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Abstract. The aim of the study was to develop a method for shaping the safe space of rural areas in view of the
increasingly frequent extreme weather phenomena resulting from climate change. The study was carried out on
the assumption that geographic data, which decrease or increase the risk of financial loss caused by extreme
weather events, can be identified. A group of selected characteristics was used to construct a synthetic parameter
for measuring an entity’s vulnerability to financial loss, based on the existing conditions in the evaluated area.
The developed parameter was referred to as the vulnerability index, which value determines a community’s
sensitivity to extreme weather phenomena. The vulnerability index was used in further analyses. In the next step
of the study, changes in the values of the proposed index were evaluated in scenarios, where adaptive measures
were and were not implemented. Three types of scenarios were analyzed: baseline, optimistic and pessimistic.
The adopted assumptions accounted for the possibility of future change in rural areas. The optimistic scenario
was developed on the assumption that the undertaken adaptive measures would focus on greening in agricultural
holdings and afforestation according to the concept proposed by the Polish government. The pessimistic scenario
was developed on the assumption that human activities would not be adapted to climate change, while space
would change according to the scenarios described by the Norwegian Meteorological Institute and insurance
companies. The results demonstrated that the vulnerability index will continue to increase, unless adaptive
measures are undertaken. Therefore, adaptive measures have to be implemented to increase the resistance of
entities to the losses caused by extreme weather phenomena.
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Introduction

Climate change has been researched extensively in recent years. Climate change is driven by two
types of factors: external, such as insolation reaching the surface of the Earth, and internal, which are
associated with human activities [1]. The direct consequences of climate change are experienced by
the human population around the globe [2-3]. They include spells of very hot weather, forest fires,
droughts, which are increasingly often experienced in Southern and Central Europe, and the
Mediterranean Region, and higher risk of flooding in Northern Europe. European cities face new perils
associated with hot weather, floods and rising sea levels. Research into preventive and adaptive
measures for protecting various sectors of the economy against climate change aims to increase the
resilience of communities, space, critical infrastructure and incomes to adverse weather phenomena
[4-5]. Humans are responsible for changes in land use, therefore, they should also be able to influence
the climate and, consequently, the severity of adverse weather events [6-7]. The intensity and
frequency of adverse weather phenomena are driven by climate change and can be exacerbated by
local conditions. According to Kozminski [8], ground frost is determined mainly by the land form,
land cover, soil type, the hydrographic network and the presence of forests and mountains. Plants are
at greater risk of damage in regions characterized by significant temperature fluctuations and the
disappearance and reappearance of snow and ice cover in early spring. Soils on south-facing slopes are
heated at a faster rate and are more exposed to moisture loss and drought than north-facing slopes [9].
According to Zak [10], climatic conditions on the microscale and mesoscale are also significantly
influenced by geological depressions, in particular basins, which are characterized by adverse
temperature inversions, namely the flow of cold air masses to the basin floor and the lifting of warm
air. These processes are responsible for the formation of cold air pools, which have highly detrimental
effects for agriculture, in particular orchards and vegetable farms. The local climate is highly
correlated with soil conditions and the hydrological regime of a habitat [11]. Areas situated close to
bodies of flowing water are at higher risk of flooding, and the resulting increase in humidity can
exacerbate frost-damage in plants [12]. According to Kostrakiewicz [13], large bodies of water can
also increase the wind speed. Waterlogged areas stabilize and retain water resources, and they
contribute to the preservation of biological diversity [14]. Small mid-field ponds accumulate water,
increase water retention in soil and raise the water table in the surrounding areas [15]. According to
Mioduszewski [16], catchments occupied by wetlands and water bodies in 40 % retain more than 90 %
of pollutants from agricultural production. The abundance of surface water bodies, marshes and forests
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alleviates sudden temperature fluctuations and decreases the wind speed. Forests shape the
microclimate, reduce local pollution and increase water retention [17]. They limit water evaporation
from the surface of soil, minimize soil drying during spells of hot weather in summer and cold weather
in winter, limit daily fluctuations in temperature, reduce the severity of ground frost in early spring,
and act as natural barriers against the transport of harmful and toxic chemicals from mineral fertilizers
and pesticides [18]. According to the Forests and Water Resolution signed by more than 40 European
countries, sustainable management of forests enhances the protective functions of forests for water and
soil and mitigates local water-related natural disasters. Afforestation and sustainable forest
management are the most effective methods of compensating for the anthropogenic emissions of
carbon dioxide, one of the main greenhouse gasses that contribute to climate change [19; 20].

The aim of this study was to analyze the influence of land use on climate change. An indicator for
determining the susceptibility of space to climate change was developed and used in the analyses.
Calculations were performed based on simulations of changes in selected land-use attributes to
determine the extent to which land use can drive climate change.

