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1. INTRODUCTION

Theolfl owing deliverable is aCHobmamentcataingre fi mdihruigraglk &
rehabilitation schemes

Accordiamlg 3.03.T techni calheanmaexn dae snt roifp ttihoins, task is as f
The main aim of this task is to analyse interactions be
postmini nRgecdraenmgsi on schemes identified in Task 3. 2. Wi
i mpacts/ dependencies on climate change (including extre
i mpacts will be based on etchhe arneds uflotlsl oonfe dt hbey TaE XdMeltNa i pl read]
(i mpact and health risks for staff involved in the recl e
in conditions of open pit mines or tteampleirmag udaemsa)n.d Tphree ci
technical and biological aspects of |l and reclamation wi
species with broad range of tolerances will banglas¢ eanc
| and cover change oscdlhe willilmabhe alnsonitalen into consi
analyse how climate change implies to adapt the techni
services ar e senpmpddteedd btyo tthee Anewd ecosystems and how t|
change. The results of this tasks wil/l be taken into co
and included into WP4 and tWP5.asRarrsttiucdw!l arill i, cloMBRIdS ri nc |
of the species (WP4 task 4. 4). I NERI' S wi || bring its fi
in field site in the North part of France.

2. METHODOLOGICAL APPROACH

2.1. Methodologyand description

The research objective undertaken in this task is part of the worldwide work and research directions, the main goal
of which is to minimise the effects of climate change in various areas of life and the economy. Given the significant
number of both operating and closed mines in Europe, especially in coal regions in transition, it is necessary to
respond to the risks posed by climate change not only for the existing and working mines but also for reclamation
& rehabilitation schemes and the safety of post-mining areas. This is all the more important because currently,
climate change adaptation issues are not always sufficiently considered as an important part of development
dedicated to the mining sector, very often they do not take into account the links and impacts of mining activities on
climate change, but also climate change issues are not sufficiently taken into account in the context of post-mining
land reclamation plans and rehabilitation activities.

As the REECOL project is mainly focused on developing and testing new solutions for post-mining site reclamation
and ecosystem rehabilitation in selected coal regions in transition, it is important to analyse the interaction of climate
change impacts in the context of the post-mining site redevelopment plans. In contrast to the standard approach,
this process does not involve restoring the site to its condition before activities started, but focuses on ensuring that
the widest possible ecosystem services can be provided on the anthropogenically transformed site.

As part of the preparatory work, various projects completed (or still ongoing) under various European programs
were analyzed, taking into account studies of the impacts of climate change, as well as site development and
redevelopment. Results of these analyses are described in Chapter 2.2. In the following steps, the approach and
conclusions and results from some of the projects analyzed were used as a basis for our own work.

As a starting point of works focused on analysing how climate change may impact the reclamation schemes, the
GIG-PIB team analysed the ongoing climate change trends in REECOL regions and the extreme events potential,
with particular reference to their exposure, sensitivity and capacity to adapt to the negative effects of climate change.
The assessment of the vulnerability of the post-mining areas to the climate change and evaluating climate risks &
impacts began with defining the climatic phenomena that could negatively affect the possibilities of rehabilitating the
post-mining areas and returning them to the economic circulation.
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Climatic & meteorological Post-mining area
phenomena and their derivatives e

b

Impact on the area / Sensitivity Adap:::::cmemlal
Vulnerability to climate change

Fi gurTehe vi sual repnogderhti atdis s b €6 fmelrpdoesdfni ng areasd vul
change
SourcePl B,0s2023

Therefore, chapter 3 presents the theoretical basis for the analyses and briefly summarizes the baseline climatic

conditions for each region where the REECOL projeet

Geiger climate classification and its changes was used as a point of reference. In next step, existing climate change

nerab

t es:

scenarios have been examined, including both Shared So

Concentration Pathways (RCP), with consideration of the impact of changes in key meteorological and climatic
factors, corresponding to these scenarios, on the local conditions of the test site in REECOL regions. Results of
these studies are presented in Chapter 4.

Chapter 5 summarizes identified types of impact and presents the developed impact matrix tool, facilitating the
assessment of the impact of a given climatic and meteorological factor and their derivatives on a given
aspect/component relevant to the remediation process. Also regional adaptation possibilities, based on ND-GAIN
Index, have been taken into consideration, to provide broad overview of differences in local conditions between
countries. Based on a detailed analysis of how climate change may impact the adaptation of specifici rehabilitation
scheme in general and technical solutions (including selection of species) & potential ecosystem services in
particular, more detailed guidelines have been proposed.

2.2. Overview of climate changeelated projects

This subsection summarises the most important results of the analysed, previously implemented projects that took
into account climate change issues and were, in a way, our starting point for further activities. Both the completed
and currently ongoing projects under various programmes were examined. A detailed table summary of information
on individual projects can be found in Annex 1.

The primary list of climate change impacts was based on the results of the TEXMIN? project (The impact of extreme
weather events on mining operations), with an additionally expanded detailed analysis of the human factor (impact
and health risks for personnel involved in remediation work). Within the TEXMIN project, the innovative integrated
risk management tool was developed to link the environmental impacts, associated risks and mitigation methods
caused by extreme weather events?.

The coal mining industry is managing risks and their consequences more effectively in Australia by using an
interactive online risk management system known as RISKGATE3e | abor ated within The
Research Program (ACARP). Developed RISKGATE contains detailed information about seventeen high-
consequence risk areas (called topics in the system) for open-cut and underground coal mines. RISKGATE topics
are focused on industry activities - mining, processing, transport and storage. The existing topics include fires;
strata control for underground mining; ground control for open-cut mining; tyres; isolation; collisions; explosions and
explosives; manual tasks; trips, slips and falls. The RISKGATE tool was one of the inspirations of the approach
undertaken in the TEXMIN project, where the risk was also calculated based on a two-parameter matrix. The
probability has been quantified based on the statistics (calculated mathematically), especially for climate events or
based on the opinion of experts, for non-climate events. This way, the calculated and categorised risk for climate

! https://gig.eu/en/texmin
2 texmin.gig.eu/images/foto/ TEXMIN_ Integrated%20risk%20management%20tool%20with%20Users%20Guide.zip
3 http:/lwww.riskgate.org/
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and non-climate events allows i in the TEXMIN tool - to identify preventive measures that can be applied in the
mining sector

The general approach of the EWENT* project is also very similar and served as an inspiration. EWENT project
(Extreme Weather impacts on European Networks of Transport) starts by identifying the hazardous events, their
probability and consequences and proceeds to assess the expected economic losses caused by extreme weather
events. The approach is finished by mitigation and risk control measures. The methodological approach in the
EWENT project is based on a generic risk management framework that follows a standardised process from
identification of hazardous phenomena (extreme weather), followed by impact assessment and closed by mitigation
and risk control measures.

A project integrating the issues of climate change and post-mining land reclamation is the LIFE-IP COALA® project

(IP LIFE for Coal Mining Landscape Adaptation). The objective of this integrated project (IP) is to successfully
implement the Moravian-Si | esi an Regionds (MSR) adaptation strategy,
improve the quality of the environment for its inhabitants, and supportther e gi onds sustainabl e de\
IP COALA aims to introduce a system of adaptation and mitigation in the region as a part of the common agendas

of the local governments and the MSR. The goal is to improve the use and coordination of tools, involve key
stakeholders, establish partnerships with similar regions in the EU and contribute to the successful transformation

andlongt er m i mprovements of the region. The project wildl C
regional adaptation strategy (Adaptation Strategy of the Moravian-Silesian Region to the Impacts of Climate

Change) and the National Strategy on Adaptation to Climate Change in the Czech Republic. The developed
methodologies, procedures and collected examples of good practices of the participating regions will translate into

an effective and efficient process of adaptation to climate change. The project and its pilot actions are focused on

post-mining areas and their landscapes.

For example, the aim of EUCLEIA® (European climate and weather events: Interpretation and attribution) was to
develop the means to provide reliable information about weather and climate risks by developing an event attribution
system for Europe. This system has demonstrated the capability to deliver reliable and user-relevant attribution
assessments on a range of timescales; on a fast-track basis in the immediate aftermath of extreme events, on a
seasonal basis based on a state-of-the-art modelling system and annually to the scientifically prestigious annual
attribution supplement of the Bulletin of the American Meteorological Society. The capabilities of event attribution
have been evaluated on a set of test cases involving heat waves, cold spells, floods, droughts and storm surges.

Within the RAIN7 (Risk Analysis of Infrastructure Networks in response to extreme weather) project, its formulated
vision was to provide an operational analysis framework that identifies critical infrastructure components impacted
by extreme weather events and minimises the impact of these events on the EU infrastructure network. The project
has a core focus on land-based infrastructure with a much wider consideration of the ancillary infrastructure network
in order to identify cascading and interrelated infrastructure issues.

The project CLIMATECOST? (Full costs of climate change) has identified and developed a consistent framework

for climate change and socio-economic development, including mitigation schemes. Using these scenarios, the
project has quantifiedt he effects of future climate change (the 6écos
as economic costs under varying circumstances, both for the European Union (EU) and other major negotiator

countries (China, India). The study has quantified the improvements in air quality from mitigation (co-benefits) for

Europe, China and India, and assessed these in terms of physical and economic benefits. The results show

numerous co-benefits of great impact arise under these mitigation scenarios, which lead to local and immediate

benefits.

