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Abstract: Green energy production has become a common and recognized method of electricity gen-
eration. Giving up reliance on non-renewable energy sources is an important trend in the economies
of many countries. The paper presents an analysis of the impact of indicators like increased green
energy production on the level of vulnerability to climate change. The model of the Climate Change
Vulnerability Index (VCC) recommended by the Intergovernmental Panel on Climate Change (consid-
ering three aspects: exposure, vulnerability, and adaptive capacity of the studied spatial unit/society)
was applied. Sensitivity analysis, spatial heterogeneity, and temporal dynamics of indicators charac-
terizing changes in electricity consumption, renewable energy production, greenhouse gas emissions,
and variability of financial losses due to extreme weather events and their number were implemented.
Several findings arose. First, the vulnerability to climate change (the level of the VCC index), does not
decrease after the implementation of a single action, like the development of green energy production.
The level of index of vulnerability to climate change (VCC1) from the reference year (2017) relative to
VCC2 (2021) has changed slightly, despite the development of RES. The variation does not exceed a
1% reduction in the value of the VCC1 index. Second, the decrease in the level of the vulnerability
requires global, coordinated action. The value of the VCC3 index, reflecting, including changes
in green energy production (X15), electricity consumption/inhabitant (X38), and green-house gas
emissions (X14), exhibited more favorably the impact of these indicators on vulnerability to climate
change, compared to the VCC1 reference value. In eleven poviats, the VCC3 index decreased between
1 and 4%. In seven of these poviats, green energy production increased, resulting in an average 10%
decrease in the X15 indicator, the X14 indicator representing green-house gas emissions decreased by
an average of 7%, while the X38 indicator describing electricity consumption/per capita decreased
by an average of 16%. Third, harmonized and inclusive action by the population holds the potential
to be the clue to reducing vulnerability to climate change

Keywords: climate change; green energy; vulnerability; exposure; sensitivity; adaptive capacity

1. Introduction

Climate change is currently one of the key environmental, social, economic, and
political problems in numerous countries [1]. The recent decades have brought multiple
studies of natural and social systems, confirming climate change and the impact of this
variability on the environment and on human populations. This has been accepted by the
authorities in the majority of countries around the world, and measures have started to
be implemented aimed at minimizing the impact of human activities on space. Human
activities involving changes in land use from natural or semi-natural towards urbanization
and exploitation of fossil fuels (for transport, heating, industry, and agriculture) increase
carbon dioxide emission to the atmosphere and carbon circulation in nature [2,3]. In the
resulting greenhouse effect, the average temperature increases, the levels of seas and oceans
rise, and the number and extent of natural disaster increases. Natural disasters increase
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the death toll, famine, disease spread, financial loss, decrease in biodiversity, etc. [2] (see
Figure 1). National policies regarding climate change aim at (a) reducing the greenhouse gas
emission, (b) trading in emission allowances, which helps to reduce greenhouse emissions,
(c) financial support regarding climate protection, (d) reducing greenhouse gas emissions
in transport, agriculture, and forestry, (e) promoting the development of low-emission
technologies, (f) reducing the use of fluorinated greenhouse gases, (g) reducing the use
of ozone-depleting gases and replacing them with others, harmless to the climate, (g)
improving energy efficiency, (h) increasing the use of renewable energy sources [4,5]. All
these measures are intended to decrease the climate change impact on society and increase
the resistance to climate change.
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Figure 1. Climate change: processes, characteristics, and threats. Source: [2].

The industrialized nations are expected to significantly reduce the consumption of fos-
sil fuels, the largest source of human contribution to modern greenhouse gas emissions [6].
The utilization of renewable energy sources and the potential of renewable energy has re-
cently been recognized to an intensified range. The motivation for increasing the utilization
and promotion of RES includes the ability to provide for society’s energy demands as an
environmentally friendly source, as well as the impact on socioeconomic vulnerability by
reducing energy imports and providing reliable access to energy for citizens and industry,
and improving the economic situation of development (e.g., RES create employment in
the state) [4-7]. Fossil fuels are non-renewable and will be depleted [5]. Additionally,
emissions from their usage are a major climate change driver [8-11]; thus, many advocate
moving away from fossil fuels toward renewable energy sources (acr. RES) [12-15]. Among
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renewables, are wind, solar, hydro, geothermal, and bioenergy [16]. Many studies show
that among RES, bioenergy is a relatively more reliable source than wind/solar because
of depending on local weather conditions and seasons [17-19]. RES development also
potentially reduces greenhouse gas emissions [20]. Many studies indicate that RES could
be an attractive climate change mitigation strategy [21-23]. The policy in Poland targets the
development of installations that produce solar energy. According to SolarPower Europe,
Poland was the fourth in Europe in 2021 in terms of the installation of new photovoltaic
panels [24]. Solar energy has many health as well as socioeconomic benefits for people
living in rural areas [25-27]. The results of studies [25-29] revealed that the advantages of
using green energy include educational benefits, provides innovative ideas for socialization
and entertainment, economic benefits include financial savings on lighting, extended work-
ing hours in business, worksites, and at home, reduced emissions that additionally help
maintain and improve the health of people protects against several respiratory problems in
addition to environmental protection [25-29]. A number of these features are involved in
establishing the socioeconomic vulnerability of the population living in rural areas. The
deployment of green energy [29] also provides an important contribution to the Global
Climate Action Plan.

The literature on the vulnerability to climate change presents two main trends in
climate change analyses. The first takes into consideration only the weather-related factors
and their changes [30-33], and the other focuses on the exposure/vulnerability of soci-
eties/spaces/economic systems to climate changes [34-38]. The functioning of mankind
depends on both of these elements. However, vulnerability is essential from the humanist
perspective as it takes human existence into consideration on many levels. According to
FAO and IPCC [39-42], the VCC varies in time and space depending on multiple factors. A
system’s vulnerability to climate change and variability depends on the nature, extent, and
pace of the climate change and variability to which the system is exposed, its sensitivity,
and adaptive capacity [39-42]. Exposure to climate change is thought to depend on loca-
tion. For example, communities in semi-desert areas can be more vulnerable to droughts,
whereas coastal areas can be more vulnerable to rising sea levels and cyclones. Sensitivity
is the degree to which an organism is directly or indirectly affected by climate change and
variability [41]. A tropical ecosystem will be less vulnerable to a decrease in rainfall than
a semi-desert ecosystem because of successive water flows. Moreover, communities in
mining areas will be less vulnerable to changing rainfall patterns than those dependent on
agriculture relying on natural precipitation (rain) for irrigation [41-44]. Brooks et al. [45]
note that the vulnerability depends on the context, and it can vary from one region to
another. Therefore, understanding the weaknesses is a key step before taking a decision on
orientation toward adaptive assistance [46,47]. Vulnerability and exposure are dynamic,
they vary depending on the temporal and spatial scale, and they depend on economic,
social, geographic, demographic, cultural, institutional, governmental, and environmental
factors. Individuals and communities are exposed and vulnerable to threats to a different ex-
tent, and this is a consequence of such factors as wealth, education, race/ethnicity/religion,
sex, age, class/caste, disability, and health status [48].

The diverse approaches to vulnerability to climate change have resulted in various
indices embracing various attributes and territorial ranges [49-51]. Table 1 lists a group of
the most popular indices published in the literature, with the basic determinants included
in them and the spatial range for which it was developed.

Approaches to studying vulnerability are based on such disciplines as anthropology,
geography, sociology, disaster management, climatology, and studies on sustainable sources
of income [42,48]. Hahn et al. [43] suggested that vulnerability to climate change should
be examined at a community level to understand and compare the community sensitivity
within a town or region.

Exposure concerns the extent of change that took place in a meteorological aspect.
It may include measures that indirectly describe the impact of meteorology on mankind and
the environment. Many authors suggest that it can be measured with various indices [52-54]
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calculated on a local, regional or global scale [46]. However, the availability of high-quality
data in an appropriate format is often limited [47,48], which, unfortunately, hinders com-

parative analyses on a global scale.

Table 1. A list of indices describing vulnerability with their spatial range.

Acronym Name Description Range (Level)
Physical Vulnerability to climatic shocks and countries” exposure to .
pvec Climate Change these shocks global, national
HCCVI H%&iilggﬁi;eligzzge Exposure, resilience regional, local
CVI Climate Vulnerability Index Exposure, Sensitivity and Adaptive Capability regional, local
CHRI Cultural Heritage Risk Index hazard, exposure, vulnerability regional, local
VI Vulnerability index a measure of the exposure of a population to regional, local
some hazard
focus on planned solutions to negative pressures
EVI Environmental Vulnerability Index on the environment while national, regional
promoting sustainability
global assessment of the effect of climate change
CVM Climate Vulnerability Monitor on the world’s populations brought together by global, national
panels of key international authorities
enables organisations to identify areas of risk
CCVI Climate Change Vulnerability Index within their operations, supply chains global, national
and investments.
S . . . climate change affected communities in .
eVI Socioeconomic Vulnerability Index . regional, local
seven unions
social vulnerability is a term describing how
SVI Social Vulnerability Index resilient a community is when confronted by regional, local
external stresses on human health
GEVI Global Energy Vulnerability Index exposure of the energy system to adverse events global, national
and changes
HVI heat vulnerability index vulnerability to extreme heat local
LVI livelihood vulnerability index hglslicel}:glzsssteosilti}rlﬁ;zlcn}ziggl;i;fvfsi*?;)lirll;gty Local, regional
Infrastructure Vulnerability Index for the
drinking water distribution system to assess the
VI Infrastructure Vulnerability Index vulnerability of the system to terrorist acts and to Local, regional
support the selection of investments to
enhance security
HVI health vulnerability index integrated health vulnerability index Local, regional
SDVI StandardlZ.eFi d.r ought vulnerability to drought and desertification Local, regional
Vulnerability index
BCVI Bat cave vulnerability index a vulnerability index for bat species to Local, regional

climate change

Source: own study.

Sensitivity is the degree to which an element/economic system/species is likely to be
affected by a change (or to respond to it). Sensitivity reflects a system’s exposure to climate
impacts and is affected both by socio-economic and environmental conditions [34,55-58].
With the focus on a community living and working in rural areas, sensitivity includes
human and environmental attributes which characterize the community in question and
the space/economic system in which these people function (live and work).

Adaptive capacity in vulnerability studies is often referred to as “adaptability”, i.e.,
the ability of entities to adapt to new conditions in a system and affecting it. A society
can affect adaptive capacity by building interactions between human and environmental
elements of a system [59,60]. Therefore, the higher the adaptive capacity in a system, the
higher the probability that the system will be resistant to climatic stress. The adaptive
capacity is described in the literature on the subject as a feature with a transformative
potential [61]. In vulnerability management, adaptive capacity affects modulation between
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maintaining a status quo and the system transformation to a new state, depending on
which one is the most “desired” [62,63]. Higher adaptive capacity increases the probability
of system maintenance [64-71]. The adaptive capacity of communities is determined by
their socioeconomic characteristics [72-84].

