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Methodology for improving the agricultural
suitability of land for the sustainable
development of a territory

The concept of long-term socio-economic development of the Russian Federation predetermines the sustainable
development of rural areas, as well as an increase in the standard of living among the rural population. These
processes can be optimized within the framework of a competent urban planning policy by a geographic information
system. Geoinformation systems ensure the sustainable development of a territory by using simulation tools to
plan a set of environmental measures, as well as the measures to improve the agricultural suitability of lands.
The article describes the data integration process towards the comprehensive assessment of the territory of
the Rostov region, describes the research methodology, and identifies the key factors that are behind the indicators
of agricultural suitability of land. The authors present the preparatory stage, or data collection for a simulation
model. The justification of development planning solutions for rural areas is provided as a detailed classification
of lands and anthropogenic factors that affect the stability of the entire landscape system of a constituent entity of
the Russian Federation. The method of an objective function and the use of the priority matrix is used to calculate
the agricultural suitability of the territory. A set of environmental measures has been developed on the basis of
the levels and types of damage and pollution of the territory of a constituent entity of the Russian Federation.
The proposed set of measures is standard, although it includes an assessment of their effectiveness. The result
of the study is presented in the form of the maps of the Rostov region, demonstrating the agricultural suitability
of the territory for the crop production before and after the corrective measures. The conclusion discusses
the prospects for the application of the simulation model, its versatility and advantages.
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Territorial development of rural settlements has
long been based on a systematic approach.
Theoretically, rural areas are studied using
the geographical approach in conjunction with
the assessment of socio-economic, environmental,
and labour potentials. The Strategy for the sustaina-
ble development of rural areas of the Russian Fede-
ration (hereinafter — RF) for the period up to
2030 defines the sustainable development of rural
areas, which includes the following list of simultane-
OUS processes:

e an increase in the productivity of the agro-
industrial complex (hereinafter — AIC) and
the efficiency of agriculture;

e steady socio-economic development of ter-
ritories;

® maintaining welfare, that is, ensuring the full
employment of the rural population that will
bridge the gap between the rural and urban
population (up to 85 %);

e improvement of the level and quality of life
among the rural population;

e rational use of natural resources [1].

The experience of various countries should be
addressed to present the global development of ru-
ral settlements. The results of the analysis are pro-
vided below (see Fig. 1).

We should also mention the key foci of the EU
policy that coincide with the development goals of
rural settlements in the Russian Federation.

1. Sustainable rural development and environ-
mental management, supporting the transition to
climate-resilient agricultural production, forestry,
and low-carbon food processing.

2. Innovative development of the agro-industrial
complex and promotion of retention of labour and
intellectual potential in the agro-industrial complex,
forestry and rural areas in general.

3. Promotion of social inclusion, poverty reduc-
tion, and economic development of rural areas,
the priority of preserving rural population.

4. Reproduction and more efficient use of land
and other natural resources, environment-friendly
initiatives in production [1].

The case study of rural development employs
the following tools:

e geographic information systems and databa-
ses of agricultural land monitoring (EFIS ZSN
as the information system on agricultural
land) [3];

e databases on the status of parameters of so-
cio-economic conditions in the RF subject,
created in the ArcGIS ESRI environment (here-
inafter — ArcGIS ESRI environment DB) devel-
oped in specific conditions and annually up-
dated on the basis of the data provided by
the Russian Federal State Statistics Service
(Rosstat);

® data obtained as a result of the environmen-
tal monitoring of the territory of the subject of

1 Strategy for the sustainable development of rural territories of the Russian Federation for the period up to 2030 : approved by
the Government of the Russian Federation on February 2, 2015. No. 151-p. URL: http://www.consultant.ru/document/cons_doc_LAW_174933/284409

4b7ba6e57e91fd5bb036ee91d9f6727238 (Accessed: May 10, 2022).
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EU: 118 European Rural Development Policy Programmes 2014-2020 (LEADER/Liaison Entre Actions de
Developpement de I'Economie Rurale. CLLD/Community-Led Local Development)