At the core of the ENSEMBLES? integrated project was the development of the first global, high-resolution,
ensemble-based, modelling system for the prediction of climate change and its impacts. The Earth system models
were combined into a multi-model ensemble system, with common output for seasonal, decadal and centennial

4 https://cordis.europa.eu/project/id/233919

5 https://www.lifecoala.cz/index-en.html

8 https://cordis.europa.eu/project/id/607085/reporting/fr

7 http://rain-project.eu/about/the-scope-of-the-project/

8 https://cordis.europa.eu/project/id/212774

9 https://climate-adapt.eea.europa.eu/en/metadata/publications/ensembles-final-report
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time scales. The new techniques pioneered in ENSEMBLES include a coordinated approach to seasonal to decadal
prediction, probabilistic climate change projections, development and assessment of alternative approaches to the
sampling of modelling uncertainties, use of a GCM/RCM matrix to provide an ensemble of plausible realisations of
detailed regional climate change, improved estimates of regional climate impacts and their uncertainties through a
systematic and integrated approach to climate and impacts modelling.

Climate modelling studies as well as scenario development have also been the subject of project work, especially
for Central and Eastern European Countries. CLAVIER*° project focused on ongoing and future climate changes
in Central and Eastern European Countries, using measurements and existing regional scenarios to determine
possible developments of the climate and to address related uncertainty. In turn within the CECILIA! project, the
high spatial and temporal resolution of dense national observational networks at high temporal resolution and of the
CECILIA regional model experiments will uniquely feed into investigations of climate change consequences for
weather extremes in the region under study.

A wide range of projects addressing the issue of climate change are also currently being implemented under the
program Interreg Central Europe which encourages cooperation on shared challenges in central Europe.
Completed projects include, the DEEPWATER-CE'? project, wherebyattempts were made to develop a
comprehensive and integrated approach to implementing solutions for managed aquifer recharge - MAR. The
project is a response to climate change which results in more and more extreme weather events, such as droughts
and floods and is posing a growing problem for the sustainable supply of good quality water to the people. Ongoing
projects include for example Clim4Cast ** (Central European Alliance for Increasing Climate Change Resilience to
Combined Consequences of Drought, Heatwave, and Fire Weather through Regionally-Tuned Forecasting).
Recognising the direct threats posed by drought, heatwaves, and fire weather events to human well-being and the
environment, Clim4Cast aims to address the existing gap by introducing operational tools for monitoring, prediction,
and raising awareness. The project's uniqueness lies in the development and implementation of multi-temporal
forecasting, a crucial aspect currently missing in existing tools. The output of Clim4Cast will serve as an early
warning system, empowering diverse stakeholders and facilitating integration into national legislative frameworks.
Also noteworthy are projects such as GreenScape CE '# (Climate-proof landscape through renaturing urban areas
in Central Europe), LOCALIENCE ** (Developing resilience against extreme weather threats caused by climate
change at local level in Central Europe), MESTRI-CE*® (Smart Management and Green Financing for Sustainable
and Climate Neutral Buildings in Central Europe), MISSION CE CLIMATE?Y’ (Climate Resilient Communities of
Central Europe), Ready4Heat (Development of municipal strategies and action plans to improve heat resilience in
cities). As shown, the projects mentioned above touch on various elements related to ongoing climate change.

It is also worth noting that there is also a GREENPACT?*8 project setting up partnerships between companies and
entrepreneurs taking into account societal challenges and climate change with an entrepreneurial mindset.

The range of ongoing projects studying the impact of climate change on various sectors of the economy is very
wide. However, the review indicates that the relationship between observed and projected changes in weather
conditions, particularly in the context of the reclamation of post-mining areas, has not been the subject of detailed
analysis, which confirms the need for this aspect to be the part of REECOL project.

10 https://cordis.europa.eu/project/id/37013/pl

11 https://cordis.europa.eu/project/id/37005

http://www.cecilia-eu.org/

12 hitps://programme2014-20.interreg-central.eu/Content.Node/DEEPWATER-CE.htm
13 https://lwww.interreg-central.eu/projects/clim4cast/

14 https://lwww.interreg-central.eu/projects/greenscape-ce/

15 https://www.interreg-central.eu/projects/localience/

16 https://www.interreg-central.eu/projects/mestri-ce/

17 https://lwww.interreg-central.eu/projects/mission-ce-climate/

18 https://www.interreg-central.eu/projects/greenpact/
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3. CLIMATEBASELINECONDITIONS

3.1. Introduction and theoretical background

The term ficli matedo corresponds t ospetific egiow thraughos a padicblard i t i o n
period . These parameters can be the mean values and/or the variability of these values ranges from months to

thousands of years. The World Meteorological Organization defines 30 years as a classical period for averaging

these parameters (IPCC 2013).

Weather conditions can be made up of any one of several climate variables such as temperature, precipitation,
humidity, wind and atmospheric pressure. Weather is a characteristic of the climate at a given point in time and is
experienced over shorter periods , typically on a day-to-day or even hour-to-hour basis. Meteorological conditions
can often have a huge impact on human and social activities through extreme events such as storms, heavy rainfall,
flooding, heatwaves, lightning, droughts and strong winds.

The climate varies even between closely set locations. The main aspects of climate variation are latitude, elevation
from sea level, distance from the sea, vegetation and the presence or absence of mountains. Weather patterns can
also vary between years, decades and much longer periods. Climate changes with the interaction of the five major
climate system components: the atmosphere (air), the hydrosphere (water), the cryosphere (ice and permafrost),
t he | it hos ph erroeky layerpand thedisspherp (flora and fauna). Over long periods, the climate is
determined by the amount of system energy and where this energy is channelled.

T h e K°i @qggerclimate classification system stands as the most widely used method for categorising climates.

I n 1884, WHadi mir K°ppen intr oduc e dividesdmateiftiosfieecpmanyt | y r €
groups: A (tropical / equatorial), B (arid / dry), C (warm temperate), D (continental / snow), and E (polar). Each group

is distinguished by a second letter representing the seasonal precipitation type, and a third letter characterizes the

summer heat, ranging from very cold to hot. However, for the polar climates (E) no precipitation differentiations are

given, only temperature conditions are defined (Kottek et.al. 2006). The classification is presented in Figure 2 with

the basic criteria presented in Table 1.

Main climates Precipitation Temperature

Koppen—Geiger Climate Classification
A: equatorial W: desert h: hot arid F: polar frost

. Af . BWh ’—| Csa : Cwa : Cfa . Dsa l:l Dwa I: Dfa l:l ET ll.: arid St steppe ) k: cold arid I': polar tundra
- Am j BWK D Csb l:l Cwb D cib . Dsb . Dwb [:l Dfb . EF C: warm temperate f: fully humid a: hot summer
D: snow s: summer dry b: warm summer
D Aw ]:‘ BSh . Csc . Cwe . Cfe . Dsc . Dwe . bfc E: polar w: winter dry ¢: cool summer
:l BSk . Dsd . Dwd . Dfd m: monsoonal d: extremely continental

Fi g2rTeheolwec oded tlhieb t matt ¢ pacsd o rtdoi ntgh e -Ge° pgpeern sy st em

Source: own study, bashad pon:/gk&oegpepecleme tacalat / p2a@dréda pBeerc k2,0 OH6..,p d f
Zi mmer mann, N. , Mc Vi car , T. et -Geeli.ge(r2 0cll 8 )maRree scd dats sa réd cflawiti voroen nt
Sci Data 5, 180214 https://doi.org/10.1038/sdata.2018.214; am

The classification is based on threshold values and seasonality of monthly air temperature and precipitation (Beck
et.al. 2018; Arnfield 2023). Notably, the warmest six-month period defines the summer (Koppen, Volken &
Br ° nni ma n mhjis wa&yQadide fram five main classes, th e K ° B@igerrsystem classifies climate into 30
sub-types:

Aitropical or equatori adolzammresmporse psnmapsetedyg@®gewhueh has
t hree subAdiiwiitshioounts :dAmi wd ehahdromt dry AMasbh andinter dry

B: arid or dry zone (repr eé mdue dmdsyt, rnelapvsi)diendk j ndamwd cat &«
to regions such ®&WHhhotc,olari dBMWRes edraidse r(talB Ef; saeppesl d,
stepB8&fg (

C: warm/ mild temper at e zcoonleooufrrsenp 6 &,s earpasiiie b yi ngtroe emat egor
when the dry seasons occur in the zone, as well as the
FigQaedable

Research Fund Cefunded by the Euro an Union. Views
for Coal & Steel those of the author
Uni oReseerarch ExecuNlN

e

authority can be h

e *

s) only and do no X * Co-funded by
vehAgehhg Europea * the European Union
d

p
(
E * L *
I responsible for *


http://koeppen-geiger.vu-wien.ac.at/pdf/Paper_2006.pdf

-REECOL Deliver daPhglex. :

D: continental zone (represeatleaownbsnopu,r pdaiene Pudeo ICet b r arkd
into categories based on when the dry seasons occur in
warmth of the winter;

E: polar zone (eyeplr@maoresmoesd, bhsaepmar at ed i NE9J toundma wr e@aqido
regiBhms (

Tabl&@h&°pp&aiger cl i matiek ecyl acsrsiitfeirciaat i on

Type Description Criterion
A Eguatorial climates Tin = +18°C
Af Equatorial ramforest, fully humid Puin = 60 mm
Am Equatorial monsoon Pann = 25 (100 Ppin)
As Equatorial savannah with dry summer Pmin < 60 mm in summer
Aw Equatorial savannah with dry winter Prin < 60 mm in winter
B Arid climates Pann << 10 Py
BS Steppe climate Pam = 5Py
BW Desert climate Pom < 5Py
C Warm temperate climates —3°C < Ty < +18°C
Cs Warm temperate climate with dry summer  P.pin < Pumin. Powmax = 3 Pemin and Pegin < 40 mm
Cw Warm temperate climate with dry winter Pomin < Pamin 3nd Pemax > 10 Pymin
cf Warm temperate climate, fully humid neither Cs nor Cw
D Snow climates Twin = —3°C
Ds Snow climate with dry summer Pimin < Pymin. Pwmax > 3 Pymip and Pyyin < 40 mm
Dw Snow climate with dry winter Pumin < Pemin 3nd Payae = 10 Pymin
Df Snow climate, fully humid neither Ds nor Dw
E Polar climates Tpax < +10°C
ET Tundra climate 0°C < Taax < +10°C
EF Frost climate Twmax < 0°C
Source: Kottek, M., J. Grieser, C. Beck, BGe Rgelo| ¢, i matde Fc| Rs &

updaMetdeorol ogi sche -Z&3 .t sOIr:i f*09 MI5F270AAEEN4A1 30 .

