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Abstract

This article focuses on the importance of eco- foresight research in shaping the country’s science development
strategy in the field of green economy. The transition to a green economy requires balancing economic growth with
environmental conservation, and finding a balanced model is a complex task that many specialists are actively working
on. Ecoforesight, which involves the use of foresight methodology in the environmental field, plays a crucial role in
identifying potential opportunities and risks for the natural environment associated with landmark innovations and
global economic trends. The study aims to assess the long-term environmental impacts of current industrial activities
and strategic planning of national industrial policies regarding green technologies. Scenario modeling, especially in
the field of green technologies, is an important aspect of environmental forecasting due to its long-time horizons and
numerous uncertainties. The article emphasizes the importance of eco- foresight research in ensuring sustainable
development and innovation in the context of global strategic trends.

Key words: foresight, green economy, Delphi method, modelling, science development, ecoforesight,
environmental planning.
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Introduction

The transition to a green economy is a complex strategic task that requires a combination of two
previously incompatible development vectors: maintaining dynamic economic growth and preserving
the natural environment on a long-term basis. No country has yet managed to master this level of
complexity, however, an active search for a new balanced model continues with the development of
appropriate strategies.

The term “environmental foresight” (eco-foresight, English environmental) foresight or
environmental futures projects), as a rule, implies the use of general foresight methodology in the
environmental sector [1, 2]. That is, ecoforesight is not a unique and highly specialized type of activity
(by analogy with the development and production of environmentally friendly or “green” technologies),
but refers to a general scientific analytical toolkit aimed at early identification of potential opportunities
and risks for the natural environment associated with basic epochal innovations and global trends in
economic development.

The purpose of this study is to determine the relevance of foresight in assessing the long-term
environmental consequences of current industrial activities, as well as in the strategic planning of
national industrial policies regarding Green Technologies. At the same time, further industrialization
is recognized as a “driver of development” and is included in the list of strategic goals of economically
developed and innovative economies of the world. Accordingly, in the context of global strategic
trends — innovation, neo-industrialization and sustainable development — eco-foresight of industry and
the market for technical and technological innovations is a relevant area of scientific research.

Materials and methods

The article used general scientific methods of theoretical generalization, synthesis and analysis.
In order to conduct a comprehensive review of the topic, the article employed a range of materials
and methods. The primary methods used in this review were theoretical generalization, synthesis,
and analysis. These methods allowed the researchers to critically examine and evaluate the existing
literature on the topic, and draw meaningful conclusions. To gather relevant information, the
researchers extensively studied various literary sources, scientific articles, and reports. These sources
were carefully selected to ensure that they provided reliable and up-to-date information related to the
study’s topic. The researchers aimed to include a wide range of sources to obtain a comprehensive
understanding of the subject matter.

The literature review process involved a systematic examination of the selected materials. The
researchers thoroughly analyzed the content of each source, identifying key concepts, theories, and
findings that were relevant to the study. They then synthesized the information from these sources,
organizing and integrating the data to identify patterns, trends, and gaps in the existing knowledge.

Main provisions

One of the most large-scale and priority areas of environmental foresight is scenario modeling
“Green Technology”, which is objectively due to large time horizons and numerous uncertainties
associated with the global phenomenon [3, 4].

A number of countries are implementing programs to develop a green economy and minimize the
economic and social impact on nature. In the United States, the value of protected areas is considered
in economic, environmental and cultural dimensions [5]. The US National Wildlife Federation [6]
has achieved the adoption of legal standards supporting the “North American model of wildlife
conservation” [7]. The Federal Assistance for Wildlife Restoration Act [8], which came into effect in
1937, allowed for the restoration of dozens of animal species. In recent decades, network cooperation
in the field of nature conservation has intensified with the participation of numerous players. Relevant
law (Wildlife Act of 1964 established principles that are still used in public land conservation in the
United States. Since 2009, the US Department of Agriculture of Agriculture (USDA) has awarded
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more than 200 conservation innovation grants to find new solutions for conserving protected areas in a
rapidly growing economy. In Canada, environmental activities are carried out discretely, in connection
with periods of increased environmental sentiment in society [9]. As a mechanism for protecting
protected areas in the Canadian Arctic, registration of land ownership rights is provided [9]. The
United Arab Emirates, in turn, leads among the Gulf countries in the use of clean technologies and
alternative energy sources [10]. Africa’s long-term Great Green Wall program is seen as a tool for
greening deserts by planting a wide, continuous strip of trees from Senegal to Djibouti. An integrated
approach to large-scale land restoration with the active involvement of local communities between
2015 and 2017 allowed the greening of approximately 12 thousand hectares of degraded land. It is
expected that the implementation of the project will significantly expand landscape diversity and
improve the quality of life [11].

