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Abstract. In the context of a global market, the agro-industrial complex 

(AIC) system is undergoing continuous modernization in order to respond 

effectively to market challenges. The project of digitalization of agriculture 

has a clear character of modernization. It can be assumed that this project of 

the Ministry of agriculture is based on an optimistic scenario (unconditional 

implementation of the presented quantitative indicators within the specified 

time frame). 

The purpose of the study is to evaluate the efficiency of applying expert 

assessment methods to the problem of digitalization in the agro-industrial 

complex system. Using the methods of system analysis and, first of all, 

various methods of expert assessment, cognitive analysis and modeling, as 

well as scenario development, the weak points of the optimistic scenario of 

the departmental project were identified and the algorithms of the realistic 

scenario were determined. A review of scientific publications that reflect the 

problems of digitalization of agriculture, based mainly on the positions of 

system analysis. It is based on scientific publications in journals included in 

the Russian science citation index system, as well as in journals included in 

international scientometric databases, such as Scopus and Web of Science. 

The author presents the structure of problems in tabular and graphical form 

using methods of cognitive analysis and hierarchy analysis. The result was 

shown two schemes that reflect the structure of socioeconomic, 

technological and reengineering blocks in the agricultural sector, de-fining 

the basic contours of the problem field of digitization, as well as the graph 

structure of the problem field of digitalization of agriculture, showing the 

interconnection and interaction of individual structural components.  

1 Introduction  

In the process of macroeconomic modeling, agro-industrial complex systems in most 

cases are based on the structure of production functions and relationships. And in essence 

they are engaged in modeling the technical and technological subsystem of the agro-industrial 

complex. 

We believe that the system of the agro-industrial complex belongs to complex 

heterogeneous systems and includes three subsystems that have a different nature and operate 
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on the basis of different laws: economic, technical, environmental and social. As a rule, the 

operation of these laws manifests itself in the form of even more complex interpenetrating 

intersystem formations: socio-technical, socio-economic, ecological-economic, technical-

technological, natural-technical. 

In the context of the global market, competition is sharply increasing and the system of 

the agro-industrial complex is moving into a stage of constant modernization in order to 

effectively respond to market challenges. It is a process with many unknowns and variables.  

As N. Wiener argued, “the market is a game and it is strictly subordinated to the general 

theory of games. Even with two players, the theory of the game is complicated... And with 

many players, in the vast majority of cases, the results of the game are characterized by 

extreme uncertainty and instability. There is no homeostasis here. We should go through 

boom and bust cycles in business life” [1, p. 15]. 

Accordingly, in a complex environment in which the object of our research is located - 

the system of the agro-industrial complex of Russia - only such a synthetic interdisciplinary 

technology of scientific research as system analysis allows the synthesis of all knowledge 

about the object of study, which is a complex system, and obtain more adequate knowledge 

and models, necessary for practical application. 

Systems analysis is a complex process that uses the latest achievements of the humanities, 

mathematical and heuristic research methods to achieve the set goals. System analysis acts 

as a tool for integrating diverse research, is implemented pursuant to the scheme from the 

stages of applying informal methods through the stages of formal and again to informal 

methods [2].  

The Departmental Project "Digital Agriculture" [3], which has a pronounced character of 

modernization, was taken as a starting point for the study. 

The purpose of the study is to assess the applicability of the methods of expert analysis 

to the problem of digitalization of agriculture (the most urgent problem of the entire agro-

industrial complex system currently). It is necessary to assess the problem field of 

digitalization from the standpoint of the synthesis of different points of view of experts (in 

our case, scientists considering the most diverse aspects of the problem). 

We believe that this project can be considered the basis of an optimistic digitalization 

scenario, since there is no internal assessment of critical moments in it, and the scenario 

figures indicate its unconditional implementation within the specified time frame. We assume 

to study how this optimistic scenario corresponds to the realistic scenario in several stages. 

Therefore, at the first stage of the study, we will consider the key points of the pessimistic 

scenario of digitalization of agriculture, relying on the methods of expert assessments, 

cognitive analysis and modeling, and methods for developing scenarios.  

