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ABSTRACT

Relevance. While all Russian regions are potentially capable of occupying func-
tional niches in the national agro-industrial ecosystem, prior studies have fo-
cused mostly on agricultural regions and have assessed digitalization potential
using a limited set of indicators.

Research Objective. The study aims to identify and analyze the functional roles
of Russian regions within the ecosystem of agricultural servitization.

Data and Methods. Using 2023 data from Rosstat, the study applies hierarchi-
cal cluster analysis to group regions with similar digital profiles and multidi-
mensional scaling to visualize their roles in the digital agricultural servitiza-
tion ecosystem.

Results. The analysis identified three distinct types of Russian regions in the
emerging digital servitization system: regions that generate digital solutions,
regions that serve as pilot sites for testing these solutions, and regions that pri-
marily receive them.

Conclusions. By moving beyond purely regional comparisons, multidimen-
sional scaling highlights the functional roles of regions in the digital servitiza-
tion of the agro-industrial complex. This approach shifts the focus from regions
“digital readiness” to their roles in the national ecosystem, thereby advancing
research on digital servitization and offering a basis for more differentiated state
policies on agro-industrial digitalization.
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AHHOTAIIUA

AxTyanpHOCTD. VIHHOBanuonHoe passutue AIIK HanpsAMyto 3aBUCUT OT UH-
TErpallVM B CE/TbCKOXO3AMCTBEHHYIO IPAKTUKY TeXHONOIUH 1M poBoil arpo-
HOMMY, KadecTBa 1 9 (PeKTUBHOCTU CEPBUCHOTO COIPOBOXKAEHNUSA arpapHoIl
TeXHMKU. HecMOTpA Ha TO, YTO BCe pOCCUIICKIIE PETMOHBI IIOTEHIMANIBHO CIIO-
COOHBI 3aHATb (PYHKIVIOHA/IbHbIC HYUIIM B HAIIVIOHA/IbHOJ arpOIpPOMBIIIICH-
HOIT aKocycTeMe, Bonpochl uudposnsanyuu AITK paccmarpusaroTcs uccie-
IoBaTeNAMM IPeVMYLIeCTBEHHO Ha YPOBHe arpapHbIX pernoHos. IIpm stom
oleHKa noteHnuana uudposusanuu nx AIIK cBogutcs k pacyeTy HeKOTOpPO-
ro Habopa MHJIEKCOB.
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ITens u 06beKT UccnemoBanmA. Llenpio faHHOTO NCCIeNOBaHNA ABIAETCS BbI-
sIBTIEHME 1 aHA/IU3 TIOTEHI[Ma/IbHBIX QYHKIMOHAIBHBIX POJIEN POCCUIICKMX pe-
THOHOB B 9KocucTeMe nnugpposoii cepputusanyy AIIK. O6bexToM nuccnenoa-
HUA BBICTYIAIOT POCCUIICKIE PETUOHBI.

