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INTRODUCTION

The ongoing climate change results from 
two groups of factors: external and internal. The 
external factors are related inter alia to changes 
in solar radiation [Kundzewicz, 2011], while the 
internal factors are those marked on the Earth 
by the existence of humans (atmospheric com-
position change, greenhouse gas emissions to 
the atmosphere, changes in the Earth’s surface 
properties) [Błażejczyk, Żmudzka, 2013; IPCC, 
2018; Coumou, Rahmstorf, 2012]. Climate 
change will affect space in different ways, de-
pending on the location. According to the Euro-
pean Environment Agency, Poland, along with a 

part of the European continent, is at risk of, inter 
alia, rising temperatures, reduced precipitation 
in the summer, and floods and fires in forest ar-
eas [EEA, 2017]. The consequences of climate 
change include natural disasters and extreme 
events [Kocur-Bera, 2015]. International statis-
tics kept since the beginning of the 20th century 
indicate that both the number (Fig. 1) and the 
economic financial losses caused by natural di-
sasters (Fig. 2) have significantly increased over 
the past five decades [Ritchie, Roser, 2019]. 
Having knowledge confirmed by data, organ-
isations and government have taken a decision 
to implement measures aimed at tackling cli-
mate change (mitigation) to the greatest extent 
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ABSTRACT
In the current decade, the fact that climate change is a continuous process and that humans have been contributing 
to this change is indisputable. Therefore, the whole society and the decision-makers who guide the process of ap-
plication of regional policy principles, are facing a challenge as to which measures need to be taken to minimise the 
consequences of this change. Although we live in a global world, it can be observed that interactions occur in each 
unit on an individual basis. As we have more and more knowledge and information on the space, we can indicate 
which units, regions and spaces have the greatest predisposition to be subject to climate change. Moreover, being 
aware of the level of risk, we can attempt to implement tools that will help society to accept climate change and 
properly adapt to it. A space’s predisposition to climate change is not only determined by the weather, environmental 
or geographical conditions. The literature on the subject indicates three basic determinants of the predisposition, i.e. 
the exposure, vulnerability and the adaptive capacity. Only all of these elements grouped together can provide an 
answer to the question about a unit’s predisposition. The article focuses on the indices which represent all three de-
terminants of the predisposition. It should be noted that depending on the availability of data and their aggregation, 
there is no possibility of using the same indices for all countries. This, however, does not prevent the performance of 
a uniform analysis for spaces included in the same statistics. The article presents a case study for agricultural land in 
the province of Warmia and Mazury. Using Ward’s method, four subregions with similar determinants of the predis-
position to climate change were distinguished. Three subregions stand out, as two of them have a significant impact 
of exposure (S.1) and vulnerability (S.2), while the third subregion dominates in terms of adaptive capacity (S.4). 
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possible, and adaptation in other situations. Both 
mitigation and adaptation require an assessment 
of the level of threat to the space and society as 
well as of the potential (power, strength) allow-
ing the planned measures to be introduced. 

The literature on the subject indicates numer-
ous lines of research into the ongoing climate 
change in the form of indices. They belong both 
to the area of measurement of changes and anom-
alies of meteorological indices observed over the 

Fig. 1. Global reported natural disasters by type and economic damage [Ritchie, Roser, 2019]

Fig. 2. Global reported natural disasters by type and economic damage [Ritchie, Roser, 2019]
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decades (e.g. Global Climate Risk Index, Physi-
cal Vulnerability to Climate Change, etc.). Cer-
tain researchers, while studying the indices, draw 
attention to the environmental, economic and so-
cial potential (e.g. Climate Vulnerability Index, 
Socioeconomic Vulnerability Index, etc.), which 
affects the possibilities for preventing changes 
and introducing adaptation measures. The cur-
rent study focused on the factors which affect 
the unit’s vulnerability/predisposition to climate 
change, and which are a part of risk reduction. 

The concept of “vulnerability” includes the 
natural (environmental, economic) and social 
predispositions of the analysed spatial units [Car-
dona et al., 2012]. A system’s resilience to climate 
change is determined by the exposure, physical 
surroundings, the system’s vulnerability, and the 
capacity to adapt to the ongoing changes in both 
economic and social terms [Granados, 2012]. The 
greater a system’s adaptive capacity, the higher 
the probability that it is able to handle the ongo-
ing climate change, and the less it is vulnerable to 
this change [Bryan et al., 2013].