USA: Task Force on Agriculture and Rural Prosperity created in 2017; main goals are integration of rural areas
into a single information space, improvement of the quality of life, rural employment, dissemination of
innovations, economic development

Canada: decentralized rural development — 15 “regional development corporations”; reliance on local
initiatives and the Canadian Rural Partnership network (established in 1998); focus on people in sparsely
populated and remote areas — distance/population matrix criteria for allocation of funds

Rural development priorities
in the countries of the world
]

China: 2018. “Rural Revitalization” programmes (through 2022), “Rural rejuvenation” (through 2020),
“Agricultural modernization” (through 2035) and “Creating a strong agricultural sector and full self-realization
of farmers” (through 2050)

Fig. 1. Priority areas of rural development: the global experience [2]. The left vertical line: Priority areas of rural development worldwide;
the top horizontal line: EU: 118 programmes of rural development in Europe for 2014-2022 (LEADER/Liaison Entre Actions de Dévelopement de
Economie rurale, CLLD/Community-Led Local Development); the middle horizontal line: Canada: decentralized development of rural territories —
15 regional development corporations; support through local incentives and Canadian Rural Partnership (est. 1998); principal attention is focused on
the dwellers of remote and scarcely populated areas, a matrix criterion for the distribution of funds being the “distance/population density”; the bottom
horizontal line: China: 2018 — Countryside Revival programme (through 2022), Countryside Rejuvenation programme (through 2020), Agricultural
Modernization programme (through 2035), and Strong Agricultural Sector Creation and Self-Fulfillment for Farmers programme (through 2050)

Russian Federation integrated into the database in
the ArcGIS ESRI environment DB;

ethe land use layout for the RF subject integrated into
the ArcGIS ESRI environment DB;

e information and simulation modeling, development and
changes in the rural areas of the subject of Russian Federa-
tion.

The processes involving environment-friendly initiatives in pro-
duction, decision-making optimization in urban planning policy,
and monitoring of land are closely linked and require the develop-
ment of a simulation model to improve the agricultural land usabi-
lity [4]. The preparatory stage of designing a simulation model
needed to improve the agricultural land suitability includes
the steps shown in Fig. 2.

Hence, rural areas should be analyzed using the system of
comprehensive assessment [5].

The implementation of all of the above steps allows to de-
velop a simulation model to improve the agricultural land suitabi-
lity (see Fig. 3).

Cartographic methods of visualization, applied to develop-
ment processes and analysis of territories on the basis of GIS
technologies, are an effective tool used by various target groups
of specialists in the field of urban planning and regional manage-
ment. The implementation and demonstration of the results of
a comprehensive assessment of the territory in the ArcGIS ESRI
environment allows to optimize the decision-making process by
systematizing all incoming information and land monitoring data.

It is necessary to identify the main branches of agriculture and
the degree of influence of the agricultural priority of land on their
development following the comprehensive assessment of the ter-
ritory of the RF subject. The key sectoral specializations of
the agro-industrial complex are:

PREPARATION OF A SIMULATION MODEL

s

STAGE 1 — Selection of criteria for the comprehensive
assessment of rural settlements in the RF subject
\
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STAGE 2 — Classification of agricultural lands by cate-
gories, yielding ability, etc.
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STAGE 3 — Classification of environmental factors
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STAGE 4 — Classification of factors affecting branches
of agriculture in respect of the yielding ability and suita-
bility of lands
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STAGE 5 — Elaboration of a set of measures to increase
the agricultural usability/suitability of lands in the RF
subject
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Fig. 2. Preparation of a simulation model
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BLOCK 1 [

Incoming data: BLOCK 2
Process scheme

Sustainable development program Normative docgments
for rural areas Orders and decisions

of the RF Ministry of Agriculture

Ecconcjuic development strategy until 2030
EFIS SZN monitoring data

o,

Comprehensive assessment of the RF subject territory

Assessment of priorities in development of rural
territories as per industry brandies before measures