The K°ppen system's primary five groups are based on the
it a valuable tool for analysing ecosystem conditions (Ko pp e n, Vol ken & Br°nni mann, 2C
connection between climate and plant life in a specific region can serve as a bridge between climate change and

its impact on the flora and fauna of that region. The wide use of this classification reflects the fact that climate has

since long been recognised as the major driver of global vegetation distribution (Yang et.al. 2015).

The references to the K ° p p-@eiger climate classification used in the following sections are based on the updated
wor | d map -Geiger dihate glassification has been based on temperature and precipitation observations
for the period 1951-2000 published by Kottek et al. (2006), Rubel and Kottek (2010) and Rubel et al. (2017)%°. World
maps for the observational period 1901-2002 are based on recent data sets from the Climatic Research Unit (CRU)
of the University of East Anglia2® and the Global Precipitation Climatology Centre (GPCC)?! at the German Weather
Service. World maps for the period 2003-2100 are based on ensemble projections of global climate models provided
by the Tyndall Centre for Climate Change Research??.

The main results comprise an estimation of the shifts of climate zones within the 21st century by considering different
IPCC scenarios. The largest shifts between the main classes of equatorial climate (A), arid climate (B), warm
temperate climate (C), continental / snow climate (D) and polar climate (E) on global land areas are estimated as
26-34%(EtoD),22-47% (DtoC), 1.3-2.0% (C to B) and 2.1 - 3.2% (C to A) (Rubel & Kottek 2010).

According to the newest analysis & assessment of 67 climate models from the Coupled Model Intercomparison
Project phase 6 (CMIP6), Beck et.al. (2023) foresee that from 19911 2020 to 2071i 2099, 5% of the land surface

19 Available at: https://koeppen-geiger.vu-wien.ac.at/

20 https://www.uea.ac.uk/groups-and-centres/climatic-research-unit
2 https://www.dwd.de/EN/ourservices/gpcc/gpcc.html

2 https://tyndall.ac.uk/
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will transition to a different major class under the low-emissions SSP1-2.6 scenario, 8% under the middle-of-the-
road SSP2-4.5 scenario, and 13% under the high-emissions SSP5-8.5 scenario.

Present and {Geidgenctinate dasfigatom global maps are derived from the works of Beck et.al
(2018%) . The pr e sCGeiger clagsiicptipre map was derived from three climatic datasets for air
temperature (WorldClim V1 and V2, and CHELSA V1.2) and four climatic datasets for precipitation (WorldClim V1
and V2, CHELSA V1.2, and CHPcl i-B®eigsflassification was predacedtusing
monthly historical and future air temperature and precipitation data from the CMIP5 archive (Taylor, Stouffer &
Meehl, 2012) and the future scenario, was based on Representative Concentration Pathway 8.5 (RCP8.5). These
are presented in Figure 3.

Cont. on the next page

2 As publisher amendment from 2020
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B Arid, desert, hot (BWh)
Arid, desert, cold (BWk)
Arid, steppe, hot (BSh)
Arid, steppe, cold (BSk)
Temperate, dry summer, hot summer (Csa)
Temperate, dry summer, warm summer (Csb)
B Temperate, dry summer, cold summer (Csc)
Temperate, no dry season, hot summer (Cfa)
Temperate, no dry season, warm summer (Cfb)
B Temperate, no dry season, cold summer (Cfc)
BN Cold, dry summer, hot summer (Dsa)
B Cold, dry summer, warm summer (Dsb)
B Cold, dry summer, cold summer (Dsc)
Cold, no dry season, hot summer (Dfa)
W Cold, no dry season, warm summer (Dfb)
B Cold, no dry season, cold summer (Dfc)
Polar, tundra (ET)
W Polar, frost (EF)

Fi gurTeh K° pp@ei ger climate classification map of Europe
Source: Beck, H. E. , Zi mmer mann, N . E. , M@V iecsarn,t Tan dR -G e itMVgeer eg oKp® oy
climate classifikomtiesolmapgsonat Ndtur e Scientific Dat a. DOI :
https:// commons. wi ki media.org/ w/index.php?curid=74673589
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Loul oudi s, G. , Loul oudi s, E. , Roumpos, C. et al . (2021) For ec:
on Time Series Analysis and Neur dh7HMebhwopks// MohnORWPI8EBKN. EQA Q7 I ¢
Loul oudis, G.; Roumpos, C.; Loul oudi s, E et al . (2022). Repu

Devel opment. Water 14, 3558 https://doi.org/10.3390/w14213558

The assessment of the vulnerability of the post-mining area to climate change and climate risks began with defining
the climatic phenomena that may negatively affect the possibilities of rehabilitating post-mining areas and returning
them to economic circulation.

Taking into account the analyses of past and future climate conditions specific to the study area, the research
determined the already existing climatic phenomena to which both the post-mining areas and the still ongoing
mining activities are exposed to, as well as any future phenomena resulting from the intensification of current or
newly emerging risks. The findings are presented in Chapter 3.2. Baseline conditions in REECOL regions and
Chapter 4.3 Climate change scenarios in REECOL regions.

3.2. Baseline conditions in REECOL regions

The analysis of baseline climate conditions is an essential step, as it provides an objective reference point for
assessing potential future changes. Primarily, establishing baseline values allows for an understanding of the
current climatic conditions in a given region, encompassing parameters such as temperature, precipitation, wind
speed, and others. Identifying baseline climate values also enables the assessment of natural climate variability,
taking into account seasonal and annual fluctuations. This is crucial to differentiate typical changes from those that
may result from anthropogenic factors, such as greenhouse gas emissions or other human activities. Furthermore,
baseline analysis is a key tool in assessing the effectiveness of adaptive strategies and developing risk management
plans associated with climate change.

3.2.1. Poland

The REECOL sites analysed in the project (listed in Table 2) are located in two provinces: the Wielkopolska region
and the Silesia region (Figure 5). Although the distance between the provinces is not great and they are in the same
continent al Z one a dGeygerdlimatgcladsificationhlecal ¢ofdpigmeediffer a little. Therefore,
analyses of baseline conditions were carried out separately for each region.

In the final section of this chapter, information on past trends is summarised, presenting information on how climate
and weather conditions have evolved in 2023 relative to previous decades.

Cont. on the next page
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. PGG sites, Silesia Region

. Jéiwin open-pit, Konin Brown Coal
Mine, Wielkopolska Region

Fi gbrTeho®clati on of REECOL sites in Poland
Source: own el aboration

The Silesia Region (Upper Silesia ) climate closely corresponds to Central European weather patterns, exhibiting
a transient nature due to the frequent migration of air masses with diverse physical attributes. It combines elements
of both oceanic and continental climates. Throughout over 60% of the year, polar sea air from the west dominates
the region, bringing winter thaws, extensive cloud cover, and precipitation in the form of rain and snow. In summer,
this air mass results in cooling, increased cloudiness, and subsequent precipitation. Around 30% of the year, polar-
continental air masses from Eastern Europe and Asia influence the region, while Arctic air, originating from northern
Scandinavia and Greenland, impacts the area for approximately 6% of the days in the year. Mediterranean air,
being recorded for only 2% of days a year, leads to rapid winter warming and periods of intense summer heat. The
remaining 2% of days witness air flows from various other regions. Annual precipitation averages fall within the 700-
800 mm range, with summer rainfall predominating over winter.

In July, the lowest average monthly rainfall, not surpassing 60 mm, occurs near the northern border of the Upper
Silesian Coal Basin. The central part of the region experiences monthly rainfall between 80 and 100 mm in July.
The spatial distribution of precipitation in January mirrors that of July, with reduced average monthly totals not
exceeding 40 mm. The number of days with precipitation varies throughout the year and on location. As the
analysed sites are located in the central part of the upper Silesia region, below the information based on data from
a meteorological station located in Katowice is presented. The results from this station confirm the regional
predominance of precipitation in summer over winter (Figure 6).
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Katowice - months
multiannual period 1980-2023
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There is also a variation in the sum of days with precipitation over the analysed period. The average number of
days per year with precipitation exceeding 1.0 varied in Katowice from 103 to 174 days for the period 19801 2023

(Figure 7).

Katowice - all year
multiannual period 1980-2023
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temperatures range between 12AC and 13AC, while annual
4 A @ the multi-year period 1981 - 2019, the lowest recorded daily temperaturewas-2 7. 7AC in January 1
the highest daily temperTadeB e: 37.2AC in August 2013 (
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West winds dominate Upper Silesia, with the northern part experiencing a 20% average annual frequency of west
winds. South-west winds are slightly less common, occurring in approximately 19% of cases, followed by northwest
winds at 10%. South winds play a crucial role, constituting about 19% of occurrences, while northeast winds are the
least frequent at around 8%. Silences are rare, comprising only 1% of all cases, with higher incidence in the central
and southern parts of the region at 9% and 8%, respectively. The average annual wind speed in the Upper Silesian
region ranges from below 2 m/s to 5 m/s.