Many countries have drawn up adaptation 
plan documents; for example, in Poland such a 
document has been prepared by the Ministry of 
the Environment [Kocur-Bera, 2018]. These 
documents provide guidelines and operating pro-
cedures for various regions, e.g. for the coastal 
zone or the inhabited zone. They do not take into 
account, however, the geographical diversity or 
the particular determinants occurring in macro-
regions in economic or social terms. Meanwhile, 
information on the level of risk and susceptibility 
to these hazards provided directly to citizens and 
concerning their places of residence or work al-
lows them to decide to broaden their knowledge 
on the possibilities of applying adaptation and 
prevention solutions. 

Since no formal methodology for the determi-
nation of spatial units’ predisposition to climate 
change has been approved to date, therefore this 
task presents an enormous challenge to research-
ers and offers a wide range of opportunities.

Many authors of scientific studies indicate 
that while studying vulnerability, social, eco-
nomic and environmental factors need to be taken 
into account [Polsky et al., 2007]. This allows the 
research to be conducted independently from cli-
mate models, as these models change frequently 
and the forecasting accuracy has a high degree 
of uncertainty [Hahn et al., 2009]. According to 
Sridevi et al. [2014], the vulnerability of rural 

areas is a function of socio-demographic, occupa-
tional and resource factors as well as the agricul-
tural land’s potential. Żurovec et al. [2017] takes 
into account the exposure (temperature and pre-
cipitation changes, flood hazard, etc.), vulnerabil-
ity (related mainly to the society) and adaptive 
capacity in terms of income, educational level, 
medical care and social capital. Ludena and Won 
Yoon [2015] showed three predisposition aspects: 
exposure, vulnerability and adaptive capacity, 
and divided them into particular economic, so-
cial, infrastructural and governmental factors. 
On the other hand, Hiremath and Shiyni [2013] 
focus mainly on demography, climatic variables, 
variables that specify conditions in areas used for 
agricultural purposes, and employment opportu-
nities in non-agricultural sectors.

The aim of this study was to cluster the fac-
tors representing rural areas’ predisposition to cli-
mate change. Three main areas of predisposition 
were taken into account, i.e. the exposure, vul-
nerability and adaptive capacity, which are most 
often mentioned in the literature on the subject. 
The measures considering the analysed domains 
were selected based on the availability of data and 
their accumulation for the analysed administrative 
unit. The study used the average financial losses in 
agricultural crops per hectare of agricultural land 
from the years 2010-2017, collected for the pur-
poses of a so-called disaster loan, which replaced 
the features characterising the changing climate. 
This helped obtain the direct effect of meteorolog-
ical variables on agricultural crops and not low-
accuracy forecasts. The study was conducted for 
19 poviats (Poland’s administrative units) while 
omitting two cities classified as poviats.

MATERIALS AND METHODS

The study covered the area of the province of 
Warmia and Mazury. In the north-south direction, 
the province stretches over a distance of 146 km 
i.e. 1°18′44″. In the east-west direction, the prov-
ince stretches for 240 km which, in terms of an-
gular measure, is equal to 3°39′28″. The province 
occupies an area of 24,173.47 km² (7.7% of the 
area of Poland) inhabited by 1.45 million people. 
The average population density is among the low-
est in the country and amounts to 60.06 people per 
km² (compared to the average Polish population 
density of 123.24 people per km²). In rural areas 
of the analysed region, it amounts to approx. 25 
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people per km². Forests cover almost 30% of the 
province area. The geodetic area of agricultural 
land in the region exceeds 1.3 million ha, which 
accounts for 55% of the province area (all of Po-
land - 61%), the other part is occupied by forest 
land and wooded land – 32%, waters – 6%, built-
on areas – 3.5%, and other land – 3.5%. Rural ar-
eas in the province cover an area of 2,359.6 thou-
sand ha, i.e. 97.5% of the province area, which 
accounts for the greatest percentage in the coun-
try. The province of Warmia and Mazury is divid-
ed into 21 poviats (including two cities classified 
as poviats, i.e. Olsztyn and Elbląg). The region of 
Warmia and Mazury is distinguished on both the 
national and European scales by its diversity and 
richness of natural environment, which includes 
varied terrain, numerous lakes, dense forest com-
plexes and clean air. Half of the province area 
is under legal environmental protection, includ-
ing areas of international significance (NATURA 
2000). The region has a well-developed network 
of surface waters comprising numerous lakes, 
water holes, rivers, canals and a part of the Vis-
tula Lagoon (5.7% of the province area). 

