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Abstract—In recent years, the problem of global climate change has become one of the significant challenges
for ensuring the sustainability of the functioning and growth in the market value of the world’s leading indus-
trial companies. Based on the latest data, the article describes the scale and impact of climate change on the
development of companies and also considers some corporate strategies for reducing climate risks and adapt-
ing to the consequences of climate change. It is shown that, acting as a significant factor in the financial losses
of business, the growing climate change, at the same time, indirectly contribute to the acceleration of the
environmentally oriented transformation of corporate management systems and technological moderniza-
tion of production complexes, creating, in conjunction with other technological and production trends, new
sources of long-term competitiveness and market value. The article presents the characteristics of the priori-
ties in the state industrial policy in the context of climate change.

Keywords: company, climate change, climate-related risks, low-carbon technology, adaptation, green econ-
omy, green growth, sustainable development, modernization, corporate strategies
DOI: 10.1134/S1075700721050130

Climate change as a global challenge to the develop-
ment of the world economy. The last decades have been
marked by growing changes in the functioning of cli-
mate regimes manifested in a rise in the average global
temperature of the atmosphere, an increase in precip-
itation, a reduction in the ice cover of the circumpolar
territories, an increase in the frequency and scale of
weather and climatic anomalies (f loods, hurricanes,
heat waves, droughts, etc.) and large-scale shifts in the
modes of ecosystems’ functioning. The totality of
these processes, which has received the generalized
name of global climate change in the scientific litera-
ture, in recent years has firmly entered the number of
significant challenges to sustainability in the function-
ing of the world economy as a whole and its various
levels, including national economies, industries, large
companies, and cities.

According to the latest data from global monitor-
ing, climate change processes continue to intensify.
The average global temperature of surface atmosphere
in 2020 was 1.2 ± 0.1°C higher than the level of the so-
called preindustrial period (i.e., 1850–1900 taken as a
base) [1]. The years 2015–2019 became the warmest
five-year period since the beginning of regular hydro-
meteorological monitoring: the average global tem-
perature exceeded the corresponding values of the
previous five-year period by 0.21 ± 0.08°C [2, p. 6].
The concentration of greenhouse gases in the atmo-
sphere is currently at record levels. The rate of sea level

rise in 2014–2019 was approximately 5 mm/yr, com-
pared with an average of 3.24 mm/yr for the period
1993–2019, due to the accelerated melting of the Ant-
arctic and Greenland ice sheets. The annual amount
of ice loss in Antarctica increased from 40 Gt in 1979–
1990 to 252 Gt in 2009–2017, i.e., more than six times
[2, pp. 10–11]. In 2019, the CO2 concentration
reached 410.5 ± 0.2 parts per million (ppm) represent-
ing 148% of the preindustrial level [1]. Despite a short-
term reduction in current CO2 emissions caused by
quarantine measures during the onset of the COVID-
19 pandemic1, the cumulative CO2 concentration con-
tinued to increase in 2020 [1].

The scale of the climate change observed and
expected during the 21st century suggests its being one
of the most significant groups of risks to socioeco-
nomic development in the world and in Russia. This is
confirmed by the available quantitative estimates and
forecasts of the impact made by climate change on
long-term GDP growth rates. For example, according
to the forecast model developed by experts from the
Organization for Economic Cooperation and Devel-
opment (OECD), for the range of expected tempera-

1 According to preliminary estimates, at the beginning of April
2020, the daily global CO2 emissions were reduced by 17% com-
pared to the 2019 level, by more than half, due to the reduction in
traffic flows; the maximum reductions in individual countries are
estimated at 26% [3], and for 2020 as a whole, by about 7% [4].
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ture increases from 1.5 to 4.5°C, the annual volume of
lost GDP growth until 2060 may amount to about 2 pp
(in the range from 1 to 3.3 pp) [5, p. 12]. The main fac-
tors of this influence are a decrease in labor productiv-
ity and other negative consequences for the health of
the population (0.9 pp), as well as damage to agricul-
ture (0.8 pp). At the same time, in 2040–2060, it is
expected that damage to health will almost double,
and for agriculture increase threefold [5, p. 58]. There
is also a threat of a significant reduction in world GDP
per capita, which, according to the results of one of the
studies [6], may decrease by 15–25% for warming by
2.5–3°C and by 30% for warming by 4°C (compared
to a hypothetical scenario of no further global warm-
ing); in turn, the authors of the study estimate the
cumulative economic benefits of keeping the tempera-
ture rise within 1.5°C at 20 trillion US dollars [6].