[JaHHBIE ¥ METOABI. [IJ141 TPYIIIMPOBKY PETMOHOB ITO CXOXKUM IVI(PPOBBIM IIPO-
(UIAM MCTIONB3YeTCs MepapXUyecKuil KIacTepHblil aHanu3. s Busyanmsa-
L[V O3UIINIT PETMOHOB 110 BO3MOYXHOI PO B 9KOCUCTeMe L{nPOBOIL CEPBU-
tusanuyu AIIK npumeHsaeTcs MeTo[, MHOTOMEpPHOTO LIKanupoBaHus. Vicrou-
HIKOM MHOpMauyy MOCAy>Kunu faHHele Poccrata 3a 2023 rop,.
Pesynprarbl. VgeHTUOUIMPOBAHBI TPU CTATUCTUYECKM 3HAUMMBIX U Kade-
CTBEHHO Pa3/INYHbIX TUIIA POCCUIICKMX PETMOHOB, COOTBETCTBYIOLMX Pasinyg-
HBIM (PYHKIMOHAJIbHBIM POJIAM B (opMupyIoLIelicss sKocucTeMe IydpoBoi
cepButusanuu AIIK: pernonsi-reneparops! 1udposbix pemennit gast AIIK;
PErMoHBI-IMIOTHBIE IUIOLIAKY 1A apobanuy 1y(POBIX CEPBUCHBIX pellle-
Huit B ATIK; pernonsi-penumnverTst 1ydpoBbix cepucos ms AIIK.
BeiBoppl. Vicnonb3oBaHue MeTOa MHOTOMEPHOTO LIKa/JMPOBAHUA B JCCIIe-
noBaHuu ungposoit cepeutnzanyy AITK nosBosser mepeifT OT KOHCTaTa-
LYV PETMOHA/IbHBIX Pas3In4nii K QyHKIMOHAIbHOMY HO3UIMOHUPOBAHUIO pe-
TMIOHOB, 4TO (OPMUpPYeT OCHOBY I a[pecHOil IOCYZapCTBEHHO IIOIUTH-
kn. HoBu3Ha mccnenoBaHms 3aKII09aeTCS B METOJONMOTMYECKOM paclIvpeHNN
npobreMaTuKy IMQPOBOIL CEPBUTM3ALNM, TIEPeX0sl OT aHanusa GakTopos
«1;11pPOBOIL TOTOBHOCTI» OTHE/IbHBIX PEIVIOHOB K OIIPefeNIeHNIO UX (PYHKIINO-
Ha/IbHBIX poOJieil B HAllMOHAIbHOM arpoNpOMBIIIIEHHON 9KocucTeMe. Pe3ymb-
TaThl UCC/IEZOBAHMS MOTYT OBITh MCIIONIb30BAHBI /st BhIPaOOTKM AuddepeH-
LMPOBAHHOII TOCYlapCTBEHHON IMOMTHUKY B OTHOIIEHUM Pealnu3aluy CTpare-
run uudposusanuu AITK.
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Introduction

A key challenge in the development of the
Russian agro-industrial complex (AIC) is digital
servitization, as its efficiency directly depends on
the quality, reliability, and timeliness of preventive
maintenance services (Chernova, Dolgova, 2025).
As noted by Abiri et al. (2023), digital agriculture,
particularly when based on advanced agricul-
tural machinery, enhances the efficiency of agri-
business by providing accurate, real-time data on
crops, soil, and other critical production factors.

Russian regions demonstrate considerable
disparities in terms of development of digital
and service infrastructure, workforce skills, IT
sector maturity, and the readiness of agricultur-
al enterprises and farms to adopt digital technol-
ogies. Contemporary literature on digital serviti-
zation in the AIC mainly focuses on the internal
characteristics of agro-industrial firms, especially
their digital maturity, while regional factors shap-
ing the environment for digital innovation often
receive limited attention. It is, however, regional
conditions that play a decisive role in digital ser-
vitization. In regions with small farms and limited
service infrastructure, demand for advanced ag-
ricultural machinery remains low, as farmers rely
on traditional solutions (Garcia-Quevedo et al.,
2017; Mantovani et al., 2019).

The pronounced heterogeneity of Russian re-
gions determines the need for appropriate analyt-
ical tools, as rating- and index-based approach-
es fail to reveal hidden structural relationships
among multiple digitalization factors. This meth-
odological limitation constrains understanding of
the functional roles of regions within the nation-
al agro-industrial ecosystem and creates the need
for more advanced methods suitable for analyzing
multidimensional data. To address this gap, this
article aims to analyze and identify the potential
functional roles of Russian regions in the ecosys-
tem of the digital servitization of the AIC. To this
end, the article pursues the following goals, which
also determine its structure:

— to review research literature on the factors
of digital transformation in the agro-industrial
complex, focusing on regional differences;

— to cluster regions using multidimensional
scaling and identify similar profiles in their po-
tential for digital servitization;

— to identify typical functional roles of re-
gions and provide recommendations for differen-
tiated policy-making on digital servitization.