SIMULATION MODEL

BLOCK 3 BLOCK 4
Variable factors: Simulation
Ambient an conditions, contamination of soils Measures to improve the agricultural
with heavy metals, drinking water quality, land suitability (measures to improve
environmental potential of territories environmental conditions)

\J
Assessment of priorities in development of agricultural ares as per
industry branches alter the measures

Fig. 3. Simulation of the agricultural land suitability enhancement in the RF subject

e animal breeding; Table 1. Comprehensive assessment factors
e crop farming;
e agricultural produce processing (enterprises and manufac- Numeric
turing facilities); Identification Factor value,
* machine building. points
Therefore, crop farming and, indirectly, animal breeding have
the greatest influence on the specialization and the agro-industri- F1 Crop farming branches 0...1
al complex of the territory. This means that it is reasonable to use
the case of crop production and improvement of the agricultural F2 Animal breeding branches 0...1
land suitability in the subject of the Russian Federation to demon- F3 Agro-climatic resources 0.1
strate the operation of the model under consideration and its im-
plementation. Here we use the case of the Rostov Region, one of F4 Ploughland yielding capacity 0...1
the leading agrarian regions in the country. )
. ) ) , F5 Agricultural stress 0...1
First of all, all stages of preparation for the simulation process
are performed (see Fig. 2). The process of preparation is shown F6 Degradation of soils 0.1
stagewise.
Stage 1. Selection of criteria for the comprehensive deve- F7 Integral indicator of natural factors 0...1

lopment assessment of rural settlements in an RF subject.

For this purpose, the factors, presented in Table 1 below, are Integral indicator of the anthropogenic

F8 0...1

employed to conduct a comprehensive assessment of the territory. load

F7. The integral indicator of natural factors. The integral asses- ] ]
sment of an area using natural factors encompasses two indica- F Atmosphere air pollution 0..1
tors: the ecological potential of natural landscapes and the sustain- F10 Pollution pf soils with heavy metals 0.1
ability of ecosystems.

F8. The integral indicator of the anthropogenic load is deter- F11 Drinking water quality 0.1
mined by summing up the impact on the natural and man-made F12 Environmental potential 0.1

environment (transport, production, agriculture, etc.).
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F12. The environmental potential includes the following pa-
rameters:

® ajr temperature;

e relative humidity;

e condensation processes in the atmosphere;

® heat supply.

Factors F9 to F12 are variable; when included in the simulation
model, they allow to clearly demonstrate changes in the suitability
of agricultural land. Each factor is scored from 0 to 1. The results of
the comprehensive assessment of a territory are the basis for deter-
mining the agricultural (hereinafter — A/C) priority of territories.

Stage 2. Classification of agricultural lands (broken down
into categories on the basis of the yielding capacity).

Stage 3. Classification of environmental factors.

The main pollution factors affecting the environment in
the Rostov Region are:

¢ condition of the atmosphere air;

e pollution of soils with heavy metals;

e quality of drinking water.

Stage 4. Classification of factors affecting the branches
of agriculture in terms of the productivity of land, its suitabi-
lity for agricultural use.

The main factors of anthropogenic impact on soils are (Table 3):

e salinification;

® erosion;

According to Article 22 of the Land Code, agricultural lands
are the lands for the agricultural production, agricultural research
and training activities, accommodation of the corresponding pro-
duction infrastructure, or designated for these purposes
(Table 2)2 [7].

e desertification;
e pollution, land disturbance during construction;

® mining;

® storage of wastes;

Table 2. Classification of A/C lands on the basis of the yielding capacity [6]

Group Land type

Ploughlands

Hay-making lands, including natural ones, improved, seeded with crop rotations of perennial grasses

Pastures

Productive lands Fallow lands, which are not inarable, and other lands unsuitable for agricultural production

Land occupied by perennial plantings (orchards, vineyards, etc.)