Developing green energy affects the daily life of society living in rural areas [25-29].
It is also one of the targeted solutions, of key importance, in reducing greenhouse gas
emissions into the atmosphere [3,5,20,29]. In recent years, government programs aimed at
replacing non-renewable sources, with renewable energy sources have been spreading in
many countries (including Poland) [85].

The goal of the study was to analyze socio-economic vulnerability to climate change
in the context of green energy development. The study established the following research
hypotheses: (1) socio-spatial vulnerability to climate change includes the three aspects
of sensitivity, exposure, and adaptive capacity; (2) the availability of homogeneous indi-
cators describing sensitivity, exposure, and adaptive capacity allows the estimation and
comparison of vulnerability between different spatial units; (3) the development of green
energy (acr. RES) may affect the reduction of vulnerability to climate change for the area
under consideration. The study is a novel contribution to research on climate change
vulnerability in rural areas, particularly in the aspect of attempts to demonstrate whether
the rapid expansion of solar installations has been reflected in a reduction in vulnerability
to climate change. The implementation of the main research objective was based on five
detailed objectives: (1) analysis of available and homogeneous indicators describing the
socioeconomic aspect of sensitivity, exposure, and adaptation of spatial units to climate
change; (2) estimation of the VCC index using a general synthetic model; (3) development
of three scenarios (VCC1, VCC2, VCC3) assuming, in part, the development of green energy
production; (4) analysis of the temporal dynamics of variation in the main variables; and
(5) investigating the spatial heterogeneity of the VCC scenarios.

2. Materials and Methods

The comparative study covered the region of the Great Masurian Lakes. It is situated in
the northeast of Poland, in the Warmirisko-Mazurskie Voivodship (see Figure 2). It occupies
an area of 24,173.47 km?, and its population size is 1,436,367 people [64]. The region borders
Russia in the north (the border is 208.3 km long). It is situated within the Central European
Plain and the East-Baltic-Belorussian Plain. The land surface in the study area is of a
lowland nature. The region’s climate is described as transitional, marine-continental. The
weather is highly variable on a daily and annual scale. The characteristic features of the
climate include rather cool summers and mild winters in the western part. The climate in
the eastern part of the region is rather continental; summers are drier and hotter, and the
winters are severe. The climate differences in the west and in the east of the region manifest
themselves, e.g., in the average number of days with the snow cover—approx. 100 days
in the east and 60 in the west. Characteristic natural features of the region include forests
and lakes. The richness of the natural environment makes the air pollution level very low.
Nearly the whole region is covered by a programme called “Zielone Ptuca Polski” [The
Green Lungs of Poland]. Agriculture is the leading branch of the economy. The agricultural
yield is among the highest in Poland, and the average rye output per hectare amounts to
39.4 dt, with a national average of 35.9 dt.

The choice of this region as the study area is attributed to its agricultural nature and the
presence of large natural areas, and the dependence of the main branch of the economy on
weather conditions. Owing to governmental support, the regions have seen great interest
in the installation of devices that acquire electricity from natural energy sources.

Human populations are vulnerable to the impacts of climate change largely because
of the socioeconomic and political context in which they live. Thus, vulnerability to climate
change is highly differentiated across geography, income levels, type of livelihood, and
governance arrangements, among other things. Human vulnerability can be evaluated
in terms of a range of different outcomes such as food security or household income.
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This study is focused on the socio-economic vulnerability to climate change index (VCC)
defined as the degree to which a system (the population living in rural areas and engaged
in agricultural production) is susceptible to and unable to cope with, adverse effects of
climate change, including climate variability and extremes. This study considers three
components (exposure, sensitivity, and adaptive capacity), expressed by indices that include
the characteristics of the agricultural society, production, and weather extremes and the
financial consequences they bring.
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Figure 2. Location of the study area. Source: [86].

Generally, exposure is expressed as changes in average temperatures, changes in the
annual precipitation, the frequency of extremely dry or wet months during the growing
season, the weather anomaly index, and the flood threat index [67-70]. Exposure in the
study covers three indices (X1-X3) (see Table 2). Unlike the weather indices determined
for large areas, the indices adopted show the diversity of exposure to climate changes in
micro-locations. Emphasis was placed on average financial losses in agricultural production
caused by extreme weather phenomena and atmospheric anomalies. They were calculated
on an annual scale for the area under study and expressed as pecuniary units.

Authors of many studies have expressed sensitivity as the area/share of soil used for
agriculture, the number of farms whose activities include agricultural production, the rural
area population, the area of agricultural land per person, and population density [2,87-89].
Sensitivity was expressed with ten indices (X4-X13) (see Table 2). They included mainly
the attributes describing the society which inhabits rural areas and production in these
areas. These are the components which are the most vulnerable to climatic changes as
VCC covers the rural society and agriculture production is directly dependent on natural
weather conditions.

The adaptive capacity usually covers unemployment rate, GDP per capita, alphabetization
rate, percentage of the population with higher education, the number of schools per 1000 people,
the number of physicians per 1000 people, the length of paved roads, social capital expressed
as the membership of various social organizations or NGOs and the effectiveness of local
management [87-95]. Adaptive capacity (X14-X38) includes 24 indices representing human
and social capital, financial capital, and physical capital on rural areas (see Table 2). They cover
the most important elements important from the adaptation perspective.
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Table 2. A list of indices was taken into account in the VCC study with the main descriptive parameters.

Symbol Features Measure Average Min. Max. C\(I)aerfli?i?iZE ¢
Exposure
X1 Financial loss on agricultural production PLN/year/ha AL 32.0 112 57.0 39.75
X2 Extreme events Index/ha AL 1.0 0.7 2.0 32.26
X3 Agroclimatic conditions Index (IUNG) 8.0 5.2 10.0 13.31
Sensitivity
X4 RPP Index (IUNG) 65.0 52.2 78.0 12.15
X5 agricultural land % of poviat 56 30 72 20.10
X6 rural population % of poviat 51 32.6 75 22.08
X7 Number of individual farms in poviat 2 12 4 31.71
X8 Farm area ha/in poviat 55,561 30,1539 93,758 30.22
X9 Income per farm PLN/in poviat 2639 2427.8 29.1 4.74
X10 Employment in agriculture %/in poviat 29 16.1 41 24.73
X11 Population density People/ km? 48 32 81 29.24
X12 Irrigation—drainage ditch area ha AL 1791 318 5889 68.68
X13 Soil degradation (acidification) Y% 43 19 72 36.63
Adaptive Capacity
X14 Greenhouse gas emission Tons/year 49,346 55,286 134,717 39,819.3
X15 RES MW 19 0 86 135.57
X16 GDP PLN 27,747 21,6232 35977 12.09
X17 Unemployment rate Y% 14 4.8 22 32.08
X18 Number of schools index 42 17 92 41.36
X19 Educat'}on (p.ercen.tage of in(?lividuals o 12 9 15 1331
with university education)
X20 Healthcare Index/10,000 people 32 7.8 53 35.46
X21 Medical care Index/10,000 people 402 173 930 46.19
X22 Density of paved roads km/km? 117 66.9 182 25.07
X23 Urbanization rate % 50 25.6 68 22.83
X24 Entities of national economy Per 10,000 people 782 635 987 11.74
X25 Community initiatives index 0 0.1 1 39.24
X26 Main crop yield dt/ha 37 29.5 47 11.01
X27 Area under crops ha 1933 1083 3516 32.25
X28 Local government management level PLN/resident 25,907 12,510 56,495 49.68
X29 Human capital index 27 3 51 48.11
X30 Economic migration Number of individuals 952 378 2071 43.81
X31 Economic capital PLN 1,296,471 126,373 3,029,313 73.05
X32 Number of families with children index 22,207 7859 44,120 43.88
X33 Fertility rate index 1 1.1 2 8.20
X34 Water supply infrastructure km 828 294.9 1910 44.65
X35 Natural resources % 47 19 78 34.38
X36 Housing resources number 20,711 8462 43,168 45.72
X37 Sewerage infrastructure km 357 141.7 1037 66.85
X38 Energy consumption GWh 44 18.1 99 47.20

AL—area of agriculture land; IUNG—Instytut Upraw, Nawozenia i Gleboznastwa (the national research unit
that developed the index; PLN—currency in use in Poland; MW—megawatt; dt—deciton; GWh—gigawatt hour.
Source: own study.

The selection of these indicators was based on the homogeneity of their occurrence for
the studied spatial units. Poland is a unitary country with administrative uniformity. Units
of administrative division are organized in the same manner and subordinated to the same
extent to central bodies which determine their system and competence. It directly affects
the sets of collected data as they are uniform in a given unit of administrative division. This
makes it possible to compare vulnerability to climate change in specific time intervals.

Table 2 shows the parameters taken into account in the study of vulnerability to climate
change and the basic descriptive parameters.
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The vulnerability of exposed human and natural systems is a component of risk.
Approaches to analyzing and assessing vulnerability have evolved. A general definition
of vulnerability considers sensitivity, exposure, and adaptive capacity. However, it is not
possible to calculate the level of VCC homogeneously for every country, region, natural
system, or social group. The problem appears in the availability of uniform data and
the significance of particular attributes for the issue under consideration. Vulnerability is
widely understood to differ within communities and across societies, regions, and countries,
as they are also changing through time [87].

In order to demonstrate the impact of green energy development on vulnerability to
climate change (VCC), a general synthetic model was applied [96,97], which employs many
components and takes into consideration their equivalence (1):

100 &
VCCik = 7 Z Dé]‘xl']' (1)
j=1

Formulas (2) and (3) were used for the index normalization [96,97]:

xz-]- — minx,-]-

@

— for stimulants Xij= o —
maxx;j — minxj

. maxxij — x,‘]’
— for destimulants Xij= ———————— 3)
maxxi]- — mznx,-]-
The sensitivity analysis was also applied in the study [98] (see Figure 3), and it showed
how a change in individual VCC elements, e.g., the size of new installations generating
electricity from renewable sources, affects the vulnerability to climate change.

-

2

The sensitivity analysis forecasts the result with the use of variable systems (compo-
nents) which affect them and provides a better understanding of the input and output
variables [98]. The sensitivity analysis in this study took into consideration three scenar-
ios. The first scenario (VCC1) included an assessment of the vulnerability index before
implementation of the green energy support programs (base year—2017), the second
scenario (VCC2)—an assessment of the vulnerability index following implementation of
green energy support programs, with the other parameters unchanged, the third scenario
(VCC3)—an assessment of vulnerability assuming a change in the production of green
energy (X15), greenhouse gas emissions (X14), the amount of financial loss incurred (X1)
because of extreme weather phenomena and weather anomalies and their number (X2) as
well as electricity consumption (X38).