Literature review

In best international Foresight practice, two modes are used using fourth and fifth generation
approaches and taking into account the listed principles. This increases the relevance of such research
and enhances its influence on decision-making, for example, in the development and implementation
of public policy.

Mode I aims to improve or optimize an existing system [12, 13], and Mode II focuses on discussing
opportunities and stimulating fundamental changes in existing paradigms [14].

The methodology of foresight research is formed based on the selected goals, objectives of the
project and a specific area of its application. Any Foresight program requires decisions about what
combination of methods to use and what existing sources of information to use.

The main methods of ecoforeside research are:

¢ Delphi method ;

¢ SWOT analysis;

¢ horizon scanning;

¢ scenario analysis.

In order to create evaluations of potential futures, the Delphi method gathers and organizes the
opinions of a group of specialists over the course of many analysis rounds. This approach has been
applied in many different ways in numerous studies conducted worldwide in a variety of sectors and
for a wide range of objectives [15]. Typically, a panel of experts anonymously and independently
responds to questions on potential future changes in the first round of a Delphi research, without
being aware of the responses provided by other panel members [16]. In the following rounds, all of
the group’s results — including their own — are shown to each member. Reviewing their results and
revising their conclusions in light of other participants’ findings and arguments is recommended for
experts. They should also pay close attention to the reasoning behind responses that fall on opposing
extremes of the distribution. A Delphi analysis typically involves two to five rounds, during which
either a general consensus or a range of conflicting opinions about future developments may emerge.
However, consensus is not the preferred outcome [17], and an attempt to impose it may lead to
the invalidation of the results [18]. On the contrary, a more objective state is considered to be the
stability of experts’ answers, which do not change after extensive discussion, even if they do not
agree with each other. Exploring opposing views and unique minority opinions can be essential to
understanding “unidentified unknowns.” The ideas created (the desirability of some future state or
a way of obtaining or avoiding a future state) and the justifications for the unusual perspectives of
participants are significant contributions of Delphi research, in addition to the detection of ambiguity
and divergence [19].

The SWOT analysis is a strategic planning tool that entails classifying the organization’s external
and internal environment’s components into four groups:

+ Attributes,

* Deficits,

¢ Threats,

¢ Opportunities.
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The term “horizon scanning” describes a wide range of procedures used to recognize and
comprehend significant trends that are developing in an organization’s (government agency, corporate,
or non-governmental organization) or an area of interest’s (biodiversity, climate change, or ecosystem
services) external environment [20]. It therefore functions as an early warning system about potential
threats or opportunities, can be exploratory (generating hypotheses and searching for “unidentified
unknowns”) or problem-oriented (focusing on previously identified problems), and forms the
basis of other stages of foresight that are intended for further analysis of markers that have been
discovered [21]. Six steps make up the technique algorithm: problem analysis, information gathering,
signal identification, trend monitoring, future understanding, and response agreement [22]. The
marketing professor F. Kotler [20] created the popular horizon scanning trend categorization method,
which is divided into six major groups denoted by the acronym DEGEST: demography, economics,
government, environment, society/culture, and technology. Global digitalization has greatly increased
the method’s capabilities by giving users access to a variety of sources (online libraries, statistical
databases, websites of national and international organizations), promoting expert collaboration, and
offering the potential for network monitoring that is ongoing.

A more comprehensive technique for outlining several potential futures is scenario analysis, often
known as scenario planning [18]. The fact that this approach is unrestricted by previous historical
results makes it particularly useful for forecasting black swan events (swan-type). Rather, the approach
depends on imaginative thought to provide a picture of potential futures. Tools for scenario analysis
emphasize mental expansion, creativity, and heuristics to take into consideration low-probability
threats and go beyond the blind spot of perceiving “unidentified unknowns” [20].

Apart from the foresight methods mentioned above, there exist over thirty other types of methods
for analyzing and comprehending fundamental uncertainties related to the development of complex
adaptive systems in the future. These methods include relevance trees, futures wheel, cross-effects
analysis, and technological sequence analysis. New techniques are always being developed, such as
layered analysis of causes and effects and techniques for using online social networks.