Increase in corporate risks due to climate change.
Climate change is becoming an increasingly important
factor in the long-term development of companies,
especially multinational companies, which carry out
business operations and operate production and sup-
ply chains around the world. At the same time, climate
change primarily act as a risk factor for the long-term
market and financial stability of companies and the
continuity of their business processes. For example,
according to the results of a survey of 5050 CEOs from
100 world’s countries conducted by the PwC consult-
ing company in February–March 2021, climate
change was indicated by 30% of surveyed CEOs as one
of the most significant threats (in 2020 this figure was
24%) [7, p. 7]. According to the data provided by CDP
(a nonprofit organization that develops systems and
standards for corporate reporting in the field of green-
house gases) for 2018, the world’s 215 largest companies,
accounting for 16.95 trillion US dollars of market capital-
ization, estimate the total value of assets exposed to cli-
mate-related risks in the amount of 970 billion US dol-
lars. Moreover, about half of this volume refers to the
period of the next five years [8, p. 6].

One of the key methodological issues of analyzing
the impact of climate change at company level is that
they can, to a certain extent, affect all business pro-
cesses and management systems in companies. Gen-
eralizing two types of impact (and the corresponding
risk groups) can be distinguished, i.e., direct, associ-
ated with the consequences of climate-related changes
in the natural environment, and indirect, associated
with changes in the market environment (new regula-
tion, shifts in consumer behavior, etc.) (for more
details, see [9])2.

Direct consequences of climate change cover a
wide range of natural processes, hydrological (f loods,
etc.) and meteorological (hurricanes, extreme tem-

2 It should be noted that in scientific literature, the term “physical
risks” is also used to denote direct risks (impact factors), and the
term “transition risks” to a green, low-carbon economy is used
to denote indirect ones (see, for example, [10]).
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peratures, etc.) natural emergencies. By the nature of
their manifestation, they can be subdivided into
extreme (weather and climatic anomalies, natural
disasters) and relatively gradual changes in ecosystems
(primarily the processes of permafrost thawing,
desertification, sea level rise, etc.). These phenomena
inflict significant damage not only on economic activ-
ity, but also on other major components of national
wealth: human capital (public health) and natural
capital (degradation of ecosystems).

One of the major threats to public health, labor
productivity, and the sustainability of business pro-
cesses is the increased frequency of heat waves.
According to the International Labor Organization
(ILO), in 1995, heat wave losses in the world
accounted for 1.4% of working hours, which led to an
economic loss of 280 billion US dollars in PPP;
according to the forecast, by 2030, the value of these
losses will increase to 2.2%, which will amount to 2.4
trillion US dollars [11, p. 26]. The scale of this kind of
negative consequences in Russia manifested itself during
a record heat wave in the summer of 2010, which led to
serious financial damage in a number of industries,
including the agro-industrial complex as a result of crop
losses (according to the Ministry of Agriculture, the
damage amounted to 41.8 billion rubles), industry
incurred damage due to a decrease in labor productivity
(during the peak of the heat it was up to 30–50%) and a
temporary suspension of production [9].

With regard to gradual shifts in ecosystem func-
tioning modes, the cumulative global losses from such
shifts can reach hundreds of billions of US dollars. For
example, the cumulative losses of the world economy
from the rise in sea level to 2100 can range from 2.6
trillion US dollars (approximately 30 billion dol-
lars/year) to 6.5 trillion US dollars (159 billion US
dollars/year) depending on the scenario [12, p. 7].

For Russia, a significant part of whose territory is
located on permafrost, the problem of increasing
damage from thawing of permafrost is extremely
urgent. According to estimates, the cumulative dam-
age from this factor only to buildings and structures
located on permafrost soils over the period 2020–2050
can range from 420 billion rubles to 3.36 trillion
rubles, depending on the development scenario for the
housing sector [13].