The climate of the Wielkopolska region is characterised by typical Central European features with a significant
influence of oceanic conditions. It is one of the driest and warmest regions in Poland, dominated by polar-marine
air masses. This leads to cooler summers and milder winters compared to the more continental eastern part of the
country. Average annual precipitation ranges between 5007 550 mm, with areas in the Gniezno Lake District and
southern Kuyavia receiving 501 100 mm less. Precipitation deficits are particularly notable in the eastern part of the
region. The rainfall is irregulard annual differences in precipitation can reach up to 250%. The distribution of rainfall
throughout the year or the growing season is also uneven. More rainfall during the summer is noted near water
bodies and river valleys that lie on storm tracks. A characteristic feature of Wielkopolska's climate is the frequent,
though irregular occurrence of dry periods, which negatively affect plant development. In the two decades from
1981 to 2000, long-lasting dry periods (over 30 days) occurred in 9 years. These dry periods are observed in dry,
average, and wet years alike. The highest number of rainy days occurs in winter, but the largest amounts of rainfall
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are recorded in summer. Rainfal/l intensities of O5 mm p
growing season, with their frequency not exceeding26%.The aver age annual temperature
to 7.6AC in the north and reaching up to 8.5AC in the soc
between July and September, with an average temperature ofar ound 19AC, while the therr
between January and February, with average air temperatures of around -5 A C . Extreme temperatu
summercanr each up to +38AC, and during th20A@r shewer wi emge
are recorded in habitats located in river valleys, particularly in meadow areas and agricultural fields, partly due to

increased evapotranspiration from cultivated lands. Western winds predominate in the Wielkopolska region. The

most common are light winds, with speeds ranging from 2.57 3.5 m/s. The flat nature of the region allows for an

undisturbed flow of air masses, which impacts air quality and prevents the accumulation of pollutants in one place.

Cold fronts, often accompanied by storms, significant temperature fluctuations, and increased wind speeds,

frequently move across the region during the summer.

According to the meteorological data, the strong upward trend in air temperature observed over many years in

Pol and continues. Since 1951, the annual temperature inc
shows only slight variation across the different climatic regions of the country. The year 2023 in Poland was the
second warmest year of the 21st century. The average ai

was 1.31A Quigher than the long-term annual average (climatological normal period 1991-2020) (IMGW, 2024). In

Silesia region (arease nc omp as s i nOpal BieSn Bo b e s | &aal Minenand \§ujek Coal Mine sites)

the average air temperature wa s thdldhg-teri ahnualaverage inthevegen, 1, 4 2 A
wher eas, in Wi elkopolska region (i ncl udpitmige) thehawerager e a e n
temperature was 10, 9AC, whi ch wiermanhuaskragt¢thge.ees hi gher t

The average daily values of air temperature (area average for Poland) tended to fall between the quantiles of 5%
and 95% of the mean temperature (determined based onf measurements in 1991-2020). Episodes of heat waves,
i.e., those in which the average daily air temperature exceeded the values of the 95% quantile of this element, were
more frequent and more prolonged than cold waves in the past year (see Figure 8). The anomaly index, which

represents deviations from the average annual temperature for the period 1991-2 0 2 0 , ranged from O.
(IMGW, 2024).
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The area-averaged total precipitation in Poland for 2023 was 656.2 mm, which represents 107.3% of the norm
based on measurements from 1991-2020. According to Kaczorowska's classification, the year 2023 is considered
average. In terms of the rank classification of area-averaged total precipitation since 1951, it ranks 17th. The spatial
variation in annual precipitation sums for 2023 indicates that they ranged from 80% to 130% of the long-term norm
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(1991-2020) with the area around Konin, precipitation was about 90-100% of 80% of this norm, while the pilot areas
in the Silesian Voivodeship had around 110-115% (IMGW, 2024).

3.2.2. Greece

The climate in Greece is typical of the Mediterranean climate. A great variety of climate subtypes are encountered
in different regions of Greece, due to the influence of topography (mountainous bodies along the country) on the air
coming from the Mediterranean Sea (moisture source).

The REECOL sites, shown in Figure 9 and listed in Table 2, are Ptolemais Lignite Field, where three lignite reserves
are exploited: Mavropigi, Kardia, and South Field, and Amynteon Lignite Field, where the Public Power Corporation
(PPC) of Greece has exploited three lignite reserves in the past: Anargiroi, Amynteon, and Lakkia. The PPC has
terminated the lignite exploitation activities in Amynteon Lignite Field, whereas in Ptolemais Lignite Field, Mavropigi
and South Field mines are still in operation. The distance between these sites is not great, and they are in the same
continental zone a tGeigerdmateglassifioationhe K° ppen
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Specifically in Amynteon (Louloudis et al. 2021) and Ptolemais area (Louloudis et al. 2022), the climate is
characterised by mild winters, hot summers and more evenly distributed precipitation throughout the year,
presenting a K°ppen climate cl assi fi c adZnresolutianfglob@l aps
of t he -Gei@ep glireate classification (Beck et al. 2018). In terms of climatology, the year can be divided
mainly into two seasons, the warm and cold periods. These regions are marked by hot and wet summers, with high
dew temperatures even during the day, and by mild rainy winters.

In these regions, the coldest months are January and February, while the warmest months are July and August. In
the Amynteon region, the minimum, average monthly temperature was recorded in January 2017 (i 2.24 °C), while
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the maximum, average monthly temperature was recorded in 1978 (27.1 °C). January presents the wettest month,
with maximum monthly precipitation of ~270 mm and average precipitation of 39 mm. According to the
meteorological data of Amynteon weather station (altitude 581 m), the average annual temperature ranges between

9.9-15.5°C, with an average valueof 12.2°C (N 1.2 AC s. d. ). The nsdeweend?n u al p
819mm, with an average value of 487 mm (N 146 mm s.d.).
According to the meteorological data of Kozani weather station (same altitude as the Ptolemais lignite field, 626 m),
the average annual temperature is 13.3°C ( N 0. 8 Ati® ageragk afnyal ranfaltlis 4 98 mm ( N132 m
s.d.), There is a visible trend of long-term increase in precipitation after 1990, however during the period of the last
five years a decreasing trend is evident.
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3.2.3. France

The 6 N o-Pad-de-C a | _aregisndcorresponds to a typically oceanic climate where thermal amplitudes are low and
the weather is cloudy for a large part of the year (only 1650 hours of sunshine per year). The native vegetation is
composed of nearly 1250 species including ferns, horsetails, lycopods, conifers, dicotyledons and monocotyledons.
This relatively poor vegetation diversity compared to the rest of the country is mainly due to the Quaternary
glaciations where most of the flora was eliminated from these regions. Despite this poor diversity, the different
habitats of the region allow the development of a specific and emblematic flora, including the Viola curtisii, the Liparis
loeselii, and the Apium repens which are protected species.

Fi gdrdkRi ctures of the the Viola curtisii, the Liparis | oesel

Winters are mild and summers are rather cool. There are significant climatic contrasts within the region: the oceanic

character being more marked on the coasts than inland and the reliefs being the most watered by precipitation. The
annual average temperature is around 11AC, with an aver
17AC duri ng t h erageannmuagrecipitafiomsemsaaryefrom 600 to 750mm.

Tab4.The icmati ¢ hfttattme T @present at iPaaeCaltaies negit be Netrween 1

Temperature Precipitations Sunshine
City in winte i n summer absolut e per year (mm) per year
(hours)
Min. Max. Min. Max. Min. Max.
Lille 17 7.1 129 22.3 -19.5 415 741.4 1628
Cambrai 15 6.5 12.6 222 -19.8 38.2 610.8 NA
Dunkerque 3.6 7.7 14.7 20.3 -18.0 38.3 679.7 NA
Boulogne-sur-Mer 3.3 7.4 13.9 19.7 -13.6 354 702.6 1684

According to several climatological studies, the region is the second French region most affected by climate change
behind the Aquitaine region. If the temperature does not increase much and remains sustainable for several
decades, it is more the increase in precipitation (the number of rainy days doubled between 1955 and 2016 in the
city of Boulogne for example) and natural disasters which concern the region. Since the beginning of the 21
century, several extreme climatic events have been recorded in the Nord-Pas-de-Calais region including three
tornados in 2000, 2008 and 2013 of EF2, EF4 and EF2 respectively (EF = Enhanced Fuijita scale), and massive
floods in 2024. In 2100, a significant part of Calaisis, Dunkerquois and Audomarois would be underwater. A large
part of the region's coastline is also affected by marine erosion, which results in a continuous retreat of the coastline
and consequences on seaside constructions (already visi
Plage). To fight against climate change, a regional observatory of the impact of climate change on forest ecosystems
was set up in the 2000s, led by the Regional Forest Property Centre (CRPF).

The French pilot site (basin beneath an old coal mine) is located in the Mazingarbe, a city of the Pas-de-Calais
department (62). It is situated in the watershed of Le
déAi snes et d o6 Afoerecunoffislowwhereaptioetsemsibility tathe phenomenon of upwelling is strong.

The capacity of water infiltration in the sub-soil is moderate to strong.

The closest weather stationisLile-L es qui n (50.57AN 3. 10AE; 47 m above sea |
(59). It is situated about 40 km far away fromt he pi |l ot site. Data <collection
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https:/iwww.infoclimat.fr/) started in 1951 for temperatures (T). The survey (1951-2024) evidences an average T of
10. 86AC, a minimal TA of 7.08AC and a maximal TA of 14.
17t of July during this period reveal an increasing linear trend for these parameters (Figure 12).
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Legend fti@gutrtee The dashed | ines indicate the | inear tendency f

In addition, the compilation of data collected between 1971 and 2020 shows an increased trend for temperature

(1AC over 49 years) and sunshine which might increase dt
(Table 5). From this survey, no trend is evidenced concerning precipitation and extreme events such as measured

by the maximal speed during windstorms.

Tabb&emperature, sunshine, precliplildesadguiom wenat lwe mdsttatrimo rd ac
timelines of 29 years
Dates [1971-2000] [1981-2010] [1991-2020]
Mean T (AC) 10.3 10.8 11.3
Sunshine (hours) 114 135 136
Precipitation (mm) 742.7 742.5 740
Max windstorm (km h%) 1335 136.8 136.8

ExplanationThelwlks fabl ¢éemper atthmentaimldy sawehages aperThyeear for
values for pt atedotpalt adnmowmalargreci pi tatThenlvwpes fyerarwifrmds tearcrh darmy
maxi mum value collected per timeline.