By the problem field of digitalization of agriculture, we mean a set of problems that exist 

in the modeled object and in the environment in their relationship with each other.  

The number of scientific publications on the problems of digitalization of agriculture that 

have appeared over the past three years is already measured in hundreds. A review of such a 

significant amount of material seems redundant. We stopped at several dozen, making a 

selection pursuant to the principle of significance for the upcoming modeling and the 

formation of a problem field - a semi-structured (at the first stage) set of problems and tasks 

of different ranks and different levels of hierarchy. 

First, we will consider several important points reflected in the departmental project 

"Digital Agriculture". The main objectives of this optimistic scenario are formulated as 

follows: 

- increase in labor productivity at agricultural enterprises by 2 times per employee (by 

2024); 

- reduction of the unit costs of enterprises for business administration by 1.5 times; 
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- reducing the share of material costs in the cost of a unit of agricultural products (fuels 

and lubricants, fertilizers, electricity, planting material, feed, etc.) by 20% or more [3]. 

Virtually none of the publications dispute the attainability of the above benchmarks or 

indicators of successful project implementation. As, however, the ways of achieving such 

results and their consequences are not analyzed. 

Moreover, it is assumed that by 2024 all regions of Russia will successfully implement 

digital sectoral planning of agricultural production, despite very significant differences in the 

starting positions of all regions. For instance, if we compare the initial level of digitalization 

of agriculture in the Krasnodar Territory and the Republic of Tuva, we immediately notice a 

significant difference in the starting positions of the regions. Moreover, we have not yet come 

across publications reflecting the existing differentiation in the level of digitalization of the 

agro-industrial complex in Russian regions.  

One more fragment of the departmental project should be cited in full, since it will be 

essential for our study and for building a pessimistic scenario: "We should not allow a delay 

in the development and adoption of normative legal acts, on which the normative regulation 

and legislative consolidation of the project depends, as well as acts providing for subsidies 

for agricultural producers in connection with the large number of involved federal executive 

bodies and complex lengthy procedures for coordinating the submitted subsidies" [3]. 

In our opinion, the developers of the project with this fragment designate one of the events 

of the project, which can significantly affect the implementation of the optimistic scenario. 

This is also noted by A.A. Darkov: "Solving problems in the field of digital technologies 

application is impossible without creating an efficient legal regulation mechanism ... The 

level of legal regulation of the digitalization of agriculture requires significant 

modernization" [4]. 

A number of authors, considering the problems of agriculture digitalization technology, 

pay special attention to the formation of the ecosystem of the digital economy, noting the 

relevance of creating an environment that provides conditions for the innovative development 

and distribution of digital services, products, devices and applications [5-12]. 

The need to stimulate innovation processes in the agro-industrial complex and the 

decisive importance of accelerating the innovation process is noted by [13–23]. A special 

place, in our opinion, is occupied by works related to the methodology and practice of 

scenario forecasting [24–25]. 

In addition, a key role in the digitalization process is played by the development and 

integration of GIS with other information resources with subsequent synchronous and 

optimal use [26-28]. 

A hard-to-review block of work, as a rule, concerns all sorts of aspects of modeling 

various processes in the agro-industrial complex system, and we used some of them in this 

work when constructing the problem field of digitalization of agriculture. We also drew 

attention to the rarity of publications on the problem of probable futuroshock that can occur 

among the rural population as a result of the digitalization of agriculture, and which has been 

studied for a long time in various countries of the world. [29–39]. 

2 Methods  

The research methodology is based on the selective application of system analysis methods 

aimed at studying complex objects of the agro-industrial complex system, with the 

predominant use of expert assessment methods. 

We consider it expedient to resort to informal methods of analysis when solving difficult 

problems, because by no means every task of analyzing a system during its design can be 

accurately formulated mathematically. The meaning of informal or heuristic procedures is 

formalization. 
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Informal methods of systems analysis mobilize the intuition and experience of specialists 

and are constructively used in the organization of analytical activities [2, 40–43].   

We equate the situation with the digitalization project in the Russian agro-industrial 

complex system to a large-scale reengineering project of the industry (if not the entire agro-

industrial complex system). Reengineering is the use of the latest information technology to 

achieve completely new business goals. The challenge of reengineering is to fundamentally 

rethink and radically redesign existing processes to deliver leaps and bounds. 