Lands enclosed by water bodies used for the production of marketable products

Land occupied by forests and shrub vegetation, which can be used to obtain marketable products

Land occupied by farm roads

Land occupied by utilities, as well as linear and other structures not related to the agricultural production

Lands occupied by trees and shrub vegetation intended to protect lands from the impact of negative (harmful) natural, anthropogenic

Non-productive lands
p and technogenic phenomena, protective forest belts

Land occupied by enclosed bodies of water not used in the manufacturing of commercial products

Fallow lands, which are inarable and other lands unsuitable for agricultural production

Land occupied by buildings, structures and facilities used for production, storage and primary processing of agricultural products

Lands occupied by
buildings and structures | Land occupied by other structures used in the process of agricultural production (sheds, drinkers, structures of reclamation systems,

warehouses of solid mineral fertilizers, meliorative agents, etc.)

Table 3. Anthropogenic factors divided into groups

Group Type of land Description
Main factors Soils, topography, water bodies, buildings, plants, animals, etc. Static
Process factors Plowing of soil, corrosion of metals, moving plants and animals, etc. Dynamic
Phenomena Air, water, soil pollution, radio waves, electric current, etc. Variable
2 The Russian Federation Land Code dd. October 25, 2001 No. 136-FZ (ver. dd. December 25, 2018) (with consequent amendments and additions, valid as of January 01, 2019) :

The RF Official Gazette. 2001; Oct. 29(44):4147.
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e alienation of land for the purposes of industrial and municipal
construction [7, 8].

Stage 5. Elaboration of a set of measures to improve
the suitability of land for agricultural uses in the subject of
the Russian Federation.

A set of environmental measures were developed and presen-
ted in Table 4 to improve the agricultural suitability of areas, which
are rated as low priority ones as a result of assessment.

The result of a set of measures in the low rating areas is a rise
in the indicators and, consequently, a higher priority rating of
the territory for agricultural development (Table 4). This process is
a simulation of an increase in the agricultural priority of the terri-
tory, and the measures are presented according to the above
stated environmental factors with an assessment of their efficien-
cy®45[9, 10].

After a comprehensive assessment of the territory of the Rostov
region, the calculation of the agricultural specialization priority is
made in respect of the crop production.

By compiling a matrix of the agricultural priority, significance
coefficients are determined for each F1-F12 factor in respect of
crop production, and then the calculation is made.

For this purpose, importance coefficients are determined (va-
rying from O to 1) for each factor and entered into Table 5. It should
be noted that the survey was conducted among a group of 5 experts
with the help of the questionnaires developed for this particular task.

The A/C priority rating is calculated using the target function
formula (1), by multiplying the matrix by the results of a comprehen-
sive assessment.

P/ =5Q R/, 1)

where P is the value indicator (utilization priority) for j-th type of A/C
specialization; Q is i-th relative value ratio of the territory;

Table 4. Results of implementation of a set of environmental measures

R is the importance coefficient of the i-th factor for j-th type of A/C
specialization.

The result of the calculation is a priority map of agricultural
specialization, or crop production, implemented in ArcGIS ESRI
(Fig. 4, a).

A set of environmental measures is needed to increase the ar-
able land’s suitability in the areas featuring low priority ratings.
The simulation model is implemented and the recalculation of
the P indicator is made anew as a result of environmental mea-
sures® [11, 12].

After the implementation of a set of environmental measures
and the recalculation of the rating of agricultural priority lands,
the land use map, showing the crop production, looks like the one
shown in Fig. 4, b.

