management plan for the planned carbon farm. It is important to note that the study
was conducted only based on land resource potential. Further research on the
economic efficiency of this type of land allocation should be carried out, as well as
research to select potential crops to be placed within the carbon farm.

The establishment of carbon farms can serve as a mechanism to meet the
COP26 greenhouse gas emission reduction targets as well as stimulate the
development of a carbon trading market.
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