In addition to the methods of expert assessments in the entire wide range, we consider it 

expedient to use methods of scenario forecasting, as well as methods of cognitive analysis 

and modeling, which we propose to implement at the next stages of the study. 

As we noted above, the departmental project for the digitalization of agriculture [3] is 

perceived by us as an optimistic scenario focused on the unconditional implementation of the 

project and the achievement of the results and indicators declared in the project. More 

precisely, it can be formulated that it is a conceptual optimistic scenario in which there is no 

strictly logical and qualitative justification for successive steps to move towards the goal, 

expressed in the corresponding network schedule of the target implementation of the project. 

As well as the lack of various model characteristics of the conceptual scenario, for which it 

is necessary to do a thorough work on scenario modeling. It is possible that some important 

stages in the scenario modeling of achieving the project goals were carried out by the project 

developers, but they are not reflected in this departmental project. Therefore, there is a need 

to develop a technical scenario for the implementation of both the entire departmental project 

and its constituent structural and functional elements.  

To reflect the reliable conditions of the project implementation process, it is desirable to 

use a minimax approach, which in this case is expressed in the development of three 

scenarios: optimistic, pessimistic and realistic, which ultimately is the final technical product 

for innovative implementation in the agro-industrial complex.  

To obtain realistic results, it is necessary, whenever possible, to abandon the facilitating 

assumptions in our models and to accept difficult situations as they are. 

It is convenient to describe complex objects and phenomena in the context of expert 

analysis and cognitive modeling in the form of a simple set of elements and connections 

between them. 

Graph theory provides a simple, affordable and powerful tool for building models and 

solving problems of ordering objects. By means of the mathematical apparatus of the graph 

theory, many cognitive-semantic functions of the investigated operations are effectively 

displayed. In addition to the language of graph theory, object ordering problems can be 

formulated in terms of matrix theory with zero-one elements, or in finite set theory. In some 

cases, it is advisable to use the mathematical apparatus of fuzzy logic, as well as the Markov 

scheme, which is conveniently represented in the form of an oriented graph on a plane (for 

probabilistic modeling of real evolutionary processes). But since the author’s main task is to 

search for structural algorithms that reflect the qualitative features of a real complex system, 

it is advisable at the first stage of the work to maximize the use of the hierarchy analysis 

method focused on maximum decomposition in order to identify a set of the simplest 

algorithms combined into a whole algorithmic system. Without completing a sufficiently 

complete cycle of decomposition and identifying the qualitative structures of a real complex 

system, we consider it premature to reflect the system analysis process in strict mathematical 

expressions, because this stage of the study is predominantly heuristic, and not strictly logical 

and formal. Premature formalization most often leads to an unreliable reflection of the real 

properties of the system under study.  

To graphically construct the problematic field of digitalization, we used the Edraw Mind 

Map program. To build a structure graph - Microsoft Excel 2016. 
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3 Results of the study  

In the course of the first stage of the study, based on a certain sample of expert publications 

on the state of problems in the agro-industrial complex in the context of the digitalization 

project, we formulated a sample set of problems that form the basis of the pessimistic scenario 

of the digitalization of agriculture. The problems that determine the basis of the pessimistic 

scenario are presented in the table. Potential negative consequences due to unresolved 

problems are reflected in the column "Consequences", in the column "Possible solutions" - a 

general definition of a solution to the problem. This allows to develop a way to solve the 

problem in the process of implementing a digitalization project. 

Table 1. The main problems in the agro-industrial complex system in the context of digitalization 

(expert assessments) 

№ Definition Content Consequences 
Possible  

solutions 

1 
Low level of 

innovation 

Deterioration of 

machine and 

tractor fleet, lag in 

R&D, lack of 

domestic robotics, 

lack of an efficient 

system of 

innovation 

Low technical and 

technological level of 

production 

The need to intensify 

R&D, technology 

parks and innovation 

centers 

2 

Bipolarity of the 

agricultural 

economy (high 

and low profitable 

farms) 

Large and 

medium-sized 

enterprises - 36.5 

thousand, small 

forms of economy 

- 136.7 thousand.  

