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Abstract. The objective of this research is to develop a set of vulnerability indicators and to analyze the effect of climate 

factors on social vulnerability. While the main aim of the study is to improve the existing methodology by quantifying the 

effects of climate change on social vulnerability, it also represents a novel scientific contribution in the field, as it delimits for 

the first time in the Romanian literature the most vulnerable areas from this point of view. This study aims to facilitate the 15 

decision-making processes and planning efforts targeting the increase of resilience and adaptive capacity of local communities. 

By applying the principal component analysis, we have selected 45 variables and have constructed four aggregated indexes. 

The Climate-Related Social Vulnerability index (CleSoVI) has pointed out that the largest impact on the current vulnerability 

of settlements in the test region (Cluj County) can be attributed to the lack of adaptive capacity and increased poverty, the most 

vulnerable areas being represented by the eastern and north-western parts of the county. From a socio-economic point of view, 20 

local authorities’ efforts should concentrate on reducing the vulnerability of these regions and preparing them to cope with- 

and adapt to the impact of climate change. 

1 Introduction  

Research on social vulnerability has largely evolved in the last decades due to the increasing occurrence of extreme weather 

events as a consequence of climate change. Nevertheless, the adoption of the 2030 Agenda with its 17 Sustainable 25 

Development Goals (SDGs) has globally committed to taking urgent action to combat climate change and its impact (SDG 13) 

(UN, 2020). There is a large agreement that vulnerability is a complex phenomenon being influenced by social, economic, 

environmental, or demographic characteristics, which further determine to a greater or lesser extent the vulnerability of a 

society. 

The Intergovernmental Panel on Climate Change (IPCC) defines vulnerability to climate change as the “degree to which 30 

geophysical, biological, and socioeconomic systems are susceptible to and unable to cope with, adverse impacts of climate 
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change” (IPCC, 2007: 73). This vulnerability depends on the intensity of climate change and is largely influenced by the 

sensitivity and adaptability of the exposed system (Huynh et al., 2020) 

 Over the last decades, different approaches for analyzing vulnerability have been largely developed and widely accepted, 

which emphasizes the importance of socio-economic, political, or cultural factors on the  the exposure, impact and capacity of 35 

a society to recover after an unexpected hazard event (Blaikie et al., 1994; Cutter, 1996; Aroca-Jimenez et al., 2017). Social 

factors include many variables, such as gender, ethnicity, age, education, poverty, and thus they can be regarded as the partial 

outcome of social inequalities (Cutter et al., 2003; Adger et al., 2004). Under these conditions, marginalized groups of a society 

are more susceptible and exposed to environmental hazards. A combined application can be found in the analysis of Birkmann 

(2006). According to this study, vulnerability encompasses physical, social, economic, environmental, and institutional 40 

features (Birkmann, 2006), giving an integrated perspective to vulnerability studies (Zanetti et al., 2016). It must be mentioned 

that not all places are affected by natural hazards in the same manner: e.g., biophysical vulnerability differs from place to 

place. Tschakert et al. (2019), conducting a climate-related comparative systematic analysis on more than 100 published case 

studies worldwide, have shown that the same natural hazards can produce different impacts beginning from almost no 

destruction to irremediable damage across numerous dimensions irrespective of the country’s general level of development.  45 

The concept of vulnerability to climate change has been studied by several authors as well (Wisner et al., 2004; Cutter et 

al., 2009; Tate, 2012; Apotsos, 2019), most studies recognizing, social, economic and cultural elements are of outmost 

importance, such as biophysical factors (Cutter et. al., 2003; Fussel and Klein, 2006; Preston et al., 2011; Lee, 2014; Debortoli 

et al., 2019). Consequently, in the last few years, indicator-based methods have represented the most important tools for 

vulnerability assessment (Kumar et al., 2016; Tapia et al., 2017; Hazbavi et al., 2018; Huynh et al., 2020). These studies have 50 

been elaborated for different scales (countries or cities) and have been applied to locations on almost every continent. In the 

case of Romania, researching social vulnerability has represented an important preoccupation for several authors, although 

none of them has included the impact of climate conditions in their work (Stângă and Grozavu, 2012; Armaş and Gavriş; 2013; 

Bănică and Muntele, 2015; Török, 2017, 2018).   