Results and discussion

Foresight is a collaborative effort that brings together many different stakeholders and takes into
account their views, expectations and experiences. Obviously, careful preparation is the key to its
success. Foresight stages include:

¢ precise definition of research objectives;

+ involvement of various stakeholders in the process of formulating research objectives;

+ determination of areas of responsibility and authority of performers;

¢ orientation towards practical application of research results;

+ development of a plan for the implementation of research results at its early stages;

+ prompt dissemination of information about the progress of the study and its objectives, as well
as stimulation of the implementation of the recommendations received.

At the preparatory stage, most Foresight studies are based on the experience of other countries.
Almost two thirds of countries consider such a preparatory study to be an important undertaking. It
includes a detailed discussion of the potential effects and intended uses of Foresight findings and a pro-
contra-analysis. All this serves as a serious success factor affecting the effectiveness of the study, as
confirmed by the strong positive correlation between analytical exercises and Foresight performance.

Increasingly, Foresight is used not only as a tool for building a long-term vision, but also to
identify areas of innovation in the future. This purpose statement helps structure the research process
and is associated with a participatory approach that prevents the influence of unilateral interests and
ensures support from the private and public sectors.

The most established traditions of conducting Foresight compared to most other countries
have developed in Japan and the UK, where special structures have been created: Scientific and
Technological Foresight Center in Japan, which is a division of the National Institute for Science and
Technology Policy (Science and Technology Foresight Center, NISTEP), and the Foresight program
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of the UK Department of Innovation, Universities and Skills (Department for Innovation, Universities
and Skills).

According to the literature searches on forecasting and management, the application of the
results of foresight research in the formation of a strategy for the development of science in OECD
countries in the period 2020 and 2021 serves as an illustration of various features of the successful
institutionalization of foresight (table 1) [21].

Table 1 — Foresight research and strengthening governance in OECD countries

Australia Australia’s capacity for foresight is housed in specialized teams across many
government ministries, such as the Department of Industry, Science, Energy and
Resources, the Department of Foreign Affairs and Trade, and the Department of
Education, Skills, and Employment. The Center for the Future, a national resource
supporting policy work, planning, and thinking through the study of strategic futures
relevant to the future of national security, is funded by a joint venture between

the Australian government and the Australian National University. The Australian
Strategic Futures Network, a cooperative network of state and federal government
foresight teams, is headed by the Futures Center.

Australia’s national science agency, the Commonwealth Scientific and Industrial
Research Organization (CSIRO), has a dedicated Foresight Group (CSIRO Futures)
and Analytics Group that employ modeling techniques to inform future strategy and
policy solutions, with a focus on digital technologies and data-driven science. The
group also analyzes emerging trends, drivers, and scenarios.

Government agencies in Australia and New Zealand work together via the
Australian Joint Agencies Scanning Network (AJASN), a shared skyline scanning
service and database. Since 2004, AJASN has been in operation.

Canada Canada boasts one of the world’s most advanced government forecasting
ecosystems. Based at the federal government’s primary foresight agency Policy
Horizons Canada (Policy Horizons), it offers cutting edge futures research, strategic
foresight services, and foresight capacity building. It was established in 2009. A
strong degree of support from civil service leadership is ensured by the institutional
architecture that underpins Policy Horizons. The most senior nonpartisan public
officers in Canada, deputy ministers, comprise the steering group to which Policy
Horizons reports. This steering group directs Policy Horizons, gives it guidance, and
facilitates strategic conversations around its leadership in foresight.

Policy Horizons is currently among the world’s largest public sector forecasting
groups, employing more than 40 full-time staff members. Along with serving as a
vital advocacy tool to direct cooperative forecasting efforts and develop forecasting
capacity across federal government departments and agencies, this capacity enables
the development of strong expertise and in-depth forecasting analysis on futures
issues related to a wide range of public policy topics authority.