Methods

The index of vulnerability to climate change was based on an aggregate measure. Aggregate
measures transform the numerous attributes of the analyzed object into a single aggregate variable.
This approach is used to evaluate an object (municipality) with the use of a single variable and to rank
the examined objects in view of the analyzed phenomena. According to Sokotowski [21], aggregate
measures have several advantages:

e unitarization (the distance between a given value and the “worst” observed value is divided by
the range) in the postulated form and averaging with the arithmetic mean are formally
accepted methods;

e aggregate measures conform to the detailed requirements for synthetic measures;

e the measure is expressed on a scale of 0 to 100 points;

e the proposed unitarization and aggregation methods are universally applied in the process of
calculating the Human Development Index;

e the proposed measure combines the attributes of anti-pattern and pattern detection methods.

Anti-pattern methods typically rely on averaged normalized values. However, in the adopted
normalization and aggregation method, the distance from the anti-pattern is calculated based on the
averaged value of a single attribute, which is typical of pattern methods. The /P index was calculated
with formula (1), and unitarization was carried out with the use of formulas (2) and (3):

-100, (1

where w;, — variable unitarized with formulas (2) and (3);
n —number of attributes;

for stimulating variables

xl.j - mln{xij }

) 2
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for destimulating variables
max{xii }— X,

_ Y
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where i — number of the object;
Jj —number of the attribute.

The analyzed measure was determined with the attributes presented in Table 1.
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Table 1
List of the analyzed attributes
No. Attribute Measure
1 | Agricultural climate points
2 | Landform points
3 Proportion of water bodies (standing water, flowing water, o
seawater) in the area of a municipality ¢
Value of losses caused by extreme weather events in the years
4 . PLN
preceding the study
Number of extreme weather events in the analyzed period in
5 ) L number
the examined municipality
6 Proportion of permanent grasslands (meadows and pastures) in %
the area of a municipality ’
7 | Forest cover in a municipality %
8 | Agricultural land classification points
9 | Presence of Less Favored Areas O-none
1-present

Source: own elaboration

The studied objects were rural municipalities in north-eastern Poland.

Results and Discussion

The index of vulnerability to climate change was calculated with the use of formula (1), and every
attribute was standardized according to formulas (2) and (3) by determining the direction of the
attributes’ influence (stimulating or destimulating). The value of the index ranged between 0 and
100 points. The maximum value points to high susceptibility to climate change, and the minimum
value points to lower susceptibility to climate change. The calculated index values with the
corresponding vulnerability groups are presented in Fig. 1. Municipalities that are most susceptible to
climate change (index values higher than 50) are situated in the southern, central and eastern parts of
the analyzed area. The least vulnerable municipalities are distributed in the form of isolated points.
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Fig. 1. Spatial distribution and range of values of calculated index of vulnerability
to climate change, source: own elaboration
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In the second stage of the study, changes in land use were simulated over a 5-year horizon, and
changes in the intensity of extreme weather events for Eastern Europe were predicted according to the
data of the Norwegian Meteorological Institute [22]. Changes in land use result from Poland’s
afforestation policy and an increase in the proportion of permanent grasslands resulting from
agricultural, environmental and climate projects under the Rural Development Program (PROW)
2014-2020 co-financed by the European Union. The changes in the value of the calculated index for
the analyzed municipalities relative to changes in land use (afforestation, conversion of arable land to
grassland) are presented in Fig. 2.

@ s
65

BAZ
€0 — PES
—— OPT

A | 9 1 25 33 41 49 57 65 73 81 89 97
5 13 21 29 37 45 53 61 69 77 85 93 101

number of analyzed obejcts (communes)
Fig. 2. Changes in value of index of vulnerability to climate change,
source: own calculations in the Statistica 12 program

The changes in the values of the calculated index are presented in Fig. 2. The value of the index at
the time of the study is marked in red (BAZ), the value of the index in the pessimistic scenario, where
adaptive measures are not undertaken and the frequency of extreme weather events predicted by the
Norwegian Meteorological Institute increases, is marked in green (PES), and the value of the index in
the optimistic scenario, where adaptive measures are implemented (increase in afforestation to 35 %
and conversion of arable land to grasslands according to the provisions of PROW 2014-2020), are
marked in blue (OPT).
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Fig. 3. Direct changes in value of vulnerability index in scenario where
adaptive measures are implemented (blue) and are not implemented (red),
source: own calculations in the Statistica 12 program
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In 90 % of the analyzed municipalities, changes in land use decreased the value of the calculated
index (Fig. 3). The value of the index increased in 10 % of the examined municipalities, most of which
are Less Favored Areas. The greatest variations in the index values were noted in the scenario, where
adaptive measures were not implemented in rural areas. The introduction of adaptive measures
decreased the fluctuations in the value of the analyzed index.

Conclusions
The results of this study support the formulation of the following conclusions:

1. Analyses investigating the influence of land use on climate change should be based on an index
that accounts for local conditions.

2. The applied index should be an aggregate measure that accounts for various attributes of the
evaluated object.

3. The proposed index is expressed on a scale of 0 to 100 points, and it is easy to interpret.

4. The evaluated municipalities were characterized by moderate and high vulnerability to climate
change.

5. Changes in land use, including afforestation and the conversion of arable land to grasslands
(meadows and pastures), decrease the value of the vulnerability index [23] and decrease a
municipality’s susceptibility to the adverse consequences of climate change under the adopted
assumptions.
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