Spatially based local vulnerability assessment can support decision-making process in identifying areas and communities, 55 

which are most affected by natural hazards with resource allocation and project prioritization more objectively (Birkmann, 

2006). This is also important because some of the targeted policies formulated at the national level are not always relevant to 

the most vulnerable settlements. On the other hand, interventions for economic development, like poverty reduction, food 

security, and sustainable livelihoods could be formulated at least at the meso level, but the different adaptation practices for 

increasing the resilience of communities are in the hands of local communities. Therefore, the spatial scale of any vulnerability 60 

analysis is a crucial factor. Formetta and Feyen (2019) have analyzed the socio-economic vulnerability to climate-related 

hazards between 1980 and 2016, stating that there is still a significant climate hazard vulnerability gap between less and well-

developed countries. Hence, the need to collect and construct disaster-related databases, especially at the local level, should 

become a priority as it could facilitate the implementation of the disaster risk reduction targets of the Sustainable Development 

Goals. 65 
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Besides the different approaches used for the conceptualization of social vulnerability, there are also several techniques for 

measuring it. One of the most widely used and largely accepted methods is the Social Vulnerability Index (SoVI®) (Cutter et 

al. 2003; Fekete, 2009; Holand et al., 2011; Chen et al., 2013; Rufat et al., 2015). Among the weak points of this method is 

that it attributes an equal impact to all considered factors, therefore recent studies have focused either on using different 

weighting techniques (Mwale et al., 2015; Frigerio and Amicis, 2016; Török, 2018; El-Zein et al. 2021) or by developing 70 

completely new models (Armaș et al., 2017; Bănică et al., 2017). 

The objective of this paper is to develop a scientifically based set of vulnerability indicators and calculate the impact of 

climate factors on people’s vulnerability in Cluj County. We adopted the concept of social-environmental vulnerability, which 

integrates both biophysical (mainly climate related) and social factors and their effects on the human population (“place 

vulnerability”). As it was already highlighted, this consideration is a common approach and a widely used practice in assessing 75 

social vulnerability, as it allows for a more comprehensive characterization (Turner et al., 2003; Adger et al., 2004). The study 

also aimed to provide a methodological contribution for assessing vulnerability at the local level and to promote the integration 

of climate change into sectoral and local policies for increasing the climate resilience of the analyzed communities. This 

approach can be replicated further in different regions of the world. The following parts of the study are as follows: Section 2 

presents our case study area and data collection methods and Section 3 gives an overview about the methodology. Finally, 80 

results and discussions about climate influence on social vulnerability are provided in Sections 4 and 5. 

2 Study area and data  

2.1 The study area  

Cluj County is situated in the north-western part of Romania. With an area of 6674 km2, it is the 12th largest county of 

Romania and it includes 5 towns and 81 rural settlements, totalizing 420 villages. In 2020, the population of the county was 85 

736,945, out of which 480,241 (65.2%) were living in urban areas. The largest city is Cluj-Napoca, which is an important 

historical, cultural, educational, and healthcare center, and one of the most developed Romanian cities.  

The topography of the county is very complex; it is dominated by hills belonging to the Someș Plateau and, to a much 

lesser extent, by the north-eastern Apuseni Mountains (part of Western Carpathians), which cover about 30% of the county. 

The county has very few planes, but they are substituted by riversides, which are suitable for agricultural activities and for the 90 

location of settlements as well. The eastern part of the county partially overlaps over some gas-condensate domes. The altitude 

varies from less than 300 m to more than 1800 m (Fig. 1). 

The climate of the analyzed area is moderate, temperate-continental, the altitude influencing the average temperatures and 

precipitation: in the mountain areas, the average annual temperature is between 4.5 and 6.5 °C and in the lowlands it varies 

from 7.5 to less than 10.0 °C (Fig. 2). Effective precipitation, cumulated in days with an amount equal to or greater than 1.0 95 

mm ranges from less than 500-600 mm/yr. - on the eastern lee slopes of the mountains under the influence of the foehn local 
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wind and most of the lowlands - with more than 1100 mm/yr. in the mountain areas (Fig. 3 left). The historical highs are at 

least 20% above, ranging from 600 to more than 1500 mm/yr. (Fig. 3 right).   

It is of utmost importance to mention that significant changes have been detected over the last decades, mainly in 

temperature. An increase has been registered both in terms of maximum and minimum temperatures, with a steeper slope in 100 

the case of the maximum values (Croitoru and Piticar, 2013). For precipitation, no significant changes have been identified 

during the last five decades (Bojariu et al., 2015; Croitoru et al., 2016a, 2018).  

2.2 Selection of variables  

After a detailed review of the related literature, a set of 45 simple indicators were selected and tailored to fit the specificity 

of Cluj County (Table 1). When choosing the indicators, the most important issue was to ensure that the selected variables 105 

address the purpose of the research: to identify those vulnerable areas, which are exposed to different climate 

conditions/effects. The database includes 13 exposure indicators, 17 sensitivity indicators, and 15 indicators for adaptive 

capacity, grouped into four major categories comprising demographic, socio-economic, built environment, and climate-related 

factors. The first three groups of indicators were taken from the National Institute of Statistics, based on the 2011 Census data 

(which is the most recent one conducted in Romania) and the Tempo Online web database.  110 

The climate indicators were derived from daily extreme (maximum and minimum) temperature gridded data for the entire 

county at a spatial resolution of 0.1° (on latitude and longitude). The gridded data over a 53-yr period (1961-2013) were made 

available by the Romanian National Meteorological Administration through the ROCADA database (Dumitrescu and Birsan, 