R-ECONOMY J

Theoretical Basis

Scholars studying innovative economic devel-
opment have paid increasing attention to digital
servitization, recognizing it as an important com-
ponent of this process. Digital servitization is un-
derstood as a shift from traditional business mod-
els toward product-service systems, in which
manufacturers move beyond selling products to
providing integrated solutions (Lerch et al., 2026).
In this study, digital servitization of the AIC is de-
fined as the provision of integrated digital solu-
tions for agribusiness encompassing the entire
life cycle of agricultural machinery (Chernova,
2025). This way the focus in value creation shifts
from the machinery itself to the data generated
during its operation and related analytical ser-
vices (Coreynen, Pier van Gosliga, 2023).

As our review has shown, the academic lit-
erature on digital servitization of the AIC can be
grouped into three main research streams.

The first group of publications examines the ef-
fects of digital servitization of the AIC at the micro,
meso, and macro levels. Studies range from anal-
yses of the benefits of digitalization for individu-
al value-chain actors (Reitano, 2025) and rural in-
novation (Leushkina, 2022) to assessments of con-
tributions to the Sustainable Development Goals
through the optimization of logistics (Sridhar et
al,, 2023) and reductions in the carbon footprint of
agri-food markets (Camel et al., 2025). Digital tech-
nologies are widely recognized as drivers of inten-
sive agricultural growth, contributing to improved
quality of life in rural regions (Kivarina, Yurina,
2025) and acting as catalysts for greater overall ef-
ficiency and sustainable development of the AIC
(Denisova, Proskura, 2023).

Studies in the second group assess the effec-
tiveness of specific digital technologies for the in-
novative development of the AIC.For example,
Fakhraddine et al. (2025) review the current evi-
dence on the effectiveness of digital technologies in
Moroccos agro-industrial complex, comparing
their implementation with best practices from lead-
ing countries. Thann et al. (2025) analyze the im-
pact of digital innovations in the AIC on the de-
velopment of ASEAN countries. A special focus is
made on artificial intelligence, whose potential ex-
pands alongside the exponential growth of data on
agricultural operations (Benfenati et al., 2025). Al
enhances the efficiency of agricultural machinery
by supporting predictive analytics for failure pre-
vention (Yalunina et al., 2024).
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The third stream of research, which is
most important for understanding the spatial as-
pects of digital development in the AIC, deals with
the factors and conditions of digital transforma-
tion. Among the constraining factors, Smania et
al. (2024) highlight coordination problems in val-
ue chains that generate paradoxical tensions in
emerging digital servitization ecosystems. In ru-
ral areas traditionally oriented toward low-tech-
nology production, insufficient educational at-
tainment limits the effective adoption of modern
digital technologies, slowing the development of
digital servitization processes (Balashova et al,
2025; Lombardi et al., 2022). Trofimets and Azie-
va (2025) emphasize the critical role of infrastruc-
ture constraints in rural areas, noting that limit-
ed access to broadband internet service prevents
the adoption of modern digital services, while
network expansion is costly and often inefficient
due to low population density and the remoteness
of farms. Zhang et al. (2024) also point out high
entry barriers to digital agribusiness, explaining
that many small farmers lack the skills needed to
adopt new technologies.

Overall, despite differences in perspectives on
the AIC’s digital servitization, all authors explicit-
ly or implicitly identify three core conditions that
determine the scope and depth of this process.
These include economic and production capaci-
ties, encompassing natural resources, the size of
the regional agro-industrial sector, economic con-
tribution, and financial sustainability; technologi-
cal readiness, that is, a region’s ability to adopt and
use modern technologies, including digital ser-
vices; and infrastructure availability, which deter-
mines the capacity for data transmission.

However, assessments of the AIC’s digital de-
velopment potential are often limited to evalu-
ating the digital maturity of individual agro-in-
dustrial companies through various sets of pa-
rameters. These parameters allow companies
to compare themselves with competitors but do
not reflect the regional context (Cristobal-Fransi
et al., 2020; Kivarina, Yurina, 2025; Sandu et al.,
2025). Only a few researchers specifically focus on
territorial factors, providing empirical evidence of
how the regional context shapes the trajectories
of digital transformation in the AIC. For exam-
ple, Li et al. (2025) use a group regression model
that divides regions spatially and categorizes them
as pilot or non-pilot to show how regional con-
ditions affect the integration of digital technol-
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ogies in agro-industrial systems. Sun and Chen
(2025) argue that disparities in the development
of digital infrastructure across regions directly de-
termine variations in the pace and depth of dig-
ital transformation in the Chinese AIC. Similar-
ly, Hu et al. (2024) measure total factor produc-
tivity to show that digital development in China’s
AIC varies significantly across regions depend-
ing on the type of agricultural production and the
overall level of productive forces.