Through Policy Horizons, a network of foresight practitioners from all throughout
the Canadian government is brought together, with over 200 individuals from over
50 federal ministries and organizations. The deployment of forecasting skills across
the Canadian public service depends heavily on this network. Policy Horizons
organized the inaugural Futures Week conference in 2021 to introduce the concept
of foresight to a larger group of government leaders.
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Finland

One of the world’s most advanced forecasting systems is found in Finland. After
the early 1990s economic crisis and in response to security concerns stemming
from Finland’s geographic location, the government began to place greater
emphasis on foresight. Finland is home to networks of vision in the public and
commercial sectors, academia, civic society, and national and local government,
which collectively create a sophisticated proactive ecology. The Finnish foresight
ecosystem blends bottom-up and top-down techniques with a high degree of
inclusivity because so many different sectors of society are involved. The Center is
essentially including an evaluation component that contrasts actual progress with
scenarios into its work by post-evaluating earlier forecasting work over time. This
is perhaps the most notable development. The Parliamentary Futures Committee
has been debating forecasting-related problems and the Government’s Futures
Report since 1993 (School for International Futures, 2021; Shallow A. et al (2020).
The Finnish innovation fund Sitra and the Prime Minister’s Office work together
to manage the Finnish National Forecasting Network. Sitra is legally accountable
to the parliament, yet it maintains a great deal of independence, including when it
comes to financial management. Sitra’s mission is to “ensure the future well-being
of Finland” and to “support and challenge” the ruling party, frequently bringing

up topics that are not necessarily of the utmost importance to people in positions
of authority. International Future School (2021), 49. Section 6, paragraph 5 of

the Estonian Forecasting Act, https://www.riigiteataja.ece/en/eli/ 509022018003/
consolide; interview with an Estonian foresight specialist, April 24, 2020 (date of
last update: February 15, 2022). Different government ministries are equipped with
their own forecasting systems. This includes ongoing future studies that have been
conducted since 2003 and initiatives to develop specialized forecasting skills within
each ministry. Though diverse sectoral goals can cause problems amongst ministries
when forming their future visions, discussing the future together enables participants
to identify and clarify these tensions. August 11, 2020, interview with a Finnish
specialist in predicting; also see School for International Futures (2021). Finland’s
premier forecasting document is the government’s Futures Report, released at the
beginning of each new administration’s term every four years. This practice dates
back to the 1990s, when the prime minister, working with an interministerial panel,
selected the study topic. All pertinent parties participate in a two-year participative
procedure during which time staff and a certain budget are assigned. The report is
meant to be a resource for all political parties in creating their campaign platforms,
and Parliament is involved in its preparation, with an emphasis on long-term
strategic concerns.

Estonian

Finland served as the model for the foresight system in Estonia. The
institutionalization of foresight in Estonia is based on the Foresight Act. This bill
created the Forecasting Center, a think tank inside the Estonian Parliament, and the
Forecasting Council, a group of specialists in business, technology, and research.
The Foresight Center’s operations are approved by the Council. The center imagines
potential future states in which decision-makers could “future-proof” politics. The
public’s input and participation are also required under the Estonian Foresight Law.
The Center is essentially including an evaluation component that contrasts actual
progress with scenarios into its work by post-evaluating earlier forecasting work
over time. This is perhaps the most notable development. Forecasters may show
senior decision makers how valuable they are using this tool.

Germany

There isn’t a single central forecasting organization in Germany; instead, there

is a network of public, “independent but publicly supported and publicly funded
institutions.” These institutions include the Federal Diplomatic Service, the Federal
Ministry of the Environment, Nature Conservation and Nuclear Safety, the Federal
Chancellery (Bundeskanzleramt), and the Ministry of Economic Cooperation and
Development. The civilian arm of the Federal Armed Forces, the Planning Office of
the Federal Armed Forces (Planungsamt der Bundeswehr), has a well-established
forecasting capacity to handle more general social and technological concerns.

The states of Bavaria, Baden-Wiirttemberg, and Rhineland-Palatinate are among the
subnational levels where sponsored forecasting programs or procedures are a part of
the decentralized system. Forecasting efforts are organized by the Federal Ministry
of Education and Research (Bundesministerium fiir Bildung und Forschung) in
collaboration with subnational partners (Lander), appropriate Federal Government
entities, and the German Bundestag.
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European Parliament The European Strategy and Policy Analysis System (ESPAS) network is relevant to
the work of numerous units within the European Parliament that address foresight
concerns. The European Parliamentary Research Service’s Strategic Foresight

and Opportunities Unit is one such unit that focuses on wider concerns and global
trends. Along with the Strategy and Innovation Unit and the Level Liaison Unit, the
Strategic Foresight and Capabilities Unit functions within the European Parliament’s
Research Service. Preparing reference materials for European Parliament members
on current global economic challenges, social trends, and their implications for the
European Union is one of its responsibilities. Seminars and briefings are two further
initiatives to foster a “culture of proactiveness in the European Parliament.”

