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Abstract: Compared with other parts of the world, Poland is a relatively safe country in terms of
natural disasters. Nevertheless, extreme weather events have become a significant threat in recent
years, especially for local communities. These are exposed to intense rainfall, heavy wind, and
heatwaves, as are larger towns. However, small municipalities have different economic, social, and
human potential for undertaking preventive actions regarding meteorological extremes. In this paper,
we are looking at what activities local communities from the Wielkopolska region in Poland undertake
to cope with extreme weather events—specifically, heavy rainfall and heatwaves. We analyze the
municipalities that are most and least exposed to extremes, based on meteorological data. These are
further compared with local resilience measures in the event of extreme meteorological events through
the risk management analysis of selected municipalities. The emergence of two approaches regarding
extreme weather events has been observed. First, local arrangements consist of different resilience
types. Both of the identified approaches are concentrated around rescue activities, representing
recovery resilience. They differ in the second component of resilience: municipalities that have
suffered more from weather extremes manifest more resistance resilience, whereas those communities
where fewer meteorological events took place demonstrate more creativity-type resilience.

Keywords: extreme weather events; resilience; adaptation; municipalities; heat waves; extreme
rainfall; Poland

1. Introduction

As a result of many changes taking place globally—increasing urbanization, climate
change, economic growth, and the corresponding increase in people’s disposable income—
extreme weather events pose an increasingly severe threat to lives and habitats. They are
difficult to predict, and they may be even more dangerous in the future. The concentration
of resources and inhabitants in a small space means that people and material goods are ever
more exposed to the destructive effects of intense meteorological phenomena. The impact
of urbanization processes on this increased vulnerability to losses also results from changes
in spatial structure. For example, sidewalks, streets, squares, and parking lots are covered
with impermeable layers of concrete or asphalt. As a result, the rain cannot naturally drain
away into the ground, resulting in urban floods from heavy rainfall. Local authorities
try to counteract this by installing expensive rainwater drainage systems, but it is often
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insufficient to prevent damage in the face of extreme rain. Moreover, many studies indicate
that as a consequence of further climate change, extreme weather events will become more
common and increase in intensity [1].

Local communities may adopt various ways of dealing with threats, manifested by
a certain resilience. Therefore, this study aims to analyze the kinds of specific activities
that are followed in local municipalities that are more exposed to extreme weather events,
as well as those where events occurred less, to establish different responses to the risks
associated with extreme weather events.

1.1. Local Communities Exposure and Extreme Weather Events

In this study, weather events are interpreted in terms of defining natural disasters as
processes that affect social routines [2]. These, in turn, constitute repetitive, recognizable
patterns of behavior and independent actions carried out by various actors [3]. Therefore,
extreme weather events are an element that disrupts the typical functioning of the local
community systems, made up of individuals, institutions, and natural conditions. Conse-
quently, they require specific actions to avoid disruption or restore system efficiency to the
pre-event status quo.

The term “extreme” can mean both the maximum and minimum values of a climatic
event observed at a specific time [4]. Extreme weather events are also defined by the criteria
used: (1) frequency of occurrence, (2) intensity, (3) scale of material losses [5].

Local communities are exposed to disruptions in functioning due to the consequences
of extreme weather events. There is an interaction between natural and social systems,
whereby heavy rainfall or strong winds become a disruptive element that local systems
have to deal with. As a result, the residents of both large and small towns may suffer.
However, this very threat to human health, and sometimes also to human life, although
extremely important, is not the only aspect elevating extreme meteorological events to the
rank of a severe problem. It is also the issue of potential financial losses resulting from
damage to individuals, enterprises, and common property. Small towns have a completely
different potential for preparations, actions during an event, and reactions after a disruption
than large cities. Large towns are more financially affluent in terms of financial, material,
and human resources. However, smaller communities still have to cope with the same
meteorological hazards as large ones.

Moreover, rural and urban-rural municipalities are less frequently studied than large
metropolitan areas [2]. Therefore, we have focused on small municipalities (rural and
urban-rural). Due to the availability of meteorological data for the area, we analyzed
municipalities from the Wielkopolska region in Poland.

An increase in the frequency and intensity of extreme weather events [6] is assumed
for research purposes, and a corresponding increase in financial losses and the number of
people directly threatened by natural disasters is described [7]. Climate warming enhances
the potential for intense precipitation: more water vapor can be stored in warmer air.
According to the Clausius-Clapeyron law, this sensitivity is 6-7% K~!. Poland’s analysis of
the 99th percentile of precipitation for the two periods of 1989-2018 and 1959-1988 indicate
an increase in sensitivity (6.06%/°C and 5.26%/°C, respectively). The potential for more
extreme precipitation is growing [8].