Russian researchers also highlight the con-
textual specificity of AIC digitalization, which is
reflected in its fragmented nature. This fragmen-
tation results from substantial differences in the
digital maturity of participants within a uni-
fied value chain, which means that isolated busi-
ness processes are digitalized while no system-
ic impact is achieved (Fedorov, Peshkova, 2022;
Mitrofanova et al., 2023). Some studies also em-
phasize the importance of interregional cooper-
ation in mitigating the risks of uneven spatial de-
velopment (Chistyakova et al., 2024; Golovanov
et al., 2025).

Although the above-mentioned studies con-
vincingly demonstrate the existence and signif-
icance of spatial differences in the development
of digital servitization in the AIC, the method-
ological tools typically used, such as factor mod-
els, regression analysis, classification trees, indi-
ces, and so on, help identify and rank individual
factors but fail to reveal the relationships between
them, treating them in isolation. Digital servitiza-
tion also demands that regional AIC companies
should possess specific capabilities, which deter-
mine their ability to function within an agro-in-
dustrial ecosystem — an integrated network of
AIC participants collaborating through digital
technologies to reach common development ob-
jectives (Ushachev et al., 2025). A region can par-
ticipate in an agro-industrial ecosystem only if it
has certain competencies and resources that al-
low it to perform a specific functional role —
specialization within the overall process of cre-
ating a product-service offering. To address this
gap, this study applies multidimensional scaling,
which, unlike factor analysis, allows variables to
be grouped and regions to be visualized in a mul-
tidimensional feature space based on their simi-
larities or differences across multiple criteria. This
approach enables us to gain a better understand-
ing of regions’ functional roles in the ecosystem of
digital servitization.
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Methods and Data

This study covers all Russian regions and
uses 2023 data from the Federal State Statistics
Service (Rosstat). It adopts an ecosystem based
understanding of digital servitization, according
to which each region, regardless of its industrial
specialization, has a distinct profile shaped by a
combination of competencies, resources, and in-
stitutional conditions. These characteristics al-
low regions to occupy specific functional nich-
es within the agro-industrial ecosystem, such as
producers of agricultural machinery, develop-
ers of digital solutions for the AIC, or consum-
ers of agricultural equipment. Since regions per-
form such diverse roles, limiting the analysis to
predominantly agricultural areas would over-
look important aspects of digital servitization in
the AIC.

Regions with missing values for key indicators
were excluded from the analysis. These were the
following: the Nenets, Yamalo-Nenets, and Chu-
kotka autonomous districts, Leningrad, Moscow,
and Ulyanovsk regions, the Karachay Cherkess
Republic, Ingushetia, the city of St Petersburg, the
Donetsk and Luhansk People’s Republics, Zapor-
izhzhia and Kherson regions. As a result, the final
analytical sample comprised 76 regions.

The proposed methodology comprises the
following stages:

— develop a system of indicators that charac-
terizes each region’s potential for participation in
the digitalization of the AIC;

— collect and prepare data to ensure that the
analytical tools applied in subsequent stages can
be used accurately;

— perform cluster analysis to group re-
gions in the sample according to similar profiles;

— apply multidimensional scaling to visual-
ize the positions of regions depending on their
potential role in the digital servitization ecosys-
tem of the AIC.

For a comprehensive assessment, we selected
eight indicators and grouped them into three sets
to capture the key conditions for digital servitiza-
tion of the AIC (Table 1).