The Group on the Future of Science and Technology (STOA), another foresight
group of the European Parliament, focuses mostly on scientific and technical
topics. Informing lawmakers and taking part in legislative discussions are the

goals of STOA. The eleven Standing Committees of the European Parliament

have nominated 27 members to the STOA Group. Demands and requests for the
completion of foresight work can be made by members of the European Parliament
and its committees. The commission’s makeup and the interactions between
lawmakers and specialists guarantee the applicability of the foresight work.

The goal of STOA is to serve as a “honest broker” and offer guidance and a
forward-looking viewpoint on different possibilities while considering the possible
effects that a certain decision may have on society.

Note: Compiled by the sourse [21].

Japan is actively integrating forecasting research into its policy-making processes to achieve
sustainable development. Foresight research involves identifying and analyzing emerging trends,
issues and opportunities to inform long-term planning and decision making. Several institutions
in Japan, including the government, research institutes and universities, actively conduct foresight
research.

In Japan, science and technology innovation policies have been promoted through the Science and
Technology Basic Plans, which have been formulated every five years since 1996.

Given the increased complexity of the relationship between technology and society, the study is
conducted from the dual perspectives of science, technology and society. First, they studied scientific,
technological and social trends through review of reference materials, etc. [horizon scanning]. They
then conducted separate studies on “future society [visions]” and “future science and technology
[scientific and technological perspectives]. In order to produce “images of a future society that emerged
as a result of the development of science and technology [scenario],” they blended the results. Two
methods are used to analyze the “future of science and technology”: interdisciplinary conversation
and field-specific discussion. The goal year was chosen at 2040, or about 20 years from now, while
the look-ahead term was established at around 30 years from 2050. This time frame presupposes the
creation of the “Society 5.0” initiative, a super-smart society.

The purpose of the study is to provide background information to support the formulation of science,
technology and innovation policies/strategies, including the 6th Science Conference Technology
and Innovation Baseline. Taking social conditions as a given, they explored the possibilities of new
science and technology and painted a future image of the desired society based on the development of
science and technology. Fifty images of a future desired society and four values were extracted from
the “future society” study. In future research _ Sciences and technology [22, 23].

The opinions of 5,352 experts were received regarding the priority and prospects for achieving 702
scientific and technical topics. Additionally, automatic clustering of 702 science and technology topics
was discussed, and eight areas with high interdisciplinary potential and eight domain-specific areas
were identified. In the final study of the images of future society that emerged from the development of
science and technology, the future of society and the future of science and technology were combined
to create a conceptual scenario.

In the study, they explored the desired future of a society based on science and technology and
development (figure 1, p. 16).
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Figure 1 — The future of a society based on science, technology and development

Note: Taken from the 11th Science and Technology Foresight Scenario Planning from the Viewpoint of
Globalization Summary Report — NISTEP REPORT No.183 [23].

One of the main areas of sustainable development in Japan is environmental protection. The
country has set ambitious goals to combat climate change, reduce greenhouse gas emissions and
develop renewable energy sources. Japan has also invested in technological advances to improve
energy efficiency and reduce pollution.

Renewable Energy: Japan is investing in renewable energy sources such as solar, wind, biomass
and hydropower. As of 2019, renewable energy accounted for about 18% of the country’s total
electricity production.

Energy efficiency: Japan places special emphasis on energy saving initiatives, especially in
residential and commercial buildings. The government has introduced energy conservation standards
and promoted the use of energy-efficient appliances and technologies.

Waste Management: Japan has a well-developed waste management system. Recycling rates are
high, with around 80% of waste being recycled or incinerated to produce energy.

Sustainable transportation: Japan is promoting the use of electric vehicles (EVs) and hybrid
vehicles to reduce greenhouse gas emissions. The number of charging stations for electric vehicles
has been steadily increasing, and the government has set targets to increase the adoption of electric
vehicles.

Forest conservation: Japan actively manages and protects its forests, which cover about 67% of the
country’s land area. Forest conservation efforts include reforestation, sustainable timber harvesting,
and biodiversity conservation.