The modification of climate might influence the health and resilience of the vegetation selected for the reclamation
and promote invasive species.

The old coal mine has a slope of 8-35%. As the pilot site is beneath the old coal mine, extreme events such as
intensive precipitation could lead to erosion and landslides which could modify or destroy habitats and ecosystems
after reclamation.

ean Union. Vi ews
s) only and do no
vehAgehhg Europea
d responsible for

Research Fund Cefunded by the Euro
for Coal & Steel those of the author
Uni oReseerarch ExecuNlN

e

authority can be h

Co-funded by

p
(
e the European Union
|




-REECOL Deliver dPhgea. :

3.2.4. Czech Republic

The Czech Republic is situated in the middle of Europe. The location of the European continent is the main cause
of significant regional climate variability. As there is an exceptionally dense network of long-term measuring stations
in Europe, which is further complemented by several distance measurements, analyses of change trends are
(perhaps except in North America) significantly more accurate than anywhere else on the planet. The temperature

of the European continent i nerr etahsee dl absyt acne natvuerrya,g eo fo fwhli.c
over the last three decades, almost half the global level. While the average growth trend across Europe has been
around 0.1 AC / 10 years in the last century, it has mo

The Most Coal Basin area is known for its largest Czech brown coal deposit. It is situated in the region of North

Western Bohemia - Czech mining region (Figure 13). The main mining companies are the North Bohemian Mines,
j.s.c. and the Seven Group j.s.c. The main mining | ocal
the Vrsany open pit mine and the CSA open pit mine. The Most Coal Basin is in general known as the dry part of

the Czech Republic.

Fi gu3Ehe tsuati on of the Most Coal Basin in the Northwestern

We applied data from the Brown Coal Research Institute (VUHU), data gained by mining companies, data gained

by the Czech Hydro-Met eor ol ogi cal Institute (LHMBP, 2023i)statomsd very
Kopisty and Milegovka. The most significant factors for
precipitations, although also the pressure and wind have been evaluated. The baseline of the most important graphs

is 1961.

Temperature

The region of the Most Coal Basin is a relatively hot area in comparison with the general situation of the Czech
Republic, but we did not discover the extreme situation during the last 20 years. The important data are shown in
the following graphs. Presented data give evidence of temperatures increasing.

The average temperature for the year 2023 has been 9.9
term average for this area is 8.6 AC. The incretame in 1
average. The long-term increase in temperatures is evidenced by the graph (Figure 14).
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Monthly Temperature (1961-2023)
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Precipitation

The extreme values of rainfall are very important for mining operations. It is observed in the relatively humid period
from 2000 to 2010 and the relatively dry period from 2010 to 2019. After 2019, the precipitation level returned to the
average value. The minimum and maximum values of rainfall are the source of the main observed incidents. A high
level of rainfall is dangerous from the point of view of mining operations, law level of rainfall is danger from point of
view of restoration and revitalisation of the landscape.

The average precipitation for the year 2023 is 664 mm. for the Most Basin (NW Bohemia). The long-term average
for this area is 640 mm. The increase in precipitation is therefore 24 mm compared to the long-term average
(Figure 15).

Cont. on the next page
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Monthly Precipitation 1961 - 2023
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3.2.5. Slovenia

Slovenia is a transitional climate area between the Mediterranean Sea, the Alps, the Dinaric Mountains and the
Pannonian Basin. Consequently, its climate displays wide local climatic variability and fairly large gradients. The
climate in Slovenia is determined by many factors, the most important of which are its geographical location, rugged
relief, orientation of mountain ridges and proximity to the sea. The result of the interplay of many factors is a very
diverse climate. Thus, we have three dominant types of climate, and their influences intertwine in individual areas:
in eastern Slovenia, we have a temperate continental climate, in central Slovenia a subalpine climate (alpine in the
mountainous world) and west of the Dinaric-Alpine barrier a sub-Mediterranean climate. The climatic diversity of
Slovenia is reflected in the differences between the values of climatic variables and in their daily, seasonal and

multi-year variability.

To account for regional differences, six smaller spatial regions within Slovenia were also considered according to
the objective climate classification: submediterranean climate, wet climate of hilly region, the moderate climate of
the hilly region, subcontinental climate, subalpine climate and alpine climate.

To show the characteristics of seasonal variations, shorter periods within a year were considered, namely four
meteorological seasons:

Awi nter (December, January, February),
Aspring (March, April, May),
Asummer (June, July, August),
Aautumn (September, October, November).

The regional diversity of Slovenia contributes to local climate differences. Local processes can have a significant
impact on large-scale weather signals, causing a different local change in temperature and precipitation compared
to that on a larger scale. Local changes may be more pronounced or more subtle compared to the changes on a
regional scale. The impact of climate change can thus be highly localised and specific to a particular location, with

differences occurring even between the seasons.
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Theannual average air temperature in @ainSlgvenmisvaa lolueyl (1WHMAT
Intheyear 2023 average air te@pmreatrageeAninmuaVelperejce pwaat il peé
Valley is around 1200 mm (Figure 16).

mm Velenje sC
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Fi gum®hennaual average air temperature and precipitation in

Each year Slovenia is affected by more storms with strong winds, downpours and hail. The average power density
in the years 2006-2023 as presented in Table 6, whereas a graphical representation of the distribution of wind
directions and frequencies in the years 2006-2023 in the Velenje region is presented on the wind rose in Figure 17.

Tab6Average wind power density (W m2) at 10 meters

| Il 1] \Y Vv VI VI Vil IX X Xl Xl year

2006 0.7 0.9 3.3 20 1.8 2.7 2.1 14 0.9 15 20 1.0 17
2007 2.3 15 24 1.7 19 1.9 20 12 16 1.7 22 11 1.8
2008 21 1.6 2.3 2.6 1.7 15 2.2 14 15 1.0 11 0.9 1.7
2009 0.9 3.1 42 18 2.2 20 15 13 0.9 17 1.0 13 18
2010 1.0 11 2.0 21 45 31 1.9 1.6 0.9 1.2 0.9 1.6 18
2011 0.7 0.6 16 2.6 21 1.7 15 15 1.6 0.8 0.6 12 14
2012 21 17 14 1.6 2.3 13 1.7 12 11 05 0.6 0.9 14
2013 1.6 11 2.2 0.8 12 14 14 17 0.7 0.7 3.9 0.8 15
2014 04 0.9 2.3 2.6 55 1.3 1.1 0.9 1.6 25 0.7 1.3 1.8
2015 2.6 1.6 4.6 54 19 11 1.3 11 15 04 04 04 1.9
2016 0.8 17 24 2.3 1.8 1.0 1.8 1.2 0.7 0.4 0.9 1.6 14
2017 21 14 2.0 31 14 1.2 1.3 1.2 0.9 24 0.9 0.8 16
2018 11 04 0.7 1.7 0.7 15 1.2 0.9 0.6 1.0 0.2 0.7 0.9
2019 21 1.6 1.6 11 3.0 11 11 0.6 0.6 0.7 0.4 11 13
2020 05 51 25 1.2 1.8 25 14 0.9 0.6 0.9 0.3 0.2 15
2021 0.6 13 2.0 1.8 1.8 1.6 1.7 11 0.7 12 0.4 0.9 1.2
2022 14 3.0 15 24 1.3 2.6 1.7 1.6 0.9 0.6 11 0.6 15
2023 15 1.2 3.2 24 1.6 1.6 1.6 11 0.9 0.8 18 1.0 1.6
average wind 14 1.7 24 22 21 1.7 1.6 1.2 1.0 11 11 1.0 15

power density
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The height of snowfall in the period between 1961-2011 shows a statistically significant decline in a larger part of
Slovenia?*. It reaches a 20% decline per decade at some measurement stations. The decline is largest in the
highlands during winter and in the lowlands during spring. There are also changes in sunshine duration and the
streamflow of rivers. The temperature of surface and underground water is higher. The glaciers have shrunk to the
point of being nearly unrecognisable. In the past decades, the frequency of agricultural drought is increasing.
Slovenia will undergo substantial temperature rises. In the long term the amount of yearly rainfall in Slovenia will
increase and due to that fact also risk of floods and landslides. This is especially affecting larger areas around the
Premogovnik Velenje, specifically the Savi nj sko Gal egka regi on, wher e n
are located. I n the vicinity of the Velenje coal mi nexpected
in the rise of air temperature, the occurrence of more frequent and stronger storms and downpours and as a result
the occurrence of a greater number of windbreaks, landslides, drought and local floods, which are the result of the
increased activity of torrential watercourses.

24 Slovenian Environmental Agency at https://www.arso.gov.si/ & https://www.meteo.si/
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4. CLIMATE CHANGE SCENARIOS

Climate change refers to a change in the state of the weather patterns that can be identified by differences in the

mean and/or the variability of its properties that persists for an extended period, typically decades or longer (IPCC,

2013). There is an overwhelming volume of scientific evidence, which is based on a wide range of indicators, that

strongly suggest that climate change is occurring in many different regions of the (IPCC, 1995; Oreskes, 2004;

IPCC, 2007; Ackerman & Staunton, 2008; Lemmen, 2008; Doran & Zimmerman, 2009; Cook et al., 2013; IPCC,

2014; Kundzewicz et al., 2017; Pecl et al., 2017; USGCRP, 2018; Climate Change..., 2019; IPCC, 2019; Janson

et.al. 2020). The global climate system is warming up and will continue to do so, at least until the end of the century

which is evidenced by observed increases in atmospheric and oceanic temperatures, widespread melting of snow

and ice, glacier retreat and rising global sealevels.Pr oj ect ed changes in mean air temp
(unitless) between 1980i 2016 and 20717 2100 derived from climate model outputs are presented in Figure 18.