In order to assess the spatial variability of important indicators, it was determined to
use the spatial autocorrelation test statistic [78]. It evaluates the correlation of a variable
with respect to spatial location (a measure of the match between attribute similarity and
location similarity). Global Moran'’s index (I) indicates if a spatial correlation exists in

Figure 3. Model of sensitivity analysis.
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the areas of the analyzed field [99-102]. Global Moran’s provides a way to determine the
heterogeneity of the analyzed indicators using Formulas (4) and (5) [99-102]:

LN it X iz Win (X35 — Xj) (Xpj — ;) @
k= ¢ —\2
S0 L (xij — %)

where
n n
Sok =Y g Y1y Wii ®)

Significance testing of the Moran’s I statistic is done using a test that verifies the
following hypotheses:

HO: spatial autocorrelation does not exist;

H1: spatial autocorrelation exists.

Ik — E(I)
Z(I); = (6)
Var(I)g
where 1
E(I) = — 7
(n=-— @)
1
Var(1 :7(,12&, — nw +3w2) — EX(1 8
(D R =1) 1 2 0 (Ix) ®)
n n
wo =), ijl wij ©)
— 05 n n 2 10
wy =05 Y (wiy +wyy) (10)
n 2
w2 =) iy (Wje + W) (1)
Symbol Feature
VCCy index of vulnerability to climate change for i-th poviat in k-th scenario
; value of weight of j-th variable
Xjj value of j-th variable for i-th poviat
max Xjj the maximum value of the j-th variable for i-th poviat
min x;; the minimum value of the j-th variable for i-th poviat
I the Global Moran’s index for k-th scenario
n the total number of poviats
Xij, Xitj the values of j-th variable for i-th and i’th compared poviats
X; mean value of the variable for all j-th poviats
Wip elements of the spatial matrix of weights for i-th and i"th poviat
Sok The value of aggregate weights in k scenario
7 the number of standard deviations of Moran's I in relation to the mean in
k kth scenario
E(Dy the expected value of Moran’s I in kth scenario
Var(Dy. the variance value of Moran’s [ in kth scenario
Wir; elements of the spatial matrix of weights for i'th and i-th poviats
Wi quantity of sum of weights in the column of j-th variable
W) quantity of sum of the weights in the row of j-th variable

The study used a threshold of 1.96 (calculated on the basis of (6)) in order to test the
significance level of the Z(I) statistic. If the obtained value is greater than 1.96 or less than
—1.96, it means that the spatial autocorrelation is significant [99-102]. The significance
level of the study was p < 0.05.
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3. Results
3.1. Changes in Green Energy (X15)

The level of vulnerability to climate change provides important guidance to local stake-
holders concerning investment and climate policies. Legislation changes and implementa-
tion of government programs aimed at providing financial support for the development of
installations for electricity generation from renewable sources slow down climate change.
Many programs supporting a reduction of heat and energy loss and utilization of natural
renewable sources have been implemented in Poland. For example, the “M¢6j prad [My
electricity]” program provides financial support to those who want to invest in electricity
generation from renewable energy sources. Owing to this measure, people eagerly invested
their money in such energy sources, which resulted in an increase in the number and
power of installed photovoltaic, wind, hydro, geothermal, biogas and biomass systems.
Temporal dynamics of X15 for data 2017 and 2021 showed that the greatest difference in
the generation of such energy from renewable sources in the area under study was noted
in the counties of Braniewski, Dziatdowski, Elblaski, Gotdapski, and Nowomiejski (see

Figures 4 and 5).
Name of th Diff
ame of fie X15 (2017) X15 (2021) CrHerences
poviat X15(2021)-X15¢2017)
bartoszycki 0.999 0.987 E 0.012
braniewski 0.646 0.736 ;| om

dzialdowski 0437 0.623
elblaski 0.651 0.785 N i

elckd 0.983 001 [ 0002
gizycki 093 0.941 ﬂ 0.011
goldapski 043 0.58 N dis
lawski 0 0 0
ketrzyriski 0.17 012 [ 0.058
lidzbarski 0.952 0.954 i 0.002
mragowski 0.862 0775 K 0.087
nidzicki 0975 1 v 0.025
nowomiejski 0.863 0.934 W] oon
olecki 0.954 0.956 i 0.002
olsztynski 0922 0925 : 0.003
ostrodzki 0.983 0951 [ 0,032
piski 1 0o R 0.06
szezycienski 0.984 0.893 |:. 0.091
wegorzewski 09588 099 ; 0.0:02

Figure 4. Changes in the index of green energy production (X15) in 2017-2021. Source: own study
on [103].

3.2. Changes in Greenhouse Gas Emissions (X14)

Growth in installations used to generate electricity from renewable sources does not
always go hand-in-hand with a reduction of greenhouse gas emissions. Analyzing temporal
dynamics of X14, a decrease in greenhouse gas emissions is noticeable in nearly all the
analyzed units during the time interval under study, but there are some in which the
emission increased. This especially applies to the counties of Elbaski, fawski, Nidzicki,
Nowomiejski, Olsztyriski, and Olecki (see Figures 6 and 7).
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Figure 5. Temporal dynamics of green energy production (X15). Source: own study.

Name of th Differences
ameotie X1 o1y X14 (2021) crenees
poviat X14(2021)-X14(2017)

bartoszycki 0.190 0173 g 0017
braniewski 0.240 0.234 i -0.006
dzialdowski 0.37 0346 3 0,024
elblaski 0240 0297 o 0.057
elcki 1.000 0.979 I 0,021
gizvcki 0320 0.281 B 0.039
goldapski 0.000 0.000 i 0
flawski 0530 0.759
ketrzyriski 0.230 0.228 | -0.002
lidzbarski 0.380 0415 £ 0.035
mragowski 0.440 0476 u 0.036
nidzicki 0.040 0.074 i 0.034
nowomisjski 0.060 0.070 ;] 0.01
olecki 0.250 0.308 e 0.058
olsztynski 0290 0324 i 0.034
ostrodzki 1.000 1.000 | 0
piski 0.660 0.640 I 0.02
szczycienski 0.680 0539 [ R 0141
wegorzewski 0.030 0.025 i -0.005

Figure 6. Changes in the index of greenhouse gas emissions (X14) in individual spatial units (tons/per
year). Source: own study on [104].

3.3. Changes in Electricity Consumption (X38)

Changes in electricity consumption per person have been emphasized in the analyses
(X38). As the data analysis showed (see Figures 8 and 9), the temporal dynamics of X38
have been increasing in recent years despite its high price and promotion of “energy
saving”. Surprisingly, there are seven units where electricity consumption was found
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to have decreased: in the counties of Dzialdowski, Gotdapski, Ketrzynski, Lidzbarski,
Nowomiejski, Ostrédzki and Szczycieniski. Local authorities in those units implemented
“low-emission policy” measures, which resulted in, for example, the development of low-
emission urban and agglomeration transport in the major urban centers of the region,
the improvement of thermal insulation of public facilities, the replacement of windows,
external doors, the installation of energy-saving lighting, the transformation of heating
systems (including heat source replacement and connection), the installation of ventilation
and air conditioning systems with the use of weather-dependent automation and building
management systems, the installation of chimney filters, the construction/modernization
of internal receiving installations and elimination of existing high-emission heat sources,
and the transformation of production lines into more energy efficient lines [105]. Such
measures taken by local authorities were intended to reduce greenhouse gas emissions to
the atmosphere, and this effect is noticeable.

< 1.2 y =0.0215x + 0.5599
—
=< 1 T T T s
= wes e e 0 0088088888888 888883880000eew
£ 08 N~ P N o
*5 0.6
5 04
&
v 0.2
=
= 0
— N o o N o o> N N o> N N S o N N N o N N
DI N S SN RN & \g& & 4@& N &
B P AR S S &7 S
Name of the poviat
X14 (2017) X14 (2021) eeeeeees Linear (X14 (2017) ) «ceeeee Linear (X14 (2021))

Figure 7. Temporal dynamics of greenhouse gas emissions (X14). Source: own study:.

Name !.}f the X38 2017) X38 (2021) Differences
poviat X38(2021)-X38(2017)
bartoszycki 0.276 0.272 | -0.004
braniewski 0.000 0.000 0
dzialdowski 0.1% 0121 l:. 0.075
elblaski 0233 0245 1 oo
elcki 0573 0.693 ;oo
gizyckd 0.544 1000
goldapski 0201 0153 [. -0.048
lawskd 0.517 0.628 Wohn
ketrzyriski 0.23 0172 B -00s
lidzbarski 0.489 0.454 B 003
mragowski 0727 0.753 :{l 0.026
nidzicki 0.085 0.098 1 o013
nowomiejski 0815 0.765 B o0
olecki 0.729 0.776 ¥ oo
olsztynski 0611 0.781
ostrodzki 0327 0.307 I -om
piski 0.646 0.806 0.14
szezycienski 1.000 0514 l: -0.486
wegorzewski 0563 0.639 & o

Figure 8. Changes in the index of the electricity consumption/ per person (X38) in individual spatial
units. Source: own study on [106].
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Figure 9. Temporal dynamics of the electricity consumption/ per person (X38). Source: own study.

3.4. Changes in the Number of Extreme Events and Financial Losses in Farmland (X1, X2)

A decrease in the indicator of financial loss (X1) is noticeable nearly in all spatial
units under study (see Figures 10 and 11). They are random in character, and they do not
depend on the activities of the community in the region, although it affects the VCC level.
The largest increase is noticeable in the county of Dzialdowski. Unfortunately, despite
a decrease in the extreme phenomena in the area (see Figures 12 and 13), the scale of
their impact on rural agricultural land increased considerably. They were caused by hail,
drought, torrential rain, and the negative effects of plant wintering as a result of frost or
their overwatering between December and April [107]. That trend should be explained by
the scale of the extreme events occurring in the Dzialdowski poviat and the unit value of
agricultural crops, which are used to estimate financial losses. When assessing the scale of
financial losses in agricultural crops, the average productivity of the soil and the market
price of the crop are considered.

Name of the X1 (2017) X1 (2021) Ditferences
poviat X1(2021)-X1(2017)
bartoszycki 0.020 0.030 i 0.01
braniewski 0.040 0.000 [' -0.04
dzialdowski 0.110 1.000
elblaski 1.000 om0 [ 097
elcki 0.120 0.020 B 01
gizvcki 0.130 0.020 [' 011
goldapski 0.030 0.040 i 001
flawski 0.180 0.030 % 015
ketrzyriski 0.040 0.000 i 0.04
lidzbarski 0.040 0.020 [ 0.02
mragowski 0.150 0.020 B 013
ridzicki 0.210 0.020 D 0.19
nowomiejski 0.120 0.000 % 012
olecki 0.090 0.110 | 0.02
olsztynski 0.580 0050 [ . 053
ostrodzki 0310 0.040 i 027
pisikd 0.120 0.060 i 006
szezyciensk 0.180 0.030 E. -0.15
wegorzewski 0.000 0.030 i] 0.03

Figure 10. Changes in index of the financial loss (X1) caused by extreme weather phenomena and
weather anomalies in individual spatial units. Source: own study on [108].