Nevertheless, heavy rainfall and strong winds are not the only extreme weather events
that local communities must deal with. Around the world, not only in Poland, people are
faced with droughts [9] and increasingly dangerous heatwaves. High temperatures, which
remain high for many days, are the cause of an increased number of deaths. In Poland, an
increase in mortality due to heatwaves is also evidenced, mainly in people suffering from
cardiovascular diseases and the elderly [10]. In Poland, in 2016, as much as 64.5% of all
firefighting interventions were against local threats, including those resulting from extreme
weather events [11].

Extreme weather events management is subject to the scale of an event and relates to
the actions of authorities at the state, region, county, and municipality levels [12]. As these
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extreme events are often occurring locally, affecting local communities, Poland’s lowest level
of local government administration is the one that must deal with the problem. Poland’s
crisis management system was introduced in 2007, supported by an Act regarding crisis
management [13]. According to the terms of this document, notifications and warnings
regarding imminent threats are the responsibility of the Institute of Meteorology and Water
Management—National Research Institute (IMGW-PIB). Crisis management planning
and operational activities mainly fall to the rescue and firefighting units of the State Fire
Service [14]. On the one hand, crisis management departments play a leading role in
Poland at particular levels of the country’s administration—region (voivodeship), poviat,
and municipality—as bodies responsible for coordination activities. They are headed by a
representative of the authorities for a given level, i.e., the head of the region, the county,
and the mayor [15].

On the other hand, when it comes to operational issues, most competencies lie with
the State Fire Service [16]. The structure of Polish crisis management in terms of public
administration consists of four levels relating to its administration. At the local level, this
is based on the self-government administration of the municipality and includes: (a) the
mayort; (b) the municipal crisis management team (appointed in a crisis situation); (c) the
municipal crisis management center. Crisis management centers are institutions responsible
for coordinating the activities of the various rescue units involved, inter alia, in helping
the victims of the consequences of extreme weather events. One of the main tasks of these
centers is collecting and enabling the effective flow of information, as well as undertaking
joint operations between various services: rescue and firefighting units of the State Fire
Service, units of the Volunteer Fire Department, police, and municipal guards. At the lowest
level of public administration, there is no obligation to establish crisis management centers,
but most communities have such units. In cases where there are insufficient resources to
deal with local threats or to respond to the scale of an event, assistance is provided by the
counterpart of crisis management centers at the higher administration level (county or
region). Then, the county head represents the government and coordinates the activities.

1.2. Extreme Weather Events Resilience

Resilience can be understood as the overall ability of the system to deal with disrup-
tions; it can be used to analyze the various municipalities” adaptation activities concerning
the threat presented by extreme weather events and their consequences at the municipal
level. Local systems deal with problems by returning to the status quo before the event
as soon as possible. Therefore, a municipality’s ability to regain functionality, maintain its
most essential functions (i.e., the ability to prevent the complete disintegration of a given
system), and develop features that enable more effective prevention and coping with the
problem is called resilience [17].

The concept of resilience is used in many research perspectives relating to socio-
ecological systems. These are, among others, social learning, social networks, and adapt-
ability [17]. A socio-ecologically resilient system is one where disruption (a natural hazard
in the analyzed case) can create new solutions for innovation and development. Social
resilience is also sometimes referred to as the ability to “bounce back” [18].

Kimhi and Shomai [19] distinguished three basic approaches to resilience, identifying
three types of resilience: (a) resistance, (b) recovery, and (c) creativity.

Resistance can be understood as the established system’s resistance to event-induced
transformation, for example, the endurance of the social structure [20]. On the other hand,
the ability to recover is the ability to go through a catastrophe [19,20] and return (“bounce
back”) to the level it was at before the event [21]. Moreover, according to Aguirre, a more
resilient society will recover faster [22]. Maguire and Hagan [23] also identify the element
of creativity, by which it is possible to adapt to new conditions through learning from
experience. Moreover, the category of resilience includes two seemingly contradictory
elements [24]: (1) stability—the ability to resist a given system; (2) variability—the ability
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of the system to adapt. This distinction, as applied in this paper, is further explored
in Section 2.3.2.

The problem of resilience is often raised in research on the consequences of climate
change [25-27]. Chelleri [28], Zhang, and Li [29] mention creating or building resilience,
especially in urban areas. Local systems, therefore, demonstrate a different constellation
of resilience types, in which one specific form dominates the others, or where the type of
system is more balanced. Resilience, as defined in this way, reflects the nature of the event
response activities undertaken in a municipality.

Problems related to natural disasters may act as shocks to particular systems. In this
sense, extreme weather events, also considered natural disasters, are an element that should
be examined through the lens of the resilience concept [30]. This analysis looks at urban
space and assesses the four abilities of resilience: (a) the ability to absorb; (b) the ability
to adapt to change; (c) the ability to transform; (d) the ability to learn from past events.
This study focuses on three types of resilience, to which these abilities belong: (a) resis-
tance (ability to absorb); (b) recovery (ability to adapt to change and ability to transform);
(c) creativity (ability to learn from past events) [31].