Along with a significant increase in the expected
corporate losses from the direct consequences of cli-
mate change in the foreseeable future, an even more
significant impact on the strategies and development
prospects of companies will be exerted by indirect
consequences caused by changes in the market envi-
ronment of companies, as a result of which environ-
mental and climatic factors determined by externali-
ties are gradually becoming an important element of
strategic management. At the international level, this
is promoted by two key documents adopted in 2015,
i.e., the UN Sustainable Development Goals (SDGs)
ECONOMIC DEVELOPMENT  Vol. 32  No. 5  2021
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until 2030 and the Paris Agreement, which, along with
other international agreements, set a general institu-
tional framework for the transition of the world econ-
omy to sustainable development based on evolving
environmental (including low-carbon) technologies
and the corresponding modernization of industrial
complexes and infrastructure.

Leading industrialized and many developing coun-
tries have adopted strategies for transition to green
growth, i.e., such economic growth, which does not
lead to further degradation of the natural environ-
ment, promotes an effective balance between eco-
nomic growth, environmental and resource con-
straints of ecosystems, and the biosphere as a whole, as
well as public interests. This brings about, on the one
hand, tightening of economic policy, including the
introduction of increased requirements for industrial
enterprises to reduce greenhouse gas emissions, up to
the introduction of carbon taxes, technological mod-
ernization of production (e.g., through the institu-
tional mechanism of the best available technologies).
On the other hand, such a policy (and often with direct
financial support from the state) results in the active
creation of new market segments and niches and in
opening up of new opportunities for diversification of
production.

It should be emphasized that these measures of
state regulation are aimed at solving two fundamental
problems. The first one is associated with the simula-
tion of technological and structural shifts in the econ-
omy, leading to an increase in its energy and carbon
productivity; reducing dependence on energy imports;
stabilization and subsequent reduction of air pollution
levels, which pose significant risks to public health.
Over the period 1990–2015, the level of energy pro-
ductivity (GDP/TOE) in the world has approximately
doubled, in the OECD countries it increased 1.5
times, in the BRICS countries 1.7 times, and in Russia
1.4 times [14, p. 39] (for more details, see [15]). The
other key task of the state policy in the field of ecology
and climate is to ensure the competitiveness of the
national economy and the use of environmental
(including climate) regulation as a tool of competition.
It is in this context that we should view, for example,
the EU measures taken to introduce a cross-border
carbon tax on imports of products, the main purpose
of which is to protect domestic producers. Thus, com-
pliance with environmental and climatic standards
becomes one of the factors of access to promising mar-
kets.

No less significant changes are associated with an
increase in the role played by environmental and cli-
matic factors in making consumer decisions. Thus,
according to the survey covering 7520 people in nine
countries3, 42% have changed their consumption hab-
its under the influence of environmental factors and

3 United States, UK, Sweden, France, Germany, Netherlands,
Italy, Spain, India.
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another 37% may change them in the future. In addi-
tion, 53% of the respondents indicated that they began
to use the products of lesser-known brands and man-
ufacturers, which they consider environmentally and
socially responsible [16, p. 7, 19]. Among the environ-
mentally friendly consumer habits, the respondents
mentioned, in particular, the following: minimizing
food waste (60% of respondents), using energy effi-
cient devices (45%), buying local/seasonal food
(42%), and using their own packaging (68%) [16, p. 8].
At the same time, there is a significant gap between
declared readiness or approval of environmentally
friendly products and the respondents’ actual pur-
chase, which is usually due to the higher price of such
products (for more details, see, e.g., [17]). Thus, prog-
ress in the mass adoption of environmentally sustain-
able consumption patterns depends to a large extent on
the standard of living and growth in the well-being of
the population.

Technological and structural transformations of com-
panies in the conditions of climate change. The response
from business to the intensified environmental and cli-
mate-related risks in recent years has been the active
adoption of innovative technologies aimed at reducing
the specific consumption of energy and other material
resources in the industrial and infrastructure sectors,
adoption of systems for analyzing and optimizing the
consumption of natural resources, the volume of
greenhouse gas emissions for all stages of production,
including through the use of smart grids and other
information technologies.