2015). It covers the entire territory of Romania and was developed based on the highest spatial density of quality controlled 

weather station measurement data in Romania. Datasets are freely available on the World Data Center PANGAEA portal as 115 

well. ROCADA derived data have the best spatial resolution and accuracy when compared to other available gridded databases 

at present, such as E-OBS or CarpatClim (Sfica et al., 2017). From a total number of 35 extreme temperature and precipitation 

indices calculated from the entire county (World Bank, 2020), we have chosen for this study only those one which showed a 

statistically significant change over the considered period. Their mean multiannual spatial distribution is presented in 

Supplementary Material 1.  120 

3 Methodology  

In assessing social vulnerability to climate change, the most commonly used indicators include person-specific factors like 

ethnicity, age, gender, state of health, and location-specific factors mainly related to socio-economic status and housing 

conditions (Cutter and Finch, 2008; Cardona et al., 2012; Otto et al., 2017). For this analysis, the health factor is essential as 

climate extremes (especially those related to temperature, such as heat and cold waves) have a strong impact on health – for 125 

example, in Cluj-Napoca an approximately 14 % increase in general mortality was registered during heat waves. Such events 

tend to become a threat since they have constantly increased in frequency, duration, and intensity over the last decades in 
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Romania (Croitoru et al., 2018). Recent analyses have revealed that old age is one of the most important internal factors for 

heat-related mortality (Reckien et al., 2017).  

Based on reviews of the related literature, as a rule, we have observed that in most cases the majority of indicators have 130 

been selected subjectively and adapted to the main characteristics of the analyzed region.  This is a common approach, which 

could be noticed in most of the vulnerability analyses conducted worldwide. 

3.1 Indices calculation  

3.1.1 Built Environment Vulnerability Index (BEVI) 

For constructing the BEVI, we selected 13 variables including housing facilities, quality of housing, quality of living, and 135 

green environment. All these data were obtained from the 2011 Census as information regarding housing conditions, in general 

(such as year of building or housing facilities), and infrastructural development can be found in census databases only. In 

constructing the index, first we included all relevant variables strongly related to the built environment, but finally, after 

performing the correlation analysis, we have kept only those indicating a statistically significant correlation (α <= 0.05). The 

included variables are shown in Table 2. 140 

3.1.2 Demographic Vulnerability Index (DEVI) 

To construct the DeVI, some of the demographic variables were extracted from the 2011 Census and they were amended by 

data obtained from the Tempo online database made available by the Romanian National Institute of Statistics. It contains data 

from 1990 onwards both at regional and local levels. We selected variables, which were available at the local level and for all 

settlements in the county. After running the correlation analysis, we retained only seven highly correlated indices, grouped in 145 

three main categories: family structure, demographic vitality, as well as gender and mobility (Table 2).  

3.1.3 Socio-Economic Vulnerability Index (SEVI) 

The development of SEVI is based on 12 variables: which include education and occupation, health and accessibility, as well 

as general wellbeing. Besides the above-mentioned 2011 Census and the Tempo online database, we have also used local tax 

income data provided by the Ministry of Regional Development and Public Administration (MRDPA). Another composite 150 

index, included in the construction of SEVI, is the Local Human Development Index (LHDI) (Sandu, 2016). This is based on 

the United Nations Human Development Index methodology, but the used socio-economic variables allow the comparison of 

rural and urban localities as well (Sandu, 2016) (Table 2).  

3.1.4 Climate impact Vulnerability Index (CliVI) 

The development of the CliVI is based on 13 extreme temperature indices, largely used to assess the climate change 155 

worldwide (Table 2). As the most relevant and accelerated change in Romania was detected for extreme temperatures (Bojariu 
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et al., 2015; Croitoru et al., 2016b; 2018), for this study, a set of 13 extreme temperature indices was chosen to assess the social 

vulnerability to climate change in Cluj County. They were selected from the core list established by the Expert Team for 

Climate Change Detection, Monitoring and Indices (ETCCDMI) and by the Commission for Climatology Expert Team on 

Sector-Specific Climate Indices (ET-SCI) of the World Meteorological Organization. From a multitude of indices (Alexander 160 

and Harolds, 2016), we retained for this study only those ones indicating statistically significant changes at the scale of the 

entire county (World Bank, 2020). They are used in this paper as “exposure” variables and are listed in Table 1, in including 

their names, definitions, and measurement units. The spatial distribution of their multiannual values are presented in 

Supplementary Material 1. The method used for trend detection was the least-square method and the statistical significance 

was established at a level of 0.05. The index datasets for the 53-yr period (1961-2013) have been obtained by using R version 165 

of the ClimPACT2 application (Alexander and Harolds, 2016). 