Research and Development: Japan invests heavily in research and development (R&D) related
to sustainable technologies and solutions. The public and private sectors are collaborating to advance
innovation in areas such as renewable energy, energy storage and smart grids. These are just a few
examples of initiatives and statistics related to sustainable development in Japan. Through forward-
looking research, Japan strives to identify upcoming challenges and opportunities, develop eftective
policies, and ensure a sustainable future for the country [23].
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According to research results, ecoforesight has the following advantages:

+ Demonstration of Materials: these materials provide a comprehensive overview of eco-foresight
research and its applications in the formation of a science development strategy regarding the green
economy;

* Eco-Foresight Research: eco-foresight is a systematic and participatory process that identifies
and analyzes emerging environmental issues and trends, and explores their potential implications for
the future. It involves a wide range of stakeholders, including scientists, policymakers, businesses, and
civil society organizations;

+ Science Development Strategy: a science development strategy provides a roadmap for the
development of scientific research and innovation in a country. It identifies priority areas for research,
allocates resources, and sets targets for scientific progress;

¢ Green Economy: a green economy is an economic system that aims to reduce environmental
risks and ecological scarcities while simultaneously promoting economic growth and social equity;

¢ Integration of Eco-Foresight and Science Development Strategy: eco-foresight research can
play a vital role in informing the development of a science development strategy regarding the
green economy. By identifying emerging environmental issues and trends, eco-foresight can help
policymakers and scientists prioritize research areas that are critical for transitioning to a green
economy.

For example, an eco-foresight study might identify the growing threat of climate change as a
major environmental issue. This information could lead to the development of a science development
strategy that focuses on funding research on climate change adaptation and mitigation technologies.

Benefits of Eco-Foresight for Science Development Strategy:

* Provides a long-term perspective on environmental issues and trends

¢ Identifies emerging research priorities

¢ Informs decision-making on resource allocation

* Promotes collaboration and stakeholder engagement

+ Contributes to the development of a sustainable and resilient society.

The behavior of the National Foresight in Kazakhstan is to solve such problems as substantiating
the scientific, technical and innovation strategy, mobilizing resources for the development of priority
areas and increasing strategic competitiveness. The foresight process in Kazakhstan was divided into
three main stages: policy planning, scientific and technological planning and development of R&D
programs.

In Kazakhstan, since 2010, two national scientific and technological foresights have been carried out
in order to determine the priorities of scientific, technical and innovative development. First conducted
in 2011-2012, the National Scientific and Technological Foresight covered a period until 2020 and
was initiated by the Ministry of Investment and Development of the Republic of Kazakhstan (formerly
known as the Ministry of Industry and New Technologies). In partnership with the Korea Institute of
Science and Technology Evaluation and Planning (KISTEP), the foresight technique was created. A
list of strategically important technologies for Kazakhstan was created using the insights from this
foresight (consisting of 75 important technologies within the framework of 8 priority sectors). The
Kazakhstani government designated priority sectors for innovation grant giving based on the findings
of the First National Foresight. State innovation funds were awarded in 2013—-2014 based on a list of
strategic technologies and priority sectors identified by this foresight. It was suggested that focused
technology programs be created in order to encourage the creation of strategic technologies. These
programs would serve to galvanize the efforts of all involved parties and raise the bar for collaboration
between research and business. Based on the application of the “triple helix” paradigm, these projects
were designed in a manner radically different from previously existing patterns of interaction between
government, industry, and science. Taking the lead, the Ministry of Education and Science of the
Republic of Kazakhstan organized the Second National Scientific and Technological foresight in 2013,
titled “System analysis and forecasting in the field of science and technology”. The study’s time frame
was set up to run until 2030. Finding promising fields in science and technology as well as compiling
a list of R&D subjects that have the potential to propel Kazakhstan’s economy forward and serve
as the cornerstone of its science and technology strategy were the primary objectives. Based on an
evaluation of the socioeconomic impact of developing potential technologies as well as an assessment
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of the technological capabilities and available resources, Kazakhstan identified priority areas for
scientific and technological development. Educating decision-makers about potential directions for
Kazakhstan’s scientific and technical growth until 2030 was one of the primary objectives of the
Second National Foresight. Instead of attempting to predict the future, foresight studies sought to
lay the groundwork for a process of strategic thinking about the implications of putting potential
future options into action. This process involved identifying important trends, opportunities, and risks,
evaluating current capabilities, and gauging the state of science and technology in the Republic of
Kazakhstan and around the globe [24].