In a broader context, we observe an evolution of the
management approaches adopted by companies to
environmental and climatic problems, which consists
in the increasingly complete inclusion of these factors
in the systems of the companies’ strategic planning
and in making strategic decisions, from the choice of
the geographical location for new production facilities
to the standards of working conditions for employees.
Specific management subsystems that integrate cer-
tain aspects of accounting for environmental and cli-
matic factors include the following management sub-
systems: risk, quality, costs, reputation (brand), and
competitiveness as well as areas such as innovation and
development, internal control and audit systems, cor-
porate social responsibility, interaction with stake-
holders, etc. [18].

One of the components of these strategic transfor-
mations in world industrial companies is active devel-
opment systems of green (sustainable) industrial pro-
duction. This process includes the innovative environ-
mentally oriented modernization of the production
systems consisting of two key components: mitigation
and adaptation. The first (mitigation) strategy is
aimed at building innovative production systems that
are focused on minimizing the consumption of natural
resources and the magnitude of social and environ-
mental damage, as well as the production of environ-
 Vol. 32  No. 5  2021
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Table 1. Directions of green modernization for industrial companies

Source. Compiled by the author.

Directions of green 
modernization for a company Characteristic Long-term strategic targets

Improving the environmental 
attributes of products

Ensuring improvements in the environmental attri-
butes of products, development of new environmen-
tally friendly products

Environmentally friendly prod-
ucts

Minimizing emissions Installation of treatment facilities, introduction of 
production technologies that minimize environmen-
tal pollution and harm to public health

Environmentally friendly pro-
duction systems

Decarbonization Reducing the carbon intensity of production through 
improved energy efficiency and wider use of low-car-
bon energy sources (including nuclear)

Carbon neutral production sys-
tems

Reducing energy and material 
intensity

Reduction of energy and resource losses, introduction 
of new technologies, materials, production methods 
(including additive and digital technologies)

Smart manufacturing

Waste management Minimization of volumes and recycling of industrial 
waste and MSW, creation of an infrastructure for the 
disposal and recycling of out-of-service products

Formation of circular production 
systems (waste-free production)

Socially oriented changes Minimization (refusal) of using child labor, improve-
ment of working conditions in production, etc.

Human-centered socially 
responsible production
mentally friendly products, if this is in line with the
strategic interests of the company (Table 1). The adap-
tation direction provides for the development and
implementation of strategies for ensuring the long-
term sustainability and continuity of the company’s
production infrastructure (in particular, covering the
entire supply chain through joint development of stan-
dards and procedures with suppliers). The considered
interpretation of sustainable production is generally
consistent with the paradigm of inclusive and sustain-
able industrial development elaborated by the United
Nations Industrial Development Organization
(UNIDO) [19–20].

At the same time, the sustainable (green) model of
socioeconomic development, which is gradually being
formed in the world, faces significant challenges, both
of a practical and technological nature (including the
rate of reduction of greenhouse gas emissions that are
insufficient to meet the target indicators of the Paris
Agreement), and methodological problems caused by
the complexity of taking into account environmental
restrictions and public interests when making business
decisions, as well as conflicting interests, since the
necessary progress can only be achieved with mutual
coordination of changes at each level of the world
economy.

It seems that the main problems at the global level
are contradictions in the economic interests of various
agents (states, corporations etc), the lack of a unified
vision for the future economic system that would sat-
isfy the interests of all major economic agents. Under
these conditions, the ideas and principles of green
STUDIES ON RUSSIAN 
economy are often distorted in favor of narrow com-
mercial interests. The lack of a realistic image project-
ing the future of the green economy is also associated
with the apparent lack of existing market mechanisms
stimulating transforming corporate strategies, and
modifying consumer behavior.

At the level of national economies and their indi-
vidual sectors, there is an additionally arising problem
of imbalance in socioeconomic development. The
adoption of strict environmental legislation can
undermine the sustainability and competitiveness of
domestic producers, and the delay in the adoption of
innovative green technologies creates the risk of losing
the competitive advantages of their timely introduc-
tion and ousting Russian companies from the global
(and, in the long term, domestic) markets. Even more
fundamental is the problem of the lack of new indica-
tors for measuring the quality of economic growth.
The methodology employed so far and closely tied to
the GDP indicator does not take into account many of
the negative environmental and social consequences
of unbalanced economic growth.