3.2 General vulnerability assessment  

To assure that components with higher variance influence more the overall vulnerability, in this study, we applied a weighting 

method based on each principal component percentage variance. Török (2018) successfully used the same approach previously 

Eq. (1).  170 

𝑊௜ =
𝐸𝑥𝑝𝑙𝑎𝑖𝑛𝑎𝑏𝑙𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒

𝑇𝑜𝑡𝑎𝑙 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑑 𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑
∗ 100 

In the first step, the PCA was run for the built environment indicators resulting in the BEVI, then for the demographic 

dimension leading to the DeVI, for the socio-economic indices (SEVI), as well as for the climate impact factors by proposing 

the CliVI, based on the methodology presented by Török (2018) using Eq. (2): 

𝐶𝐿𝑒𝑆𝑜𝑉𝐼 = ∑ 𝐵𝐸𝑉𝐼 + 𝐷𝑒𝑉𝐼 + 𝑆𝐸𝑉𝐼 + 𝐶𝑙𝑖𝑉𝐼 ቀ
ி೔

௩೔
∗ 𝑤௜ቁ

௡
௜ୀଵ , 175 

where, n - the number of territorial units; Fi - the resulting number of factors; vi - the number of variables included in each 

factor; wi - the assigned weight for each factor.  

In the second step, the Climate related Social Vulnerability Index (CleSoVI) for all settlements in Cluj County was 

calculated by using Eq. (3). 

𝐶𝑙𝑒𝑆𝑜𝑉𝐼 = ∑ 𝐵𝐸𝑉𝐼 −௡
௜ୀଵ ቀ

ிభ

ହ
∗ 45.4ቁ + ቀ

ிమ

ଷ
∗ 19.1ቁ + ቀ

ிయ

ଷ
∗ 11.5ቁ + ቀ

ிర

ଶ
∗ 7.8ቁ + ∑ 𝐷𝑒𝑉𝐼 +௡

௜ୀଵ ቀ
ிఱ

ଷ
∗ 40.7ቁ + ቀ

ிల

ଶ
∗ 30.5ቁ +180 

ቀ
ிళ

ଶ
∗ 14.6ቁ + ∑ 𝑆𝐸𝑉𝐼௡

௜ୀଵ − ቀ
ிఴ

଺
ቁ ∗ 45.5 − ቀ

ிవ

ଷ
∗ 19.8ቁ + ቀ

ிభబ

ଷ
∗ 10.8ቁ + ∑ 𝐶𝑙𝑖𝑉𝐼௡

௜ୀଵ ቀ
ிభభ

ଵଵ
∗ 78.9ቁ + ቀ

ிభమ

ଶ
ቁ ∗ 12.7)Q 

The detailed CleSoVI construction procedure is presented as a flowchart in Fig. 4. 

3.3 Level of vulnerability  

Using a weighting methodology according to the variance explained by each factor, the composite CleSoVI scores were 

divided into five categories presenting the level of vulnerability. The calculation was based on the standard deviation from the 185 

mean, where negative values represent low social vulnerability while positive values indicate a high degree of vulnerability.  
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3.4 Mapping  

For this research, the geospatial and geostatistical analyses were performed by employing the ArcGIS v10.6.  IDW 

interpolation was applied to a regular grid-shaped point dataset to create maps of extreme temperature indices for Cluj County. 

The IDW technique computes an average value for each unsampled location using values from nearby weighted locations. For 190 

this paper, the input data were projected in Stereo 1970 (Romania’s National Projection System). 

4 Results and Discussion  

According to PCA, from the initially selected 45 variables we got 12 latent factors grouped into four categories, which 

explained 83.9%, 85.9%, 76.2%, and, respectively, 89.6% of the variance. The high value of Kaiser-Meyer-Olkin (KMO) 

measurement confirmed the adequacy of the correlation matrices, while Bartlett’s test revealed a high probability that the 195 

selected variables are suitable for the analysis (p < 0.001), too. The description of the twelve components with component 

loadings and their effect on social vulnerability is presented in Table 2. 

4.1 Analysis of BEVI  

The first index, BEVI has four main components and the total variance explained is 83.9%. This dimension has a significant 

positive impact on the settlements’ accessibility to different services, incorporating elements describing the overall quality of 200 

living and quality of housing. On the one hand, limited access to basic services like access to piped water and sewage network, 

the share of wooden houses make people more vulnerable, especially those from rural areas and highly isolated mountainous 

regions (southwestern and northeastern parts of the county). On the other hand, population and housing density contributes to 

anthropogenic excess heat, and the modified urban climate could have further impact on people health by appearing heat 

islands (Fig. 5a).  205 

4.2 Analysis of DEVI  

According to the PCA, the most vulnerable communities are those with a high rate of elderly and widows/widowers as well as 

the ones where the demographic dependency ratio is well above the county average, all above-mentioned variables loading 

positively on this dimension. Communities with a high rate of elderly are especially vulnerable not only that they are physically 

frail and thus much more exposed to risk, but they might be much less able to help themselves when faced with extreme 210 

weather conditions. In the analyzed area, where the share of elderly people is constantly growing at the expense of the young 

population, the phenomenon raises even more issues related to vulnerability. Especially, the south-western and partially north-

western areas of the county are characterized by a relative unbalanced age structure due to the high demographic dependency 

ratio (Fig. 5b). 
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4.3 Analysis of SEVI  215 

