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Abstract: The article deals with the competitiveness of regions in the face of climate change. The
aim was to present the concept of measuring the Regional Climate Change Competitiveness Index.
We used a comparative and logical analysis of the concept of regional competitiveness and heuristic
conceptual methods to construct the index and measurement scale. The structure of the index includes
six broad sub-indexes: Basic, Natural, Efficiency, Innovation, Sectoral, Social, and 89 indicators. A
practical application of the model was presented for the Mazowieckie province in Poland. This
allowed the region’s performance in the context of climate change to be presented, and regional
weaknesses in the process of adaptation to climate change to be identified. The conclusions of the
research confirm the possibility of applying the Regional Climate Change Competitiveness Index in
the economic analysis and strategic planning. The presented model constitutes one of the earliest
tools for the evaluation of climate change competitiveness at a regional level.

Keywords: climate change; economic; regional competitiveness; model

1. Introduction

The essence of competitiveness is to make time–space comparisons. It is viewed as a
benchmark enabling the competitive position of an organization to be compared against
that of the remaining organizations. Studies of regions’ competitiveness are rooted in earlier
theories of regional economy and economic geography (for review, see [1,2]) including the
economic growth theory, theory of new economic geography and contemporary theories of
regional development. Recommendations emerging from the theories, as well as political
initiatives, offer a field for the improvement of capacity and motivation of regions for long-
term economic growth, including in the sustainable development context [3]. Although a
wide range of policy-related actions to improve economic results have been taken, both
at the European and national levels, many challenges regions face still remain. Climate
change constitutes one of such challenges. As an economic risk, global warming may pose
a threat to 15% of the world’s total GDP by 2050, while as a physical risk, it may contribute
to a 20–30% decline in the biological diversity [4]. The Paris Agreement, signed in 2015,
emphasized the importance of the socio-economic adaptation to climate change at the
national and subnational level.

The diversity of the (social, economic and physical) effects of climate change, depends
on the country, but also on the region. Some of the effects stem from a generalized global
change, such as rising temperatures, and result in local consequences. In other cases, the
change may be related to the transition to low-carbon economy. In such instances, the
regional effect may be disproportionate and will not necessarily follow the global trend.
Such changes can alter local conditions and affect the region’s competitiveness as well.

The concept of climate change competitiveness is a part of an economic approach to
competitiveness which combines economic outcomes with improved living standards and

Energies 2021, 14, 3704. https://doi.org/10.3390/en14123704 https://www.mdpi.com/journal/energies

https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0001-7429-5938
https://orcid.org/0000-0002-4755-6060
https://doi.org/10.3390/en14123704
https://doi.org/10.3390/en14123704
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14123704
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en14123704?type=check_update&version=2


Energies 2021, 14, 3704 2 of 17

real income. The regional climate change competitiveness denotes the ability of a region to
achieve and sustain the competitive advantage and attain economic and social development
under climate change constraints when compared with other regions in the process of
development. This concept is the extension of regional competitiveness, taking into account
the region’s impact on climate change and the region’s adaptive activities. Throughout the
past 20 years, scholars have studied climate change competitiveness issues from three main
perspectives. The first is the relationship between climate policy and competitiveness. Aldy
and Pizer [5] propounded a model discussing the impact of energy prices (being a tool of
environmental protection policy) on production and net imports. Similarly, Ward et al. [6]
estimated how the prices of the final output would respond to the introduction of a global
carbon price. The second perspective is the relationship between the low-carbon economy
and a country’s competitiveness. Li, Pu and Wang [7] proposed an evaluation system
based on the DPSIR model. They successively estimated low-carbon competitiveness
with the TOPSIS method, and comparatively analyzed spatial differences. Wang et al. [8]
offered an evaluation index system composed of 25 economic, social, environmental and
policy-related indicators. The index assesses a country’s policy, levels of clean energy
penetration, the level of price attractiveness for clean energy deployment, investments,
power sector structure and financing parameters. The third perspective focuses upon the
impact of climate change on competitiveness. Srivastava et al. assess the potential for profit
acquisition from the conversion to low-carbon products and processes. They highlight the
ability to maintain market share (measured by existing comparative advantages) and the
most convenient starting point (measured by the current output and scale). According
to Flachenecker [9], material productivity can support competitiveness and serve the
achievement of mitigation goals.

The Climate Competitiveness Index [10] constitutes a comprehensive system for the
assessment of climate change competitiveness at a national level. The index is a metric
that analyses low-carbon leadership, performance and accountability. This index shows
the performance of 95 countries in relation to the pursuit of a low-carbon economy. It
takes into account, inter alia, the volume of greenhouse gas reduction, the generation of
new jobs, technological innovation and creation of business opportunities. Meanwhile, the
Climate Institute of Australia and E3G (Third Generation Environmentalism) proposed a
low-carbon competitiveness index which was designed to measure 19 different variables
at the national level. Although certain efforts have been made to evaluate the regional
competitiveness of climate change, such as those evidenced above, they are incidental
in character. Previous studies have two important gaps. Firstly, they focus on national
competitiveness, ignoring internal differentiation at the subnational level. This may lead to
erroneous conclusions that the competitiveness of regions is tantamount to the competi-
tiveness of a country. Secondly, the research on regions only takes into account the problem
of competitiveness as a result of the transition to the low-carbon economy. Meanwhile,
climate change competitiveness goes beyond low-carbon competitiveness, which focuses
on gaining an advantage by reducing emissions through low-carbon technologies and
products. It can be argued that a region’s climate change competitiveness may be based on
low-carbon innovation. However, such an approach is insufficient. From a practical point
of view, the research conducted so far does not propose tools for measuring climate com-
petitiveness, which makes it difficult for policy-makers to plan regional adaptive measures.
There is still an urgent need for a more in-depth understanding of the relationship between
climate change and regional competitiveness, in particular, the development of models for
assessing the regional climate change competitiveness.

