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Abstract 
 

Macroregion - the Arctic is a tracked area, the technical development of which is rapidly growing, 
unsystematically and without methodological approaches. The main focus of Arctic development is on 
the development of natural resources, the construction of infrastructure and adaptation to difficult natural 
conditions. The main directions of improving the environmental situation are the improvement of 
technologies for the exploitation of natural resources, the construction of treatment facilities at plants and 
factories, the creation of reserves and wildlife preserves. For both economic and environmental well-
being, the level of technological development is important. Many factors and conditions must be taken 
into account for the successful functioning and development of the macroregion's technological 
ecosystem. In this study, we highlight the communication aspect in the subject and object categories, 
which are explained by the ongoing digital transformation of the environment, on the one hand, and by 
the importance of this aspect in the functioning and development of the ecosystem on the other hand. 
Concerning the technological development of the macroregion ecosystem, we are talking about the 
formation of a strategy for the technological connectivity of all its elements, taking into account social, 
economic and environmental factors. The communication aspect determines, on the one hand, the 
efficiency of technological connectivity and on the other hand, provides diffusion of technologies.   
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1. Introduction 

Technological development in modern conditions determines the main trends in the development 

of the economy. At the same time, the development of scientific and technological progress is systematic 

and meets certain economic conditions. This dualism is the basis of the theory of technological ways. 

According to the concept of sustainable development, it is important to take into account not only the 

economic efficiency of technological development but also its impact on society and the environment. 

The main goal of this study is to form a conceptual model of technological development of the 

macroregion using the example of the Arctic macroregion. 

To achieve this goal, we used various theories of technological and innovative development. It is 

proposed to solve the existing problems in the development of the macroregion based on the ecosystem 

approach.  

   

2. Problem Statement 

We see methodological problems in using existing theories of ecosystem development. 

Approaches to developing methodological recommendations for ecosystem management at 

different levels are based on concepts of technological connectivity and diversification of local 

knowledge with the justification of alternative technological trajectories (Balland et al., 2019) and the 

justification of an uncertain mechanism for managing macroregions (soft spaces) in the form of 

cooperation of regions in a certain territory for joint development (Sielker & Rauhut, 2018). Domestic 

authors emphasize the strategic direction of the region's development and the great importance of 

digitalization of the economy and the introduction of smart technologies in the management of the region 

(Fraimovich et al., 2020). 

Technological ecosystems have been little studied, there is no methodological base, theoretical 

studies are scattered and not systematized. Most studies consider innovative ecosystems, for example, the 

concept of a "triple spiral" (Leydesdorff & Zawdie, 2010), open innovation models (Appleyard & 

Chesbrough, 2017; Teece, 2014), food innovation ecosystems (Dachs et al., 2017). 

Regarding the innovation ecosystem, most theoretical studies consider the macro-region of the Far 

East, with emphasis on the development of innovative entrepreneurship. The Arctic zone is not being 

studied so actively, research concerns the theory of open innovation and to a lesser extent technical 

development (Shaslo et al., 2018). 

Russell et al. (2011) defined the innovation ecosystem as a complex of political, economic, 

technological and environmental systems that are directly involved in creating, maintaining and 

developing a favourable environment for business development. 

The authors note that the ecosystem is interconnected with entrepreneurship: as an ecosystem 

approach through which entrepreneurship develops, for example, Stam (2017), and determining the 

impact of entrepreneurship on the formation of economic, technological and social thinking in its 

ecosystem (Audretsch et al., 2019). 

This logically leads to the priority of the ecosystem-based approach in the economy, whichmeans 

the integration of environmental, economic and social principles of the management of different systems.  
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In our current view, the ecosystem-based approach is being updated for the macroregion because, 

firstly, it corresponds to anti-globalization trends; secondly, at the level of the macroregion, it is possible 

to make full use of systemic analysis, clarifying the specifics of its technological development, taking into 

account social and environmental factors. This is especially relevant for the ecosystem of the Arctic 

macroregion. 