The data for the study were acquired from 
Provincial Agricultural Advisory Centre (ODR) 
in Olsztyn (data on financial losses in agricultural 
crops in the years 2010-2018 – see Figure 3), from 
the Local Data Bank, and from summaries and re-
sults of studies conducted and published by other 
researchers. Certain indices, e.g. the percentage 
of rural inhabitants, medical care, or road density 

were calculated based on available data (acquired 
inter alia from Statistics Poland (GUS)). The 
study took into account 17 indices that represent 
the space’s predisposition to climate change. The 
selection of indices was the result of relevant lit-
erature analysis and the availability of aggregated 
data. The main assumption behind the selection of 
the group of attributes was the consideration of the 
three aspects of a space’s vulnerability to climate 
change, i.e. exposure, vulnerability and adaptive 
capacity. Each of the components making up the 
vulnerability comprised from two to seven indi-
ces. Table 2 summarises the indices taken into ac-
count in the study along with their origin sources 
and the adopted unit, while Table 2 shows the ba-
sic parameters describing selected attributes.

The clustering of unit vulnerability to climate 
change was carried out based on a dendrogram 
using the agglomeration by Ward’s method (using 
the Euclidean distance – see formula 1). 

    

  (1)

where: d(A,B) – Euclidean distance;
  – the beginning of the analysed section;
  – the end of the analysed section.

This method allows clusters, i.e. disjoint ob-
servation subsets inside which observations are, 
in some specific sense, close to each other, to be 
detected in an observation set. In the analysed case, 
poviats with similar determinants represented by 

Figure 3. Financial losses (in million PLN) noted in the years 2010-2018 in particular poviats of 
Warmia and Mazury due to extreme events in areas under agricultural cultivation (drought, hail, hur-

ricane, spring ground frosts, adverse effects of over-wintering, lightning strikes, floods and tor-
rential rains) [based on the Agricultural Advisory Centre’s (ODR), data from 2018]
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17 attributes were grouped. In order to estimate the 
distance between clusters, the variance analysis 
approach is applied. This method aims to minimise 
the sum of squared deviations inside the clusters. 
All the indices considered were previously stan-
dardised according to formula 2 (Stec et al., 2005):

  (2)

where: i = 1, …, m
 j = 1, …, n

,  

Table 1. A description of variables including the unit and the source of data origin
Symbol Feature Unit Source

X1 Financial losses in the years 2010-2018 PLN/ha of agricultural 
land

ODR (2018) for the purposes of 
disaster loan

X2 Agro-climatic condition index Acc. to Rudnicki, Kluba (2014)

X3 Agricultural Production Space Ratio index Acc. to Rudnicki, Kluba (2014)

X4 Agricultural land in the total poviat area % Local Data Bank, 2019

X5 Rural population % Local Data Bank, 2019

X6 Average monthly salary in agriculture PLN Local Data Bank, 2019

X7 Employment – agriculture, forestry, hunting and 
fisheries % Local Data Bank, 2019

X8 Unemployment rate % Local Data Bank, 2019

X9 GDP per capita PLN Ciołek et al. (2018)

X10 Population with tertiary education % Local Data Bank, 2019

X11 Education (schools per poviat) number Local Data Bank, 2019

X12 Medical care Number/1000 inhabitants Local Data Bank, 2019

X13 Density of poviat and local roads km/100 km2 Local Data Bank, 2019

X14 Main crop yields (rye, wheat, triticale, barley, 
cereal mixtures) dt/ha ODR (2016)

X15 Urbanisation rate % Local Data Bank, 2019

X16 National economy entities Number/10000 
inhabitants Local Data Bank, 2019

X17
Social capital including the number of foundations, 
social participation in public events and in 
governmental elections

index Pawlewicz (2016)

Table 2. Summary of basic statistics for the analysis’s variables
Average Mediana Min. Max. Stand. dev. Coef. of variation

X1 56.75 55.77 15.44 107.34 25.06 44.15

X2 7.89 8.10 5.20 9.80 1.03 13.10

X3 65.00 65.50 52.20 78.10 7.90 12.15

X4 56.38 58.49 31.16 73.21 10.14 17.98

X5 51.29 49.11 32.56 74.87 11.32 22.07

X6 2639.31 2633.74 2427.79 2910.37 125.36 4.75

X7 28.64 28.90 16.10 40.70 7.08 24.73

X8 14.26 14.20 4.80 22.20 4.58 32.08

X9 27747.02 27512.81 21623.22 35977.33 3353.90 12.09

X10 11.84 11.90 9.00 15.30 1.58 13.32

X11 42.21 36.00 17.00 92.00 17.46 41.36

X12 6.87 6.62 3.98 10.27 1.69 24.64

X13 116.78 107.55 66.90 182.18 29.27 25.07

X14 37.44 37.00 29.46 46.62 4.12 11.02

X15 50.34 51.27 25.60 68.45 11.49 22.83

X16 782.16 754.00 635.00 987.00 91.90 11.75

X17 0.37 0.33 0.13 0.63 0.146 39.24
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RESULTS

The resulting dendrogram clustering the an-
alysed administrative units (poviats) is shown in 
Figure 4. The cut-off was performed at the eighth 
linkage level, which helped to distinguish four 
sets of objects with similar determinants consid-
ering the exposure, vulnerability and adaptive 
capacity. 