The comprehensive land assessment and agricultural priority
maps of the Rostov region, demonstrating the soil fitness for
the crop production, the priority districts are: Egorlyksky, Tsimly-
ansky, Zernogradsky, Kagalnitsky, and Myasnikovsky. After
the implementation of a set of environmental measures and the re-
calculation of the rating, the list is supplemented by the following
districts: Sholokhovsky, Verkhnedonsky, Kasharsky, Salsky, Prole-
tarsky, Tselinsky, Zimovnikovsky. Hence, the analysis of the maps
shows that the suitability of land grows not only in the south-west
of the region, but also in its southern and northern parts. Using
such a parameter as the agricultural suitability of the territory,
geographic information systems can clearly demonstrate future
changes to be caused by the reduction in the anthropogenic load
and implementation of environmental protection measures.

The proposed simulation model is universal and can be ap-
plied to the territory of any subject of the Russian Federation in
the current conditions of natural and man-made environment and
landscapes [13-15]. This model can find the most suitable sites
and territories for AIC enterprises and the arrangement of

Factor Measures
Air pollution Creation of sanitary protection zones, sewage treatment plants, introduction of lower emissivity technologies, treatment of emissions
Soil pollution Development of systems for the recycling of industrial waste into secondary material resources; replacement of toxic waste with

non-toxic waste; replacement of unrecyclable waste with recyclable waste

Water pollution treatment methods

Development of different types of drainless engineering systems and water recycling procedures on the basis of wastewater

Environmental potential

Removal of industrial enterprises from large cities and construction of new ones in sparsely populated areas with lands unsuitable for
agricultural purposes; optimal location of industrial enterprises, taking into account the topography of the area and prevailing winds

Table 5. Priority matrix (selection of importance coefficients for factors F1—-F12)

Factor
Branch
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12

Crop farming 1 0.5 1 1 1 1 1 1 0.5 1 0 1

3 Key measures for environment protection. URL: http://ecologylib.ru/books/item/f00/s00/z0000000/st014.shtml

4 Basic processes of engineering protection of environment. URL: http://msd.com.ua/processy-inzhenernoj-zashhity-okruzhayushhej-sredy/

5 Guidelines on comprehensive assessment and functional zoning during district planning. URL: http://russianrealty.net/2014base/zastroyshchik2/rukovodstvo19.htm

6 State of Environment and its Impact on Human Health. Official web portal of the Rostov Region Government. URL: http://www.donland.ru/Default.aspx?Pageid=80952
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Conventions
___Borders of the
Rostov region
Priority score
0.00 - 4.00
4.01-5.00
[ 5.01-6.00
I 6.01-7.00
I 7.01-754

a

Conventions

___ Borders of the
Rostov region

Priority score
0.00 - 4.00
[ 4.01-5.00
I 5.01-6.00
I 601-7.66

b

Fig. 4. A/C land priority rating for the purpose of crop farming in the Rostov Region: a — before the measures are taken; b — after the mea-

sures are taken

functional zones. The calculation of the rating of agricultural prior-
ity lands allows for:
e the targeted regulation of the use of territories according to
their functions and suitability;
e the establishment of the optimal regime of land use for each area;

¢ the evaluation of the effectiveness of environmental measures
and their composition according to the pre-set purposes;

e the determination of the sequence of land development, ta-
king into account complexities and environmental conditions;

e the expansion of the developed land, taking into account
the concept of sustainable development, without damaging
the environment and reducing environmental risks.
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MeToponorusa NnoBbiLLEeHUS
CeNbCKOXO3IMCTBEHHON NPUrogHOCTH
3emenb ANa yCTOM4YUBOro pa3BuUTUA
Tepputopumn