Cont. on the next page
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Source: Beck, H., Zi mmermann, N., McVi-GargeT. céti malte C2-@58) f P
km resolution. Sci Data 5, 180214 https://doi.org/10.1038/ sdat

The most consolidated method to assess the impacts of changing drivers on different aspects of mine rehabilitation
schemes is through the downscaling of global scenarios to the local scale. This approach is called "scenario-based"
or "top-down" as it moves from global scenarios to local impact assessment (Vano et al., 2010; Wilby and Dessai,
2010; Anghileri et al., 2011; Bulovic et.al. 2024).
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Thewpowno strategy involvesvardawbldsesalfirmgn &fl otbrad Cll ii matt e
a range of possible emissions scenarios, to the I ocal
resulting |l ocal scenarios are themhesedobabésiimané Pphbe
The starting point of the Scenario-Based methods are the climate scenarios provided by the IPCC
(Intergovernmental Panel on Climate Change). In the year 2000, the IPCC developed the Special Report on

Emissions Scenarios (SRES) for the IPCC TAR report. These scenarios denoted as A1, A2, B1, and B2, delineated

four potential trajectories for future global developments in population, economic growth, and greenhouse gas

emissions. Each trajectory was constructed around two key axes: one reflecting the balance between economic

and environmental priorities, and the other representing the degree of globalisation versus regionalisation.
Importantly, the SRES scenarios are "baseline" (or "reference") scenarios, which means that they do not take into

account any current or future measures to limit greenhouse gas (GHG) emissions.

The scenarios can be summarized as follows (Nakicenovic et al., 2000):

Alenvi sagedc haarvacrtded irsaepd d economic expansi on, peaking
century, and subsequent decline, alongside swift adopt.i
A2portrayed a diverse and heterogeneous global | andsca
regionally oriented economic growth that progressed mol
Blpictured a globally convergent trajectory with a pop
toward servicebasnad iendomramitdso,n reduced materi al i ntensi
cl ean andefrfeismiuaictegt es hn

B2described a future whelrec @bnpthati esnswafsopl @acemominc, soc
chall enges, with a gradually increasimagpdbutmtree matdii ae¢ley

economic devel opment .

Wi t hi ns cderessreiec $ iomgateiemmouse gas emissions and their at mo:

from seoaeameomi ¢ factors, technol ogi cal devel opment , and
occurred through the carrying out of phases in successi
time of approxi mat el lyefdr®a nyeeviboergkasn Ther ehowe | i mi t ati ons as
significant societal and economic transformations ocCcC L

(Hausfather, 2018).

Consequently, the IPCC has transitioned to employing two primary types of emission schemes in their reports:

Scenarios based on anticipated greenhouse gas concentr
aRepresentative Concentjwaeciioen rPatuctwvealy s n( R@bRs | PCC AR5 R

Scenaailbaseds hanr ed -escaocnioami ¢ pat hwaywshi(SIEP§ocus on desc
trajectories of economic growth. This approach was int

As both options were designed to be complementary and are either still referenced and/or used, they are described
in sub-chapters below.

4.1. Representative Concentration Pathway§RCP)

To reduce the time gaps and make the information more e
devel oped a parallel approach that starts Threomfbhe, i @@l
emi s sfirommevaarek expressed as Representative Concentration
di fferent greenhouse gas concentrations that wild.l resul
2100, rel-anduettbabrkevedldde)( . Matdi @t fiivee f orcing scenari os
they are not associated with unique storylines but can r
demographic, political, eatnda0ilQdhtaintget, i TodnDadl ¥ ) fruatduiraetsi v(eM of sos
di fference between the incoming and outgoing radiation
at 2.6, 4.5, 6.0 and 8.2 Wwatstpapea wigdar eamgé rsecfh(efiieasu s i |
and these targets are incorporated into the namesebfoth

four paths of radiative forerimganececvetaweaael|l ds ng kRaxpies i fme
the clieambtiengodommunietty2aQ ¥an. Vilue ehfour RCPs were sel ect e
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scenario | eading to a very | owtfabi ¢sicsegntaire wesl ((RROPM2 .56/ )RC
one very high baseline emission scenario (RCP8.5). The
summar i Tsaebd. ei n

Tab7.BPescription oft heachl|l RREBRIgnadonsequences

Likely incr

RCPs Descri ption Mi ti gat global t emp
RCPS8 Rising radiative fOrCinBusiness Likely t® ex
"IW/ Ain 2100.

Stabilization withowW o L _

RCP6 at stabilization after Some Miti(Very Likel $C t
Stabilization without & . .

RCP4. at stabilization after Strong Mii{Likely t% ex
Peak in radiativbeforei|Aggressiyv .

RCP2. and decline Mitigatio Not IikelyCt

Source: | PCC, 2014

RCP2i.$ knoayneaaks-decl i ne pathway, having maxi mum radiatiyv
century and very | ow GHGisn | 2{vredpmpr ddeeancthsi nag @Rat6h we#/ym wher e
emi ssions are strongly reduckesetthombedabya2@b58ye respeéet
1. 6AC by 2100 co-mpdustrial ther ipod. RCP8.5 is a pathway
continue to grow unmitigated, |l eading to a best esti mat e
and RCP6.0 are two medium stabil imsatiganipat lf Mays Of Wi cle,

Representative Concentration Pathways (RCP) scenari os

exampl e, the olud eAll Ba ss-@mhdeashdiegnhar i o i n many Pacifi € Nortt
is similar to the RE®P6IHO ckeRr@RFSstemhtalrd AR tAItoondar i son of
RCP scenarios with the pre®iosupr gsTeasbi@bed us® gas scenari o

% used in the 2001 and 2007 IPCC reports, were described in the Special Report on Emissions Scenarios (SRES; Nakicenovic et al.
2000
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Tab8€ompari son of RC®l dcemamamisowi th
RCP scel Scenari o characteri st Comparison to ol
RCP2.6 An extrem_ely low scenario thgt reflects aggressive greenhouse No analogue in previous scenarios
gas reduction and sequestration efforts
A low scenario in which greenhouse gas emissions stabilize by Very close to B1 by 2100, but higher
RCP4.5 . M :
mid-century and fall sharply thereafter emissions at mid-century
RCP6.0 A medium scenario in which greenhouse gas emissions increase | Similar to A1B by 2100, but closer to
' gradually until stabilizing in the final decades of the 215 century B1 at mid-century
RCP8.5 A high scenario that assumes contlnLSJted increases in greenhouse Nearly identical to ATFI8
gas emissions until the end of the 215 century

Sourictet:ps: / / cicp.ntve.negadw/pWwmpads/ sites/ 2/ 2020/ 12/ snoveretal sok201:

I n both ¢

ases, t he h

greenhouse gases

than tripl
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25H == =A2 . i

20H

Fi gu@Ehennual tot
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% The A2 greenhouse gas scenario is between the RCP6.0 and RCP8.5 scenarios
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4.2. Shared Socioeconomic Pathwayé S S)P &

These emission scenarios, originally developed and publi
(2000), served as the basis for running General Circul a
have been also uspdtasfompbohedadlad esti obi mate the I ntergc
Climate Change (1 PCC) 28ahxitchh Avsasse spsunbelnits hReedp oirmt 202 1.

The Sharedo®omia Pat hways were already part of the Fif't
position in this novel framework and have the intent t
mitigation analtys i soaaaovoeni ex pleiveeil tolpyment .

Scenarios, taking demtoooomirmsifdert @arisomnsgoai ¢ i gdtriaore waomlkist i
f ogrreenhouse gas emissions (and associated atmospheric ¢
resfurrdmese scenarios describe a range of picauvdioml scfewmtau
to acdrowon scenario that meets the ambitions of the 201F¢

The SSPs offer five pathwaiymscItihditngt hseu swoarilnda bd cu ldde vted loe
i nequaliftue, | feds gdielvel o priehmeto adn d e meTlado®pee dPs (st arting assu

outline broad characteri st ilceswenlp ul, dteG Dt camadl ufrbtanries adn dr
Thus, SSPs are not scenarios t hemstel20elsT)ohmpta rtelde itro bpurielv
scenarios, these ofifesi medbsoasensvaldw wbér Bd without futu

in 2100 ranging from a | ow dfndstCitad d etviegls.of 5. 1C ab

Tab9dNarrative for Shared Socioeconomic Pathways

SSP n Narrative
The gl obal trajectory undergoes a ¢
J/towards a more suptaonbabtbusligwecdewo
Sustaihabi . . .
. respecting perceived environment al |
Taking the
Road (Low management of gl obal resources, c 0\
SSP1 challen eceducation and health, facilitati mgod
CoL 9 TJgrowth shifts towards a brboedder. enph
mi tigati orn ; ; . ; . o
. dedication to achi evi,ng ndeegvueal loi ptmeenst ¢
adaptati orn . . . . .
nations and within societies. Consun
growth and reduced resource and ener
The world continues along a trajecto
trends | argely adhere to historical
Middl e of advance unevenly, with certain countm
(Medium behinds Eyfgfbbal and national i nsti
devel opment goals are sluggi sh. Envi
SSP2 |chall enges .
S ] some pockets of i mprovement, and t he
mi tigati orn .
adaptatiorresource and eheoebagy popygéat iGon gro
pl ateauing in the | atter half of the
only gradually, and challenges pers
environmental shifts.
Resurgti atge pr ot eotuipdreidsmvi t h concerns
and security, as well as regional <co
at most, regional matters. Over ti me
Regi onaliARand regional sedwmist goncranenrmas.e Ndadtf o
Rocky Roacfood security objectives within thei
SSP3 |chall engesbroader devel opment al goal s. l nvest
mitigati onadvancement decline as a msésglgti shEc
adaptationfnmaterntaé¢nsi ve consumption patterns,
over ti me. Popul ati on ngdrucwtinie&ai awmes ag
developing countries. Wi th envir onmg
priority, certain regions experience
27 https://www.ipcc.ch/assessment-report/ar6/
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<

SSP n Narrative
Dramatic disparities in investments
in economic opportunities and polit
inequality and social stratification
Il nequ &l Rbyschi smndebpeween a globally intercan
Divided (Lcapditnhalensive sectors of the global e
challengegincolmegduc astoed eti es ewgagedsitreelhdraw

SSP4 . ; ) - LT .
mitigationSoci al cdoehteesriioonr at e s , giving ri se t
challengegTechnol ogi cal advanceméertd sesupopgemwi al
adaptationglobally interconnected energy secto

spanni ngi nctaernbsoinke ftwoels ahid unconvent
carbon energy sources. Environment al
within middheomaedahegh.
In this world, there is a growing re
inclusive societies as catalysts fo
Foskilél ed cult|vat|__on of humaq capltal_, seen a
N mar ket ss wintcnreesasi ng i ntegration, acco
Devel opmenr ; . . .
. health, education, and institutional
Taking the .