The relationships between these factors can
be summarized as follows. Agricultural poten-
tial determines whether a region is suitable for
digital servitization of the AIC. The condition of
the AIC’s material and technical base indicates
whether there is sufficient technical infrastruc-
ture to support digital servitization. Finally, the

R-ECONOMY J

level of digital servitization in the AIC reflects the
regional environment for implementing digital
servitization business models.

Table 1
Set of indicators for assessing regional profiles
S Indicators
cators
Agricultural production index
Share of gross value added from agricul-
ture, forestry, hunting, fishing, and aqua-
Acricul culture in the regional economy
gricultural Sh ¢ fitabl NS
tential hare of unprofitable organizations in ag
po riculture, forestry, hunting, fishing, and
aquaculture
Share of agricultural land in the total land
area of the region
Degree of depreciation of fixed assets in
AIC’s mate- | agriculture, forestry, hunting, fishing, and

rial and tech- | aquaculture
nical base Energy supply of agricultural organiza-
tions per 100 hectares of sown area

Share of organizations reporting a max-
imum data transmission speed of

256 Kbit/s or higher (broadband Internet
access)

Number of connected mobile devices per
1,000 population

Digital infra-
structure de-
velopment

Source: compiled by the authors.

The indicators were chosen because they cap-
ture the key conditions for digital servitization
and are regularly published by Rosstat, ensuring
comparability across regions and ongoing moni-
toring.

In the “Agricultural potential” group, the ag-
ricultural production index was chosen because it
measures the level of development of the agricul-
tural sector. The share of the AIC in gross value
added was included because it indicates wheth-
er the sector is a priority for the regional econo-
my, and therefore whether innovations in it would
have strategic significance. The share of unprofit-
able enterprises was selected because it reflects the
financial capacity of regional agribusiness to im-
plement such innovations. The proportion of ag-
ricultural land was chosen because it determines
the potential scale of machinery use and the need
to improve operational efficiency.

In the “AIC’s material and technical base”
group, the degree of depreciation of AIC fixed
assets was included because it shows how suit-
able existing machinery is for digital services and
highlights the need to transition to modern equip-
ment. Energy supply in agricultural organizations
was selected because it complements the data on
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machinery wear, reflecting the capacity of the ex-
isting technical fleet.

In the “Digital infrastructure development”
group, the proportion of organizations with broad-
band Internet access was included because it mea-
sures the availability of basic digital infrastructure
for businesses. The number of connected mobile
devices per 1,000 people was chosen because it re-
flects the development of cellular networks and
the use of IoT devices, which are essential for
most digital servitization services.

To eliminate the effects of heterogeneous
measurement units and indicator scales, all raw
data were normalized to a range from -1 to 1 us-
ing formula:

vy x —min(x)

max(x) — min(x)

The chosen method makes the data relatively
easy to interpret: a value of zero represents the in-
dicator’s average, while positive or negative values
show above- or below-average performance. MDS
enables us to preserve the distances between vari-
ables and the direction of differences, making pat-
terns easier to understand. Symmetric normaliza-
tion ensures that all features are represented more
evenly in the lower-dimensional space.

To group regions with similar profiles, we
applied hierarchical cluster analysis. Euclide-
an distance was used as the measure of proxim-
ity, and Ward’s method was employed to merge
clusters, minimizing within-group variance. To
determine the optimal number of clusters, we
calculated silhouette coefficients for solutions
ranging from 2 to 10 clusters. A three-cluster
solution yielded the highest silhouette coeffi-
cient (0.216), which means that these clusters
offer the best structural separation and internal
homogeneity. Since some indicators (such as en-
ergy supply and gross value added) are not nor-
mally distributed, Spearman correlations were
used to assess multicollinearity among factors
before clustering.

We used multidimensional scaling (MDS)
to visualize regional differences in two dimen-
sions. The quality of the resulting 2D plot was as-
sessed using Kruskal’s Stress coefficient, which
was 0.197. According to commonly accepted in-
terpretation scales, a stress value below 0.2 indi-
cates that the MDS visualization adequately re-
flects the original differences among the given in-
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dicators, accounting for natural errors due to the
large number of variables analyzed.