At the regional level, complex methodological
problems are yet to be solved in order to provide full
accounting of the impact made by industrial produc-
tion on the environment and ecosystems of specific
territories, and to assess due compensation of damage
caused by economic activities to public health as well
as the sustainability of the natural environment.

At the microeconomic level, a fundamental con-
tradiction persists between the business orientation
towards maximizing (short-term) profits and environ-
ECONOMIC DEVELOPMENT  Vol. 32  No. 5  2021
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mental and social development priorities that ensure
an increase in business capitalization and the creation
of public goods on time horizons that exceed the
investment payback periods of many industries. With-
out changing the logic and principles of making
investment and, more broadly, strategic decisions, the
possibilities for more active participation of business
in the green modernization of production, apparently,
will remain limited.

Finally, at the individual level, corporate policies
that use a wide range of advertising and marketing
strategies to stimulate excess demand for goods and
services are a serious obstacle to adoption of sustain-
able consumption models, which create correspond-
ing consumption habits. In addition, environmentally
sustainable consumption practices can often be inac-
cessible to the general population, especially in devel-
oping countries, due to low incomes, as well as to the
lack of adequate infrastructure, hence hindering the
choice of environmentally safer working conditions,
place of residence, etc.

Thus, the development of a new green model of
socioeconomic development is a long-term complex
process that requires changes at all levels of the world
economy, as well as significant development of tech-
nologies available for mass adoption, for social
changes aimed at more fully taking into account the
interests of society in social (ensuring sustainable
employment and income levels, reducing extreme
poverty, hunger, etc.) and ecological (preventing
excessive degradation of the natural environment and
reducing biodiversity loss, minimizing damage from
climate change) areas. These problems can only be
solved with the development of new social principles
and economic tools based on them.

On guidelines of state industrial policy under climate
change. With all the significance of the problems con-
nected with internal technological and structural
transformations of industrial companies, the imple-
mentation of successful strategies for reducing cli-
mate-related risks and adapting to climate change,
especially in Russian conditions, is only possible with
effective interaction between the state and business,
building a long-term industrial policy that, firstly,
should take into account the factor of climate change
when working out strategies for the development of
industries and interaction with major industrial com-
panies; secondly, it should be consistent with long-
term technological trends in the transition to green
growth, reduction of carbon intensity, and the forma-
tion of innovative production systems that correspond
to the conditions of the sixth technological set that is
currently being formed in the world.

State industrial policy in the field of climate change
should be aimed mainly at technological moderniza-
tion, improving balance, and creating additional
opportunities for the development of the domestic
STUDIES ON RUSSIAN ECONOMIC DEVELOPMENT 
industry, which are provided by technological progress
in the field of green technologies.

These include, first of all, overcoming (reducing)
technological lag (and, as a consequence, lagging
behind in terms of economic growth) not only from
industrially developed, but also from many develop-
ing, countries. Thus, the average annual growth rate of
the Russian economy over the past ten years
amounted to mere 0.9%, compared with 3% of the
average annual growth in the world economy. As a
result, “Russia showed the worst economic perfor-
mance among countries (except Venezuela) with a
high share of the raw materials sector in the structure
of GDP” [21, p. 4]. If this negative trend persists, a
further reduction in technological and economic
potential creates a critical threat to national security
associated with the finalization of Russia’s economic
specialization in global supply chains as a supplier of
natural resources and qualified human capital. Thus,
the priority task of strategic planning and, in particu-
lar, of the state industrial policy, should be the accel-
erated restoration of internal technological and eco-
nomic potential as a pillar of the country’s long-term
development; working out a new model of economic
growth focused on the balanced development of all
sectors in the economy based on the domestic market
and the introduction of innovative technologies; cre-
ation of an independent financial and investment cen-
ter in Russia, focused, among other things, on financ-
ing industrial innovations and infrastructure sectors in
order to increase the long-term competitiveness of the
Russian economy and the quality of life of the coun-
try’s population.