Given this gap in the literature, the present study aims to develop a regional climate
change competitiveness evaluation method, including an index and measurement scales.
The study discusses a method facilitating the evaluation of the current level of the regional
climate change competitiveness. The study builds on the conceptual approach to com-
petitiveness proposed by Cho and Moon [11] as well as the measurement methodology
of the Regional Competitiveness Index (RCI) for the determination of competitiveness-
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related variables. We used a comparative and logical analysis of the concept of regional
competitiveness and heuristic conceptual methods to construct the RCCCI index, which
estimated the level of competitiveness of a region and its pillars in the conditions of climate
change. The contribution of the present article is that it addresses the existing research gap
regarding regional competitiveness. The definition and method for assessing the climate
change competitiveness of the region offered in the study supplies a multi-aspect and
comparable view of a region’s competitiveness in relation to climate change. Secondly, it
constitutes one of the earliest studies to focus on developing a method for the evaluation
of the regional climate change competitiveness. Thus, the proposed model allows us to
estimate the region’s ability to provide, in relation to other regions, a socio-economic envi-
ronment that will enable the production of goods and services in the conditions of current
and future climate changes. At the same time, it allows areas requiring improvement to
be identified. Finally, the method proposed in the article is conducive to promoting the
development of regions under a climate change environment and to creating a new model
for studying regional competitiveness.

The remaining parts of this article are organized as follows. Section 2 is devoted to
the discussion of previous works on competitiveness, the impact of climate change on
competitiveness, and intersections between regional competitiveness and climate change.
This offers a basis for the definition of a region’s climate change competitiveness. In
Section 3, we presented detailed explanations serving as a reference for constructing the
conceptual framework. Section 4 proposes a conceptual method for the evaluation of
the index of the regional climate change competitiveness. Section 5 discusses practical
applications and implications of the concept.

2. Background of Regional Competitiveness

Regional competitiveness is one of the levels of economic competitiveness (alongside
micro and macro-economic competitiveness), which expresses the economic strength of an
individual against its rivals in the global marketplace [12] (p. 564).

In order to gain an understanding of the meaning of competitiveness, one should
differentiate between micro, meso and macro competitiveness. This stems from the fact
that competitiveness emerges on the micro, regional or macroeconomic level.

Macroeconomic competitiveness is defined as the level at which a country, under
market economy conditions, is able to deliver goods and services that meet the test of
foreign competition and which simultaneously maintain and go beyond the domestic real
income [13]. It is the ability to ensure balance concerning trade in fair and free market
conditions [14]. This and other definitions indicate that macroeconomic competitiveness
is related to economic outcomes that improve living standards and real income. The
definitions are based on the premise concerning the existence of an open market. Some
scholars (e.g., [15]) put the usefulness of the competitiveness concept into question and
dispute the ability of nations to compete among themselves. However, several international
studies, such as the Global Entrepreneurship Monitor, World Competitiveness Yearbook,
and Global Competitiveness Report, point to the possibility of the business environment
being shaped by the government, which consequently may contribute to the nation’s
competitiveness.

Macroeconomic competitiveness is associated with the following characteristics [16]:

1. It embraces rising living standards or real incomes as indicators of economic success.
2. It is based on the open market, where competition from foreign producers exists.
3. It points to the advantage of long-term competitiveness, which will allow favorable

results to be maintained on a permanent basis.

Such an approach views competitiveness as an outcome and links it with the capacity
of an economy to export or with the level of productivity [17]. As far as export is concerned,
competitiveness is benchmarked against export growth. However, such a method may be
unreliable (manipulation of the exchange index). According to Krugman, export capacity
expresses comparative competitiveness instead of absolute competitiveness. Every country
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manifests such competitiveness in relation to certain goods, but lacks the capacity in
relation to other goods. On the other hand, the growth of competitiveness via the growth
of productivity may occur due to labor shedding and holding wage costs down [18]. This
constitutes a low-road route to competitiveness. It treats the category in terms of an
outcome. The assessment of the sources of an economy’s competitiveness which affect
the prospective competitive position constitutes a different approach to the matter. For
example, Iarossi [19] argues that competitiveness ought to be developed based on sources
unique for a particular location. This reflects the high-road route where high productivity
emerges from product and process innovations and investments. According to the Global
Competitiveness Report 2014–2015, competitiveness constitutes a collection of investments,
policies and factors determining the level of a country’ productivity. The sources of regional
competitiveness include human resources, capital resources, technologies, innovations,
as well as factors determining the creation of the resources and their allocation such as
regulations, institutional quality, and economic instruments. In such an approach, the
model of competitiveness analysis is based upon the consideration of the impact of various
factors upon the generation of gross national income, high wages and high living standards.