Int. |. Environ. Res. Public Health 2023, 20, 2689 14 of 24

1.2
i
< 1
kS
5 0.8
£ 06
Y y =-0.001x +0.1923
5 0 y =-0.0102x +0.1821
= T Y A N NS AR AU U
S e N LT IR T o
S ) e N e e T —
o) . . . . . ) ) . .
502 F F P PFFT I FIFIPFPFETIPFTIIPFFESSy
S & N N N ¥ NS NN 3 & o ) & "
&&O ,(,’D'& .{& Q L% Qoo\ » é}‘_& \\b'(‘) {b,qo &> éo o\’é‘) £ c:v«\ Qg&
DA Name of the povidt ® P&
X1 (2017) X1(2021)  ceeeeeees Linear (X1 (2017))  -o-eever Linear (X1 (2021))
Figure 11. Temporal dynamics of the financial loss (X1). Source: own study.
Name of the Differences
poviat X2 @01 X2 @0z X122021)-X2(2017)
bartoszycki 0.010 0.083 i 0073
braniewski 0270 0305 | 0.035
dzialdowski 0.070 0.044 [ 0.026
elblaski 0230 0266 B 0.036
elcki 0.060 0.066 i 0.006
gizycki 0230 0268 B | oo
goldapski 0.080 0.073 o 0.007
flawski 0260 0280 il 0.02
ketrzmiski 0160 0171 T 0.011
lidzbarski 0.040 0015 I] 0.025
mragowski 0220 0.198 [ 002
nidzicki 0130 00u I -0.086
nowomisjski 0.060 0032 B 0.028
olecki 0.020 0.024 il 0.004
olsztynski 1.000 1.000 0
ostrodzki 0460 0437 [ 0023
piski 0.300 0305 il 0.005
szezycienski 0160 0127 II 0.033
wegorzewski 0.000 0.000 i 0
Figure 12. Changes in the index of the number of extreme weather phenomena and weather anomalies
in the spatial units under study (X2). Source: own study.
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Figure 13. Temporal dynamics of the number of extreme weather phenomena and weather anomalies
(X2). Source: own study.
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3.5. VCC Scenarios

All the developed VCC1, VCC2, and VCC3 scenarios were analyzed on a regional
scale. The results show that despite an increase in electricity production from renewable
energy sources, there was no considerable decrease in the vulnerability to climate change.
This is a consequence, inter alia, of the index structure and the normalization process, whose
function is to minimize rapid changes in the index under study [96]. The VCC decreased in
seven objects, it increased in eight and remained unchanged in four. Evidently, an increase
in energy generation from renewable sources does not guarantee a decrease in the VCC
(see Figure 14). This can be achieved only as a result of measures on a global scale. An
analysis of the change of indices taken for the study (electricity generated from renewable
sources—X15, greenhouse gas emission—X14, electricity consumption per person—X38,
the number of extreme weather phenomena and weather anomalies and the amount of
financial loss caused by them—X1, X2) shows a VCC decrease in 11 cases and an increase
in seven. The largest vulnerability increase was noted in the counties of Dziatdowski,
Hawski and the greatest decrease was in the counties of Elblaski, Szczycieriski, Olsztyriski,
Ostrodzki, Mragowski and Nidzicki.

Differences Differences
Name of the poviat VCC1 VCCz2 VCC3
(VCC2-VCCD (VCC3-VCCD)

bartoszycki 4922 4919 -0.03 491 -[E.'J.E
braniewski 52.13 5236 5232 ofio
dziatdowski 52.85 53.34 4o 55.36 b1
elblaski 5347 53.82 : 5153 [ 54
etcki 197 1959 011 196 b1
gizycki 4427 443 g 003 4441 04
goldapski 5354 5393 f 039 5378 04
flawski 4729 4729 {0 4784 058
ketrzyriski 48.06 4791 -0.15 4775 Bs1
lidzbarski 54.38 5439 i 001 5421 §17
mragowski 50.51 5028 [ 023 50.04 r P
nidzicki 5191 5198 Ib.o7 5139 B
nowomiejski 56.3 56.49 56.06 fos
olecki 53.52 53.52 0 53.58 obe
olsztvriski 4033 4033 0 39.62 E &S
ostrédzki 4886 4877 009 4798 [ ss
piski 60.48 60.32 [ -0.16 6051 03
szczycienski 57.34 57.1 [ o024 55.03 e Ei
wegorzewski 5275 5275 Lo 53.02 087

Figure 14. Sensitivity analysis for vulnerability to climate change (VCC1, VCC2, VCC3) taking into
account various solution variants. Source: own study.

A more detailed analysis of two cases: the largest VCC decrease (the counties of
Szczycienski and Elblaski) and its largest increase (the county of Dziatdowski).

In the Szczycieniski Poviat in 2021, the most important indicators studied (X1, X2,
X14, X15, X38) decreased in value compared to 2017, which influenced the VCC. In El-
blaski Powiat, only indicator X1 decreased, while the others increased. In the case of the
Dzialdowski Powiat, the increase in vulnerability to climate change (VCC) in 2021 is remark-
able. The X1 indicator—financial losses due to extreme events and weather anomalies—is
primarily responsible for the increase in VCC.

In general, the effects of extreme weather events can be classified into direct and
indirect effects. Direct concerns losses in agricultural crops and in the morale and health of
agricultural producers. Indirect effects concern future economic performance, production
of goods and services, and disruption of other sectors having a direct impact on the
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agricultural enterprise. Observable over a longer period of time after an extreme event [89].
A 2008 study by the Heliview Group [109] found that the main risks associated with weather
disasters are increased costs (54%), reduced turnover (43%) and reduced profits (19%).
Norrington and Underwood [110] highlighted risks in the form of livestock damage, which
can affect subsequent farming operations. In addition, the occurrence of extreme weather
events creates other costs relating to machinery replacement, among others [111]. Insurance
rates are also rising significantly, which can be a problem for agricultural producers.

3.6. Spatial Heterogeneity of VCC1, VCC2, VCC3 and X1, X2, X14, X15, X38

Global Moran’s index I was calculated using licensed ArcGIS Pro software (Ar-
cGIS_Desktop_107_167519). The spatial distribution of VCC scenarios characterizing each
powiat was verified based on contiguity edges corners (see Table 3). The results are shown
in Figure 12.

Table 3. Global Moran’s I for VCC.

Indexes VCC1 (2017) VCC2 (2021) VCC3 (2021)
Moran’s I Index —0.07882 —0.07233 —0.06382
Expected Index —0.05555 —0.05556 —0.05556

Variance 0.02000 0.02017 0.01970

z-score —0.16451 —0.11815 —0.05887

p-value 0.86933 0.90595 0.95305

The results of computing for each of the VCC scenarios (see Figure 12) show a negative
value of Moran’s index I and close to 0. This indicates that in the analyzed scenario,
regardless of the fact that there have been changes in the indices X1, X1, X14, X15, X38, the
spatial effect of agglomeration does not occur. The studied spatial units (powiats) do not
merge into clusters, but occur as so-called hot spots (see Figures 15-17). The test statistic
for the significance of Moran’s autocorrelation coefficient (z-score) and the p-value pt level
confirm that the null hypothesis of a random distribution of vulnerability to climate change
(VCC) should be accepted.

y=-0.204 + x* (-0,079)

¢ (xy)
— liniowa

=
wm
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|

05
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-1.5

-3 2 -1 0 1 2 3
Standard VCC1__2017

Figure 15. Chart of the global Moran’s index I for VCC1. Source: own study.

The spatial distribution of the main indicators studied (X1, X2, X14, X15, X38) was
also analyzed. Additionally, these variables also do not exhibit features tending toward
agglomeration. They are characterized by a random spatial distribution for both the
baseline (2017) and final year of analysis (2021) (see Table 4).



Int. |. Environ. Res. Public Health 2023, 20, 2689 17 of 24

y=-0,204 +x * (-0,072)
1 @ (xy)
— liniowa

L
o

2021)

|

Lag(Standard VCC2

-

-3 2 -1 0 1 2 3
Standard VCC2__2021

Figure 16. Chart of the global Moran’s index I for VCC2. Source: own study.
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Figure 17. Chart of the global Moran’s index I for VCC3. Source: own study.

Table 4. Global Moran’s I for X1, X2, X14, X15, X38.

Indexes X1_2017 X1_2021 X2_2017 X2_2021 X14_2017 X14_2021 X15_2017 X15_2021 X38_2017 X38_2021
Moran’s Index —0.030147 —0.07041 —0.04269 —0.10904 —0.09442 —0.15542 0.073736 0.102049 0.129615 0.15554
Expected Index —0.055556 —0.05556 —0.05556 —0.05556 —0.05556 —0.05556 —0.05556 —0.05556 —0.05556 —0.05556

Variance 0.012367 0.000958 0.01142 0.012547 0.019677 0.017273 0.020595 0.020891 0.022142 0.022599

Z-score 0.228482 —0.48001 0.120434 —0.47749 —0.27706 —0.75988 0.900932 1.090402 1.244398 1.404233

p-value 0.819272 0.631219 0.904139 0.633017 0.781737 0.447329 0.367624 0.275536 0.213353 0.16025