The Foresight methodology comprised the following: a survey of experts from industry,
research institutes, and universities; an analysis of internal competencies and resources available
for development science and technology; an analysis of patent and bibliometric data; an analysis of
current policies, strategies, and programs for scientific, technical, and innovative development; an
analysis of road mapping; an identification of critical (key) products and services; and an analysis of
technology. Round tables and seminars were held to debate the Foresight results at each major step
of the project in order to reach an agreement among all stakeholders, which included government
agencies, industry, and academia. The results were also publicized on the organizers’ website. A list
of scientific subjects that the government should prioritize supporting was suggested, and suggestions
for decision makers were created based on the findings of the Second National Foresight. A unique
document was created for each of the suggested R&D topics, which included all the pertinent details
regarding the topic’s nature, novelty and significance, technical features, relevance, and anticipated
outcomes, as well as any opportunities that currently exist for the topic’s independent development
in Kazakhstan or in cooperation with top institutions in the field. Road mapping was done using a
prioritized list of R&D subjects. The roadmaps were to be implemented in three phases: an operational
plan through 2018, a strategic plan through 2020, and a long-term vision through 2030. There were
designated control indicators for every level of the roadmaps. Joint expert group meetings were then
arranged to determine the multidisciplinary fields in which Kazakhstan’s scientific and technology
advancements will take place between now and 2030. National interdisciplinary research initiatives
were created as a consequence, and their execution will enable the development of novel technical
solutions that sit at the nexus of linked scientific fields [24].

Conclusion

In conclusion, a review of existing scientific and practical approaches and methodologies for
foresight research in the development of science allowed us to obtain valuable information on the
formation of strategic directions for innovation and sustainability. This analysis illuminated the critical
role that foresight research plays in guiding the development of science.

The results of this review highlight several key points: The importance of foresight research:
Foresight research is an indispensable tool for predicting future trends and issues in science.

It helps identify new opportunities and threats associated with green technologies, which are vital
areas for global sustainability. Cross-border collaboration on predictive research is vital to addressing
the complex and interconnected challenges of green technologies and water security.

In Japan, science and technology innovation policies are promoted through the Major Science and
Technology Foresight Plans, which have been formulated every five years since 1996 and, as a result,
identify upcoming challenges and opportunities, develop eftective policies, and ensure a sustainable
future for the country. This provides an excellent example of how forward-looking research can inform
and shape national science strategies.

In the coming years, it is critical that these regions continue to invest in forecasting research
to navigate the rapidly evolving science and technology landscape. Using knowledge gained from
predictive research, we can develop evidence-based policies that not only advance scientific knowledge,
but also promote a more sustainable and secure future for all. The lessons learned from this review
highlight the need for continued commitment to predictive research as a critical driver of progress in
science and technology.
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KACBIJ1I DJKOHOMUKA BAFBITBIHIAAFbI
EJIAIH ¥bUIBIMU JAMY CTPATEI'USICbIH
KAJBIIITACTBIPYAAFBI DKO®OPCAUT 3EPTTEVYJIEPI

Anjgarna

Byn makana jkachll SKOHOMHKA CaJaChIHIAFbl eNIiH FBUIBIMIBI JaMbITy CTPATETrHsChIH KaJIbIITACTHIPYIAFbI
9KOJIOTHSIIBIK (hopcaiiT 3epTTeynepiHiH MaHbI3bUIBIFbIHA OarbITTalFaH. JKachul PKOHOMUKaFa KONy SKOHOMHKAJIBIK
oCy/l KopIllaraH OpTaHbl KOPFayMeH TEHECTIPY/Il Tajar eTe/l, ajl TCHrepiMIi YAriHi Taly KenTereH enaep OenceH i
TYpZAE KYMBIC iCTEN JKaTKaH KypAeidi MIHAET. DKOJOTHSUIBIK cajana OopKay OIICTEMECIH KOJIaHYIbl KO3ICUTIH
9Ko(opcaiiT MaHbI3IbI MHHOBAIMSIIAPMEH JKoHE jKahaH/IbIK SKOHOMHKAIBIK YpAicTepMeH OailylaHbICThI TaOUFH OpTa
YIIiH BIKTUMAJI MYMKIHIKTEp MEH TayEKeJIEeP/Ii aHBIKTay/1a MAHBI3AbI POJI aTKAapabl. 3epTTey aF bIMIAAFbl OHEPKICINTIK
KBI3METTIH y3aK Mep3iMJi KOpIIaraH opTaFra dcepiH OarayiayFa jKOHE KACBUI TEXHOJOTHSIAPFa KATBICTBI YIITTHIK
OHEPKACINTIK CascaTThl CTPATETHSUIBIK XKocmapiayra OarsiTTanrad. CrieHapuiIepai MOJeIbAey, acipece Kachll TeX-
HOJIOTHSUIAp CajlaChIHIA, Y3aK MEp3iMIl KOKXKHEKTEp MEH KONTercH Oelrici3aikrepre OaiaHbBICTBI SKOIOTHSIIBIK
OoJKaMHBIH MaHbI3IbI acriekTici. Makanaaa skahaH/IbIK CTpaTerusuIbIK YpAiCTep KOHTEKCTIHAE TYPaKThl 1aMy MEH
WHHOBAIMSUIAP/IbI KAMTAaMachl3 €TyAer] KOpopcaiT 3epTTeyaepiHiH MaHbI3AbUIBIFEI aTall OTIJTeH.