Many factors and conditions must be taken into account for the successful development of the 

macroregion's technological ecosystem. In this study, we highlight the communication aspect in the 

subject and object categories, which are due to the ongoing digital transformation of the environment on 

the one hand, and to the importance of this aspect in the functioning and development of the ecosystem on 

the other hand. About the technological development of the macroregion ecosystem, it was a matter of 

forming a strategy for the technological connectivity of all its elements, taking into account social, 

economic and environmental factors. The communication aspect determines, on the one hand, the 

efficiency of technological connectivity, and on the other hand, provides diffusion of technologies. 

We used the theory of open Innovation Chesbrough (2003) and its further development and 

modelling (Chesbrough, 2006), theory of diffusion of innovations by Rogers (2003) and Hägerstrand 

(1967), theory of industrial revolution Schwab (2017) as the basis of the strategy of technological 

connectivity. 

Hägerstrand built the first theoretical model for the diffusion of innovations, including 

technological ones, with a simulation approach using such concepts as distance, field, contact, 

information. These concepts characterize the macroregion quite well. The main patterns of diffusion of 

Hägerstrand technologies and comments on applicability to the development of the macroregion 

ecosystem in the communication aspect are as follows: 

1. In the absence of restrictions on the transmission of innovation, the diffusion process develops 

in an "explosive" way. At the same time, the number of innovators doubles at each stage. This 

requires building technology chains with effective communications and sound public policies. 

2. The process of diffusion of innovations ceases more abruptly than it develops, which makes it 

possible to regulate effective communications. 

3. Central innovators have the maximum opportunity for technology transfer. In each macroregion, 

such participants may be different, for example, for the Arctic macroregion where northern sea 

route forms the structure. 

4. Innovators located on the periphery have minimal opportunity for technology transfer. The 

multiplication effect decreases as you move away from the macroregion. This is included in the 

cost of efficient communications. 
 

The Hägerstrand model applied to the strategy for technological development of the macroregion 

ecosystem because: 

1. It takes into account the six main elements of the technology diffusion process: the area in 

which the diffusion takes place; the time during which the process takes place (the time of 

implementation of strategies and projects); the source of innovation (problems to be solved, which 

is specific for each region); innovation (technical and technological solutions adapted to the 

macroregion); acceptors (industrial companies involved in macroregional projects, both within and 
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outside the macroregion (research and project organizations, for example); the movement path 

(within macroregion). 

2. The macroregion in which the diffusion process develops has certain characteristics graphically 

displayed by a fine mesh with one recipient in each cell 

3. A period is defined for the transfer of innovations to the recipient, with only one transfer in one 

period. 

4. One cell corresponds to one source of innovation, this cell is defined as the centre. 

5. The recipient should become a source of innovation in the next period, while innovation should 

be transmitted smoothly 

6. It is for this reason (transformation of the recipient into a source of innovation) that the 

recipients are distributed evenly across the macroregion. 

7. The novation path is randomly selected by the innovation source towards any of the adjacent 

cells (i.e. implemented in a contact manner). Innovation cannot jump through neighbouring cells 

8. The process of diffusion of innovations ceases when all acceptors within the territory perceived 

innovation. 
 

Factors of specificity of the Hägerstrand model are the heterogeneity of territories (development, 

mentality); time intervals (seasonal changes in demand) different concentrations of innovators and 

acceptors; recipient response to innovation, trends in the transfer of innovation, composition and structure 

of the transfer of innovation, time-personal border and barrier situations (Rogers, 2003).  

To justify the technological development of the macroregion ecosystem, the Hägerstrand model 

needs to be adapted to the peculiarities of the technological development of the macroregion, taking 

suitable elements from Rogers's theory. The optimal in our opinion is the rationale for the influence of the 

social aspects of the technological development of the macroregion ecosystem - for example, E. Rodgers 

defines the second diffusion through the spread of innovation among members of a certain social 

environment. 

In Rogers theory, one of the main factors in the diffusion of innovation is the time indicator. 