Adaptation to climate-related extreme weather events has also been analyzed, focusing
on communities [32]. It has been said that the stakeholders” involvement, including local
stakeholders, is crucial for implementing practices targeted at reducing or transferring
climate risks.

In this research centered on Poland, we are faced with a limited number of previous
studies relating to resilience in the context of the consequences of climate change, such as
extreme weather events, particularly when considering small towns and not large cities.
The analyzed elements in this study, taking into account the concept of resilience, are
issues concerning the adaptation and functioning of local systems in the event of a flood
hazard [12,33]. The authors developed a tool to assess the implementation of adaptation
solutions in the communities of the Nysa Ktodzka Sub-Basin. Flood risk and flood risk
governance arrangements are frequently examined in Poland, using the resilience concept
(e.g., [34-37]). Masik and Gajewski [38] focused on the urban resilience of Polish cities in
response to climate change. They analyzed the urban adaptation plans of Polish cities where
the population exceeds 100,000. The study found that the programs focus on activities
that are characteristic of resistance and recovery resilience, within three subsections of
the resilience concept (absorptive coping capacity, adaptive capacity, and transformative
capacity). A lack of new tools for social participation is observed as part of resilience
arrangements. Referring to the approach proposed in this study, we can note that there are
no elements characteristic of creativity resilience. Research on resilience in Poland has also
included issues arising from other areas, such as economics [39]. An overview of some of
the research conducted on resilience in the face of extreme weather events or other natural
disasters has been presented in Table 1.

This study is probably the first attempt to look at the problem of coping with the
meteorological threats in Poland from the point of view of local communities in small
towns, through the prism of the resilience concept. The value of this study is the linking
of meteorological data, identifying extreme cases in terms of weather hazards, with social
data explaining how local risk management systems that are related to weather extremes
operate. The proposed approach can be applied successfully in other regions, enabling
the characterization of local management systems and, subsequently, an analysis of the
solutions used and their effectiveness through an extension of the research.
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Table 1. Overview of different research papers dealing with resilience against extreme weather events

or natural disasters from various perspectives in Poland and other countries.

Similar to Proposed Resilience
Concepts

Different Approaches of Resilience Concepts in Extreme Weather
Events Research

Matczak et al. [40]—analysis of
flood risk
resilience in Poland, using the
policy
arrangements approach

Poland framework

Dumieriski et al. [12]—analysis of adaptation solutions in Polish
communities to flood risk

Masik and Gajewski [38]—analysis of urban resilience regarding
climate change, with a focus on large towns

Listwan-Franczak et al. [41]—analysis of the natural disaster insurance
system as a part of disaster risk reduction in Poland

Driessen et al. [35]—the paper
covers flood
resilience in Europe, based
on policy

Lucini [42]—analysis of the resilience of local communities that face
earthquakes, with a focus on crisis and rescue operations, as well as
communication and risk perception

arrangements approach analysis

Jacobs et al. [43]—analysis of resilience to climate extremes of natural
resources, through the phases of emergency management cycles

Rapaport et al. [44]—analysis of different communities, including rural,
which are seen as a strong predictor of community resilience

Other locations -
Carpenter et al. [45]—propose an extreme events resilience approach

concentrated on the recovery-resilience of socio-ecological systems

Cutter et al. [46]—comparison of resilience in urban and rural areas,
where different capitals are behind in terms of disaster resilience

Lai et al. [47]—provide an overview of priorities to enhance
community resilience in rural areas in Taiwan

Linnenluecke and Griffiths [48]—assessment of organizational
resilience to weather extremes—including two dimensions of resilience:
impact resistance and rapidity

Ahern [49]—presents strategies to build urban resilience capacity

2. Materials and Methods
2.1. Research Design

This study concerns various municipalities” responses and methods of functioning
in 2010-2016. Its purpose is to define the relationship between extreme weather events
and the formation of specific local resilience arrangements. The selected period makes it
possible to include not only periods of intense meteorological phenomena but also calmer
years in the research. Therefore, the main research question is to indicate to what extent the
experiencing of (in the sense of exposure to) extreme weather events affects the adoption of
specific forms of action in municipalities, including changes within the framework of the
resilience concept. The test also indicates specific values regarding the number of weather
extremes necessitating selected actions under local resilience arrangements. In light of flood
risk research and the related measures [24], it could be hypothesized that greater exposure
to extreme weather events would necessitate local arrangements dominated by resistance-
type resilience. Our analyses of Polish flood risk governance arrangements suggest that
the more exposed to natural disasters a local community is, the more probable it is that a
resistance-resilience-type arrangement would emerge in Polish scenarios [16,24,40] (this
response differs in other countries [50]). Nevertheless, as we prove later in the paper, this is
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not the case when dealing with extreme weather events in small municipalities. Here, the
dominant observed type of response is recovery-resilience.