High probability of 

non-participation in 

digitalization of many 

small forms of 

economy 

Advance creation of 

regional clusters 

uniting farmers and 

private household 

plots 

3 

Poor elaboration 

of digitalization 

scenarios 

The departmental 

project "Digital 

Agriculture" 

considers only the 

optimistic scenario 

In case of deviation 

from the parameters of 

the optimistic scenario, 

the project will be 

implemented locally  

Develop pessimistic 

and realistic scenarios 

4 
Clear lack of IT 

specialists 

To support the 

digitalization 

project, an 

additional 90-100 

thousand IT 

specialists 

Disruption of 

quantitative and 

qualitative parameters 

dramatically reduces 

the full-fledged 

implementation of the 

project 

State order for the 

training of IT 

specialists in the 

system of agricultural 

and technical 

universities 

5 

Low profitability 

of agricultural 

production due to 

rent-seeking by 

processors, 

intermediaries and 

service enterprises 

Loans, long 

supply chains take 

up to 95% of 

margin 

In the process of 

implementing a 

digitalization project, 

the losses of small 

forms of economy can 

be from 70 to 90% 

Creation of regional 

clusters uniting 

farmers and private 

household plots 

6 

Lack of legal 

regulation of 

agricultural 

digitalization 

processes 

Determines the 

speed and 

guarantee of 

innovation and 

business processes 

In case of non-

regulation of legal 

support - disruption of 

the implementation of 

various components of 

the project  

Advanced 

development of acts 

of legal support and 

regulation 
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Continuation of Table 1. 

7 

Lack of an 

efficient system 

for forecasting 

and neutralizing 

risks, including 

agricultural 

insurance 

Reduces the 

mobility and 

efficiency of 

agricultural 

production 

The risk of financial 

and other losses and 

losses increases sharply 

Creation and 

optimization of 

regional centers for 

forecasting and risk 

management 

8 

Lack of 

development of 

the social 

consequences of 

digitalization in 

agriculture 

The most sensitive 

and responsive 

component of 

agricultural 

production 

Inflicting significant 

damage to the human 

factor of agriculture 

Taking social 

consequences into 

account when 

developing a realistic 

digitalization scenario 

9 

Weak level of 

expert advisory 

service for 

agriculture 

In the process of 

implementing a 

digitalization 

project, the role of 

experts and 

consultants 

increases 

dramatically 

In the absence of well-

coordinated and 

efficient work of 

experts and consultants, 

the efficiency of the 

reengineering process 

sharply decreases 

Creation of a unified 

federal system of 

support, control and 

monitoring of the 

expert and consulting 

service 

10 

Low level of 

monitoring of the 

natural, technical 

and social 

environment 

Increasing risks 

and losses in all 

areas of the 

agricultural 

digitalization 

project 

In the absence of a 

high-quality monitoring 

system for all areas of 

agriculture, the 

feasibility of the project 

is below 50% 

Integration of 

monitoring resources 

and implementation 

of optimal 

technologies 

Note: compiled by the author. 

In addition, on the basis of expert publications, two block diagrams were developed (Fig. 

1 and Fig. 2), reflecting the main contours of the problem of the digitalization field in the 

agro-industrial complex system, conditionally divided into a socio-economic and 

technological block (Fig. 1) and an information and reengineering block (Fig. 2). In reality, 

the agro-industrial complex and in the digitalization project itself, the two designated blocks 

work in close interaction and intertwining, but nevertheless retain their characteristics and 

mechanisms of action due to their systemic nature (social, economic, informational, 

technological, reengineering). 
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Fig. 1. Block diagram A of the problem field of digitalization in the agro-industrial complex system: 

socio-economic and technological block.  

Note: compiled by the author. 
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Fig. 2: Block diagram B of the problematic field of digitalization in the agro-industrial complex system: 

information and reengineering block. 

Note: compiled by the author. 