Firstly, because it is the time for deciding on innovation, which Rogers divides into five stages: from 

learning about innovation to deciding whether to use it or not. Secondly, the time factor is involved in the 

process of perceiving innovation by members of the social system (Deart &Tsym, 2016). Also, the time 

indicator is used to calculate the speed of innovation (the number of innovators at the current time). The 

last two points are closely related to the communication aspect. 

For the macroregion's technological ecosystem to develop, conditions for technology transfer are 

necessary, both within the macroregion and from the outside environment. This can be taken into account 

if you use the open innovation of Chesbrough (2003). According to the model, the free transfer of 

innovation from one area to another accelerates the development of all areas, as technology recipients 

promote them by building the infrastructure of that technology and developing all stakeholders in the 

industry, including the market. Also, this reduces the level of costs, which affects the price characteristics 

and increases customer loyalty (Vetrova, 2019), which corresponds to the concept of "Creating Common 

Values" (Melnikova, 2019). 

http://dx.doi.org/
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Diffusion of technologies can be described by the logistics function (Akaev & Turduev, 2010). 

When saturation occurs (the last section of the logistic curve), it is necessary to have a new technology, 

the distribution of which goes to the stage of intensive growth. This avoids technology gaps and 

contributes to the sustainability of technological development. Technology change needs a 

communication dimension. 

The further development of innovation diffusion theories is presented in the works of Klaus 

Schwab, who writes about the transformation of industrial development and society based on artificial 

intelligence, blockchain, nano- and biotech (Schwab, 2017). 

The most complete analysis of Chesbrough’s work was made by Trifilova (2008), who writes that 

based on combining the efforts of universities, national laboratories, suppliers, consumers, industry 

consortia technology diffusion occurs. It is they who are acceptors according to the model of T. 

Hägerstrand. 

To the above theories, the concept of sustainable development should be added, as, in addition to 

the above, this concept takes into account the environmental aspect relevant to the technological 

development of the macroregion ecosystem. 

Thus, the construction of a model of technological development ecosystem of the macroregion is 

based on a set of theoretical models using the communication aspect. In addition, we used the results of 

our own research in the development of regional ecosystems (Кhakimova et al., 2019). 
 

3. Research Questions 

Our review of methodological problems made it possible to formulate the following research 

questions:  

1) What lies at the focus of the strategy of technological connectivity?  

2) What is the relationship between ecosystem participants?  

3) What are the features of the communicative aspect for the ecosystem of the macroregion?  
 

Responding to questions, we concluded that every macro-region will have the original ecosystem. 

At the focus of this ecosystem should be based on the main technological chain. The participants in this 

chain are also specific and must be represented by the full cycle of expanded reproduction. The 

participants in the technological chain form a network. Thus, the strategy for the development of the 

ecosystem of the macroregion is the strategy of the technological connectivity of the cells of the network 

of the technological chain. 

 

4. Purpose of the Study 

The main purpose of this study is to form a conceptual model of technological development of the 

macroregion using the example of the Arctic macroregion. Thus, the construction of a model of 

technological development of the macroregion is based on a set of theoretical models using the 

communication aspect. 

To achieve the purpose we have selected some of the theory and methods applicable to the 

development of technological connectedness strategy for the macro-region. In this case, the main criterion 
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for the construction of the model is the applicability of the ecosystem approach. The specificity of 

macroregions in Russia is high, so we built the conceptual model using the example of the Arctic 

macroregion. 

 
5. Research Methods 

The construction of a conceptual model of technological development ecosystem of the 

macroregion is based on a set of theoretical models using the communication aspect. We have built a 

conceptual model of the technological development of the ecosystem, using the strategy of technological 

connectivity, based on the synthesis of the theories of technological and innovative development 

described in this work and focused on the communication aspect and ecosystem management. For model 

validation, we used statistical methods of research and the methodology of strategic analysis.  

We will consider a model of technological development of the macroregion ecosystem based on 

the Arctic macroregion of the Russian Federation, which includes several regions (Karlik & Platonov, 

2017). To build a model of technological development of the macroregion ecosystem, it was necessary to 

determine the basis around which processes of the sustainable development model were formed, establish 

communication among participants based on technological chains, and combine chains into networks that 

acted as means of transferring innovations and technologies. The timing of the project and the value-

added it creates are optimization criteria.  