Although resilience to extreme weather events has been analyzed by several au-
thors [25], we found none stating a similar hypothesis. Nevertheless, some research sug-
gests that a selected type of resilience should be adopted to prepare for future events [51].
In addition, some analyses show local communities’ reactions to natural disasters [42].
However, these analyses do not focus on the extent to which extreme weather events result
in the emergence of a specific resilience arrangement.

We have undertaken two-track actions, concerning meteorological and social data, to
verify our hypothesis and answer the research questions. The first selection was limited to
8 municipalities for which weather data of the highest quality is available, making it possible
to process these data further. Among Wielkopolska municipalities (226), rural areas (115),
and urban-rural areas (92), municipalities were selected due to the topic of interest of the
authors, excluding urban municipalities (19). Then, from among these municipalities, towns
were selected where the official meteorological stations of the Institute of Meteorology
and Water Management—National Research Institute (IMGW-PIB) are located. There
are 87 rain measuring stations in the Wielkopolskie Voivodeship [52], monitored by the
State Hydrological and Meteorological Service (PSHM) of the Institute of Meteorology
and Water Management—National Research Institute. Unfortunately, only a few stations
measure air temperature in the studied area. We have analyzed the meteorological data
available for these stations. We have also conducted in-depth interviews with key local
actors representing institutions that manage extreme weather events in the municipalities.

Furthermore, we have decided to focus on four out of the eight initially analyzed
micro-case studies [53]. This second selection is based on the severity of the extreme
weather events that the municipalities have experienced. Therefore, we have chosen to look
specifically at the two most affected by weather extremes in the region (Krzyz Wielkopolski
and Kornik) and the two that suffered the least from heavy rainfall and heatwaves in the
period of 2010-2016 (Szamotuly and Nowy Tomysl).

The qualitative data obtained through in-depth interviews allowed us to build up
an image of local extreme weather events management. The interviews were transcribed
and further analyzed with the qualitative data analysis software NVivo 10 [54,55]. The
local actors” answers were coded [56,57] within the dimensions of the policy arrangements
approach and in terms of resilience types. The coded answers were counted within every
dimension to determine which resilience type was mainly represented, giving an image
of resilience type saturation. Further, local resilience arrangements were determined by
averaging the saturation results representing the observed resilience types in particular
dimensions in the analyzed municipalities. A similar research design has already been
successfully employed [58]. We have discovered that four researched municipalities stand
out as the most pronounced in terms of present local resilience arrangements. The meteoro-
logical analyses were further cross-referenced with data on local resilience arrangements.

2.2. Analyzed Municipalities

In this paper, four municipalities are analyzed. These are Krzyz Wielkopolski, Kornik,
Nowy Tomyél, and Szamotuly. Figure 1 depicts a map of Poland with the indicated
examined municipalities in the Wielkopolska region (a) and the land-cover type of the
selected municipalities (b).
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Figure 1. Analyzed municipalities: (a) map of Poland indicating studied municipalities in the
Wielkopolska region; (b) land-cover type of selected municipalities, based on data from Corine Land
Cover 2012 (CLC 2012).

Important information on the land type of the researched municipalities and general
demographic data are included in Table 2.

Table 2. Land data (CLC 2012) and demographic data [59] of the studied municipalities.

Kornik Krzyz Wlkp.  Nowy Tomysl Szamotuty

Area (km?) 186.0 174.2 186.4 175.4
Urban areas (%) 71 21 34 5.9
Agricultural areas (%) 62.2 36.9 63.7 79.5
Forested areas (%) 28.4 60.5 329 13.8
Water bodies (%) 2.1 0.5 0.0 0.8

Number of inhabitants 29,901 8754 26,624 29,931

Pop. density (per km?) 144.63 50.3 143.14 170.05

The settlement network of the Wielkopolska region consists of 109 cities and 5500 vil-
lages. A characteristic feature of the area is the large number of small towns, which account
for nearly half of all cities (50), and a relatively large number of medium-sized cities (36).
The urbanization rate is 56.4% and is lower than the average for Poland. The average
population density is 114 people/km? [59].

The municipality of Krzyz Wielkopolski is part of the county of Czarnkéw-Trzcianka,
with more than half of its area being covered by forests. A low level of development
characterizes the rural-urban municipality of Krzyz Wielkopolski. It is distinguished by
low social and human capital, poor technical infrastructure, little housing development,
and depopulation [60].