4. Discussion

Experts emphasized that although climate changes can be a consequence of natural
processes on the Earth, recent human activities have accelerated the process. Therefore, it is
necessary to implement some mitigating and adaptive measures as well, with respect to
climate change. Humanity prospers in various climate zones, and the geographic location
of countries/regions with a concentration of socio-economic activity in the climate change
impact zones (deltas of large rivers, coastal strips) makes them more vulnerable to the
effects of such changes. What might vulnerable societies which are partially or wholly
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dependent on natural resources (weather/soil/water) for their livelihoods do in response
to substantially increased climate variability? Options include increasing the productivity
of crop and livestock systems, diversifying farm income [112], and most importantly,
increasing the capacity to adapt to climate change, mitigate potential risks, and manage the
consequences. Adaptation to climate change is crucial. Replacing non-reproducible energy
sources with reproducible sources [113-115] (from the sun/wind) is on the mandatory list
of measures because these sources avoid emitting carbon dioxide and other greenhouse
gases that contribute to global warming. A local increase in green energy is not enough
to improve the resilience of spatial units to climate change. The results of the presented
studies support the findings. The level of index of vulnerability to climate change (VCC1)
from the reference year (2017) relative to VCC2 (2021) has changed slightly, despite the
development of RES. The variation does not exceed a 1% reduction in the value of the VCC1
index. In contrast, the value of the VCC3 index, reflecting and including changes in green
energy production (X15), electricity consumption/inhabitant (X38) and greenhouse gas
emissions (X14), exhibited more favorably the impact of these indicators on vulnerability
to climate change, compared to the VCC1 reference value. In eleven powiats, the VCC3
index decreased between 1 and 4%. In seven of these powiats, green energy production
increased, resulting in an average 10% decrease in the X15 indicator, the X14 indicator
representing greenhouse gas emissions decreased by an average of 7%, while the X38
indicator describing electricity consumption/per capita decreased by an average of 16%.
What implications arise from the research? Primarily, society in general has to act compre-
hensively and in multiple ways. The activities as a whole have to be focused on using energy
in an economical manner, as it is the largest source of human-caused greenhouse gas emissions.
The method by personal consumption and generation of energy greatly affects the climate.
The sectors particularly affected are transportation, households, agriculture, and recycling.
As a percentage of the EU’s total greenhouse gas emissions, these sectors are responsible for
about 55% [116]. Emissions may be reduced by using cleaner energy sources, for example,
replacing fossil fuels with non-fossil fuel renewable energy sources, reducing overall energy
consumption levels, introducing measures to encourage energy conservation and attempting
to improve energy efficiency, for example, by improving insulation in buildings and utilizing
cleaner modes of transportation. Emission reduction efforts are supported by a spectrum of
policy documents, long-term strategies and implemented programs including “My Electricity”
presented in the case study. Considering the urgency of action, a question to be answered as
well is whether there should be continued investment in fossil fuel-based energy? Political
decisions to subsidize a particular energy source influence investment decisions. The imple-
mented “My Energy” program was instrumental in increasing the amount of energy produced
from renewable sources (solar/wind). Created conditions not only favorable for investors, but
also demonstrated, the possibility of widespread action towards climate protection. Actions
to achieve are creating a domino effect. The European Environment Agency (EEA) and the
European Environment Information and Observation Network (EIONET) spotlighted the
other innovative solutions used in many sectors as well, capable of reducing energy-related
greenhouse gas emissions. Actions for example reducing food waste, urban gardening, stream-
lining supply chains and using solar energy in the airport transportation sector appear to
be small elements of a large puzzle [116], but viewed together they show how innovative
technologies and practices can pave the way for wider changes to ensure sustainability.

Limitations of the Research

The construction of the indices used in this report was based on data obtained from
third parties (statistical data, lists based on the collected data). Their quality cannot be
guaranteed, although the data were acquired from renowned sources. The data sets
obtained were subjected to detailed scrutiny and assessed for any inconsistency. The
possibility of achieving comparability in as many regions as possible was the main factor
taken into consideration when choosing primary data sources. The estimated and analyzed
vulnerability to climate change index does not differentiate the forecast index increases



Int. |. Environ. Res. Public Health 2023, 20, 2689 19 of 24

References

and decreases relative to the base climate parameters, but rather it measures the degree to
which a (human or natural) system will cope with a potential change in the present status.
Indices for climate-related extreme events provide a general risk review for a location and
show that exposure at individual sites in a region can vary.

The adaptive capacity can be examined on the country, local, community or individual
level, the indices reflecting the adaptive capacity focus on the structural factors on the
macro level, such as management and the economy. Its aim is to show the individual trend
for vulnerability at a specific location.

The study assumes that all dimensions of vulnerability and the indicators are equally
important. Future research by the study’s authors will assume a differential impact of
individual indicators on the vulnerability to climate change index.

5. Conclusions

This study focuses on the impact of an increase in energy generation from renewable
sources and the vulnerability to climate change. Construction of the VCC index was based
on a model recommended by IPCC and FAO, taking into account the exposure, sensitivity,
and adaptive capacity of spatial units/society. This index plays a very important role as it
can provide guidance for decision-makers concerning adaptive and mitigating measures.
The goal of the study was to test the impact of green energy development on vulnerability
to climate change. The motivation for the study attempted was the development of green
energy, conducted in recent years in Poland with the help of national funding. Studies
demonstrated that taking single actions, for example, increasing green energy production,
does not affect VCC levels significantly.

It is necessary to act comprehensively. Currently, the authorities of the spatial units
studied are acting locally, without a coherent regional strategy. A confirmation is provided
by the analysis of the spatial heterogeneity of VCC and the main variables. The results of
the conducted research can guide regional and national authorities to take targeted actions
involving the entire community. Only coordinated action can help achieve the effect of
increasing resilience to climate change.

Author Contributions: Conceptualization, K.K.-B.; methodology, K.K.-B.; software, K.K.-B.; vali-
dation, K.K.-B.; formal analysis, K.K.-B.; investigation, K.K.-B.; resources, S.C.; data curation, S.C.;
writing—original draft preparation, K.K.-B.; writing—review and editing, K.K.-B. and S.C.; visualiza-
tion, K.K.-B.; supervision, K.K.-B.; project administration, K.K.-B.; funding acquisition, K.K.-B. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1.  UNFCCC. Climate Change: Impacts, Vulnerabilities and Adaptation in Developing Countries. 2006. Available online: https:
/ /unfccc.int (accessed on 15 April 2022).

2. Rekacewicz, P.; Bournay, E. Climate Change: Processes, Characteristics and Threats. DRID Arendal. 2005. Available online:
https:/ /www.grida.no/resources/6889 (accessed on 15 April 2022).

3. Cao, X,; Kung, C.C,; Wang, Y. An environmental and economic evaluation of carbon sequestration from pyrolysis and biochar
application in China. Agric. Econ. Czech 2017, 63, 569-578. [CrossRef]

4.  UlHaq, M.A.; Nawaz, M.A.; Akram, F; Natarajan, V.K. Theoretical Implications of Renewable Energy using Improved Cooking
Stoves for Rural Households. Int. J. Energy Econ. Policy 2020, 10, 546-554. [CrossRef]

5. Fei, C; Kung, C.C.; McCarl, B.A.; Fan, X. The Optimal Development Paths of Competing Bioenergy Technologies: An Economic
and Environmental Evaluation. 16 May 2022. Available online: https:/ /ssrn.com/abstract=4111458 (accessed on 12 December 2022).

[CrossRef]


https://unfccc.int
https://unfccc.int
https://www.grida.no/resources/6889
http://doi.org/10.17221/195/2016-AGRICECON
http://doi.org/10.32479/ijeep.10216
https://ssrn.com/abstract=4111458
http://doi.org/10.2139/ssrn.4111458

Int. |. Environ. Res. Public Health 2023, 20, 2689 20 of 24

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

Byrne, ].; Hughes, K.; Rickerson, W.; Kurdgelashvili, L. American policy conflict in the greenhouse: Divergent trends in federal,
regional, state, and local green energy and climate change policy. Energy Policy 2007, 35, 4555-4573. [CrossRef]

Laldjebaev, M.; Morreale, S.J.; Sovacool, B.K.; Kassam, K.-A. Rethinking energy security and services in practice: National
vulnerability and three energy pathways in Tajikistan. Energy Policy 2018, 114, 39-50. [CrossRef]

Fonta, W.; Ayuk, E.; Huysen, T. Africa and the Green Climate Fund: Current challenges and future opportunities. Clim. Policy
2018, 18, 1210-1225. [CrossRef]

IPCC. Intergovernmental Panel on Climate Change. Climate Change; The Physical Science Basis; Cambridge University Press:
Cambridge, UK, 2013.

IPCC. Intergovernmental Panel on Climate Change. Summary for Policymakers, An IPCC Special Report; World Meteorological
Organization: Geneva, Switzerland, 2018.

Monasterolo, I.; Raberto, M. The impact of phasing out fossil fuel subsidies on the low-carbon transition. Energy Policy 2019, 124,
355-370. [CrossRef]

Hennings, W.; Mischinger, S.; Linssen, ]. Utilization of excess wind power in electric vehicles. Energy Policy 2013, 62, 139-144.
[CrossRef]

Kaldellis, ]J.; Zafirakis, D. The wind energy (r)evolution: A short review of a long history. Renew. Energy 2011, 36, 1887-1901.
[CrossRef]

Kung, C.-C.; Mu, E. Prospect of Pyrolysis and Biochar Application under Climate Change. Renew. Sustain. Energy Rev. 2019, 114, 109343.
[CrossRef]

McInerney, C.; Bunn, D. Expansion of the investor base for the energy transition. Energy Policy 2019, 129, 1240-1244. [CrossRef]
Ellabban, O.; Abu-Rub, H.; Blaabjerg, F. Renewable energy resources: Current status, future prospects and their enabling
technology. Renew. Sustain. Energy Rev. 2014, 39, 748-764. [CrossRef]

Pogson, M.; Hastings, A.; Smith, P. How does bioenergy compare with other land-based renewable energy sources globally? GCB
Bioenergy 2012, 5, 513. [CrossRef]

Thi, N.; Lin, C.; Kumar, G. Electricity generation comparison of food waste-based bioenergy with wind and solar powers: A mini
review. Sustain. Environ. Res. 2016, 26, 197-202. [CrossRef]

Zhang, C.; Yang, L.; Niu, T.; Zhang, M. Comparison and analysis of energy storage technology to balance fluctuation of wind
power output. Power Syst. Prot. Control. 2015, 43, 149-154.

Gielen, D.; Boshell, F; Saygin, D.; DBazilian, M.D.; Wagner, N.; Gorini, R. The role of renewable energy in the global energy
transformation. Energy Strategy Rev. 2019, 24, 38-50. [CrossRef]

Chen, C.C.; McCarl, B.A.; Chang, C.C.; Tso, C. Evaluation the potential economic impacts of Taiwanese biomass energy production.
Biomass Bioenergy 2011, 35, 1693-1701. [CrossRef]

Searle, S.; Malins, C. A reassessment of global bioenergy potential in 2050. GCB Bioenergy 2015, 7, 328-336. [CrossRef]

Ziska, L.; Runionb, G.; Tomeceka, M.; Priorb, S.; Torbetb, H.; Sicher, R. An evaluation of cassava, sweet potato and field corn
aspotential carbohydrate sources for bioethanol production in Alabama and Maryland. Biomass Bioenergy 2009, 33, 1503-1508.
[CrossRef]

Panele Fotowoltaiczne Dzi$ sa Receptq na Drogi Prad. Jutro Stana Sie Uciazliwymi Odpadami. Available online:
https:/ /www.money.pl/gospodarka/panele-fotowoltaiczne-dzis-sa-recepta-na-drogi-prad-jutro-stana-sie-uciazliwymi-
odpadami-6737231063817024a.html?utm_source=facebook&utm_medium=social&utm_campaign=fbwp&utm_term=post&
utm_content=money&fbclid=IwAR2HPjYkV52v_s70QkfoUwArWawWGZ5n9zTeuG9ZzYaZSDgB_U59101byro (accessed on
20 March 2022).

