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Abstract: Bohemian Switzerland is a national park in Northern Czechia famous for its sandstone
rocks, which were affected by a massive fire in 2022. Specific geomorphology of the region affected
the spreading of the fire and complicated its extinguishing. The fire directly or indirectly damaged
several geosites in Bohemian Switzerland. The catastrophe brought a possibility of showing the
unique connection between geoheritage and present climate change and increasing awareness about
the problems. The text is focused on field education of geography, striving to strengthen environ-
mental awareness among students through educating their teachers. The research is based on desk
research, field observation and didactic principles application. The causes of the fire were complex,
including physical geographical (drought and bark beetle calamity within climate change) and human
geographical phenomena (mass tourism and tourist misbehavior, inappropriate forestry practices).
The teachers we worked with reached similar conclusions at the end of our course. Our fieldwork
educational concept proved viable and was appreciated by them mainly thanks to the incorporation
of research-based learning and the absence of unnatural emphasis on climate change. Climate change
is a politicized topic, bringing controversies to the classrooms in the peripheral region. The approach
we proposed is anchored in inquiry-based methods and touches on the issue indirectly.

Keywords: Bohemian Switzerland; sandstone rocks; wildfire; climate change; drought; bark beetle;
place-based education; fieldwork

1. Introduction

Geosites, sites recognized for their geological or geomorphological value, face various
threats. Preserving these geosites is crucial for safeguarding geoheritage (as the group
of geosites), encompassing scientific, educational, tourism, and other purposes. Geosites
can provide crucial evidence of past as well as ongoing climate change [1–4]. Picture
a geosite distinguished by its significant scientific value concerning regional geological
changes capable of causing alterations in bedrock lithology or structures spanning millions
of years (i.e., the geological time scale). When examining a shorter time frame, such as the
human time scale, both exogenous factors (e.g., climate-related changes and disasters such
as wildfires) and endogenous processes (e.g., volcanic eruptions or earthquakes) can also
bring about sudden and abrupt modifications, impacting, among other aspects, the relief’s
morphology [5].

Geosites often contain unique geological features and formations that can record
changes in climate over long periods of time. For instance, ice cores from glaciers, preserved
in geosites, can provide a historical record of atmospheric conditions, revealing patterns of
climate change. Similarly, sediment layers in geosites can indicate changes in temperature
and precipitation. In some cases, geosites are deeply affected by climate change. Rising
temperatures can lead to the melting of glaciers, altering the landscape of these geosites.
Changes in precipitation patterns can result in increased erosion or flooding, impacting
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the geological formations within these sites. Furthermore, the biodiversity within geosites
can also be affected by climate change, with shifts in species distributions and populations
indicating changes in climate. For example, changes in plant species in a geosite can
indicate shifts in temperature and rainfall. Therefore, geosites serve as important monitors
of climate change, providing tangible evidence of its impacts and raising awareness about
the problem [6–8]. Explaining climate change can then rely on the elements of geodiversity
(minerals, rocks, soils, landforms, and active geological processes). However, the very
changes they record also threaten their preservation, underscoring the urgency of climate
change mitigation efforts. This article is primarily devoted to the topic of the influence of
climate change on the Bohemian Switzerland National Park (BSNP), which is one of the
most valuable geoheritage in Czechia. The BSNP includes several valuable geosites.

The BNSP wildfire of 2022, one of the worst forest fires in the history of Czechia, was
a significant catastrophe that had far-reaching implications for both the region’s unique
ecosystem and the communities residing within it. This fire, which raged from 23 July to
12 August 2022 on Czech territory and until 19 August on German territory, resulted in the
burning and damage of a 16 km2 area. In the largest deployment, eight helicopters, five
airplanes, and a total of about 700 people extinguished it. It led to the evacuations of tens
of tourists and local inhabitants. Its detailed circumstances and consequences are described
in Section 2.2. BSNP, situated on the Czech-German border, is renowned for its natural
beauty and ecological significance, highlighted by the existence of the national park. It
is also crucial for locals as a long-term popular tourist attraction [9,10]. (Geo)tourism is
an important source of income in the peripheral border area of former Sudetenland, with
high unemployment and negative social phenomena still linked to the massive population
change in the region after World War II [11].