In Fig. 3 shows a graph of the structure of the problem field of digitalization of 

agriculture, which reflects the interconnections and interactions of individual structural 

components, which it is advisable to subject to further expert assessment, in order to 

determine the significance of each interaction within the agro-industrial complex system and 

the degree of its influence on the successful implementation of the digitalization project. 
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Fig. 3. Graph of the structure of the problem field of digitalization in the AIC system (block A and 

block B). 

Note: compiled by the author. 

The list of problems given in the table "Main problems in the agro-industrial complex 

system in the context of digitalization (expert assessments)" is not complete. In addition to 

those research authors whom we consider experts and who are presented in the bibliography 

for this publication (see links in the text), we also used the judgments of agricultural experts 

with whom we repeatedly communicated during the research. This stage, which includes 

selective publications of researchers and discussions with expert experts, along with the study 

of other special literature, is called passive examination in the practice of peer review and 

analysis.  

The table "Main problems ..." is mainly intended for use in the development of a 

pessimistic scenario and is not a complete prototype of the block diagrams shown in Fig. 1 

and Fig. 2.  

In turn, Fig. 3 is a digraph completely based on block diagrams A and B (Figs. 1 and 2), 

and is displayed by us as a conceptual basis for the development of a realistic version of the 

scenario, convenient for subsequent expert-analytical and cognitive-modeling work at the 

second stage of the study using methods of active and detailed examination of each structural 

and functional element, presented in block diagrams A and B (Fig. 1 and Fig. 2), and, 

accordingly, in the digraph of the structure of the problem field (Fig. 3). 

At the stage of heuristic and conceptual modeling, such qualitative operations are 

widespread in systems analysis, a kind of which is (as well as a constituent element) expert 

analysis. 

4 Discussion of the results  

The problem field of digitalization of agriculture obtained as a result of our research, 

expressed in tabular and graphical form, is a prototype of a cognitive map, convenient for 

9

SHS Web of Conferences 106, 01027 (2021)
MTDE 2021

https://doi.org/10.1051/shsconf/202110601027



further use when working with experts in the agro-industrial complex. Using the methods of 

peer review, two digitalization scenarios will be developed: pessimistic and realistic. The 

algorithms of the above scenarios (especially for the weak points of the optimistic scenario) 

can be of practical importance for use in the decision-making process on a digitalization 

project at all hierarchical levels of management in the agro-industrial complex system.  

5 Conclusions 

The departmental rural digitalization project is based on an optimistic scenario and assumes 

the unconditional implementation of the presented indicators. Despite the presence of 

weaknesses (lagging behind the legal framework, ignoring possible negative social 

consequences and an extremely weak level of innovation in the agro-industrial complex), the 

project as a whole can be implemented. An increase in labor productivity at agricultural 

enterprises by 2 times per worker (by 2024) can be achieved through a sharp reduction 

(bankruptcy and takeover) of farms and medium-sized enterprises, which will lead to further 

degradation of rural settlements, redistribution of land resources in benefit of large holdings, 

increased unemployment in rural areas and other negative consequences. To avoid 

unforeseen and undesirable results, there is an urgent need to mobilize expert and advisory 

resources and capabilities in the agro-industrial complex system to create pessimistic and 

realistic scenarios, as well as scientifically grounded algorithms for making managerial 

decisions, considering the dynamic diversity of internal and external factors in the agro-

industrial complex system. 

The active use of the entire range of methods for expert assessment of predicted and 

simulated situations, the use of cognitive analysis and modeling in the development and 

implementation of a scenario for the digitalization of agriculture can be of decisive 

importance in this process.  

There is a need for the active use of expert assessment methods when discussing a 

departmental project for the digitalization of agriculture. This will identify weaknesses or 

critical paths in the optimistic scenario presented by the Ministry of Agriculture.  

There is an urgent need to develop pessimistic and realistic scenarios for the digitalization 

of agriculture, which will create more flexible conditions for the efficient implementation of 

the project.  

When constructing digitalization scenarios, it is necessary to use a variety of expert 

assessment methods, including cognitive analysis and modeling, which will make the 

algorithms for management decisions applicable at different levels of management in the 

agro-industrial complex system. 

The results of the research can be used for a radical renewal of the expert advisory service 

in the agro-industrial complex system. 
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