Microeconomic competitiveness is positioned below national competitiveness. It is
defined as the ability to produce and sell products and services of superior quality and
at lower costs when compared with domestic and international competitors. Competi-
tiveness leads to long-term profit performance which allows for remunerating employees
and providing dividends to owners [20]. On the microeconomic level, competitiveness
is defined as a firm’s capacity to operate in a competitive/profitable manner. A firm’s
competitiveness is its economic strength against its rivals in the conditions of free move-
ment of goods, innovations and people [12]. Such a capacity stems from the delivery of
goods which match market needs in terms of price and quality, which allows the company
to profit and increase their market share. Conversely, macroeconomic competitiveness
offers opportunities for other countries—no win/lose situation emerges. Considering
the competitiveness of countries and enterprises as analogous is erroneous. Failure of an
enterprise results in its liquidation. Such an outcome is impossible in relation to a country.

Regional competitiveness constitutes an interface between the micro and macro ap-
proaches. The sixth periodic report on the regions [21] (p. 10) defines regional competitive-
ness as a capacity to deliver goods and services that meet the terms of the international
market while maintaining a high and sustainable level of income or the region’s capacity
to generate a relatively high level of income and employment. In relation to the RCI, it
constitutes an ability of a region to offer an attractive and sustainable environment for firms
and residents to live and work in. Other authors present a similar position and argue that
regions’ competitiveness is their capacity to attract and retain firms with stable or growing
market share while maintaining or increasing standards of living for those who participate
in it [22] (p. 431). Krugman [15] argues that it may well be more meaningful to talk about
competitiveness at the regional level than at the national level.

Regional competitiveness is discussed as aggregated micro-competitiveness or as a
derivative of national competitiveness. In the first case, it focuses on the significance of
policies for the development of market conditions. It is perceived as aggregated competi-
tiveness of companies. Such an approach is based on the premise that companies and the
region have convergent objectives. Aggregated micro-competitiveness is determined by
factors offering the competitive advantage (quality of business environment), including
demand conditions, strategic context, and related and supporting industries [23]. Accord-
ing to Porter [24], regional competitiveness is primarily determined by the capacity of
local enterprises to achieve superior productivity in certain sectors. A region that is more
efficient (productive) will be able to attract (and retain) labor and capital from other regions.
Such an influx will tend to reinforce that region’s (absolute) productivity lead still further.
The author believes that productivity-based competitiveness (measured as the value of
goods/services delivered per unit of the national human capital and national resources)
depends on the quality of the microeconomic environment (especially physical factors) and
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on the experience of enterprises (including absorption and innovation capacity). Such a
point of view enables competiveness to be considered in terms of a self-propelling process
in which the present factors of competitiveness (inputs) determine the prospective ones
(outputs). Subsequently, the outputs transform into inputs for further cycles/processes of
competitiveness. As a consequence, strategic decisions concerning a region’s development
ought to be based upon data regarding the region’s current competitiveness and potential.

The view of regional competitiveness in terms of aggregated micro-competitiveness
significantly reduces the importance of external factors, i.e., global forces the region may
have no influence over, relations with other regions, and the impact of the global economy.
In addition, it is not fully clear whether a company’s competitive advantage automatically
translates into the region’s productivity or whether the productivity leads to the emergence
of the competitive advantage.

The second approach, which views competitiveness as a macroeconomic derivate,
stems from the argument that productivity constitutes a vital, but insufficient determinant
of regional competitiveness. The productivity level may not necessarily offer a competitive
advantage. Factors enabling the emergence of added value and improvement of citizens’
welfare bear more significance. Kitson et al. [25] indicate that regional competitiveness
must be focused on the sources and long-term growth of the region’s prosperity rather than
upon the restricted understanding of competitiveness viewed via the aspect of resources
and market share. Consequently, it cannot be limited to the exploitation of resources, but
presupposes the identification of growth potentials and constraints of the area and the
strengthening of its unique combination of resources (innovation and creativity, knowledge,
technology, cultural background, tolerance, social networks, trust, responsibility, etc.) in
order to create healthy living conditions [26]. Tsaurkubule et al. [27] highlight that the
assessment of a region’s competitiveness should include one of the main parameters of the
human resource development level. Similarly, de la Vega et al. [28] base competitiveness
on productive capital, human capital, social and institutional capital, infrastructure and
knowledge. If the region possesses technical and social resources as well as institutional
assets that enhance the development of enterprises, it will also exhibit the absolute advan-
tage. As a consequence, owing to the consolidation of resources, the regional policy may
exert a considerable impact upon the advantage. In connection with these considerations,
the region is viewed in the following three manners:

• Place with export specialization—where exports are the main development factor of
the region;

• Source of increasing profits;
• Knowledge hub, extending the “new geographical economy” to include soft factors,

e.g., sociological aspects.

Such views were discussed in detail by Martin [2].
When comparing competitiveness at the regional and national level, it ought to be

noted that regional mechanisms serving to adjust absolute cost differences are available to
a very limited extent. Consequently, low price competitiveness results in a lack of exports
at exogenously determined exchange rates. Furthermore, a region may also “exit” from the
market for highly mobile production factors.

As far as regions’ competitiveness is concerned, several authors emphasize that, as
opposed to enterprises, regions are not independent actors. They do not have full control
over processes occurring in the domain. Their level of identity is lower. Their capacity
does not emerge from the scaled down national economy. Their prosperity is determined
by the government’s macroeconomic policy (fiscal, pecuniary). On the other hand, other
authors observe that regions ought to be considered as units that directly compete with
one another, which are coherent and spatially separate [29,30]. Such authors argue that
regions constitute social aggregations with specific economic structures. We are inclined
to support such views. A region is a geographically separate unit, which shapes its own
environment by means of political and economic instruments. This distinguishes it from
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its “neighbors”. Such a distinct social, technological and institutional context is pictured as
a source of external advantages.