From these positions, the tasks and functions of
industrial policy are significantly expanded and go
beyond the definition established by the specialized
Federal Law On Industrial Policy in the Russian Fed-
eration, in accordance with which industrial policy is
considered as “a set of legal, economic, organiza-
tional, and other measures aimed at the development
of the industrial potential of the Russian Federation,
ensuring the output of competitive industrial prod-
ucts” [22]. It is more appropriate to speak of a struc-
tural and investment policy, which implies “a set of
measures aimed at smoothing out the disproportions
of a sectoral, technological, and spatial nature that
impede interaction between sectors of the economy
and are not eliminated by traditional market mecha-
nisms, and which include a system of targeted actions
aimed at developing mechanisms for financing invest-
ment in the main capital” [23, p. 10], including those
based on targeted programs for the development of
specific industries and types of economic activity.

Within the framework of such a comprehensive
approach, the strategic role of the green factor in the
development of individual industries, intersectoral
relations and structural shifts is to be increased. At the
same time, it should be emphasized that the formation
 Vol. 32  No. 5  2021
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of a green economy is a fundamental technological
and socioeconomic macrotrend that should be taken
into account and used in Russia to solve acute prob-
lems of modernizing industry and infrastructure,
reducing levels of environmental pollution, and
improving the quality of life of the country’s popula-
tion. This, however, does not mean that one should
blindly copy the strategies and approaches of other
countries without adapting them to the development
peculiarities of the domestic economy and the priori-
ties of ensuring its long-term competitiveness.

On the contrary, the priorities for the development
of climate policy in Russia should take into account for
the foreseeable future the preserved role of the fuel and
energy complex as a backbone sector of the economy
and export, as well as the richest mineral resource
base, which is the key to the country’s resource inde-
pendence and its key strategic advantage. As rightly
noted in [24, p. 47], “green technologies are not only
and not so much alternative types of energy, but also
the effective use and capitalization of Russia’s natural
advantages in the form of water, forest, and soil
resources.” Thus, the major priority is the accelerated
modernization of the energy and mining sectors,
including the introduction of digital and green tech-
nologies (for more details, see [25]), in particular,
minimization of heat energy losses during its transmis-
sion in utility networks, as well as the number of pipe-
line accidents caused by man-made and natural fac-
tors. In addition, we believe that the green economy
can make a significant contribution to the develop-
ment of new approaches to spatial development,
allowing to take into account the value of ecosystem
services of territories (for example, forest lands) and
create a system for monitoring the quality of the natu-
ral environment, promote the development of domes-
tic, including ecological, tourism, etc.

A balanced industrial policy presupposes taking
into account the risks of excessively tightened norms
for environmental regulation of industrial production,
including those caused by the need to fulfill Russia’s
obligations under the Paris Agreement on climate
change. This agreement, while opening up certain
opportunities for stimulating high-tech low-carbon
industries, at the same time creates serious risks to the
competitiveness of the domestic industry in the event
of the adoption of a federal law on the regulation of
greenhouse gas emissions, which provides, among
other things, ways for limiting the volume of these
emissions, which in fact directly limits the growth
potential of industries. The calculations made by the
Institute of Economic Forecasting, RAS, show that
“The implementation of an ‘aggressive’ scenario for
reducing net greenhouse gas emissions in Russia and
the world (which implies a sharp reduction in hydro-
carbon production, accelerated introduction of
renewable energy and electric transport technologies,
the introduction of a tax on greenhouse gas emissions,
and a number of other ‘low-carbon shock therapy’
STUDIES ON RUSSIAN 
measures) turns out to be incompatible with sustain-
able economic growth” as it leads to a “loss of 1.8 pp
average annual GDP growth rate in the period up to
2050”4.

Thus, climate change, becoming one of the key
factors in the development of companies, involves
both significant risks that require system-based man-
agement strategies, including adaptation, and new
opportunities for developing markets, increasing the
sustainability of business processes, and, most impor-
tantly, rethinking the strategic priorities of business
and looking for sources of competitiveness and capi-
talization growth that are more responsive to environ-
mental constraints and public interests. The success in
working out a new paradigm for the development of
companies as well as the effectiveness of the public
industrial policy will largely determine both the sever-
ity of the growing environmental and climatic crisis
and the scale of its consequences for the economy and
society.
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