Results

The multicollinearity analysis of the factors
revealed two pairs of indicators with notable de-
pendencies: 1) A positive correlation (0.603) be-
tween the share of AIC gross value added and the
share of agricultural land, which makes sense,
as a regions agricultural potential largely de-
pends on the size of its land resources; 2) A neg-
ative correlation between the share of agricultur-
al land and energy supply (-0.616), reflecting the
lack of infrastructure in agricultural regions. We
also observed a moderate correlation (0.466) be-
tween the share of AIC gross value added and the
agricultural production index, which can be ex-
plained by the fact that higher productivity in the
agricultural sector is often associated with a larg-
er contribution to the regional economy. For the
other indicators, the detected correlation levels
were not high. Overall, the analysis showed that
the observed moderate and average correlations
reflect meaningful but not identical relationships
between different aspects of AIC digital servitiza-
tion and do not make the selected factors redun-
dant. Therefore, it was decided to retain all select-
ed variables for further analysis.

All calculations were performed using Or-
ange Data Mining software. We used hierarchical
cluster analysis to group the Russian regions un-
der study into three main clusters.

The results of the clustering are presented in
Figure 1 and Table 2.

The first cluster includes industrial regions
characterized by a high level of digitalization
but very low agricultural potential.

The second cluster is the largest and includes re-
gions where agriculture is significant for the regional
economy but not dominant. These regions show av-
erage values for most indicators, the lowest wear of
fixed assets in the AIC, and the highest share of en-
terprises with broadband internet access.

The third cluster mainly consists of regions
with agricultural or agro-industrial specialization.
These regions have the highest agricultural poten-
tial, but at the same time, they show low digital in-
frastructure development and the poorest state of
the AIC material and technical base.

A two-dimensional map of Russian regions,
based on conditions for implementing digital ser-
vitization using MDS, is presented in Figure 2 be-
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low. Colors correspond to cluster numbers, and
the size of the points represents the share of agri-
cultural land. Lines connect the regions that are
most similar to each other.

The data shown in Figure 2 can be interpret-
ed as follows. The X-axis (MDS-X) clearly reflects
the division of regions according to the sectoral
specialization of their economies: highly urban-

7 6.5 6 55 5 4.5 4 3.5 3 2.5 2 1.5 1 05
Il I Il 1 1 I Il I Il ' 1 ] ]
1 — L ———
L

c2

C3
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2 1.5 1 0.5

Figure 1. Cluster analysis of conditions for digital servitization in Russian regions

Source: calculated by the authors.

Table 2
Clustering of regions by their readiness for AIC digital servitization
Cluster Regions Cluster description

Amur Region, Arkhangelsk Region, Vologda Region, City of Moscow,

City of Sevastopol, Zabaykalsky Krai, Irkutsk Region, Kemerovo Region,

Kostroma Region, Krasnoyarsk Krai, Magadan Region, Murmansk Re- Regions with a hich level of digi-
1 gion, Novgorod Region, Perm Krai, Primorsky Krai, Pskov Region, Altai talginfrastructure %)ut low a ric%l I

Republic, Republic of Buryatia, Republic of Karelia, Komi Republic, Re- tural potential &

public of Sakha (Yakutia), Republic of Tyva, Sakhalin Region, Sverdlovsk b

Region, Smolensk Region, Tomsk Region, Tyumen Region, Khabarovsk

Krai, Khanty-Mansi Autonomous District — Yugra

Vladimir Region, Ivanovo Region, Kaluga Region, Ryazan Region, Tver

Region, Tula Region, Yaroslavl Region, Kaliningrad Region, Republic of | Regions with average values for

Adygea, Republic of Crimea, Krasnodar Krai, Astrakhan Region, Chech- | most indicators, minimal wear of
2 en Republic, Republic of Bashkortostan, Republic of Mari El, Republic of | fixed assets, and the highest share

Tatarstan, Udmurt Republic, Chuvash Republic, Kirov Region, Nizhny | of enterprises with broadband in-

Novgorod Region, Samara Region, Kurgan Region, Chelyabinsk Region, | ternet access