Ward’s method analysis showed that two 
clusters comprising three poviats each, one clus-
ter comprising four poviats, and one cluster com-
prising nine poviats were distinguished (Figure 
5). The first cluster comprises Iławski, Nowom-
iejski and Elbląski Poviats situated in the western 
part of Warmia and Mazury. The second cluster 
comprises Ełcki, Giżycki and Olsztyński Povi-
ats located in the central and eastern part of the 
province. The third cluster comprises Lidzbar-
ski, Działdowski, Gołdapski, Nidzicki, Olecki, 
Ostródzki, Piski, Szczycieński and Mrągowski 

Poviats situated in the southern and, partially, in 
the north-eastern part of the province. The fourth 
cluster comprises poviats located in the northern 
part of the region, including Bartoszycki, Bra-
niewski, Kętrzyński and Węgorzewski.

The distinguished clusters formed subregions 
with similar determinants of exposure, vulnera-
bility and adaptive capacity in relation to climate 
change. In the distinguished clusters, average 
values of the analysed indices were calculated 
(Table 3), which helped to indicate the spaces dif-
fering in attributes. 

In the first subregion (cluster S.1), there are 
considerably more financial losses in areas un-
der agricultural cultivation per ha of agricultural 
land, almost two times more than in subregion 
S.4 (PLN 72.73 per ha of agricultural land). In 
the cluster, there are the best conditions for agri-
cultural production, taking into account the soil, 
climate, terrain and water relations – the average 
Agricultural Production Space Ratio has a value 

Figure 4. A dendrogram clustering units with similar vulnerability to climate change [Statistica v. 13.1]

Figure 5. The clustering of poviats in terms of vulnerability to climate change, taking into account the exposure, 
vulnerability and adaptive capacity (cluster 1 – indigo, cluster 2 – blue, cluster 3 – white, cluster 4 – pink)
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of 74.07 (Poland’s average is 66.6). The subre-
gion is characterised by the lowest rural popula-
tion index (46.03%); a majority of these people 
are employed in agriculture/forestry/fisheries 
(almost 35%). It also has the lowest unemploy-
ment rate of over 20%. In this group of povi-
ats, the number of people who are able to pro-
vide medical care in emergency situations is the 
greatest (8.06 per 1000 inhabitants). The space 
is also characterised by the highest urbanisation 
rate (53.98%) and the smallest number of nation-
al economy entities. This is due to the locational 
causes, since in the west the subregion borders 
the Pomorskie Province whose capital city along 
with the neighbouring cities (Tri-City) is one of 
the major economic centres of Northern Poland. 
It also offers excellent transport (rail and road) 
connections which encourages people to transfer 
their business to that region. 

The second cluster includes a subregion 
with the highest percentage of agricultural land 
(65.63%), the highest yields of major agricul-
tural crops (42.55 dt/ha) and the highest popu-
lation of rural area inhabitants (62.78%). It also 
has the highest road density (42.55 km/100 km2) 
with the lowest urbanisation rate (37.63%). The 
unemployment rate (10.4%), the percentage of 
people with tertiary education (9.87%), medical 
care (8.1/1000 inhabitants) and the social capital 
(0.24) are the lowest levels of all analysed subre-
gions. In geographical terms, the subregion is not 
a uniform area. 

The third subregion (S.3) includes areas with 
the poorest agro-climatic conditions (7.56) and 

the lowest Agricultural Production Space Ratio 
(59.79) which is below the national average. 
Moreover, the lowest percentage of agricultural 
land (59.79%), the lowest GDP per capita and 
the lowest yield per hectare (34.77 dt per ha of 
agricultural land) can be observed in this cluster. 
In terms of the surface, the subregion covers the 
largest area.