Some of the most vulnerable population groups are strongly related to socio-economic factors, including education and 

occupation, health and accessibility, and general well-being. Individuals with a low level of education have access to fewer 

employment options and they usually have a low standard of living. Consequently, they have limited access to warning 

information and a reduced ability to understand the true impact of disasters (Morrow, 1999; Cutter et al. 2003). In general, 

different occupations require different education levels and skills, hence leading to different levels of income. The unqualified 220 

workforce and people working in primary activities are the most vulnerable because of their dependency on natural resources 

(Chen et al., 2013). These categories are also highly vulnerable to natural disasters due to the lack of adequate income levels 

and material resources, which considerably decrease their ability to recover afterwards. Except for the central part of the 

analyzed area, which is the most developed one, the rest of the county is characterized by a strong peripheralisation due to 

their dependence on agriculture, low income, and low education level (Fig. 5c).  225 

4.4 Analysis CliVI  

The Climate impact Vulnerability Index (CliVI) encompasses 13 variables with a high explanation power (cumulative variance 

explained is 89.6%). The maps presenting the spatial distribution of the indices are presented in Supplementary Material 1.  It 

is easy to identify a strong west-east gradient according to extreme temperature conditions, mainly influenced by the 

topography and altitude. The western part is dominated partly by mountains and high hills where lower temperatures and the 230 

intensity (magnitude) of cold waves have a negative impact on people’s vulnerability, aggravated by the low accessibility (Fig. 

5d).  

According to the International Disaster Database, the most severe cold waves and winter conditions in the last two decades 

occurred in the years 2002, 2005, 2008, and 2009, when outside temperatures fell below -34°C, resulting in the death of 132 

people at the national level (there are no data available at the county level). In contrast, in the eastern part where agriculture 235 

represents the dominant economic activity, the duration and frequency of heat wave events, usually associated with persistent 

draught, make people and places more vulnerable. If we consider the same database, the most severe weather conditions in the 

analyzed county have been recorded in 2004 when outside temperatures reached 38 °C leading to 27 deaths in Romania 

(CRED, 2020). 

4.5 Analysis CleSoVI  240 

The resulted CleSoVI factors show that 19.8% of settlements fall into low and very low vulnerability categories (-1.5 to -0.5 

Std. Dev), whereas 32.1% of settlements are characterized with high and very high social vulnerability (0.5 – 1.5 Std. Dev.) 

(Fig. 6).  

According to the obtained factor scores, the western, north-western, and eastern parts of the county represent the most 

vulnerable areas. These settlements are outmost exposed not only to extreme temperature events, but they are fragile from 245 
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demographic and partially socio-economic points of view as well. Within those settlements, social vulnerability is mainly 

influenced by high emigration, demographic ageing, low level of education, but also by the economic structure, subsistence 

farming being the most important preoccupation of the population living here. Beside the fact that agriculture is highly exposed 

to environmental factors, the relatively low wages represent the cradle of rural poverty. At the same time, the average and 

extreme temperature-related conditions can have an impact on the vulnerability of the population. Among them, persistent heat 250 

waves seem to have the most important consequences. By contrast, the lowest vulnerability can be found in urban areas and 

suburban localities (mainly near big cities) where, even though the population and housing density is higher compared to other 

settlements, there is an increased adaptive capacity due to the overall socio-economic conditions and the demographic 

characteristics (Figure 6).  

Hedlund et al. (2018) using the Notre Dame Global Adaptation Index (ND-GAIN, 2012) highlighted that even though 255 

climate risks show a strong correlation with economic development and geographical position, there is a need to support a 

strong adaptation planning mainly in the framework of international cooperation to reduce them in global systems. Over the 

last years, due to the pressure of global warming, adaptation to climate change represented an important step on the Romanian 

political agenda as well. The National Strategy for Climate Change in Romania was approved in 2013, focusing on the 

reduction of vulnerability in specific sectors like agriculture, energy, water resources, transport, industry, construction, urban 260 

planning, insurance, biodiversity, human health, tourism, forestry, infrastructure and recreational activities (MECC, 2013). 

According to the experts’ long-term estimates (2041-2070 and 2071-2100), the temperature continues to increase alongside 

the reduction of average precipitation during the warm season (MECC, 2013). Under these circumstances, it is essential to 

take into consideration the effect of long-term climate change on people’s vulnerability, their exposure, and adaptive capacity.  

One of the main consequences of climate change could be already observed in agriculture activities. The weak adaptation 265 

capacity of society is linked to the aforementioned demographic problems (high demographic ageing and the decline of the 

rural population), economic problems (low competitiveness of small farms, high fragmentation of agricultural areas), as well 

as social problems (massive youth migration from rural areas, strong peripheralisation process). However, the changes in agro-

climatic conditions (GDDgrow index) have revealed a consistent improvement of thermal conditions for crop growing. This 

is particularly important mostly in the eastern part of the analyzed region, where the main livelihood opportunity is related to 270 

agriculture, and where the population should be aware that recent and more productive hybrids could be successfully cultivated 

under new climate conditions (Croitoru et al., 2020). Under these circumstances, a proactive policy could facilitate the 

sustainable transition to a more diverse agro-ecosystem, avoiding the path dependency associated with a monoculture 

production approach (Roesch-McNally, 2018).  