SSP5 |(High ChaIConcurrentIy, the pursuit of econom
oL . exploitati oomsoifl abuwueldanésér ves ainmt &
mitigation, - ;
challenge<|'fe5ty|es wor |l dwi de. These factors
ada tatio;economy, coinciding with atmgla&@balndp

P during the 21st <century. Local envi
effectively addressed, underpinned b
and ecological sysgewmengéenérdeagedt in

Sour mearafati ves for each Shared Soc20%f¢ datmdpisc /F atwhwmw aya,r bfernoom i Reife

howharrsedi oe cmatomieaxypsl-fourtelr ie sehtaen,g ea/me nd e d

As can be noted, SSP1 and SSP5 depict rel atihaelayx bept ismid:
significant investments in education and heaflurct
institutions. The primary distinction |lies ininbhhe

f ossidlrifvieenl emchandemySSP1 progressively transitions t

On the other hand, SSP3 and SSP4 paint a more pes

These scenarios involve mini mal investment in edu

popul ation grogvtihneaaqualeistciagd a.t i n

SSP2, meanwhil e, r-ed hresed"t ss @ae n"amiidod | veher e hi stori

t hr oughosikcte nttiueriygd shéawgade
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A

SSP5

Fossil-fueled Development
Taking the Highway

SSP3

Regional Rivalry
A Rocky Road

Policy focused on free
markets

Policy focused on security

Barriers to international trade
High consumption
High inequality
Effective international
cooperation Slow economic growth
Reduced inequality Low population growth in rich
countries, high in other
High economic growth countries

Low population growth Middle of the Road

=3
A

Continue with current
development patterns
ST

SSP1 SSP4
Sustainability Inequality
Taking the Green Road A Road Divided

Policy focused on sustainable
development

Policy focused on elite

Increasing challenges to mitigation

High consumption
Effective international cooperation
High inequality
Reduced inequality within and
across countries Low to medium economic growth
Low consumption Low population growth in rich
countries, high in other countries

>

Low population growth

Increasing challenges to adaptation

Fi g®2rlEhe visual repbgbehnhi aiEhleefd tsitenaseidosatdhtatgegbr oad axe
t hehal l enges td hehal bahges Badadaptation

Sourictet:ps: / / cli matedat a.-shArede o o epfauchdsssygss @acdciesged 25. 03. 202 4

AsShared Socioeconomic Pathways baselithebsercaarobsndwsc

policies beyond the$heuilnd pleaceontsadley,ed as reference cas
and adaptationeanadDg¢ies MRtabation scenari os, instead,
change mitigati omapel i nicescaeamariod. These policies are

forcing levels as a btyvappkyiedghdisShfaerdaPokg8pPAAssampasert
scenarios consistently with t hesodomhtien ataira rat dsfe etshaes nabvse rh

The ecological rehabilimaniog andeseciamauidomgetvapsstoflu
the SSP1l scenari o, known atshefi SQrseteani nVdabyl.ed Diehvee |socpenmearnrti o' s
devel opment and strong environmental policies, as well &
management, artrectlieg gaplps of ecological rehabilitation,
nd, bi odiversity <conservation and sustainable manag
mmi t ment to reducing environmemtaleciomyadtesnsamakfeoster
r comprehensive and effecti-menierco lAalglddaalonaghipndn iISiSittsde
clusive development and reducing inequalities, which
eation of green jobs in reclamation projects. By eng:
cl amati on schemes , prtohve sdee pernpjl eocytnee nda opportunities, bt
e benefimentodl ernewstrmrnati on are shared equitably. Furt!]|
d sustainable practices in reclamation aligns with SSI
omot i-ngr momgsil i encel tamd ecol ogi cal hea
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devel opmentduwotshtannm e(ad. gpif t war flarlee necessad pctad elaveavasd

areas. Due to their gemieséd @mrdowrfgira@aldad) oar,epdsshoul d |
and productlitoni § aicnlliitnmneswithaltlhhews ofnecre pthe fpmresasrev atnidor
(gr eendniteilpdo)gnheai ng sl aredused, it should be covered with v

fordevwel opment and at the same time provides ecosystem
changegmdadbwke vegetahioohd. be emphast sadd t hawil ryi tg ean eas
of feamnégsource on which climate change adaptation and mi

4.3. Climate change scenarios in REECOL regions

I n REECOL project, to anal ycsheanignet eirmpadtosnsorbern aveleaamect!ii a
mining areas, it has been necessary to identify, analys
t hem.

The analysis of <c¢limate changes took into considerati ol
studies sites & regions, b as ethama lnyestieso roofl ofgu tcuarl e daltiama

these works, we have u%adpdlkXxidd Nif  r ionf fe @ it hmealsecissanh tl savtheirc hu p d
and amended.

Annual average | and temperatures over Europe are proje
average telpermdstr esubstantial temperature increases ar e
during winter, with southern Europe experiencing the gre
Europe is expected tohsde asmuahenral IEurmpredsaec,eswa proj e
are |likely to accentuate the distinctionsFbgttheaesre dproems e
projections using the RCP8.6Bosdexarill wsthames et sef amommi ¢
mean temperature and precipitat2bdb00 arceloatsi Eearto@edDbase¢lhi

»
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20210 percothpared to a -Ba66l usengftheéqdBi®PR&.nkensho ehgh giheei t h Eu
Cordex (EEA, 2020).
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Sourictet:ps: // www. eeaneapepbi gurl ¢dlammgen euneklead based on Climate ch
projections for Europe based on an ensemble of -CORMPEXnalnial iama

4.3.1. Poland

In recent decades, Pol and, including both the Wielkopol
changes that are critical to understanding the ongoing
|l ate 19th cesnthiegn 4 heyetdmatic trend of increasing air

Precipitation patterns have nocth arhaocwing raipsendi ad ¥ ecft i waray i
Not ablcyourdgheeuct ur e of greai mfralolarmaisyt hleamwar m season, with

intensd,i velortand destructive rainfall |l eading to incre
precipitation events below 1 mm/day. Overomérea | haasd r6i0s e
bet ween 1951 and 1981, droughts occurred six times in P
and from 2001 to 2011, droughts occurred nine times at

i nclude perroiloodnsg e(dovper ten days) without r ai mfwaltlh ocuau pslneod
cowearnd high temperatures with strong solar radiation, I

and summer, |l asting from 15 to 20 days.

Moreover, the effects of <c¢climate warming are evident ir
such as dr oughotrsc,e hamirnrdisccaneor nadoes, and hail. Since 20C(
with wind speeds ioncgt3aIs0i m/nsa;l | nyo textcleye,d on March 28, 1997,
|l ocally reached hurricane intensities. Strong and gust
Wi el kopol ska, with the eastern paurt r eftoatceee wiengd so.n Abdediintgi
is an upward trend in heatwave episodes (consecutive da)
|l east three days), alongside a downward tr ermd ai Mmatxh enumu
daily temper atlOrAeC, OCAG pard i el y). These changing cli mat
reshape the environmental | andscape but also demand ur ge

new cl i mat(iPOSr e&l0i2t0i) es
KWBKonin iJ - Fwi n-PDpen

Transitioning from the br oadeProlraengdVicerak o p aripaalkcd ,s tothes eawa
to a more focused examination of Konin Couiwptiyx @pa&mwt nofl Kt
Coal Mine) is |l ocated. I n this context, the R@QPpHarmdAati on:
RCP8. 5 re considered.

Thehabesow illustrate a comparative analysis of mean mc
historical data £20a@® wheéhdéouade e2P610| eReCdPiela mb& CP 8.t 5800t 5hl

scenarios indicate a trend of rising temperatures throu
under RGM&s &enari o, which assumes continued growth in g

hi ghlights a general warming trend,h,arduagadatrilryg ntoh atb | |
may experience significantly war mer summers and mil der
temperature could have profound i mpacts on the region'
bal ancer,samnrding the i mportance of adopting climate adapt
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The presented analysis of temperature distributions for Konin County RCP4.5 and 8.5 scenarios illustrates
significant shifts in the frequency of frosty and extremely warm days (F i g @ & &he comparative data from the
2011-2020 decade with projections for 2051-2060 reveal a marked decrease in days with maximum temperatures
bel ow 0AC and an increase in days exceeding 30AC.
summers, suggesting substantial climatic changes that could impact agricultural cycles and water resource
management, and pose heightened risks to public health due to more frequent heatwaves.