3. Regional Climate Change Competitiveness—Definition of the Concept

Studies concerning competitiveness under climate change conditions tend to en-
compass a 10 years’ perspective. They are usually limited to the subject of low-carbon
competitiveness. The report titled “G20 Low Carbon Competitiveness” [10] may be con-
sidered as a pioneer study in the field. It discusses how major economies adapt to the
carbon-constrained world. It defines low-carbon competiveness as the ability of one coun-
try to provide improved current and future well-being to its residents while promoting
economic prosperity through the low-carbon technological progress constrained by energy
and climate-related environment. Li [31] defined low-carbon economy competitiveness
as a country’s ability to attract and optimize the allocation of factors to create wealth
and improve living standards. Many theoretical and empirical studies concerning low-
carbon competitiveness have been published. Ellis [32] attempted to set up the low-carbon
competitiveness diagnostic for developing countries, to apply the low-carbon logic to
competitiveness analysis and to summarize risks and opportunities different economic
sectors face. Regional low-carbon competitiveness systems proposed by Xu and Yuan [33]
include a low-carbon innovation system, low-carbon production system, low-carbon man-
agement system, low-carbon support system and low-carbon culture system. Chen and
Zhu [34] determined the low-carbon competitiveness model, built an index system based
on low-carbon productivity and economic welfare, and used C-mode theory to determine
future development goals and spatial, social and technological path selection. Pan and
Wang [35] identified important indicators of low-carbon competitiveness through the
principal component analysis method. Catastrophe modeling to measure low-carbon com-
petitiveness was applied by Li et al. [36]. Their verification of the model covered 17 cities in
the Shandong region. Li, Pu and Wang [7] used the DPSIR model to construct indicators for
assessing low-carbon competitiveness, while the assessment itself was conducted using the
TOPSIS method. Yuan and Xu [37] offered the concept of a new index, which includes the
national capacity for development under low-carbon economy and national limitations for
such a development. Development capacity pertains to the capacity for national economy’s
growth, low-carbon technology development, and the capacity for the management of
low-carbon-related issues. The limitations pertain to energy consumption and consump-
tion growth capacity. The aforementioned studies discuss the impact of the transition
to the low-carbon economy upon regional competitiveness. The studies acknowledge
the fact that competitiveness is being constrained by energy, carbon emissions and the
environment in the low-carbon era. What has not been established is the answer to the
question concerning broad implications of climate change in regions, i.e., those not solely
limited to emission reduction.

In light of the previous research on competitiveness, we define the regional climate
change competitiveness as the comprehensive ability of a region to achieve and sustain
the competitive advantage and attain economic and social development under climate
change constraints when compared with other regions in the process of development. This
definition absorbs the idea of competitiveness in the existing literature and puts more stress
on climate change constraints. First, the regional climate change competitiveness is the
extension and development of regional competitiveness. Certainly, it is the new pattern of
regional competitiveness, which emerged as a response to new challenges generated by
climate change. Second, climate change competitiveness emphasizes the constraints that
stem from the GHG emission and environmental climate change (e.g., temperature growth).
Such limitations are valid for any region. As a consequence, the maintenance of the upward
trend despite such limitations manifests regional competitiveness. Third, the formation of
climate change competitiveness relies on the optimal allocation of regional resources. The
core of competitiveness is to create regional competitive advantages—ability to compete,
occupy and control the market based upon regional, environmental, social and financial
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resources. Fourth, this type of competitiveness reflects, on the one hand, the region’s impact
on climate change (e.g., through emissions, resource productivity and size of protected
areas), and on the other hand, the impact of climate change on economic sectors and on the
well-being of inhabitants (e.g., number of deaths, jobs in green industries).

It should also be noted that climate change competitiveness goes beyond low-carbon
competitiveness, which focuses on gaining an advantage by reducing emissions through
low-carbon technologies and products. It can be argued that a region’s climate change
competitiveness may be based on low-carbon innovation. However, such an approach is
insufficient. It requires more diversified and effective adaptive measures that allow the
region to achieve a dominant economic position (in relation to other regions).

Our approach considers regional competitiveness as a cumulative outcome of var-
ious factors. The approach offers answers to the following questions: How do institu-
tions/systems/procedures support a region’s adaptation to climate change, which con-
solidates the region’s previous competitiveness? Which sources of a region’s competitive
advantage may offer the basis for the region’s development under climate change condi-
tions? Which negative outcomes of climate change exert a negative impact upon a region’s
competitiveness?

The development of climate change competitiveness occurs in the process of evolution.
The variability of the surrounding environment generates new conditions and creates a
range of possible patterns of the region’s prospective economic development. It offers
potential new pathways of economic evolution. A region’s adaptive capacity enables it to
exploit opportunities supplied by the region’s economy. In view of the foregoing, a higher
capacity to adapt to climate change enhances competitiveness.

The measurement of regions’ climate change competitiveness is linked to two groups
of indexes. The first group encompasses general indexes which directly address regional
competitiveness or its various domains, e.g., World Competitiveness Rankings, Global
Competitiveness Index, Global Innovation Index. The second group of indexes addresses
environment-protection actions, e.g., Global Green Economy Index, Global Cleantech
Innovation Index, Green Growth Indicators. No competitiveness per se emerges from
such indexes. However, the indexes include factors that determine it. We believe that the
assessment of climate change competitiveness ought to combine the features of both these
index groups.