In particular, for the Arctic macroregion, it is proposed to consider the Northern Sea Route, which 

creates value-added through transportation, as the basis for the model of technological development (table 

1). 
 

Table 01.  Commissioning of production facilities and facilities on the land territories of the Arctic zone 
of the Russian Federation in 2019 

Heading level Unit of 
measurement 

Total through 
construction and 
reconstruction 

Sewerage networks to production facilities km 4,1 
Power lines up to 35 kV km 155,7 
Transformer lowering substations up to 35 kV thousand kVA 79,8 
Antenna-mast structure of digital terrestrial broadcasting PCS 3 
Diesel power plants in the Far North thousand kW 3,1 
35 kV and above transmission lines km 218,0 
Ship Repair Plants RUB million 289,8 
Transformer lowering substations with a voltage of 35 
kV and higher 

thousand kVA 51,3 

Oil wells, total units 474 
Production Drilling Gas Wells units 93 
Gas pipelines and branches from them km 187,1 
Seaport berths (including seaport transhipment 
complexes) 

linear meter 772,0 

Oil pipelines trunk and oil product pipelines trunk 
regional 

km 3,9 
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6. Findings 

Chains and communication networks were being built around it to ensure increased value. This 

requires solving some related problems in various areas of activity, mainly in industry. For example, in 

shipbuilding and shipping - this is the supplying of vehicles - icebreakers and other vessels, clarification 

of the water area and traffic routes, the development of port infrastructure, etc. That requires 

technologically related solutions in various sectors of the economy that take into account the 

characteristics of the Arctic macroregion. Participants in the chains form along the NSR to the principle 

of technological connectivity and create their value-added. Also, several types of activities can be carried 

out remotely not in the Arctic territories, in particular research, design, etc. (Figure 01).  

The authors believe that the formation of technological chains, and, consequently, a strategy of 

technological connectivity, requires resources, centres of responsibility in the links of the technological 

chain and sustainable channels. 

 

 
Figure 01.  Conceptual model of technological development of the macroregion's ecosystem  
 

A set of such chains creates a network, the nodes of which are key acceptors and the cells are the 

fields of innovative activity. The creation of such network makes it possible to diffuse innovations and 

transfer technologies, contributing to positive synergistic effects, which increases the sustainability of 

Arctic projects and leads to the development of the Arctic macroregion as a whole. 

It should be noted that the ecosystem is open and its participants work both on the inside of 

macroregion and outside it (shipbuilding, ship repair, mining enterprises), which is reflected in the figure 

with dotted lines. This reflects the movement of technology both within the system and in interworking 

with the external environment (both sides). This ensures the acceleration of diffusion of technologies, the 

multiplication effect of their use and the achievement of the goals of all participants. The technologies of 

the Arctic macroregion are linked by social, environmental and climatic conditions, which require either 

the development of new technologies or the integration of those conditions into existing ones. This affects 

processes, taking into account climatic conditions, preserving the traditions of the small peoples of the 

Arctic, the ecology of the region and staffing development projects. 
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7. Conclusion 

We have built a conceptual model of technological development of the macroregion's ecosystem. 

This model is based on the technological chain, which is the source of technological development. A 

network is formed around the technological chain, the cells of which are represented by various acceptors. 

Diffusion of technologies goes from the main acceptors initiated in the technological chain to the 

periphery. This leads to an increase in entrepreneurial activity and technological development of the 

entire ecosystem. Diffusion of technology in the network requires a high-quality communication system. 

The significant role of the state in the process of technological development of the macroregion's 

ecosystem should be noted. Government regulation should focus on providing infrastructure and creating 

a supportive business environment. 

The significant role of the state in the process of technological development of the macroregion's 

ecosystem should be noted. Government regulation should focus on providing infrastructure and creating 

an enabling environment for business. 
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