Republic of Khakassia, Altai Krai, Novosibirsk Region, Omsk Region

Belgorod Region, Bryansk Region, Voronezh Region, Kursk Region, Li- . . . .

pet;gk Regior?, Orel R}:egion, Tagmbov Region, Rep%lblic of Kalmygl;(ia, Vol- Feglons Wlt}.l the h1ghest.agr1c1.11-

. . ¢ . ural potential, but low digital in-

3 gograd Region, Rostov Region, Repub!lc of Dagestan, KabardlnojBalkar— frastructure development and

ian Republic, Republic of North Ossetia — Alania, Stavropol Krai, Re- . )

) : ; . . weak material and technical base
public of Mordovia, Orenburg Region, Penza Region, Saratov Region, of the AIC
Kamchatka Krai, Jewish Autonomous Region

Source: compiled by the authors.
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© 1 cluster
© 2 cluster

3 cluster

Figure 2. Two-dimensional MDS-based visualization of Russian regions’ potential for digital servitization
Source: created by the authors.

ized industrial regions with little or no agro-in-
dustrial sector appear on the right side of the fig-
ure, on the left are regions with agro-industrial
specialization. The Y-axis (MDS-Y) reflects dif-
ferent relationships between the development in-
dicators of the AIC and the level of digital infra-
structure. Regions in the lower part of the figure
have developed digital infrastructure but weak
potential for the development of the agricultural
sector as well as poor AIC material and techni-
cal base. Regions in the upper part have relative-
ly high agricultural development indicators but
struggle with the development of their digital in-
frastructure.

Overall, the figure clearly shows that the size of
a region’s agricultural sector mainly corresponds
to its position on the map. Larger points (regions
with more agricultural land) tend to cluster on the
left side of the graph. They may appear in the up-
per part, reflecting challenges in digitalization, or
closer to the center, indicating a more balanced
development across indicators. At the same time,
regions with the highest natural, climatic, and
land-resource potential for agriculture tend to
have the least developed digital environment and

R-ECONOMY J

the highest wear of agricultural machinery. This
points to a structural mismatch between the sec-
tor’s economic requirements and its technological
capacity for digitalization in the AIC.

To better interpret the data shown in Figure 2,
Figures 3-5 show a more detailed graphical repre-
sentation of regions in each cluster.

As Figure 3 shows, the first cluster consists of
regions with similar potential for implementing
digital servitization projects in the AIC, alongside
a few anomalies — regions that deviate from the
cluster’s general characteristics. For example, Sev-
astopol has the lowest number of mobile devices
per 1,000 people (15 compared to the cluster av-
erage of 2,008) but also the highest energy supply
level among the regions in this cluster. The Khan-
ty-Mansi Autonomous District-Yugra has the
highest number of unprofitable organizations in
the AIC, very low AIC gross value added, and a
small area of agricultural land. Moscow shows very
high energy supply and the highest number of mo-
bile devices per 1,000 population. Magadan Region
has a very low share of agricultural land and the
lowest wear of fixed assets, while having one of the
highest energy supply levels.
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Figure 3. Two-dimensional visualization of Cluster 1 regions
Source: created by the authors.

Cluster 2 as shown in Figure 4 is fairly homo-
geneous and consists of regions with similar char-
acteristics. There are two outliers that stand out
within this cluster: Chelyabinsk Region, with a
relatively large share of agricultural land but very
low energy supply, and Nizhny Novgorod Region,
with exceptionally high digital infrastructure de-
velopment.

The regions in Cluster 3 are also quite het-
erogeneous, although some agricultural re-
gions in central and southern Russia show sim-
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ilar levels of development. The cluster, however,
also includes regions whose characteristics differ
more markedly from most others in the group.
These include: the Republic of Dagestan, which
has the lowest wear of fixed assets in the cluster;
the Jewish Autonomous Region, with the high-
est agricultural production index and a low share
of unprofitable organizations, despite the high-
est wear of fixed assets; Kamchatka Krai, which
has the smallest share of agricultural land but the
highest share of AIC gross value added; Oryol
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Figure 4. Two-dimensional visualization of Cluster 2 regions
Source: created by the authors.
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and Tambov regions, with very high values for
several indicators, including the share of orga-
nizations with broadband internet, gross value
added of the AIC, and the agricultural produc-
tion index.