4. Research Method

The present study is of a conceptual character. Therefore, research methods encompass
the comparative and logical analysis of the concept of regional competitiveness (presented
in the literature) and the process of development of the competitiveness index by means of
heuristic conceptual methods (Figure 1).

The development of the indicator-based system for the evaluation of climate change
competitiveness is composed of the following stages, which when combined, determine
the index-composite indicator [23]:

1. Determination of the pillars of a region’s climate change competitiveness.
2. Identification of the indicators of pillars.
3. Normalization of the values of indicators.
4. Weighting of pillars.
5. Formulation of the function of the index.
6. Analysis of robustness and sensitivity.

Stage 1 determines sub-indexes and classifies the pillars of the regional climate change
competitiveness. On the basis of existing competitiveness studies discussed in Section 3, an
ideal framework for the regional climate change competitiveness is proposed. It includes
six sub-indexes. The reference is the well-established Regional Competitiveness Index
(RCI) model, which served as the basis for this stage. Such an approach is well-grounded.
However, certain variations and adaptations were considered necessary in order to address
climate change. The objective of the selection of pillars from the original RCI model was
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to distinguish those which are significantly, directly and indirectly, affected by climate
change. Next, based upon the review of literature and heuristic methods, additional
categories (pillars) affecting regional competitiveness were identified. The proposed pillars
were subject to a review by experts.The experts’ evaluation was carried out using the
Delphi method. The research included ten experts from different EU regions (targeted
selection) dealing with the issue of the impact of climate change on the region. The
effect of examining the opinions of experts was the acceptance/rejection of the pillars and
indicators proposed for the model. Despite the fact that these pillars are not included
in other models of regional competitiveness, we believe that the skillful application of
opportunities provided by these pillars strengthens the competitiveness. The inclusion
of a broad group of pillars suggests the adoption of a comprehensive approach to the
assessment of climate change competitiveness.
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Stage 2 defines indicators specifying particular pillars. Apart from classic competi-
tiveness indicators (from the Regional Competitiveness Index), new, additional indicators
were included. Indicators illustrating the region’s impact on climate change were added
(e.g., carbon emissions embodied in hotels, restaurants, simplified energy balances), and
the effects of the region’s and sectors’ climate change adaptive measures (e.g., trade in
environmentally related goods, premature deaths attributable to PM 2.5, NO2 and O3 ex-
posure) were incorporated. The following basic criteria for the initial selection of candidate
indicators within each pillar were applied:

(a) Literature review concerning regional competitiveness models, low carbon competi-
tiveness models;

(b) Experts’ opinions;
(c) Balanced number of indicators across pillars.

In order to arrive at the final group of indicators (from the initial list), the multivariate
analysis was used (see Section 5). In total, 89 indicators were distinguished.
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The data were extracted from a variety of sources. Examples of data sources include
international organizations such as the European Environmental Agency, Eurostat, OECD
and sources at the national level.

Stage 3 deals with the normalization of values of indicators defining the pillars. Due
to diversified measurement units, such a normalization constitutes a crucial process of
transformation. The process enables the results obtained in various units and scales to be
compared with one another. The results of the normalization process may be calculated by
means of the arithmetic mean and standard deviation values applied for the evaluation of
the statistical population.

Stage 4 provides weight coefficients to the sub-indexes and pillars. In fact, different
dimensions affect different regions in different ways. As a result, improving the compet-
itiveness of regions which are susceptible and sensitive to climate change the most will
require other priorities than those needed by the less susceptible regions. In the pillars’
computation, this is reflected by a weighting system that takes into account the stage of
climate change performance for the index (measured by the Climate Change Performance
Index). Each sub-index was weighted differently to reflect its relevance in defining the final
index on the basis of the region’s CCPI value. The weights were established by a group of
ten experts representing various climatic regions (Weight values depend on the value of
the CCPI for the region—the RCCCI index is significantly different for the various levels of
the CCPI with increasingly higher means corresponding to the increasing level of the CCPI
(e.g., Innovation sub-index has a higher value in regions with higher CCPI). The weights of
the individual pillars are shown in Appendix B.

A function of the index is formed in Stage 5. It assumes the following linear form
(Equation (1)):

RCCCI = w1Basic + w2Natural + w3E f f iciency + w4 Innovation+
w5Sectoral+w6Social

(1)

where: RCCCI—regional climate change competitiveness index, Basic—result of the Basic
sub-index, Natural—result of the Natural sub-index, Efficiency—result of the Efficiency
sub-index, Innovation—result of the Innovation sub-index, Sectoral—result of the Sectoral
sub-index, Social—result of the Social sub-index, wi—weight coefficient of i sub-index.

Values obtained in the individual sub-indexes are calculated as the arithmetic mean of
pillars ascribed to these.

Stage 6 deals with the analysis of robustness and sensitivity of the index, which enables
us to substantiate the robustness of the index and the transparency of the calculations.