The municipality of Kérnik is located in the Wielkopolska region, in the southern part
of Poznan County. It is an urban-rural municipality, including 26 villages. According to
Ponizy [61], almost half of the municipality’s area is covered by environmental protection
plans. In 2004-2009, there was an increase in built-up areas (over 110%) and surface water
(over 2%) in the municipality. Conversely, the areas of forests (approx. 0.4%), arable land
(over 6%), and meadows and pastures (over 2%) decreased [61]. From 2008 to 2014, the
number of people who lived in the studied municipality increased by over 26%. Thus,
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Kornik is one of the municipalities characterized by the region’s highest dynamics of
population growth. The priorities of the municipality’s authorities include protection of
the environment and cultural heritage and development of tourism [62].

The spatial layout of the Nowy Tomysl municipality consists of the central unit—the
town of Nowy Tomys$l and the remaining 18 precincts—in the form of village councils.
The population density is 2836 people/km?, which distinguishes the town from its sur-
roundings, while for the entire municipality, this indicator increased annually from 2015
to 2019, from 140 people/km? to almost 145 people/km? in 2019. Compact, downtown,
multi-family housing is predominant in Nowy Tomy$l. Conversely, single-family and farm
buildings dominate in rural areas. The municipalities’ development strategy is based on
tradition and respect for the natural environment, which should be characterized by a man-
agement system adapted to climate change. This can be achieved by increasing the acreage
of green areas by developing the degraded parts of the municipality and introducing tree
planting [63].

The town and municipality of Szamotuly are located in the county of Szamotuly, in
the Wielkopolska region. The Szamotuly municipality includes the town of Szamotuty as
well as 25 villages. There are no large-scale natural habitats, such as national and landscape
parks, reserves, or protected landscape areas [64]. Unfortunately, among the strategic
goals of the municipality (from 2014), there are no identifiable measures for environmental
protection or reducing the consequences of natural disasters [65].

2.3. Analytical Framework for Resilience Analysis
2.3.1. Policy Arrangements Approach

We used the policy arrangements approach (PAA) [66,67] to test the resilience of the
selected municipalities. This analytical framework is used to research public policies [67].
Still, as the authors of the concept themselves mention, it can be applied to various research
areas. This analytical framework assumes looking at the problem under study from the
perspective of four dimensions: (a) actors (active individuals, institutions, enterprises,
the present day); (b) resources (material, financial, human, knowledge, power); (c) norms
(laws, informal norms); (d) discourses (the ways of expression and definition that are
used by actors). Such an analysis makes it possible to recognize the types of resilience in
municipalities. The shaping of a policy system and its structuring is understood as the
institutionalization process of a given policy system and its constant change at the same
time. The main advantage of this approach is its potential to analyze and understand the
continuous processes of policy systems institutionalization. This process results from the
interaction between the actors involved in implementing policies in everyday activities and
the strategies of social and political change. Therefore, it is a relationship between areas
of activity and the institutional space. The authors of the discussed analytical framework
define institutionalization as a phenomenon in which specific patterns and the patterns of
people’s actions are created. Consequently, behavior transforms into permanent construc-
tions that begin to structure behavior [66]. Therefore, stability and change are key features
of those research areas that use a policy arrangements approach.

In research dealing with resilience arrangements in terms of the adaptational plans of
large Polish cities, a method with some similarities to the policy arrangements approach has
been proposed [38]. Instead of the PAA dimensions, the study’s authors used environmen-
tal, social, and economic dimensions of resilience. These, to some extent, correspond to the
dimensions of PAA. The policy arrangement approach has been widely utilized to analyze
water and flood risk management in several European countries [68-73]. This methodology
has also been applied when analyzing Polish flood risk management arrangements [71,74].

2.3.2. Resilience Types

A distinction between the three types of resilience [19] has been applied for the
purposes of this paper. These are (a) resistance, (b) recovery, and (c) creativity; their
characteristics are presented below, as well as being collated in Table 3.
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Table 3. Characteristics of applied resilience types.

Resilience Type Characteristic

Focus on the stability of the system
Resistance Ability to resist an event unchanged
Special attention to infrastructural measures (i.e., rainwater systems)

Reaching stability of the system through internal dynamics
Ability to absorb shocks and to return to the status quo
before an event
Focus on rescue activities and actions undertaken during an event

Recovery

Dynamics and variability of the system as a way to sustain it
Creativity Capacity to transform and adapt, based on experience
The critical role of learning, education, and participation

° Resistance

In the case of a local system characterized by a resilience that comprises a type of
resistance, the most critical element is the system’s stability and durability. It is also about
the constant maintenance of its development [75]. Such a system can resist and survive
in the face of a disrupting factor [76]. The activities are of an engineering nature, where
thinking is focused on controlling natural hazards [24]. In this case, the system does not
change its structure under the influence of disturbance, and there are also no internal
changes. It can withstand uncertainty, complexity, and change at different levels and scales,
under the conditions of a human-dominated space [75]. De Graaf et al. [77] also indicate
that resilience means increasing the system’s threshold above which threats, including
extreme weather events, could cause harm. Due to the lack of dynamics and variability, this
resilience type of response is sometimes referred to by some researchers as resistance, rather
than resilience, which is in opposition to it. Nevertheless, in the literature on resilience,
resistance is usually considered one of its aspects [31].