Bagir, M.; Bharti, S.K.; Kothari, R.; Singh, R.P. Assessment of an energy-efficient metal chulha for solid biomass fuel and evaluation
of its performance. Int. . Environ. Sci. Technol. 2019, 16, 6773-6784. [CrossRef]

Dong, X.Y.; Ran, Q.; Hao, Y. On the nonlinear relationship between energy consumption and economic development in China:
New evidence from panel data threshold estimations. Qual. Quant. 2019, 53, 1-21. [CrossRef]

Sahoo, S. Renewable and sustainable energy reviews solar photovoltaic energy progress in India: A review. Renew. Sustain.
Energy Rev. 2016, 59, 927-939. [CrossRef]

Jacobson, A. Connective power: Solar electrification and social change in Kenya. World Dev. 2007, 35, 144-162. [CrossRef]

WB. Climate Change Action Plan (2021-2025). Available online: https:/ /www.worldbank.org/en/news/infographic/2021/06/
22 /climate-change-action-plan-2021--2025 (accessed on 7 October 2022).

Reichler, T. Chapter 7—Changes in the Atmospheric Circulation as Indicator of Climate Change. In Climate Change; Letcher revor,
M., Ed.; Elsevier: Amsterdam, The Netherlands, 2009; pp. 145-164. [CrossRef]

Bowler, D.; Bohning-Gaese, K. Improving the community-temperature index as a climate change indicator. PLoS ONE 2017, 12, e0184275.
[CrossRef] [PubMed]

Gruza, G.; Rankova, E.; Razuvaeyv, V.; Bulygina, O. Indicators of Climate Change for the Russian Federation. Clim. Chang. 1999,
42,219-242. [CrossRef]

Sorte, C.J.; Jones, S.J.; Miller, L.P. Geographic variation in temperature tolerance as an indicator of potential population responses
to climate change. J. Exp. Mar. Biol. Ecol. 2011, 400, 209-217. [CrossRef]


http://doi.org/10.1016/j.enpol.2007.02.028
http://doi.org/10.1016/j.enpol.2017.11.058
http://doi.org/10.1080/14693062.2018.1459447
http://doi.org/10.1016/j.enpol.2018.08.051
http://doi.org/10.1016/j.enpol.2013.06.134
http://doi.org/10.1016/j.renene.2011.01.002
http://doi.org/10.1016/j.rser.2019.109343
http://doi.org/10.1016/j.enpol.2019.03.035
http://doi.org/10.1016/j.rser.2014.07.113
http://doi.org/10.1111/gcbb.12013
http://doi.org/10.1016/j.serj.2016.06.001
http://doi.org/10.1016/j.esr.2019.01.006
http://doi.org/10.1016/j.biombioe.2011.01.004
http://doi.org/10.1111/gcbb.12141
http://doi.org/10.1016/j.biombioe.2009.07.014
https://www.money.pl/gospodarka/panele-fotowoltaiczne-dzis-sa-recepta-na-drogi-prad-jutro-stana-sie-uciazliwymi-odpadami-6737231063817024a.html?utm_source=facebook&utm_medium=social&utm_campaign=fbwp&utm_term=post&utm_content=money&fbclid=IwAR2HPjYkV52v_s7oQkfoUwArWawWGZ5n9zTeuG9ZzYaZSDgB_U591O1byro
https://www.money.pl/gospodarka/panele-fotowoltaiczne-dzis-sa-recepta-na-drogi-prad-jutro-stana-sie-uciazliwymi-odpadami-6737231063817024a.html?utm_source=facebook&utm_medium=social&utm_campaign=fbwp&utm_term=post&utm_content=money&fbclid=IwAR2HPjYkV52v_s7oQkfoUwArWawWGZ5n9zTeuG9ZzYaZSDgB_U591O1byro
https://www.money.pl/gospodarka/panele-fotowoltaiczne-dzis-sa-recepta-na-drogi-prad-jutro-stana-sie-uciazliwymi-odpadami-6737231063817024a.html?utm_source=facebook&utm_medium=social&utm_campaign=fbwp&utm_term=post&utm_content=money&fbclid=IwAR2HPjYkV52v_s7oQkfoUwArWawWGZ5n9zTeuG9ZzYaZSDgB_U591O1byro
http://doi.org/10.1007/s13762-018-2028-9
http://doi.org/10.1007/s11135-019-00841-5
http://doi.org/10.1016/j.rser.2016.01.049
http://doi.org/10.1016/j.worlddev.2006.10.001
https://www.worldbank.org/en/news/infographic/2021/06/22/climate-change-action-plan-2021--2025
https://www.worldbank.org/en/news/infographic/2021/06/22/climate-change-action-plan-2021--2025
http://doi.org/10.1016/B978-0-444-53301-2.00007-5
http://doi.org/10.1371/journal.pone.0184275
http://www.ncbi.nlm.nih.gov/pubmed/28898285
http://doi.org/10.1023/A:1005480719118
http://doi.org/10.1016/j.jembe.2011.02.009

Int. |. Environ. Res. Public Health 2023, 20, 2689 21 of 24

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

IPCC. Climate Change 2007: Impacts, Adaptation and Vulnerability. In Contribution of Working Group II to the fourth Report of the
Intergovernmental Panel on Climate Change; Parry, M.L., Canziani, O.E, Palutikof, ].P., Van Der Linden, PJ., Hanson, C.E., Eds;
Cambridge University Press: Cambridge, UK, 1976.

Shah, K.U.; Dulal, H.B.; Johnson, C.; Baptiste, A. Understanding livelihood vulnerability to climate change: Applying the
livelihood vulnerability index in Trinidad and Tobago. Geoforum 2013, 47, 125-137. [CrossRef]

Balica, S.F,; Wright, N.G.; van der Meulen, F. A flood vulnerability index for coastal cities and its use in assessing climate change
impacts. Nat. Hazards 2012, 64, 73-105. [CrossRef]

Khan, F.A.; Salman, A. A simple human vulnerability index to climate change hazards for Pakistan. Int. |. Disaster Risk Sci. 2012,
3,163-176. [CrossRef]

Pandey, R.; Jha, S. Climate vulnerability index—measure of climate change vulnerability to communities: A case of rural Lower
Himalaya, India. Mitig. Adapt Strateg. Glob. Change 2012, 17, 487-506. [CrossRef]

Mechler, R.; Bouwer, L.M. Understanding Trends and Projections of Disaster Losses and Climate Change: Is Vulnerability the
Missing Link? Clim. Change 2015, 133, 23-35. [CrossRef]

Williams, S.; Bi, P.; Newbury, J.; Robinson, G.; Pisaniello, D.; Saniotis, A.; Hansen, A. Extreme Heat and Health: Perspectives
from Health Service Providers in Rural and Remote Communities in South Australia. Int. J. Environ. Res. Public Health 2013, 10,
5565-5583. [CrossRef] [PubMed]

Manandhar, S.; Vogt, D.S.; Perret, S.R.; Kazama, F. Adapting cropping systems to climate change in Nepal: A cross-regional study
of farmers’ perception and practices. Reg. Environ. Chang. 2011, 11, 335-348. [CrossRef]

Gallopin, G.C. Linkages between vulnerability, resilience, and adaptive capacity. Glob. Environ. Chang. 2006, 16, 293-303.
[CrossRef]

Hahn, M.B.; Riederer, A.M.; Foster, S.O. The livelihood vulnerability index: A pragmatic approach to assessing risks from climate
variability and change—A case study in Mozambique. Glob. Environ. Chang. 2009, 19, 74-88. [CrossRef]

Adu, D.T.; Kuwornu, ] K.M.; Anim-Somuah, H.; Saski, N. Application of livelihood vulnerability index in assessing smallholder
maize farming households’ vulnerability to climate change in Brong-Ahafo region Ghana. Kasetsart J. Soc. Sci. 2018, 38, 22-32.
[CrossRef]

Brooks, N. Vulnerability, Risk and Adaptation: A Conceptual Framework. Tyndall Centre for Climate Change Research, Working
Paper 38. 2003. Available online: https:/ /www.ipcc.ch/apps/njlite/srex/njlite_download.php?id=5463 (accessed on 16 April 2022).
Garcia, R.A.; Cabeza, M.; Rahbek, C.; Araujo, M.B. Multiple dimensions of climate change and their implications for biodiversity.
Science 2014, 344, 124779. [CrossRef] [PubMed]

Aubin, I.L.; Boisvert-Marsh, H.; Kebli, H.; McKenney, D.; Pedlar, J.; Lawrence, K.; Hogg, E.H.; Boulanger, Y.; Gauthier, S.;
Ste-Marie, C. Tree vulnerability to climate change: Improving exposure-based assessments using trails as indicators of sensitivity.
Ecosphere 2018, 9, €02108. [CrossRef]

Adger, W.N,; Kelly, PM. Social Vulnerability to Climate Change and the Architecture of Entitlements. In Mitigation and Adaptation
Strategies for Global Change; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1999; Volume 4, pp. 253-266. (In Dutch)
Preston, B.L.; Yuen, E.]J.; Westaway, R.M. Putting Vulnerability to Climate Change on the Map: A Review of Approaches, Benefits,
and Risks. Sustain. Sci. 2011, 6, 177-202. [CrossRef]

Ebi, K.L.; Boyer, C.; Bowen, K.J.; Frumkin, H.; Hess, ]. Monitoring and Evaluation Indicators for Climate Change-Related Health
Impacts, Risks, Adaptation, and Resilience. Int. . Environ. Res. Public Health 2018, 15, 1943. [CrossRef]

Brooks, N.; Adger, W.N.; Kelly, PM. The Determinants of Vulnerability and Adaptive Capacity at the National Level and the
Implications for Adaptation. Glob. Environ. Chang. 2005, 15, 151-162. [CrossRef]

Bellard, C.; Leclerc, C.; Leroy, B.; Bakkenes, M.; Veloz, S.; Thuiller, W.; Couchamp, F. Vulnerability of biodiversity hotspots to
global change. Glob. Ecol. Biogeogr. 2014, 23, 1376-1386. [CrossRef]

Dawson, T.P; Jackson, S.T.; House, J.L; Prentice, 1.C.; Mace, G.M. Beyond predictions: Biodiversity conservation in a changing
climate. Science 2011, 332, 53-58. [CrossRef]

Li, D.; Wu, S; Liu, L.; Zhang, Y.; Li, S. Vulnerability of the global terrestrial ecosystems to climate change. Glob. Chang. Biol. 2018,
24,4095-4106. [CrossRef]

Cardona, O.D.; van Aalst, M.; Birkmann, J.; Fordham, M.; McGregor, G.; Perez, R.; Pulwarty, R.; Schipper, E.; Sinh, B. Determinants
of risk: Exposure and vulnerability. In Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation;
Field, C.B., Barros, V., Stocker, T., Qin, D., Dokken, D., Ebi, K., Mastrandrea, M., Mach, K., Plattner, G.-K., Allen, S, et al., Eds.; A
Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change (IPCC); Cambridge University
Press: Cambridge, UK; New York, NY, USA, 2012; pp. 65-108.

IPCC. Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. In Contribution of
Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change; Field, C.B., Barros, V., Dokken,
D., Mach, K., Mastrandrea, M., Bilir, T., Chatterjee, M., Ebi, K., Estrada, Y., Genova, R,, et al., Eds.; Cambridge University Press:
Cambridge, UK, 2014; p. 1132.