5. Regional Climate Change Competitiveness Index (RCCCI)

The Regional Climate Change Competitiveness Index is a means to evaluate the ability
of a region to use factors of competitiveness for the formation of a competitive position of
the region under climate change conditions. The pursuit of the principle of methodological
reliability, which is essential for the method of competitiveness measurement, is grounded
in the analysis of the choice of competitiveness pillars featured in the literature. It is also
based upon their combination into a common system, as well as upon a methodological
analysis of competitiveness measured by the index. The index was designed with three
objectives in mind. First of all, the index is to reflect the multi-aspect character and latent
nature of competitiveness. The index estimate of the latent dimensions of competitiveness
is viewed as a linear combination of the individual indicators. Secondly, the index includes
the diversified weight of the sub-indexes in order to obtain the full view of competitiveness.
The structure of the index stems from the premise that it constitutes a function of pillars
that can be grouped into six broad sub-indexes: Basic, Natural, Efficiency, Innovation,
Sectoral, and Social. In turn, each of the sub-indexes is a function of the pillars. Figure 2
shows a synoptic view of the aggregation framework followed to build the RCCCI.
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Twenty-eight pillars were used in order to determine the main index (Table 1). In order
to verify the internal consistency of the pillars, a multi-dimensional analysis and correlation
analysis were performed. PCA was used for the reduction of multidimensionality. This
analysis was performed for each of the pillars separately as the highlighted indicators are
numerical. PCA estimated explained variance, correlation coefficients between indicators
and PCA components. The results motivated the decision to exclude certain initial indi-
cators from further analysis. Due to the considerable number of pillars included in the
RCCCI model, this article presents exemplary numerical results for the selected pillars
exclusively—see Appendix C.

Table 1. List of pillars with their description.

Pillar Description Number of
Indicators/Sub-Index

Institutions The category outlines the institutional environment, especially
regulatory and judicial quality, level of corruption. 3/Basic (B)

Macroeconomic stability
Macroeconomic stability measures the quality of general

economic conditions, including the regional gross domestic
product, resource productivity.

4 B

Infrastructure Tangible improvements critical for the operation of economy
and society. 5 B

Education The category outlines the competences of primary school pupils. 6 B

Institutions related to
climate change

The category indicates funding opportunities for investments
addressing environment protection and the quality of climate

protection policies.
3 B

Concentration of
economic entities

Establishes the share of SMEs and mining enterprises in
the sector. 2 B

Water quality Indicates water quality in the region. 1/Natural (N)
Air quality Indicates air quality in the region. 1 N

Biodiversity Determined via the common bird index, resource productivity,
and forested areas. 4 N

Effectiveness in achieving
climate goals

The amount of GHG emissions reduction, RES share in total
energy consumption and energy efficiency. 4 N
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Table 1. Cont.

Pillar Description Number of
Indicators/Sub-Index

Labor market efficiency Indicates structural problems in the region’s economy as well as
the level of occupational activity. 5/Efficiency (E)

Market size Indicates the potential size of the traditional market and that of
the eco-friendly goods market. 2 E

Economic emission intensity Outlines how economic growth contributes to the emission and
resource productivity. 4 E

Resource efficiency Issues connected with resource productivity and consumption. 3 E

Technological readiness Outlines the level at which households and enterprises use and
adopt ICT solutions. 4/Innovation (I)

Innovativeness Outlines employment in science-based sectors in the region, R&D
expenditures, and the number of eco-innovations. 6 I

Agriculture Outlines the impact of climate change upon crop yields. 4/Sectoral (S)

Tourism Outlines potential tourist facilities, changes in tourist trends in
the region, emissions generated by the sector. 2 S

Energy Outlines the share of renewable energy in total energy output,
energy productivity and the SAIDI index. 6 S

Transport Outlines the volume of emissions the sector is responsible for,
share of eco-friendly vehicles. 4 S

Industry Outlines the volume of emissions the sector is responsible for,
emissions linked with energy and heating. 3 S

Buildings Outlines the volume of emissions the sector is responsible for,
energy consumption in the sector. 2 S

Social development Determined based on the Happy Planet Index, HDI Index. 2/Social (Soc)
Awareness Outlines the way climate change is perceived. 1 Soc

Attitude Outlines measures undertaken by individuals against
climate change. 1 Soc

Perceived quality of life Determined based on life satisfaction. 1 Soc
Health Outlines life expectancy, number of hospitals in the region. 3 Soc

NGO power Percentage of people employed in the sector. 2 Soc

The best way to prove the practical applicability of the proposed approach to evaluate
climate change impacts on regional competitiveness based on the indicators system is to
conduct a case study for a selected European region at the NUTS 2 level. Such an approach
may help to illustrate the main strengths and weaknesses of this method. Thus, the next
section of the article discusses the application of the RCCCI in the Mazowieckie province
(central Poland).

6. Application of the Model to the Mazowieckie Province

This section presents the results of the competitiveness analysis for the Mazowieckie
province—NUTS2 level. The choice of the region for the case study is justified by the fact
that, in the light of the current paradigm of regional development, it is the most competitive
region of Poland. Raw data were extracted from public databases—Eurostat, EEA, OECD
as well as regional databases. Taking into account the fact that certain pieces of data
for 2020 have not been published, this study collected the latest available data for each
surveyed region. Our analysis encompassed 30 European regions selected randomly. Three
types of problems occurred as regards raw data. First of all, indicators were presented by
means of the interval scale (e.g., snow cover). As a consequence, values were attributed
to intervals by means of 1–3 codes. Secondly, negative relations emerged. Such relations
denote indicators which negatively affect competitiveness (e.g., premature deaths). We
assume the values of these indicators for the model with a negative sign. The third problem
concerned the lack of data on the regional level with country level data available. In this
case, the imputation method was adopted. The method imputes missing data by statistical
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estimates using available data. For a certain country, for region j and indicator Xi, the
procedure calculates the following ratio (Equation (2)):

rj
i =

Xnational
i

Xregional
ij

(2)

where Xnational
i is the value of indicator Xi at the country level, and Xregional

ij is the value of
Xi for region j in the country.