e  Recovery

A distinguishing element of local system resilience in terms of the type of recovery
is the ability of the system to absorb shock events [75] and return to the status quo before
the event [31]. The local system has the specific ability to survive unchanged. Ongoing
internal changes relating to certain aspects of the procedure and the modification of certain
activities allow the system’s structure to remain intact while maintaining all essential
functions [24]. The literature also noted that small-scale transformations result in resilience
over an extended period [78]. With this type of resilience, the system cannot block the
impact of shocks, unlike resistance. Instead, it can absorb the effects of an event, react to
it, and regain efficiency. This is a more ecological approach, where less invasive and less
interfering environmental activities, rather than classic building solutions, are considered
to deal with factors disrupting the system’s normal functioning [24]. Some researchers
point to the resilience component, an expression of engineering thinking about resilience,
which refers to the reaction after the event—"bounce-back”—an element characteristic of
resistance-type resilience [24]. This study assumes that “bounce-back” is an expression of
internal dynamics, characteristic of the resilience seen in this type of recovery [79-81].

o  Creativity

Resilience in the form of creativity emphasizes the variability of a system [24]. The
critical elements of this type of resilience are adaptive and transformational abilities [82]. A
creative-type resilient system can sustain itself through constant learning and collaboration,
enabling it to respond to changing circumstances [83]. Pahl-Wostl et al. [84] also indicate
that such a system involves various activities and strategies. The system’s capacity to
transform and adapt is also expressed in the ability to use an opportunity to modify the
way it functions, which is the moment of disrupting the system’s functioning. In such
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a system, the learning process results from participation and discussion [84] and more
decentralized forms of decision-making [85].

2.4. In-Depth Interviews

Data for the analysis were collected through in-depth interviews with representatives
of the local risk management arrangements (40 in-depth interviews, with five in each of
the eight surveyed municipalities). It was assumed that the respondents would have the
most significant knowledge of dealing with extreme weather events in a given municipality
and the people most involved in this process, representing various institutions active in
managing the risk inherent in extreme meteorological events. Apart from representatives
from the municipal crisis management departments and rescue services representatives,
such as the fire brigade and municipal police, it was necessary to include people represent-
ing other organizations involved in local systems for a complete picture of the cases under
study. The roles of the interviewed actors within the studied municipalities are presented
in Appendix A.

The in-depth interviews were conducted as semi-structured interviews [56]. Questions
were divided into sections, according to the four dimensions of the policy arrangements
approach. The interviews were recorded when the interviewees agreed to it (most cases).
The duration of the interviews varied between 40 min and 90 min, while most of them took
about 60 min. In-depth interviews were conducted between December 2017 and the end
of February 2018. Each actor was interviewed once, and five interviews were undertaken
per municipality.

Furthermore, the interviews have been transcribed. The interviewees’ statements
were coded, taking into account the dimensions of the analysis (policy arrangement ap-
proach dimensions) using NVivo 10 qualitative data software. The viewpoints, assigned
as characteristic of a specific resilience type, were collected and counted to provide an
image of the local resilience arrangement in terms of a particular dimension of the policy
arrangements approach. A compilation of the results in different dimensions represents
the local resilience arrangement.

The questions stated in the interviews, and an overview of the obtained answers within
different dimensions of the policy arrangements approach and representing a specified
resilience type, are presented in Appendix B.

2.5. Meteorological Data

In this paper, we used data from meteorological stations located in the area of the
analyzed municipalities: Szamotuty, Kérnik, Krzyz Wielkopolski, and the station of Papro¢
situated near Nowy Tomysl (see Figure 1). Data covering the interval from 1981 to 2016 were
provided by the Institute of Meteorology and Water Management—State Research Institute
(IMGW-PIB) [86]. Extreme meteorological events were calculated for 2010-2016 and were
then compared to 1981-2010. Daily climatological data (precipitation and maximum
temperature) for the whole period were available for Kérnik.For three other stations until
the end of 2014. Daily precipitation data were available for these three stations, and for
maximum temperature, daily data for 2015-2016 were calculated based on sub-hourly data.
Additionally, for the Papro¢ reference period, there was a gap in data from the beginning
of November 1985 to the end of April 1986, which did not impact heatwave data but may
slightly influence extreme precipitation results during the reference period. In addition, the
daily maximum temperature for the period of 2015-2016 may be slightly underestimated
because the given values are for 10-minute intervals, not from the maximum thermometer.