Tipex ce3aep: Gpopcaiit, xacbul S5KOHOMHUKA, Jlenbhu dfici, MOIEeNbaeY, FEUTBIMIBI TaMBITY, SKO(OPCANT, KO-
JIOTHSUIBIK JKOCTIapIIay.
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3KO®OPCAUT-UCCIEJOBAHUE B ®OPMHUPOBAHUM
CTPATEI'NM PABBUTHUSA HAYKHU CTPAHBI
B OTHOWIEHWU 3EJEHOM 3KOHOMMKH

AHHOTALUA

B maHHO# cTaThe aKIIEHTUPYETCS BHUMaHUE Ha BYKHOCTH dKo(opcaiiT-uccienoBannii B GOPMUPOBAHUH CTpa-
TEr'MHU Pa3BUTHsI HAYKU CTPAHBI B chepe 3eeHOi sKoHOMUKH. [Iepexo K 3eeHoi 3KOHOMHKE TpedyeT OaaHCHpOBa-
HUSI DKOHOMHYECKOTO POCTa C COXPAHEHUEM OKPYIKAOIICH CPEIIbl, & MOUCK COATAHCUPOBAHHOM MOJICIIU — CIIOXKHAS
3a/aya, HaJl KOTOPOH aKTUBHO PabOTAIOT MHOTHE CIICITHANUCTHI CTPAHBL. DKO(OpCaiT, MpeAIoNaratoniid UCTIOb-
30BaHME METOIONOTHH (popcaiiTa B IKOJOTHUSCKON cdhepe, UrpaeT PEHIalonyio POib B BRITBICHUH ITOTCHITHATBEHBIX
BO3MO)KHOCTEH W PHCKOB JIJIsI IPUPOTHON CPEIbl, CBSI3aHHBIX CO 3HAKOBBIMH MHHOBAIMSAMH U TI00aTFHBIMH 3KOHO-
MHYECKUMHU TeHACHIMAMH. VccaeqoBanne HapaBiIeHO Ha OLIEHKY JOJITOCPOYHOTO BO3ACHCTBHS TEKYIICH MPOMBIII-
JIEHHOW JEATEILHOCTH Ha OKPYXKAIOIIYIO CPEy U CTpaTeruuecKkoe MiaHupOBaHUE HAIMOHAIBLHOW MPOMBIIUICHHON
MOJIMTUKY B OTHOIIICHUH 3CJICHBIX TeXHONIOTHil. CIICHApHOE MOJICIHPOBAHUE, OCOOCHHO B O0JIACTH 3CJICHBIX TEXHO-
JIOTUH, SIBJIETCS BaXKHBIM ACHEKTOM 3KOJIOIMUYECKOrO MPOrHO3UPOBAHUS M3-3a €0 JUIUTEIbHBIX BPEMEHHBIX TOpHU-
30HTOB U MHOTOUMCIICHHBIX HEOTIpeNeIeHHOCTeH. B cTarhe moguepkuBaeTcst BAXKHOCTh dKO(opcaiiT-uccienoBaHnit
B 00CCTIEYCHNH YCTOMYNBOTO PAa3BUTHS M MHHOBAIMH B YCIOBHUSIX TO0ATBHBIX CTPATETHUSCKUX TCHICHITHH.

Kuarouesble ciioBa: dopcaiit, 3eneHas skoHoMuKa, MeTos Jlebhu, MoaearpoBaHue, pa3sBUTHE HAYKH, SKODOp-
CaiT, 9KOJIOTHYECKOE TIAHUPOBAHHE.
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