After the standardization process, raw data were converted to dimensionless values.
This means that the value of each sub-index was highly comparable. As a consequence,
a comprehensive evaluation was enabled. In accordance with the presented model, the
standardized data reflect each region’s relative position in the corresponding sub-indexes.
Data for the Mazowieckie province (before standardization) are listed in Appendix A.

The values of sub-indexes were calculated as a mean value of pillars (Table 2). For
the computation of the overall RCCCI index, each sub-index was weighted differently to
reflect its relevance in defining the final index on the basis of the region’s CCPI value. The
Mazowieckie province scored “very low” on the CCPI index. Such a score reflects the
situation where climate protection efforts and progress are slight. As a consequence, the
level of climate change competitiveness is driven by basic socio-economic factors. It is also
determined by climate-change-sensitive sectors.

Table 2. Sub-index values and weights.

Sub-Index Value Weight

Basic 0.27 0.19
Environmental −0.45 0.16

Efficiency −0.03 0.15
Innovation −0.47 0.15

Sectoral −0.17 0.19
Social −0.20 0.17

When compared with other regions, for the Basic sub-index, the Mazowieckie province
scored lower in the quality of the judiciary, resource productivity, road infrastructure,
climate policies, and circularity. On the other hand, it scored higher in railway infrastructure
and primary education. For the Environmental and Efficiency sub-indexes, the province’s
results were similar to its geographic neighbors. The labor market efficiency pillar was
an exception in this respect. It noted a higher number of young unemployed, lower labor
productivity, and a low number of green jobs. For these indicators, mitigating measures
should be taken to increase their value, which in turn positively influences the level of
regional competitiveness. When compared with other regions, the Mazowieckie province
is characterized by low emission from transport and construction sectors. As regards
the Social sub-index, improvement is due in the public awareness of climate change and
attitudes towards the issue. Statistics concerning deaths attributable to air pollution are
also alarming.

The final value of the RCCCI index amounted to −0.162 (calculated according to
Equation (1), Section 4), which suggests an average low level of the region’s climate
change competitiveness. Compared to the surveyed 30 European regions, the Mazowieckie
province ranked 18th in terms of the value of the estimated index. With a decreasing
ranking of regions, the index value of −0.162 indicates that the region has an average
low level of the regional climate change competitiveness (the division into regions with
low/high climate change competitiveness has not been rigidly quantified).
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7. Conclusions

The main objective of this study was to develop a regional climate change compet-
itiveness evaluation method, including an index and measurement scales. We used a
comparative and logical analysis of the concept of regional competitiveness and heuristic
conceptual methods to construct the RCCCI index, which estimated the level of competi-
tiveness of the region and its pillars in the conditions of climate change. The Mazowieckie
province was used in order to verify the practical applicability of the model.

This study makes at least three contributions to the extant literature. First of all, it
constitutes one of the earliest studies to focus on developing a method for the evaluation of
the regional climate change competitiveness. Contrary to previous approaches, our model
is not limited to the phenomenon of low emissivity, but includes a two-way impact on
the climate change—regional dimension. In addition, our model goes beyond economic
indicators, and takes social aspects and the physical environment into account. This model
can be used to evaluate the current level of the RCCCI index, and thus help regions intro-
duce adequate adaptive measures. Secondly, this study serves as a preliminary benchmark
concerning the relationship between climate change and the economic performance of a
region. It facilitates the understanding of climate change factors that may affect regional
competitiveness. It utilizes an integrated index that simultaneously evaluates the impact
upon the environment, society and various economic sectors. Thirdly, the model can also
be employed in prospective empirical studies, especially for the purpose of evaluating
regional results.

The results obtained during the theoretical and empirical research proved our model
to be a convenient tool for analysis, strategic planning and information-gathering on a
region. With the help of the RCCCI, the regional climate change competitiveness can be
measured, the competitive position as regards other regions can be ascertained, and the
change of the competitive position and the reasons of its change can be identified. The
findings are also important for policymakers. The RCCCI index can be used to identify
areas in need of intervention. Pillars with values lower than the average in the compared
regions require mitigating measures to be introduced. These measures may focus on
improving indicators that have low values within a pillar, differentiating the region from
others. The identification of the weakest components of the region’s climate change
competitiveness should constitute the basis for defining goals for regional policy and
planning initiatives/mechanisms supporting their achievement, which in the long-term
will contribute to the increase of the region’s competitiveness.

Despite such advantages, the method has certain limitations. The RCCCI is a static
way of measurement of climate change competitiveness. It does not allow the impact of
the change of one or several indicators upon the total competitiveness of the region to be
precisely identified. The unknown impacts of different indicators upon the total regional
competitiveness burden the formation of strategies for the improvement of competitiveness.
In addition, the estimation of the RCCCI index requires a large volume of data which may
not always be available at the regional level. Such limitations hinder the application of the
model in regions where such data is not collected or is out of date.
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Appendix A

Table A1. Indicator values for the Mazowieckie province.