Importantly, multidimensional scaling re-
veals variations and anomalies in the first and
third clusters that standard clustering fails to de-
tect. This heterogeneity may be related to the so-
cio-economic situation in the regions or to the
sectoral structure of their economies.

R-ECONOMY 4

Discussion

We used multidimensional scaling and clus-
ter analysis to identify three statistically signifi-
cant and qualitatively distinct types of Russian re-
gions, each playing a different functional role in
the emerging digital servitization ecosystem of
the AIC.

The first cluster comprises regions with well-de-
veloped digital infrastructure but low intrinsic agri-
cultural potential. These regions can act as genera-
tors of complex digital solutions for the AIC sector
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Figure 5. Two-dimensional visualization of Cluster 3 regions
Source: created by the authors.

by developing competencies in digital technologies
and providing targeted training at the intersection
of digital skills and agro-engineering. It is, there-
fore, necessary to stimulate cooperation between
the IT sector and modern agricultural enterprises
(agro-holdings) located in other regions.

The second cluster exhibits the most balanced
profile as these regions combine solid agricultur-
al infrastructure, adequate digital development,
and potential for the growth of agribusiness. Re-
gions in this cluster can serve as pilot sites for test-
ing, refining, and subsequently scaling digital ser-
vice solutions. Moreover, due to the low wear of
fixed assets, faster results from implementation
can be achieved here, which is strategically im-
portant for accelerated import substitution in sec-
tors critical to national security.
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The third cluster includes regions with agri-
cultural specialization and generally low levels of
digital infrastructure development. These regions
can become recipients of digital services for the
AIC. To implement digital servitization in these
regions, it is necessary to address infrastructure
and technology gaps and improve farmers’ digi-
tal skills. Given the large share of farmland and
aging agricultural machinery, it is critically im-
portant that solutions should be low-cost and
supported with digital services, including re-
mote monitoring, troubleshooting, and mainte-
nance.

It should also be noted that the first and third
clusters have greater heterogeneity, as outlier re-
gions deviate from the general pattern of their
clusters. This suggests that, in addition to the fac-
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tors considered in the study, there could be some
unobserved factors related to the uniqueness of
local economic structures that influence regions’
digital readiness for AIC servitization projects.

These findings are broadly consistent with
those of other research on the issues and pros-
pects of digital development in the AIC across
Russian regions (Baliants, 2024; Oborin, 2023;
Pitel, 2023, et al.). Our conclusions largely align
with those of Shestakov and Lovchikova (2023),
who highlighted spatial heterogeneity and outli-
er regions in the development of Russia’s AIC. By
defining the functional roles of regions, the pro-
posed approach allows us to move beyond simple
comparisons and provide findings that support
more precise government policy.

Conclusion

This study confirms the initial hypothesis
that Russian regions show significant spatial het-
erogeneity, shaping the different roles they can
play in the AIC’s digital servitization ecosystem.
By applying MDS, the study moves beyond sim-
plistic indicators and rankings, creating a multi-

dimensional map that highlights the factors dif-
ferentiating regions, which determines its con-
tribution to the field. Another novel aspect is the
methodological shift from analyzing individual
measures of regions’ “digital readiness” to defin-
ing their functional roles in the national AIC eco-
system, thus recognizing that each region pres-
ents a unique combination of competencies and
constraints.

The study’s theoretical significance lies in
demonstrating how an ecosystem-based approach
enhances our understanding of digital servitiza-
tion in the AIC, offering a more nuanced view of
regions’ participation. The study’s practical con-
tribution lies in providing findings and tools
that policymakers can use to design targeted, re-
gion-specific digitalization strategies instead of
one-size-fits-all measures.

The main limitation of the study is that the se-
lected indicators do not capture all factors affect-
ing the opportunities and effectiveness of digital
servitization. Variation within clusters suggests
additional factors, highlighting directions for fu-
ture research.
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