Czechia is known as a state with many climate skeptics denying climate change or
man’s influence on it [12]. The most famous and loud climate skeptic is former Czech
president Václav Klaus [13]. The climate skeptic attitudes are supported by the geographic
location in Czechia, which is unaffected by significant natural disasters. The drought that
has emerged in Czechia in the years 2015–2020 is bagatelized by the skeptics. However,
the weather and wildfire statistics are difficult to dispute [14–17]. Some of them indicate
the connection between climate change and the increased incidence of fires. The fire en-
dangering emblematic Pravčická Gate, the main tourist attraction in the BSNP, epitomized
a wake-up call for climate skeptics in Czechia, particularly Northern Czechia. Based on
socioeconomic and electoral statistics and general belonging to the territory of former
Sudetenland and the disruption of the age-long relationship with the landscape [18], we
suppose that the region has an above-average share of climate skeptics in terms of Czechia.
The catastrophe affecting their businesses or jobs might disrupt their lack of interest in
climate change. It can also be an excellent example of the visible influence of climatic
change on the Czech landscape.

There is little scientific text about the fire in the BSNP because it emerged a year
ago. However, the only Czech study [19] is very comprehensive and detailed. Frequent
extreme weather brings natural disasters such as droughts and wildfires. We anchor our
text in articles about the past decade’s drought and fires in Czechia [14–16,20] and texts
characterizing the BSNP and regional geology [9,10,21–24]. Several articles described
geological (geographical) fieldwork and its specifics [25,26] and teaching about climate
change [27–29].

We, as geographers, strive to prepare summer outdoor educational activities indirectly
focused on the impact of climatic change on the wildfire, with a particular focus on geoher-
itage. Fieldwork activities are primarily intended for teachers to inspire them to explain
several vital processes to their pupils. The main goal is to introduce the phenomenon of
climatic change to the teachers quietly (through analyzing various reasons for the wildfire)
within the concept of place-based learning and related tasks. Moreover, we let teachers
prepare the didactic transfer of the subtopics and evaluate our proposed activities. The sec-
ondary goal is to bring comprehensive information about the wildfire in the BSNP in 2022,
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specifically accenting problems of wildfire, climate change, and geoheritage. The research
is based on desk research, field observation, and the application of didactic principles (for
details, see Section 2.4).

The authors of the text created all listed figures and tables.

2. Materials and Methods
2.1. Region

BSNP is located in Northern Czechia in the Ústecký Region (Kraj) (see Figure 1). It is
celebrated for its striking sandstone rock formations that have been sculpted by millions of
years of erosion and weathering. The national park is situated within the Elbe Sandstone
Mountains, which span across parts of Germany and Czechia and has existed since 2000.
Germans call their sandstone area bordering Bohemian Switzerland Saxon Switzerland.
Both areas create a twin national park. BSNP encompasses an area of 79.23 km2 and boasts
a diverse range of rock formations, including towering cliffs, labyrinthine canyons, and
natural rock arches developed on sub-horizontally stratified sandstones. Elevation in the
BSNP ranges from 115 to 619 m. Massive rock towers, gates, walls, gorges, cities, and
mazes were formed by the erosion of Cretaceous marine sediments that were brought to
the surface during the Quaternary period due to Alpine folding. In the Upper Cretaceous
period, the entire territory was covered by the sea. At its bottom, sediments up to 1 km
thick gradually piled up. The existence of the sea on the BSNP territory points to significant
climatic changes in the past, although not so rapid as the current one.
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The bedrock within the BSNP, specifically within the Jizera Formation, consists of
robust, nearly horizontal layers of Upper Cretaceous quartz sandstone. These sandstones
are predominantly medium to coarse-grained and often feature conglomerate layers with
distinct or even erosive boundaries. Quartz makes up the bulk of the sandstone, accounting
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for 93–98% of its composition. Potassium feldspar constitutes 2–6% of the sandstone, while
accessory minerals like muscovite, biotite, and tourmaline are also present. The cement
holding the rock together consists of iron oxyhydroxide and clay minerals, primarily
kaolinite. Typically, the rock’s surface is covered by a newly formed amorphous SiO2 crust
resulting from secondary silicification [10,21–24]. The natural processes of bedrock erosion
and accumulation of sediments as a continuation of the geological development are still
active in the BSNP. In addition to weathering, river erosion, deposition, and transport,
there are mainly geodynamic slope movements, especially rockfalls (e.g., in the town
of Hřensko) [22]. The complete dominance of sandstone in the national park makes its
inclusion on its geological map unnecessary.