The second issue is strongly related to water resources: due to climate change and the frequency of extreme weather 275 

phenomena, warmer and shorter winters have led to the decrease of the snowcaps and to the early melting of snow (MECC, 

2013). This situation particularly affects the southern and south-western parts of the county where well-known ski resorts are 

located and where winter tourism accounts for a significant share of income. In addition, the problem of decreasing water 

resources in both quantity and quality (Gurzau et al., 2010) is accompanied by the increase of water demand generated by 
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extreme high temperatures associated with dry periods during summer. As the geological structure in the eastern part of the 280 

county has a significant impact on the quality of water resources, the settlements are prone to a particular anthropogenic and 

natural vulnerability and as a result, landslides and sheet flows characterize the landscape. Under these circumstances, the 

sensitivity of local communities to any climatic hazards has risen, while adaptation strategies have failed to keep pace.  

A pressing problem, which most urban areas face, is the effect of persistent heat waves under climate change conditions. 

Their impacts are more intense in densely populated urban areas due to their added heat stress overlapping with the urban heat 285 

islands (Herbel et al., 2017). Analyzing how individuals or households respond to the local impact of global climate change is 

an important issue for policy makers to elaborate strategies for exposure reduction and adaptation capacity improvement. 

Therefore, vulnerability assessment is an important part of adaptation planning and the CLeSoVI index developed in the current 

paper could represent the first step in this sense, offering the possibility to be tested and applied in other regions as well. At a 

national scale, an integrated Local Social Vulnerability Index was developed and successfully used to measure the population’s 290 

vulnerability to flood hazards (Török, 2018). We consider that in the near future it is necessary to carry out similar analyses 

for smaller territorial units, taking into account different factors of natural disasters. This would be essential to identify the 

socio-economic and demographic characteristics, which increase the capacity of the population to resist, cope with, and recover 

from disasters (Cutter et al., 2010; Frazier et al., 2014). By pinpointing the areas with the greatest need for vulnerability 

reduction, the developed index could help policy-makers prioritize development measures.  295 

The importance of community-based adaptation to climate-related vulnerability, capacity building, and choices about 

different information channels seem to be crucial (Ford et al., 2018). At present, there are only three cities in Romania who 

have already elaborated a local strategy for climate change adaptation. Not surprisingly, no rural settlement in Romania has 

such strategy. The present analysis serves as an important tool for local and regional authorities to recognize the natural and 

socio-economic problems which make these communities more vulnerable, to elaborate local development strategies so that 300 

to increase the coping capacities of the population living in those areas. However, since the European Green Deal is a roadmap 

for making the EU's economy and society sustainable and more resilient to climate change by turning climate and 

environmental challenges into opportunities across all policy areas and making the transition just and inclusive for all, local 

communities and authorities could benefit from adaptation support (European Commission, 2020). 

The impact of internationally financed climate change adaptation projects on local communities indicated that a better 305 

approach for strengthening the limited capacity of a community is to promote bottom-up adaptation projects (Manuamorn et 

al., 2020). However, the problems resulting from the lack of cooperation between local authorities and communities are still 

present, making it difficult to share responsibilities for mitigating actions, which could help overcome the negative impact of 

climate change. Among the most appropriate and effective long-term solutions are those implemented in formal education to 

increase awareness and (in)form children from an early age for developing adaptive behavior. In the case of the elderly, which 310 

are most exposed to climate-induced heat stress, understanding the fact of continuous monitoring their health status to increase 

the level of preparedness are of outmost importance. At the same time, CleSoVI can help local policy makers, civil societies, 
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and communities to further examine the roots of risk and vulnerability to make the right decision for mitigation measures, 

preparedness, and response planning as well as recovery (Török, 2018).   

5 Conclusion  315 

The present paper aims to develop an in-depth analysis based on socio-economic variables to understand what makes a 

community more vulnerable compared to another. To better assess the social vulnerability of the analyzed region, the results 

of this research were obtained based on a significant selection of socio-economic and climate-related variables, an improved 

methodological assessment, and a GIS-based approach. This study represents a first attempt for understanding the spatial 

relationship between social vulnerability and climate change, offering the possibility to be tested in other regions as well. As 320 

the analysis revealed, the most vulnerable communities could be found in the eastern and north-western peripheral rural areas, 

which are further affected by climate-induced negative impacts. Usually, these settlements are characterized by multiple social 

and economic disadvantages, which make it difficult to cope with the impact of any natural hazards. The present analysis 

represents an important step towards developing more adequate response strategies and towards helping local decision makers 

plan better to adapt and cope with the impact of climate change, taking advantage of the opportunities and support attributed 325 

to the European Green Deal (European Commission, 2020). 