KoHuenuus  [osirocpoYHOro  coumarnbHO-3KOHOMUYECKOro  pas-
BuTUS Poccuiickon ®epepaumm npeponpepenser obecrneyeHune
YCTOMYMBOrO pas3BUTUS CENMbCKUX TEPPUTOPUIA, a TakKxXe MNOBbl-
LLEHME YPOBHSA XXWU3HWU CENbCKOro HaceneHus. OnTummnampoBaTtb
3TW MPOLECChl B pamMKax rPaMOTHOW rpafoCTPOUTENbHOW Momnu-
TUKN MOXHO MyTEM CO3AaHVs reOMHAOPMALIMOHHON CUCTEMbI UX
nopaepXkn. [eoMHopMaLUMOHHbIE CUCTEMbI MO3BONAOT 06eC-
MeYnTb YCTOMYMBOE Pas3BUTUE TEPPUTOPUM 3a CHET UCMOJL30Ba-
HUS UHCTPYMEHTOB MOZESIMPOBaHWS Npy NIaHMPOBaHUN KOMIMIEK-
ca NpupoaoOXPaHHbIX MEPOMNPUATUN, a TaKkXe Mep Mo yy4LLEHUIO
CEeJIbCKOXO3ANCTBEHHOW MNPUrogHOCTM 3eMenb. B crtatbe onu-
CaH MpOLECC MHTErpaumn AaHHbIX O MPOBEOEHUS KOMIMIEKCHON
OLIEHKM TeppuTopumn PocToBCKOl 0611acTu, onMcaHa MeToaosIorus
NPOBELEHNA [AHHOrO UCCNENOBaHNSA 1 BbIBEOEHbI KIOHEBbIE (hak-
TOpbI, 06ecneymBaloLLMe nokasaTenun ceslbCKOX03aMCTBEHHOM Npu-
rogHocTn 3emenb. lNpencTaBneH NOAroTOBUTENbHLIN 3Tan coopa
MHopMaumn ans CoO3[aHust MMUTaLMoHHoM mogenn. O60cHoBa-
HVEe pPeLLEHNIA MO NSTaHUPOBAHUIO Pa3BUTUS CESIbCKUX TEPPUTOPUIA
TaKXe OCYLLIECTBISIETCA C MOMOLLbIO MOAPO6HOW Knaccudunkaumm
3eMeslb U aHTPOMOreHHbIX (hakTOPOB, BIMSIOLLIMX HA YCTOMYMBOCTb
BCeW naHawadTHoM cucteMbl cybbekTa Poccuiickon depepaumnn.
[Ons pacyeTa CeNnbCKOXO3AMCTBEHHOM MPUFOAHOCTU TeppUTOpUn
MCMOMb3yeTCs METOA OOBEKTUBHOW (PYHKLMW U NMPUMEHEHVE Ma-
TpYLpl NpuopuTeToB. PaspaboTaH KOMMNAEKC MpUpOA0OXPaHHbIX
MEPOMNPUSATUIA, OCHOBaHHBIA Ha YPOBHAX W Bupax yliepba v 3a-
rpsisHeHus TeppuTopumn cybbekta Poccuiickon ®enepaumn. Mpeg-
CTaBJIEHHbIN KOMMJIEKC MEp SBMSIETCS CTAHAAPTHbLIM, HO BKIIOYaEeT
OLIEHKY MX 3hEKTUBHOCTU. PesynstaTtoM mccrnegoBaHus SBRs-
1oTCA KapTbl PocTOBCKOM 0651acTU MO napameTpy CenbCKoXo3si-
CTBEHHOW NPUIrOgHOCTV TEPPUTOPUM AN Pa3BUTUS pacTEHNEBOI-
CTBa [0 W MOCNe MPOBEdEHNS KOPPEKTUPYIOLLIMX MEPONPUATUNA.
3ak/YeHNe COOePXMT BbIBOAbI O MEPCMNEKTMBAX UCMONb30BaHMSA
VUMUTALMOHHOW MOAENN, €8 MHOrOrpaHHOCTMN U NMPeMMyLLIECTBaXx.

KnioyeBbie cnoBa: ycToi4ynBoe pa3BuTue, CesibCKue rnocese-
HUS, UMUTaLNOHHOE MOZENNPOBaHNE, IKOIOrMYECcKas yCTonm-
BOCTb, MPUrO[QHOCTb 3eMeJflb, arpOorpPOMbILLIEHHbI KOMIIEKC,
nepughepuiiHbie 30HbI, TEPPUTOPUATIBHOE MIaHNPOBaHNE
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