Urban, M.; Bocedi, G.; Hendry, A.; Mihoub, J.-B.; Peer, G.; Singer, A.; Bridle, J.; Crozier, L.; De Meester, L.; Godsoe, W. Improving
the forecast for biodiversity under climate change. Science 2016, 353, aad8466. [CrossRef] [PubMed]


http://doi.org/10.1016/j.geoforum.2013.04.004
http://doi.org/10.1007/s11069-012-0234-1
http://doi.org/10.1007/s13753-012-0017-z
http://doi.org/10.1007/s11027-011-9338-2
http://doi.org/10.1007/s10584-014-1141-0
http://doi.org/10.3390/ijerph10115565
http://www.ncbi.nlm.nih.gov/pubmed/24173140
http://doi.org/10.1007/s10113-010-0137-1
http://doi.org/10.1016/j.gloenvcha.2006.02.004
http://doi.org/10.1016/j.gloenvcha.2008.11.002
http://doi.org/10.1016/j.kjss.2017.06.009
https://www.ipcc.ch/apps/njlite/srex/njlite_download.php?id=5463
http://doi.org/10.1126/science.1247579
http://www.ncbi.nlm.nih.gov/pubmed/24786084
http://doi.org/10.1002/ecs2.2108
http://doi.org/10.1007/s11625-011-0129-1
http://doi.org/10.3390/ijerph15091943
http://doi.org/10.1016/j.gloenvcha.2004.12.006
http://doi.org/10.1111/geb.12228
http://doi.org/10.1126/science.1200303
http://doi.org/10.1111/gcb.14327
http://doi.org/10.1126/science.aad8466
http://www.ncbi.nlm.nih.gov/pubmed/27609898

Int. |. Environ. Res. Public Health 2023, 20, 2689 22 of 24

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Aubin, I; Munson, A.D.; Cardou, E; Burton, PJ.; Isabel, N.; Pedlar, ]. H.; Paquette, A.; Taylor, A.; Delagrange, S.; Kebli, H. Traits to
stay, traits to move: A review of functional traits to assess sensitivity and adaptivity capacity of temperature and boreal trees to
climate change. Environ. Rev. 2016, 24, 164-186. [CrossRef]

Walker, B.; Gunderson, L.; Kinzig, A.; Folke, C.; Carpenter, S.; Schultz, L. A handful of heuristics and some propositions for
understanding resilience in social-ecological systems. Ecol. Soc. 2006, 11, 13. [CrossRef]

Walker, B.; Holling, C.; Carpenter, S.; Kinzig, A. Resilience, adaptability and transformability in social-ecological systems. Ecol.
Soc. 2004, 9, 5. [CrossRef]

Folke, C. Resilience: The emergence of a perspective for social-ecological systems analyzes. Glob. Environ. Chang. 2006, 16,
253-267. [CrossRef]

Engle, N.L. Adaptive capacity and its assessment. Glob. Environ. Chang. 2011, 21, 647-656. [CrossRef]

Robards, M.D.; Schoon, M.; Meek, C.; Engle, N. The importance of social drivers in the resilient provision of ecosystem services.
Glob. Environ. Chang. 2011, 21, 522-529. [CrossRef]

Caretta, M.A. Credit plus microcredit schemes: A key to women'’s adaptive capacity. Clim. Dev. 2014, 6, 179-184. [CrossRef]
Dilling, L.; Lackstrom, K.; Haywood, B.; Dow, K.; Lemos, M.C.; Berggren, J.; Kalafatis, S. What stakeholder needs tell us about
enabling adaptive capacity: The intersection of context and information provision across regions in the United States. Weather.
Clim. Soc. 2015, 7, 5-13. [CrossRef]

Egyir, L.S.; Ofori, K.; Antwi, G.; Ntiamoa-Baidu, Y. Adaptive capacity and coping strategies in the face of climate change: A
comparative study of communities around two protected areas in the coastal savanna and transitional zones of Ghana. J. Sustain.
Dev. 2015, 8, 1-15. [CrossRef]

Fernandez-Giménez, M.; Batkhishig, B.; Batbuyan, B.; Ulambayar, T. Lessons from the Dzud: Community-based rangeland
management increases the adaptive capacity of Mongolian herders to winter disasters. World Dev. 2015, 68, 48-65. [CrossRef]
Grecksch, K. Adaptive capacity and water governance in the Keiskamma River catchment, Eastern Cape Province, South Africa.
Water SA 2015, 41, 359-368. [CrossRef]

Juhola, S.; Kruse, S. A framework for analysing regional adaptive capacity assessments: Challenges for methodology and policy
making. Mitig. Adapt. Strateg. Glob. Chang. 2014, 20, 99-120. [CrossRef]

Martin, G.; Magne, M.A. Agricultural diversity to increase adaptive capacity and reduce vulnerability of livestock systems against
weather variability—A farm-scale simulation study. Agric. Ecosyst. Environ. 2015, 199, 301-311. [CrossRef]

McClenachan, L.; O’Connor, G.; Reynolds, T. Adaptive capacity of co-management systems in the face of environmental change:
The soft-shell clam fishery and invasive green crabs in Maine. Mar. Policy 2015, 52, 26-32. [CrossRef]

Antwi-Agyei, P.; Dougill, A.J.; Stringer, L.C. Impacts of land tenure arrangements on the adaptive capacity of marginalized
groups: The case of Ghana’s Ejura Sekyedumase and Bongo districts. Land Use Policy 2015, 49, 203-212. [CrossRef]

Chen, M,; Sun, E; Berry, P,; Tinch, R;; Ju, H.; Lin, E. Integrated assessment of China’s adaptive capacity to climate change with a
capital approach. Clim. Chang. 2015, 128, 367-380. [CrossRef]

Clarvis, M.H.; Engle, N.L. Adaptive capacity of water governance arrangements: A comparative study of barriers and opportuni-
ties in Swiss and US states. Reg. Environ. Chang. 2015, 15, 517-527. [CrossRef]

Kuruppu, N.; Mukheibir, P.; Murta, J. Ensuring small business continuity under a changing climate: The role of adaptive capacity.
In Applied Studies in Climate Adaptation, 1st ed.; Palutikof, J.P.,, Boulter, S., Barnett, J., Rissik, D., Eds.; John Wiley & Sons: Hoboken,
NJ, USA, 2015; pp. 429-436. [CrossRef]

Johnson, B.B.; Becker, M.L. Social-ecological resilience and adaptive capacity in a transboundary ecosystem. Soc. Nat. Resour.
2015, 28, 766-780. [CrossRef]

Tinch, R; Jager, J.; Omann, I.; Harrison, P.A.; Wesely, J.; Dunford, R. Applying a capital framework to measuring coping and
adaptive capacity in integrated assessment models. Clim. Chang. 2015, 128, 323-337. [CrossRef]

Mandryk, M.; Reidsma, P; Kartikasari, K.; van Ittersum, M.; Arts, B. Institutional constraints for adaptive capacity to climate
change in Flevoland’s agriculture. Environ. Sci. Policy 2015, 48, 147-162. [CrossRef]

Tu, VH,; Yabe, M.; Trang, N.T.; Khai, H.V. Adaptive capacity assessment of rural out-migrants: A case study of An Giang Province,
Vietnam. |. Fac. Agric. 2015, 60, 265-271. [CrossRef]

Thulstrup, A.W. Livelihood resilience and adaptive capacity: Tracing changes in household access to capital in Central Vietnam.
World Dev. 2015, 74, 352-362. [CrossRef]

Siders, A.R. Adaptive capacity to climate change: A synthesis of concepts, methods, and findings in a fragmented field. WIREs
Clim. Chang. 2019, 10, e573. [CrossRef]

Elrick-Barr, C.E.; Preston, B.L.; Thomsen, D.C.; Smith, T.F. Toward a new conceptualization of household adaptive capacity to
climate change: Applying a risk governance lens. Ecol. Soc. 2014, 19, 12. [CrossRef]

West, J. Investing in adaptive capacity: Opportunities, risks and firm behaviour. In Applied Studies in Climate Adaptation, 1st ed.;
Palutikof, J.P,, Boulter, S., Barnett, J., Rissik, D., Eds.; John Wiley & Sons: Hoboken, NJ, USA, 2015; pp. 437-444. [CrossRef]
Gupta, A K,; Negi, M.; Nandy, S.; Alatalo, ].M.; Singh, V.; Pandey, R. Assessing the vulnerability of socio-environmental systems
to climate change along an altitude gradient in the Indian Himalayas. Ecol. Indic. 2019, 106, 105512. [CrossRef]

Renewable Energy Statistics. Available online: https:/ /ec.europa.eu/eurostat/statistics-explained /index.php?title=Renewable_
energy_statistics (accessed on 7 October 2022).


http://doi.org/10.1139/er-2015-0072
http://doi.org/10.5751/ES-01530-110113
http://doi.org/10.5751/ES-00650-090205
http://doi.org/10.1016/j.gloenvcha.2006.04.002
http://doi.org/10.1016/j.gloenvcha.2011.01.019
http://doi.org/10.1016/j.gloenvcha.2010.12.004
http://doi.org/10.1080/17565529.2014.886990
http://doi.org/10.1175/WCAS-D-14-00001.1
http://doi.org/10.5539/jsd.v8n1p1
http://doi.org/10.1016/j.worlddev.2014.11.015
http://doi.org/10.4314/wsa.v41i3.07
http://doi.org/10.1007/s11027-013-9481-z
http://doi.org/10.1016/j.agee.2014.10.006
http://doi.org/10.1016/j.marpol.2014.10.023
http://doi.org/10.1016/j.landusepol.2015.08.007
http://doi.org/10.1007/s10584-014-1163-7
http://doi.org/10.1007/s10113-013-0547-y
http://doi.org/10.1002/9781118845028.ch48
http://doi.org/10.1080/08941920.2015.1037035
http://doi.org/10.1007/s10584-014-1299-5
http://doi.org/10.1016/j.envsci.2015.01.001
http://doi.org/10.5109/1526321
http://doi.org/10.1016/j.worlddev.2015.05.019
http://doi.org/10.1002/wcc.573
http://doi.org/10.5751/ES-06745-190412
http://doi.org/10.1002/9781118845028.ch49
http://doi.org/10.1016/j.ecolind.2019.105512
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_statistics

Int. |. Environ. Res. Public Health 2023, 20, 2689 23 of 24

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.
97.
98.
99.

100.
101.

102.

103.
104.

105.

106.

107.

108.

109.
110.

111.

112.

113.

114.

Map Data 2022. Google Ireland Limited. Available online: https://www.google.pl/maps/place/Warmian-Masurian+
Voivodeship /@53.8584347,21.259973,6z/ data=!4m5!3m4!1s0x46e20d3eacc5ae17:0x1020e32ad0ec0f0!8m2!3d53.8671117!4d20.70
278617?hl=en (accessed on 15 April 2022).