The study presents some limitations. Even though the analysis can offer a holistic approach by combining various social, 

economic, demographic, and climate-related/e indicators, some of them are not up to date as it could be found only in the 2011 

Census. This makes it difficult to give a precise situation picture about/of the analyzed territories. The second limitation is 

strongly related to the static character of the analysis. By comparing different periods, it could further help to identify the 330 

changes of people’s vulnerability, their coping, and adaptive capacity.  

Overall, our paper is novel from the perspective of the used scale and the proposed method, which can be applied for any 

local community, with some adjustments to capture the local specificity of the considered focus area.  

 

Data availability 335 
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Figure 1: Study area location. 
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Figure 2: Mean multiannual temperature in Cluj County over the period 1961-2013. Data source: data processed after ROCADA 

gridded database (Dumitrescu and Birsan, 2015) 505 

 

 

Figure 3: Mean (left) and maximum (right) multiannual amount of precipitation cumulated in wet days (days with 
precipitation amount equal or greater than 1.0 mm) in Cluj County over the period 1961-2013 (mm/an). Data source: 
data processed after ROCADA gridded database (Dumitrescu and Birsan, 2015). 510 
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Figure 4: Construction flowchart of the Climate related Social Vulnerability Index (CleSoVI) 
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Figure 5: Built-, Demographic-, Socio-Economic and Climate impact vulnerability in Cluj County 
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Figure 6: Climate related Social Vulnerability Index scores 
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Table 1. Descriptive statistics of variables considered for social vulnerability assessment. 

Vulnerability 
components 

Variables Mean SD Min Max 

Exposure 

Growing degree days (°C) 1174.42 178.11 593.60 1378.56 
Historical maximum temperature (°C) 36.86 1.81 31.30 38.86 
Intensity (magnitude) of cold waves (°C2) -20.95 2.05 -25.09 -16.91 
Maximum annual number of hot days (maximum 
temperature >= 35 °C) (days) 7.25 4.34 0.01 17.37 
Mean annual frequency (cumulative duration) of heat 
waves (days) 16.12 0.31 15.49 16.69 
Mean annual number of frost days (maximum 
temperature < 0 °C) (days) 117.83 8.13 107.21 144.99 
Mean annual number of summer days (maximum 
temperature >= 25 °C) (days) 51.58 15.14 11.25 72.69 

Mean annual value of daily minimum temperature (°C) 3.76 0.68 1.77 4.54 
Mean annual number of tropical days  (maximum 
temperature >= 30 °C) (days) 9.44 4.32 0.47 17.46 
Mean annual temperature (°C) 8.73 0.86 5.83 9.76 

Mean duration of a heat wave events (days) 7.00 0.15 6.62 7.21 

Mean value of daily maximum temperature (°C) 13.64 1.16 9.99 15.00 
Percentage of very hot days (maximum temperature > 
the 90th percentile) (%) 13.05 0.15 12.86 13.40 

Sensitivity 

Average number of people per household 2.55 0.26 2.02 3.12 
Demographic dependency ratio 217.50 77.14 67.31 488.81 

Illiteracy rate 1.85 1.70 0.24 9.93 

Net international migration rate -0.12 0.45 -2.00 1.19 
Number of housing units per square kilometer 2.17 0.94 0.77 8.37 

People employed in agriculture 37.30 19.11 1.06 77.50 

Percentage of forest cover 21.58 15.20 0.97 87.69 

Population density 97.42 237.95 6.03 1710.87 
Rate of natural increase -8.63 6.50 -27.80 13.52 

Share of diseases of the circulatory system 7.07 19.21 0.00 90.91 
Share of houses constructed from wood 16.46 16.60 1.10 68.62 

Share of houses built between 1946-1990 27.33 8.57 9.05 46.38 

Share of population under 5 years old 14.79 5.74 3.23 53.18 
Share of population aged 65 years and above 30.36 10.66 8.46 66.58 

Share of widows within the female population 12.97 4.41 3.80 30.77 
Share of women from the total population 46.84 7.76 13.91 84.19 

Social welfare rates 52.80 13.99 34.86 99.59 

Access to major public road network 2.22 1.22 1.00 5.00 
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Adaptive 
 capacity 

 

Employment rate 0.30 0.28 0.05 1.79 

Housing space per person 19.29 7.90 5.25 61.14 

Local Human Development Index 55.24 17.53 0.00 106.27 

Medical-sanitary staff per 1000 persons 0.67 1.16 0.00 8.56 

Number of houses with reinforced structure 0.54 0.79 0.00 5.00 

People employed in services 39.20 14.80 15.06 82.79 

Per capita income 971.63 451.70 249.13 3908.83 
Share of houses built after 1990 14.18 9.90 3.19 51.13 