The fourth subregion (S.4) includes areas 
with the best features representing the adap-
tive capacity. The following are found there: 
the highest average salary in agriculture (PLN 
2760.46) and the GDP per capital level (PLN 
31 389.39); the space is characterised by the 
highest percentage of population with tertiary 
education (14.63%), the greatest number of 
schools (61.33) and the greatest number of 
national economy entities (881 per 10,000 in-
habitants). The latest index promotes the multi-
functionality of rural areas [Salamon, 2010] 
and indicates high activity in generating alter-
native income sources. The index representing 
social capital is at the highest level (0.57) as 
well, which indicates the local community’s 
willingness to get involved in carrying out ac-
tivities for the benefit of the society.

The global climate policy aims at a reduction 
in greenhouse gas emissions and at the average 
citizen’s use of renewable energy in 100% [Burck 
et al., 2018]. If particular countries are fulfilling 
these two objectives, the ongoing climate change 
will be minimised. A wide range of globally de-
veloped indices enables the identification of not 
only particular country’s exposure to climate 

Table 3. Summary of average values of diagnostic features in the analysed cluster
Number 

of 
cluster

Specification X1av X2av X3av X4av X5av X6av X7av X8av X9av X10av X11av X12av X13av X14av X15av X16av X17av

S.1
elbląski
iławski
nowomiejski

72.73 8.27 74.07 61.29 46.03 2625.63 34.75 20.25 29529.71 11.97 30.75 8.06 104.16 37.81 53.98 729.0 0.34

S.2
ełcki
giżycki
olsztyński

54.44 8.60 68.60 65.63 62.78 2491.78 31.20 10.40 26257.35 9.87 43.67 5.10 116.45 42.55 37.63 730.0 0.24

S.3

lidzbarski
ostródzki
działdowski
nidzicki
szczycieński
mrągowski
piski
olecki
gołdapski

54.94 7.56 59.79 59.79 50.86 2654.18 27.23 13.43 26237.14 11.50 40.44 6.55 114.26 34.77 52.10 790.0 0.36

S.4

bartoszycki
braniewski
kętrzyński
węgorzewski

45.20 7.66 64.90 64.90 48.10 2760.46 22.17 12.63 31389.39 14.63 61.33 8.01 98.12 39.85 52.92 881.0 0.57
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change but also of the level of measures taken by 
each of these countries to minimise the changes. 
Most of these indices are global and international 
in scope, which impedes undertaking local initia-
tives. The local community’s involvement in ini-
tiatives, including those aimed at tackling climate 
change, occurs most frequently in two cases. 
Firstly, when the legislation or local regulations 
demand certain actions, and a lack of action is fol-
lowed by the imposition of penalties. The second 
case takes place where an individually feels a loss 
occurring in a household. The distinguishing of 
uniform groups of units while taking into account 
not only spatial, economic and agro-climatic de-
terminants [Kocur-Bera, 2015] but also the social 
capital features (in terms of both vulnerability 
and adaptive capacity) primarily allows the ana-
lysed problem to be addressed more broadly to 
include the social aspect. If we formulate a hy-
pothesis that it is humans who have largely led 
to climate change through their actions, then it 
is also they who should cooperate as regards the 
trends of actions, strategies and solutions to tack-
le the phenomenon. 

CONCLUSIONS

Climate change can be observed in numerous 
aspects of everyday life. Humanity significantly 
contributes to the climate change process through 
changing the Earth’s surface (in particular im-
provements on land and hardening) and green-
house gas emissions to the atmosphere [Kocur-
Bera, 2016]. Analyses of the rural space’s predis-
position to climate change has been the subject 
of numerous studies worldwide. Countries are at 
risk to various degrees. Global indices show the 
highest vulnerability of Asian and Latin Ameri-
can countries [Eckstein et al., 2018]. 

The aim of the study was to distinguish units 
in Warmia and Mazury which are similar in terms 
of the predisposition to climate change. The study 
took into account the “vulnerability” represented 
by the units’ exposure, sensitivity and adaptive 
capacity. Each domain was expressed by 2-10 
indices which were collected for each analysed 
administrative unit. Four clusters (subregions) 
with different numbers of units (poviats) were 
distinguished. Two clusters (S.1 and S.2) stand 
out due to the high exposure and vulnerability to 
climate change, as the indices reflecting these do-
mains have the lowest value. One subregion (S.4) 

represents high adaptive capacity, since as many 
as five indices have the maximum value. 

Areas used for agricultural purposes in Po-
land belong to a group of the most vulnerable 
areas since production there is primarily based 
on natural weather conditions. Therefore, a very 
important process aimed at extending preven-
tion and adaptation measures is a diagnosis of the 
land. The indication of subregions with common 
features representing the vulnerability to climate 
change is an element that allows decision-makers 
to redirect their attention to the need for strength-
ening both the space and the resilience of rural 
communities. 
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