Extreme meteorological events per year in this paper are considered to be:

e  The number of days with precipitation equal to or over 10 mm (R10mm) as the number
of extreme precipitation events;

o  The maximum daily precipitation (RX1day) as the magnitude of extreme precipita-
tion events;
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e  The sum of rainfall exceeding 10 mm (example: 3 mm shows precipitation of 13 mm;
PRCPTOT10mm) is also the magnitude of extreme precipitation events;

e  The number of days with a maximum temperature that is equal to or above 30 °C
(Tmax30) as the number of extreme heatwave events;

e  The maximum temperature (Tmax) as the magnitude.

Furthermore, we analyzed two extreme events—the number of days with precipitation
equal to or over 10 mm (R10mm) and days with a maximum temperature equal to or above
30 °C (Tmax30) for 42 synoptic stations for Poland during 2010-2016—to illustrate the
problem using the chosen extremes, against the background of the whole country.

3. Results
3.1. Extreme Meteorological Events

Figure 2 depicts the mean annual values for Poland for two extreme events. During
the analyzed period of 2010-2016, Poland faced severe floods in 2010 [8] and two very
extreme heatwaves in 2010 and 2015 [9,10]. The total precipitation and abundant rainfall
for Wielkopolska were lower than in the south of the country, where mountainous regions
dominate. However, central Poland is located in the belt of lowlands, with a slight terrain
slope. Therefore, these areas are more vulnerable to flooding and local floods. Furthermore,
the 2015 heatwave was very severe in the southern part of Poland. Therefore, for a more
extended period than 2010-2016, Wielkopolska would also be in the area most exposed to
heatwaves [9,10].

TN
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Figure 2. The annual mean number of days during the analysis period of 20102016, based on data
from 42 synoptic stations in Poland with extreme weather conditions: (a) precipitation equal to or
over 10 mm (R10 mm); (b) maximum temperature equal to or above 30 °C (Tmax30).

Analysis of the extreme meteorological events in four small municipalities revealed
that those in the period of 2010-2016 for all stations were more extreme than in 1981-2010.
Although in many cases, the most extreme events occurred during the period of 2010-2016,
the mean values for this interval were much higher than mean values from the reference
period (Tables 4 and 5). The number of days with precipitation equal to or over 10 mm
ranged from 2 to 25%; the maximum daily precipitation was also higher by 24 to 43%, and
total precipitation from extreme precipitation was higher by 20 to 43%.
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Table 4. Extreme precipitation events in the studied municipalities. The increases in mean values for
the analyzed period in 2010-2016, compared to the mean value from the reference period 1981-2010,
are given in brackets. The highest values are in bold.

Index Year Koérnik Krzyz Wilkp. Nowy Tomysl (Papro¢) Szamotuly
1981-2010: Max (Year) 22 (1994, 2010) 21 (2010) 18 (1981, 1997, 2002, 2010) 18 (1993)
Min (Year) 6 (1982, 1989) 7 (1982, 1983, 1990) 5 (1982, 1985, 1992) 2(1992)
Mean 12.8 12.5 11.8 10.8
Number of days with 2010 22 21 18 17
precipitation equal to or 2011 9 14 12 10
above 10 mm (R10mm) 2012 15 21 13 15
(days) 2013 11 10 9 11
2014 9 16 13 7
2015 8 10 8 6
2016 18 17 11 12
Mean 13.4 (5%) 15.6 (25%) 12.0 (2%) 11.1 (3%)
1981-2010: Max (Year) 65.4 (1996) 61.2 (1996) 79.1 (1996) 71.4 (1996)
Min (Year) 13.7 (1982) 17.0 (2004) 12.1 (2004) 17.2 (1982)
Mean 334 32.8 389 33.6
2010 40.2 37.0 73.0 529