IPCC. IPCC, 2022: Summary for Policymakers. In Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of
Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change; Portner, H.-O., Roberts, D., Tignor,
M., Poloczanska, E., Mintenbeck, K., Alegria, A., Craig, M., Langsdorf, S., Loschke, S., Méller, V., et al., Eds.; Cambridge University
Press: Cambridge, UK; New York, NY, USA, 2022; pp. 3-33. [CrossRef]

Zurovec, O.; Cadro, S.; Sitaula, B.K. Quantitative Assessment of Vulnerability to Climate Change in Rural Municipalities of Bosnia
and Herzegovina. Sustainability 2017, 9, 1208. [CrossRef]

Hiremath, D.B.; Shiyani, R.L. Analysis of Vulnerability Indices in Various Agro-Climatic Zones of Gujarat. Ind. ]. Agric. Econ.
2013, 68, 1.

Haj, ].; Mimura, N. Supporting climate change vulnerability and adaptation assessments in the Asia-Pacific region: An example
of sustainability science. Sustain. Sci. 2006, 1, 23-35. [CrossRef]

Bury, ].T.; Mark, B.G.; McKenzie, ].M.; French, A.; Baraer, M.; Huh, K.I.; Luyo, M.A.Z.; Gémez Loépez, R.]J. Glacier recession and
human vulnerability in the Yanamarey watershed of the Cordillera Blanca, Peru. Clim. Chang. 2011, 105, 179-206. [CrossRef]
Knutsson, P.; Ostwald, M. A Process-Oriented Sustainable Livelihoods Approach—A Tool For Increased Understanding of
Vulnerability, Adaptation and Resilience. Mitig. Adapt. Strateg. Glob. Chang. 2006, 12. [CrossRef]

Bohle, H.G.; Downing, T.E.; Watts, M.]. Climate change and social vulnerability: Towards sociology and geography of food
insecurity. Glob. Environ. Chang. 1994, 4, 37-48. [CrossRef]

Adhav, C.A,; Chandel, B.S.; Bhandari, G.; Ponnusamy, K.; Ram, H. Socio-Economic Vulnerability to Climate Change—Index
Development and Mapping for Districts in Maharashtra, India. 2021. Available online: https://doi.org/10.2139/ssrn.3854297
(accessed on 7 October 2022).

Stec, M.; Janas, A.; Kuliniski, A. Grouping the Countries of European Union with Regard to the Human Capital Resources.
Nierownosci Spoteczne A Wzrost Gospod. 2005, 6, 135-146.

Sokotowski, A. Analizy Wielowymiarowe; Materialy Szkoleniowe StatSoft: Krakow, Poland, 2014.

Nowakowski, J.; Borowski, K. Normalizacja wskaznikéw analizy technicznej. Stud. I Pr. Kol. Zarzadzania I Finans. 2003, 29, 58-68.
Rogowski, W. Rachunek Efektywnosci Przedsiewzie¢ Inwestycyjnych; Oficyna Ekonomiczna: Krakéw, Poland, 2004; p. 195.

Cliff, A.D.; Ord, ].K. Spatial Autocorrelation; Pion: London, UK, 1973; p. 178.

Cliff, A.D.; Ord, ] K. Spatial Processes: Models and Applications; Pion: London, UK, 1981.

Mollalo, A.; Mao, L.; Rashidi, P; Glass, G.E. A GIS-Based Artificial Neural Network Model for Spatial Distribution of Tuberculosis
across the Continental United States. Int. |. Environ. Res. Public Health 2019, 16, 157. [CrossRef]

Huo, X.-N,; Li, H.; Sun, D.-F,; Zhou, L.-D.; Li, B.-G. Combining Geostatistics with Moran’s I Analysis for Mapping Soil Heavy
Metals in Beijing, China. Int. |. Environ. Res. Public Health 2012, 9, 995-1017. [CrossRef]

Urzad Regulagji Energetyki. Available online: https://www.ure.gov.pl/ (accessed on 15 April 2022).

Gazy Cieplarniane. Available online: https://stat.gov.pl/metainformacje/slownik-pojec/pojecia-stosowane-w-statystyce-
publicznej /2407, pojecie.html (accessed on 20 May 2022).

Orczynski, W.; Patej, M. Plan Gospodarki Niskoemisyjnej Dla Obszaru Gmin Potozonych Na Terenie Powiatu Szczycieriskiego,
Mragowskiego Oraz Nidzickiego. 2015, Tom II: Gmina Szczytno, Poznan. Archidrog. Available online: https://bip-v1-files.
idcom-jst.pl/sites/47085/cms /szablony /9308 /pliki/pgn_tom_ii_gmina_szczytno.pdf (accessed on 20 May 2022).

Energia. Available online: https://stat.gov.pl/obszary-tematyczne/srodowisko-energia/energia/ (accessed on 20 May 2022).
VH Polska. Ujemne Skutki Przezimowania a Stan Upraw Rolnych. Available online: https://www.vh-polska.pl/aktualnosci/
ujemne-skutki-przezimowania-stan-upraw/ (accessed on 20 May 2022).

Liczba Zdarzerh Pogodowych. Available online: https://www.gov.pl/web/kgpsp/ponad-26-tys-interwencji-strazakow-w-
zwiazku-z-sytuacja-pogodowa (accessed on 15 May 2022).

Heliview Research. Climate Change Effects; Breda, 2008. Available online: https:/ /heliview.be/summits/ (accessed on 15 May 2022).
Norrington, H.; Underwood, K. Climate Change and Small Businesses: How Directors Are Responding to the Challenges of Climate
Change—Research Findings 2008; Climate South East: Guilford, UK, 2008.

Burnham, C. A Guide to Climate Change for Small- to Medium-Sized Enterprises; Holmes, R., Ed.; The Canadian Chamber of
Commerce and Pollution Probe; desLibris: Toronto, ON, Canada, 2006.

Thornton, PX.; Ericksen, PJ.; Herrero, M.; Challinor, A.J. Climate variability and vulnerability to climate change: A review. Glob.
Change Biol. 2014, 20, 3313-3328. [CrossRef]

Kowalczyk, A.M.; Czyza, S. Optimising Photovoltaic Farm Location Using a Capabilities Matrix and GIS. Energies 2022, 15, 6693.
[CrossRef]

Adaptation Gap Report 2021. The Gathering Storm. Adapting to Climate Change in a Post-Pandemic World. 6 Report UNEP.
Available online: https://www.gridw.pl/aktualnosci/unep/2931-adaptacja-i-mitygacja-w-swietle-adaptation-gap-report-the-
gathering-storm (accessed on 4 June 2022).


https://www.google.pl/maps/place/Warmian-Masurian+Voivodeship/@53.8584347,21.259973,6z/data=!4m5!3m4!1s0x46e20d3eacc5ae17:0x1020e32ad0ec0f0!8m2!3d53.8671117!4d20.7027861?hl=en
https://www.google.pl/maps/place/Warmian-Masurian+Voivodeship/@53.8584347,21.259973,6z/data=!4m5!3m4!1s0x46e20d3eacc5ae17:0x1020e32ad0ec0f0!8m2!3d53.8671117!4d20.7027861?hl=en
https://www.google.pl/maps/place/Warmian-Masurian+Voivodeship/@53.8584347,21.259973,6z/data=!4m5!3m4!1s0x46e20d3eacc5ae17:0x1020e32ad0ec0f0!8m2!3d53.8671117!4d20.7027861?hl=en
http://doi.org/10.1017/9781009325844.001
http://doi.org/10.3390/su9071208
http://doi.org/10.1007/s11625-006-0011-8
http://doi.org/10.1007/s10584-010-9870-1
http://doi.org/10.1007/s11027-006-4421-9
http://doi.org/10.1016/0959-3780(94)90020-5
https://doi.org/10.2139/ssrn.3854297
http://doi.org/10.3390/ijerph16010157
http://doi.org/10.3390/ijerph9030995
https://www.ure.gov.pl/
https://stat.gov.pl/metainformacje/slownik-pojec/pojecia-stosowane-w-statystyce-publicznej/2407,pojecie.html
https://stat.gov.pl/metainformacje/slownik-pojec/pojecia-stosowane-w-statystyce-publicznej/2407,pojecie.html
https://bip-v1-files.idcom-jst.pl/sites/47085/cms/szablony/9308/pliki/pgn_tom_ii_gmina_szczytno.pdf
https://bip-v1-files.idcom-jst.pl/sites/47085/cms/szablony/9308/pliki/pgn_tom_ii_gmina_szczytno.pdf
https://stat.gov.pl/obszary-tematyczne/srodowisko-energia/energia/
https://www.vh-polska.pl/aktualnosci/ujemne-skutki-przezimowania-stan-upraw/
https://www.vh-polska.pl/aktualnosci/ujemne-skutki-przezimowania-stan-upraw/
https://www.gov.pl/web/kgpsp/ponad-26-tys-interwencji-strazakow-w-zwiazku-z-sytuacja-pogodowa
https://www.gov.pl/web/kgpsp/ponad-26-tys-interwencji-strazakow-w-zwiazku-z-sytuacja-pogodowa
https://heliview.be/summits/
http://doi.org/10.1111/gcb.12581
http://doi.org/10.3390/en15186693
https://www.gridw.pl/aktualnosci/unep/2931-adaptacja-i-mitygacja-w-swietle-adaptation-gap-report-the-gathering-storm
https://www.gridw.pl/aktualnosci/unep/2931-adaptacja-i-mitygacja-w-swietle-adaptation-gap-report-the-gathering-storm

Int. |. Environ. Res. Public Health 2023, 20, 2689 24 of 24

115. IPCC. Summary for Policymakers. In Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change; Masson-Delmotte, V.P., Zhai, A., Pirani, S.L., Connors, C., Péan,
S., Berger, N., Caud, Y., Chen, L., Goldfarb, M.I,, Gomis, M., Eds.; Cambridge University Press: Cambridge, UK, 2021.

116. EEA. Energia a Zmiany Klimatu. Zobowiazanie Do Dzialania na Szczeblu Globalnym i Europejskim. Sygnaty EEA 2017-09-25.
2017. Available online: https:/ /www.eea.europa.eu/pl/sygnal42y/sygnaly-2017/artykuly /energia-a-zmiany-klimatu (accessed
on 17 December 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.eea.europa.eu/pl/sygna142y/sygnaly-2017/artykuly/energia-a-zmiany-klimatu

	Introduction 
	Materials and Methods 
	Results 
	Changes in Green Energy (X15) 
	Changes in Greenhouse Gas Emissions (X14) 
	Changes in Electricity Consumption (X38) 
	Changes in the Number of Extreme Events and Financial Losses in Farmland (X1, X2) 
	VCC Scenarios 
	Spatial Heterogeneity of VCC1, VCC2, VCC3 and X1, X2, X14, X15, X38 

	Discussion 
	Conclusions 
	References