Share of households with a kitchen area 69.50 18.02 28.30 97.94 

Share of households with a fixed bath  42.30 22.84 6.67 97.62 

Share of households with access to piped water 48.35 23.48 12.61 98.65 

Share of households with access to the sewage network 45.95 23.40 10.90 98.52 

Share of households with central heating system 17.90 20.54 1.49 92.02 

Share of population with university education 5.89 5.92 1.00 37.51 
Notes: SD = Standard Deviation. Max = Maximum value. Min = Minimum value. N = 81. 
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Table 2. Main components and variables, explained variance and loadings for the CleSoVI analysis 

  Component 
Percent 

Variance 
Explained 

Dominant Variables 
Component  

Sign 
Loading 

Built 
Environment 
Vulnerability 

Index 

Housing 
facilities 

45.468 

Share of households with access to 
piped water 

−0.934 

− 

Share of households with access to 
sewage networks 

−0.928 

Share of households with a central 
heating system 

−0.703 

Share of households with a kitchen area −0.913 
Share of households with a fixed bath  −0.922 

Quality of 
housing 

19.074 

Number of houses with a reinforced 
structure 

-0.823 

+ Number of houses built between 1946-
1990 

0.616 

Population density 0.820 

Quality of 
living 

11.587 

Housing space per person 0.858 

+ 
Number of housing units per square 
kilometer 

−0.884 

Share of houses built after 1990 0.508 
Green 

environment 
7.824 

Percentage of forest cover 0.871 
+ 

Share of houses constructed from wood 0.748 
Cumulative 

variance 
explained 

83.953       

Kaiser-Mayer-Olkin 
Measure of Sampling 

Adequacy 0.789 Extraction Method: PCA. Rotation Method: Varimax with Kaiser 
Normalization. Rotation converged in 6 iterations. 

Bartlett’s Test of Sphericity     
0.000 

Demographic 
Vulnerability 

Index 

Family 
structure 

40.756 

Share of population aged 65 years and 
above 

0.893 

+ Share of the population under 5 years  0.788 
Share of widows within the female 
population 

0.867 

Demographic 
vitality  

30.551 
Demographic dependency ratio 0.946 

+ 
Rate of natural increase -0.918 

Gender and 
mobility 

14.68 
Net international migration rate 0.921 

+ Share of women from the total 
population 

0.608 

Cumulative 
variance 

explained 
85.987       

Kaiser-Mayer-Olkin 
Measure of Sampling 

Adequacy 0.773 

Extraction Method: PCA. Rotation Method: Varimax with Kaiser 
Normalization. Rotation converged in 4 iterations. 
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Bartlett’s Test of Sphericity 
0.000 

Socio-
Economic 

Vulnerability 
Index 

Education and 
occupation 

45.554 

Share of population with a university 
education 

−0.830 

− 
Employment rate −0.802 
Illiteracy rate 0.571 
Local Human Development Index −0.794 
People employed in agriculture 0.842 
People employed in services -0.853 

Health and 
accessibility 

19.871 

Access to major public roads −0.647 

− 
Medical sanitary staff per 1000 persons −0.925 
Share of diseases of the circulatory 
system 

0.935 

General well-
being 

10.871 

Average number of people per 
household 

0.858 
- 

Social welfare rates -0.925 
Per capita income −0.656 

Cumulative 
variance 

explained 
76.296       

Kaiser-Mayer-Olkin 
Measure of Sampling 

Adequacy 0.750 Extraction Method: PCA. Rotation Method: Varimax with Kaiser 
Normalization. Rotation converged in 6 iterations. 

Bartlett’s Test of Sphericity 
0.000 

Climate 
vulnerability 

index 

Extreme 
temperature 

indices 
78.964 

Mean annual temperature 0.959  

Historical maximum temperature (°C) 0.947  

Mean value of daily maximum 
temperature (°C) 

0.949  

Mean annual value of daily minimum 
temperature (°C) 

0.969  

Mean duration of a heat wave events 
(days) 

0.791  

Mean annual number of summer days 
(maximum temperature >= 25 °C) 

0.947  

Mean annual number of tropical days 
(maximum temperature >= 30 °C) 

0.897 

+ 

Maximum annual number of hot days 
(maximum temperature >= 35 °C) 

0.836 

Percentage of very hot days (maximum 
temperature > the 90th percentile) (%) 

0.728 

Mean annual number of frost days 
(maximum temperature < 0 °C) 

0.967 

Growing degree days (°C) 0.952 

Heat wave 
duration 
indices 

12.77 

Mean duration of a heat wave events 
(days) 

0.925 
+ 

Mean annual frequency (cumulative 
duration) of heat waves (days) 

0.911 
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Cumulative 
variance 

explained 
89.697       

Kaiser-Mayer-Olkin 
Measure of Sampling 

 Adequacy 0.890 Extraction Method: PCA. Rotation Method: Varimax with 
Kaiser Normalization. Rotation converged in 3 iterations. 

Bartlett’s Test of Sphericity 
0.000 
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