Indicator Value

Corruption 42.9
Quality of government index 1.01

Regulatory quality 79
Harmonized Indices of consumer prices 108.6

Public debt 45.7
Regional gross domestic product 223

Total natural resources rents (% of GDP) 0.7
Motorways network 104

Railway network 2332
Population connected to wastewater treatment plants 94.79

Water use in the manufacturing industry 2.44
Municipal waste by waste management operations 45.82

Mean score in reading (PISA) 512
Mean score in math (PISA) 516

Mean score in science (PISA) 511
Population by tertiary educational attainment level 43.5

Number of universities in the 200 best in EU 1
Public expenditure on education 11.1

National climate policy 38.94
Investment outlays on fixed assets for air and climate protection 0.79

Local government bodies which have declared climate policy 3
Number of SME 889

Number of enterprises in the mining and quarrying sector in the region 29
Water bodies 513

Air quality index 5
Common farmland bird index 79.98

Natural grassland (km2) -
Resource productivity 0.79
Woodland cover (%) 31.5

Greenhouse emission gap to 2030 ESD Target 20.9
Renewable energy gap to RED trajectory 1.3

Energy efficiency gap to FEC 4.2
Coal phase-out in long-term climate policy 1
Employment rate of the 20–64 age group 72

Unemployed in the youngest group (18–24) 13.4
Average number of usual weekly hours of work 41.9
Share of green jobs in the total number of jobs 72

People employed in sensitive sectors (tourism, agriculture, energy) 85,125
Disposable income of private households per inhabitant 12,200

Trade in Environmentally Related Goods 1482.76
Demand-based CO2 intensity 3.73

Production-based CO2 intensity 0.46
Consumption based CO2 emission 0.47

Annual CO2 emission 19.23
Circular material use rate 9.7

Resource productivity 0.75
Domestic material consumption per inhabitant 1.05

Household level of Internet access 83
Internet purchases by individuals 52

Enterprises having received orders online 11
Employment in technology and knowledge-intensive sectors 146

Human resources in science and technology 1659
Intramural R&D expenditure 0.45

Eco-innovation index 1.03
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Table A1. Cont.

Indicator Value

Product or process innovators 0.135
Trademark application 0.173

Innovative SMEs collaborating with others 0.072
Agricultural Total Factor Productivity Index 0.069

Total organic area in total cultivated area 0.37
Water intensity of crop production 9.86

Change in the annual number of days with rainfall 0
Number of establishments and bed-places 626

Nights spent at tourist accommodation establishments 3,132,967
Carbon emissions embodied in hotels, restaurants 0.13

Simplified energy balances (gross available energy) 6515.25
Electricity production capacities for renewables and wastes (hydro, wind,

solar, solid) 7868.26

Energy productivity 4.78
Electricity production by auto producers 327.72

System Average Interruption Duration Index (SAIDI) 272
Number of residential solar PV capacity 0.7
Greenhouse gas emissions in transport 15.7

Newly registered electric cars in total registration 0.004
Passengers of public transport (railway, maritime, air) 34,643

Railway transport by maximum speed -
Electricity and heat emission 55.6

Emission from industrial processes 1376.83
Production in environmental goods 1482.76

CO2 emissions from buildings 15
Energy consumption (for space heating) in buildings 14.6

Happy Planet Index 27.5
Human Development Index 0.88

Share of people treating climate change as a global problem 70
Share of people taking individual action against climate change 40

Life satisfaction indicator 7.2
Number of hospital beds 1060

Life expectancy 77
Premature deaths attributable to PM 2.5, NO2 and O3 exposure 3329

Participation in voluntary activities 13.8
People employed in the TSE sector of the total national employment 11.1

Appendix B

Table A2. Weights for sub-indexes.

CCPI Level Region-Very
High CCPI

Region-High
CCPI

Region-Medium
CCPI

Region-Low
CCPI

Region-Very Low
CCPISub-Indexes

Basic 0.16 0.16 0.17 0.19 0.19
Natural 0.16 0.16 0.16 0.16 0.16

Efficiency 0.21 0.19 0.19 0.16 0.15
Innovation 0.19 0.19 0.15 0.15 0.15

Sector 0.15 0.15 0.17 0.18 0.19
Social 0.13 0.15 0.17 0.17 0.17
Sum ∑1 ∑1 ∑1 ∑1 ∑1
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Appendix C

Table A3. Correlation matrix between all initial indicators for macroeconomic stability.

Indicators Harmonized
Indices Public Debt Regional Gross

Domestic Product
Total Natural

Resources Rents National Savings

Harmonized
indices 1 0.49 (0.01) 0.19 (0.00) 0.54 (0.01) 0.38(0.00)

Public debt 0.49 (0.01) 1 0.36 (0.00) 0.32 (0.01) 0.18 (0.00)
Regional gross

domestic product 0.19 (0.00) 0.36 (0.00) 1 0.61 (0.03) −0.52 (0.00)

Total natural
resources rents 0.54 (0.01) 0.32 (0.01) 0.61 (0.03) 1 −0.16 (0.00)

National savings 0.38 (0.00) 0.18 (0.00) −0.52 (0.00) −0.16 (0.00) 1

Table A4. PCA analysis for the macroeconomic stability pillar. All initial indicators: explained variance.

Component
Initial Eigenvalues

Total % of Variance Cumulative %

1 2.27 45.58 45.58
2 1.62 32.47 78.06
3 0.64 12.86 90.92
4 0.24 4.85 95.77
5 0.21 4.22 100.00

Table A5. PCA analysis for the macroeconomic stability pillar. All initial indicators: correlation coefficients.

Indicators
Component

1 2 3 4 5

Harmonized indices 0.71 0.55 −0.2 −0.33 0.06
Public debt 0.69 0.33 0.62 0.02 −0.15

Regional gross domestic product 0.75 −0.5 0.12 0.06 0.33
Total natural resources rents 0.84 −0.1 −0.4 0.23 −0.19

National savings −0.1 0.94 −0.04 0.26 0.18

Extraction method: PCA; five components extracted.
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