Maximum daily

AR 2011 35.5 68.2 30.9 57.0
precipitation (RX1day) 2012 405 67.0 334 35.6
(mm) 2013 448 47.0 124.0 60.0
2014 40.3 32.1 28.0 38.5
2015 23.7 18.2 25.1 26.5
2016 64.3 58.0 61.9 66.3
Mean 41.3 (24%) 46.8 (43%) 53.8 (38%) 48.1 (43%)
1981-2010: Max (Year) 159.9 (2010) 136.9 (1996) 185.4 (1981) 161.0 (1996)
Min (Year) 9.7 (1982) 29.2 (1985) 9.6 (2004) 13.4 (1982)
Mean 83.1 81.7 90.0 77.1
S“g(c‘;fegiffall 2010 159.9 111.7 1459 159.4
10 mm & 2011 77.8 1143 71.6 90.1
2012 95.3 198.3 97.9 84.3
(P RCP(TH? Ii)lomm) 2013 1472 133.6 218.1 84.2
2014 73.0 81.3 53.7 61.4
2015 41.7 42.0 48.5 31.8
2016 196.3 134.7 1215 144.0
Mean 113.0 (36%) 116.6 (43%) 108.2 (20%) 93.6 (21%)
Table 5. Extreme heatwave events in the researched municipalities. The increases for mean values
for the analyzed period of 2010-2016, compared to the mean value from the reference period of
1981-2010, are given in brackets. The highest values are in bold.
Index Year Kornik Krzyz Wlkp. Nowy Tomysl (Papro¢) Szamotuly
1981-2010: Max (Year) 26 (2006) 24 (2006) 23 (2006) 27 (2006)
Min (Year) 2 (1981) 1(1993) 1 (1981, 1993) 0 (1981)
Mean 9.1 8.9 8.4 75
Number of days with a
maximum temperature 501(1) 17 273 2 16
equal to or above 30 °C 01 6 5 5
(Tmax30) 2012 15 13 11 9
(days) 2013 10 10 11 10
2014 19 20 16 18
2015 27 24 23 20
2016 16 11 8 6
Mean 15.7 (72%; 6.6 days) 15.4 (73%; 6,5 days) 13.6 (62%; 5.2 days) 12.0 (60%; 4.5 days)
1981-2010: Max (Year) 38.0 (1994) 38.0 (1998) 37.6 (1994) 37.5 (1992)
Min (Year) 30.5 (1981) 30.8 (1981) 30.6 (1981) 29.5 (1981)
Mean 34.2 343 34.0 33.8
) 2010 35.8 36.9 36.4 36.2
Maxmu{;‘;ﬁ;g’ erature 2011 30.8 321 30.9 318
Q) 2012 34.6 33.3 35.3 34.6
2013 344 34.4 342 33.2
2014 34.8 35.3 34.2 34.6
2015 37.8 38.3 37.4 36.4
2016 34.8 345 342 32.7
Mean 347 (0.5 °C) 35.0 (0.7 °C) 347 (0.7 °C) 34.2 (0.4 °C)

In addition, during the intervals in 2010-2016 of the analyzing stations, heatwaves
were more severe than in the reference period. As a result, the mean number of hot days
was higher by 60 to 73%, and the mean maximum temperature was higher by 0.4 to 0.7 °C.
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3.2. Local Resilience Arrangements

Based on the research carried out on local resilience arrangements in the case of
extreme weather events adaptation, it can be concluded that two distinct approaches have
emerged. First, each of the local systems is dominated by rescue efforts. These mainly
correspond to resilience of the recovery type.

In the analyzed municipalities, the recovery resilience arrangement has often been
observed through the respondents’” answers. It is the most substantial element in all
arrangements. Nevertheless, it differs between municipalities in terms of the dimensions
of the analysis.

In the case of the actors’ dimensions, most respondents have stated that the dominant
role in extreme weather events management is reserved for the rescue services (firefighting
units). Moreover, the system is pretty stable in that respect—the same actors remain active,
and new institutions rarely appear. The interviewees also stated that the management
arrangement is rather closed. Cooperation is effective between those actors with a solid
institutional background—firefighters, the municipal office, the police. In terms of the
actors” dimensions, the recovery resilience type has been strongest in Krzyz Wielkopolski
(56%) and Szamotuly (61%).

The recovery-type resilience arrangement is evident when analyzing the resources
dimension in Szamotuly (67%) and Nowy Tomys$l (64%). Interviewees in these towns stated
that the rescue services should receive more funds. However, these institutions are already
well-funded from local budgets (according to the respondents). Still, they are also seeking
additional resources from outside, but this is not a standard issue. Actors are aware that
there are other solutions to cope with extreme weather events in terms of preparation or
education, and sometimes they will use them, but to a limited extent. These solutions
involve participation in the preparation of emergency plans.

The norms dimension is dominated by recovery-type resilience in Krzyz Wielkopolski
(67%) and Nowy Tomysl (50%). The interviewees stated that their functioning regulations
remain relatively stable and are not often included when consulting on new rules. How-
ever, when it does happen, the voices of local actors involved in extreme weather events
management are, in most cases, unheard.

The recovery-type resilience arrangement within the discourses dimension appears to
be dominant in Krzyz Wielkopolski (50%). The respondents here are looking at dealing
with extreme weather events in terms of focusing on guaranteeing that the infrastructure
will continue to function even after the occurrence of an event. Interviewees feel well
prepared and can cope with those extremes recognized as an actual threat. They consider
that the focus should remain on those activities already undertaken, while innovations are
considered to be an interesting addition to the scope of activities.

An important distinguishing feature is the second component of the local risk manage-
ment arrangement. The municipalities focusing on rescue operations were inclined to use
complex engineering solutions to stop the effects of events or soft actions, ensuring that
the impact was not severe. In the first case, an arrangement composed predominantly of
recovery resilience, supplemented with resistance, has been established.

Resistance-type resilience, as the second mos