These

Liczba dni o danej temperaturze maksymalne;j
i prawdopodobiernstwo wystapienia
[ — RCP 4.52011-2020 — RCP 4.5 2051-2060 |

Liczba dni o danej temperaturze maksymalnej
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The comparative analysis of average monthly precipitati
and RCP 8.5 scenarios, highlights anticipated shifts in
2020 and t he dpr offe@QtoBdgédBeaBoth scenarios forecast an in
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early spring (February and March) and a shift in the pe
more precipitation is expected throughout the year, wit
projected chaxnlgiefst stugwersds awett er ear |l y s prdijrugs memd smiids
water management strategies, agricultural planning, and

climatic condit:
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The reclamation strategi e-pitmine psldepicteddn thetreclantaton directongimap o p e n

(Fi g @ § aere intricately designed to transform this mining landscape into a productive and ecologically balanced
area. Each zone identified on the mapd agricultural, forestry, water, and recreationald faces distinct challenges
under the projected climate scenarios (RCP4.5 and RCP8.5), necessitating tailored adaptations to the reclamation

approach.

Cont. on the next page
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18.12°F 18.14°F 18.18°E 18.20°E 18.22°F

52.40°N

Reclamation directions |
2] Agricultural

K3 Forestry

B Recreation

Fi g 266ARecl amation Directi oefist Map of J:-Fwin Open
Source: POLTEGOR own el aboration

In the eont ext toff alatr é@¢clea depfivii,n ao preamnge of agrotechnica
employed to rehabilitate the | and for agri c wplltowrgalit fpg o d
use of heavy and 1|ight harrbei nidllieDenrdsg d ppl iodatniiotnr ogfe n
phosphorus oxide, and 100 kg/ha of potassium oxide), an
tufted grass and sown al falfa), are designed. tbdowahance
these established reclamation methods face increasing ch
the projected increase in temperature andROPAaImBEPBI By i1
scenarios. The i mpacts of these climatic shifts are man

1) I ncreased Soil MoisturePDejfféect ¢éd ainmcEvap®s aitnm otnemper at
summer mont hs as R€ePUlabmReAP 8isB emari os, are expected t
evapotranspiration rates. This increase in evapotrans
conditions that are |l ess than ideal for trpdviabnhit¥§a
yields.

2) Alteration in Prelcheidxpedomthedaitntcerrenasse in precipitatio
March) and the shift in peak precipitation to July su
may benefit early crop growth pladd @ean, bteh evepmt évratyi aln dd &
in water stress during critical growth periods, necess

3) Ther mal StresfTheoresCradmd:i on of peak temperature values
significant ther mal stress on crops. Such stress i mpa
drastically affect plant heabtskbdaadrdevéetaopménprodastl

4) Modi fied Crop DeveNidpgmevatr MPmgs demper atures, the phenol

potenti al laye drelaidéemgonset of growth phases. While this
crops, it also rasyaeashcopnisamrevpampuientthet ages with the
and the periods of heat stress, complicating the manag
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Forestry ratl atmet Jepfiwi,n aospechel i neated on the reclamatio
the previously mined | andscape by planting a diverse ra
stabitthesiagil, enhancing the ecological diversity, and
environmental sustainability and aesthetic | andscape va
| arch, Scots pine, meadky ndsaeal tdlei noea, k , s ysceasnsoirlee mapl e, c o mi
hornbeam, silver birch, black I ocust, black alder, bl acl
The biological framework for forestroy mi engl @a matei am de rscham
the internal spoil heaps and designated scarps of the f
these areasundtogthaetsuoatol andscape and to prfoei diel in® avt i
and maintenance practf ces tae &e rsscuhreed utl heed sowceaes sf ul est a
these plantings. Howevcelrameastiinon,arf adroe satgrryi crud ctluamdt ircen f a
the i mpacts of climate change:

1) Moi sture Stress and ADr otuggrhpte rRaetsuirleise nrciese and precipit
erratic RQRZabB®MPBs Senari os, newly planted trees may
stress. This stress can particularly affect young sap
potentially | eading to higher mortality rates or stunt

2) Thermal Tol er anTchee osfe | Sepcetciioens:of tree species currently
the 1 ocal climate. However, with the shifting climate

species may struggle with highenritimpleradmnulryesst &@agoecafa
mi ght not be able to adapt quickly to the changing con

3) Pest and DiseaMdaag mReregseunpe:r atures can also alter the
di seases, posing new risks to the health of reforesta
may become susceptible to outbreaksonwhbhib¢glectowvled. compr

Wat er recatmdathieond --fFiwti ni mypelnves transforming for mer mi n
sustainable water bodies, which is a critical component
primary goal is to createlLakenewhwatherwirlds esrevrovier ,as] - & ws
recreational resour cest arbhaitsi al eakaet eirs |pervoejle cotfe daptpor oxi mat
|l evel, with the potential formatnemuwademwandaeirndg evrelr dil nufcd lule
surface area is calculated to be approximately 840 hect:
meters to a maximum of 69 meters.

The biological aspect of water reclamation involves sevVe
ecological wviability of the new water bodies:

HFilling theTEkecdvatiog: process for the final excavat
groundwater infiltration through the bottom and sl ope
from rainfall, minus evaporatbypynK|l Addewsbaabt yeamatar .
spring floods will supplement the | akebs water | evels.

2) Erosion Tonprevent erosion of the newly formed | ake sh
i mpl emented. These include cultivation or | doesreanilng ewi
heavy and | ight harrowing, sowing of grass and | egumin
activistabtihebpoi |l and promote the establishment of a

3) Vegetative Cov8pediofi Sl®o9ped: mi xtures aimed at erosion
sl opes, including 25 kg/ha of red fescue, 20 kg/ ha of
white clover, and lO0mtkaf0bakyggf haown al falf a,

The projected climate changes pose significant challeng

1) Water Level Hlinwatewasteidonvsar i ability in precipitation al
temperatures could |l ead to more significant fluctuatic
shoreline ecosystems, pot ennataelrl yl elveealdsi ntgh atto npaeyr | afdfse
biodiversity.
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2) Temperature HClyaege svater temperatures could alter the

popul ations and promoting algal blooms, which could de
3) I ncr easedcadu:terhceprhait ed temperatures and irregularity o
changes in surface water ecosystems caused by excessiv
and | oss of biodiversity)
4 Il ncreased EroswWiarh Rixpkested changes in rainfall intensi
even more critical. Intense rain events can | ead to ir

|l akebébs banks and the clarity of the water.

Recreational atethemdtpfimhni sopient ri nsically | inked with th
transform the area into a multifunctional | andscape that
community wuse. Thi sempltd sdmsedadtd m gd igrmreectni,onrusabl e spaces
water bodies, thus enhancing the recreational and ecol o
The focus of recreational reclamation at J-Ffwin is on de
such as wal king, picnicking, and sports. These spaces a
to the | otgl scqgmmbnty of I ife. By integrating these are

recl amati on neaxiomith ensostc eonnilcy val ue of the water bodies bl
the creation of hatlsipteachilees.zones for various

The devel opment of recreational areas faces several cli
1) Increased Temperatur Asamd odwun Expnpeurad:ures rise, T ecr e
increased sun exposure, which can reduce the comfort
with adequate shade and cooling features becomes cruci
2) Variability i@h#®&mneesd pi hapreci pitation patterns can af
outdoor recreational spaces. Periods of excessive rain
stress vegetation and reduceoft hger eveens usapacaensd. r ecr eat i on
3) Erosion and Wat eWi tMantalye mexpected increase in weather
runoff becomes vital, especi aMaliyntian nairnega sg caoddjt adaet hetir z tiqou g
shorebyimpd ementing effective drainage systems are ess

recreational areas.

The comprehensive reclamatiomistr stpeagnindasngatagrheult Fwaln
recreational areas, are intricatel-mi ndiensgi glnaendd stcoa pree s tHorwe
efforts are incryashegl mpabttas!|l ehgpdopectRAPdaldinEaPt8e 5¢c han
scenari os. Rising temperatures, increased variability |
significant risks to the stability laacd easede sesvapfotthas
threaten soil moi sture |l evels critical for agricultura
intensified erosion could undermine water andecesséatte
the integration of adaptive strategies and resilient pr
i mmedi ate restoration goals but al so sustains its =ecol
conditionstrt bustienrgm teonviiornogn ment al stability and communi

Silesia Region

The average maximum temperatures in 20@0 Svéresi a6AGgiI owhi
peri 0d2011908,1 t hey increased to 27AC. The #@®&20mwmrte ABACa t
Subregion. The ri ser esn daevcerreaagsee st etnmpeermnt ababi | ity of e x
temperatures and contri butes ttoe mpoerreatfurreeq ueexnttr eontecsu.r rlenn c:
there is a reduction in the number ®dsexitmetmede ynecmobar no
warm nights and days. This al so hepttwesedg o the frequenc:

In this context, the implications of RGPwabBRRGQR8.sbamteat i
consideredhosentmpirleatsi faorceuassi ng on active coal mines oper
10 years arecpbaphleld tlhr de anal ysid ®®iggascn ,arien | bUgmdre dSii |l
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Basiinn three different cl uiendooaerst yYKMWK BBOSsiJaa BEmi agy i n
Mi kogowski anduKWKKWt joeso ainth Wi t hin each of these areas,
anal ysi sPIBy tehes@®:t i ve mi naewaasrtea hemdp. Their ilhoicgagieohhéda s p
redevel opment potenti al of these three chosen areas i s
p r e s e nhDeleretable D.3.2. Identificatiopagtminingrehabilitation schemes regarding future land uses and affordability

of the solutions

Fi g@2r7fEhehocsen sitebluxleBlt hbeg sessment of val ori shkaiskn 3met.hod,
SourcePl BBlddwn el aboration

S o $ n CaalaMine , Gliwice

The area of akKWKSwé&ndaal imi nédhavhfeirrestd egasaast wshhy and seve
were dé&himea .of degraded | and is an act i vehbaraoswnef iheeladp whi
is the area where mining facilities (shaftsFi paBEhe ngs
exposed s$ei tovayed with | ow vegetation, shrubs and tree!
The | oxfat3oSmalc aMiitnee i i ltensei a rlegi ointy of Gl i wice.
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