BSNP can be considered a geoheritage consisting of various geosites. One of the most
iconic geosites is the Pravčická Sandstone Gate, which is the largest natural sandstone arch
in Europe. Due to its geological structure, geometry, and exposure, the gate faces threats
from potential gravitational collapse, strong winds, intense solar radiation, temperature
fluctuations, salt erosion, and frost damage [24]. Another gem is the Gorges of the Kamenice
River (Ferdinand’s, Edmund’s, and Wild Gorge), containing various formations, overhangs,
and tunnels and surrounded by rocks high between 50–150 m. Other attractive geosites
include rock cities (Narrow Stairs), viewpoints (Marie’s Rock, Kamenická Viewpoint,
Treppenstein, Rudolf’s Stone, and Vilemína’s Wall) and the remains of rock castles (Brtnický
Castle, Falkenštejn, Šaunštejn, and Vlčí Castle). The unique geological features make the
BSNP a destination for casual tourists, rock climbers, hikers, and photographers. The
only geosites with a paid entrance are the Pravčická Sandstone Gate and the Gorges of the
Kamenice River, which are partly accessible only by boat. Paid entrance indicates these
sites’ value and overtourism threat.

According to Quitt, there are four moderately warm climatic areas and one warm
area (in the Elbe Valley) in the BSNP [30]. Nevertheless, it must be emphasized that con-
cerning the relief of the sandstone rock cities and canyon-shaped valleys, the determining
factors for the BSNP are microclimatic conditions, which, especially in extreme locations,
fundamentally differ from macroclimatic ones. A typical manifestation of the microclimatic
conditions is a climatic inversion, which manifests itself in the vegetation of these areas in
the form of the so-called reversal of vegetation degrees. Microclimatic factors also indirectly
influence capillary water transport and the consequent subsurface degradation of sand-
stone. Sandy soils in the region are poor in nutrients and acidic [20]. The air quality in the
BSNP is mainly affected by the relief when some parts are located in a predominantly deep
and poorly ventilated valley with poor dispersion conditions exacerbated by the occasional
penetration of emissions from the industrial Ústí nad Labem area.

BSNP is the fourth and latest declared national park in Czechia. It was found to
protect unique sandstone geomorphology and diverse ecosystems. It is segmented into
three conservation zones (primarily the core, followed by the second and third zones).
These zones are determined based on the allowable extent and nature of human activities
within them. The most well-preserved geosites of the park, such as Pravčická Gate or
Gorges of the Kamenice River, are encompassed within the core zone, where human
presence theoretically faces the most stringent restrictions—for instance, individuals are
only permitted to walk along designated tourist trails. The initial zone encompasses
approximately 25% of the park’s total area. Over 70% of the park falls within the second
zone, characterized by areas often planted with artificial monocultures of coniferous trees
(spruces and pines). The third zone comprises the least-preserved areas, significantly altered
by human activities, particularly human settlements and their immediate surroundings,
as well as other developed zones. It is important to note that the park lacks a buffer zone.
Instead, this role is anticipated to be fulfilled by two lower-level protected landscape areas.
The park has 166.4 km of marked tourist trails, including 101.5 km for hiking and 64.9 km
for cycling. It is worth mentioning that these trails primarily follow forest roads, many of
which are covered with asphalt, making their presence within the protected area relatively
prominent [9]. Approximately 8000 inhabitants live in the municipalities in the BSNP.
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Settlement is uneven, especially in towns (Krásná Lípa, Chřibská) and villages along the
national park’s borders.

2.2. Connection of the Fire and Climate Change

It is challenging to prove the direct impact of climate change on the wildfire that the
arsonist set. However, the partial findings below indicate a connection. Forest fires have
emerged as one of the most devastating natural disasters, with a consistent upward trend
in their occurrence over the past century and into the current one [31]. For example, in 2021,
Europe witnessed over 44,000 forest fires, collectively ravaging nearly 5000 km2 [16]. In
2022, forest fires across Europe impacted around 8600 km2 [20]. Central Europe belonged to
relatively safe regions, but the situation has changed in the last decade [32,33]. Specifically
in Germany, during the summer of 2022, approximately 10 km2 of coniferous forests were
ablaze in a military zone near Nuremberg. The forest fire in the BSNP aligns with the
broader European situation for that year and does not represent an anomaly. Moreover,
paleoecologic analysis showed that wildfires have emerged in the region since the paleolite,
mainly due to the presence of humans in sandstone rock cities. Fire events are more
frequent in forests with a predominance of coniferous tree species (pines and spruces), and
the fewest fires were when deciduous forests (beeches) dominated [20].

Rising annual temperatures and prolonged droughts, especially in 2015–2020 [34],
have exacerbated the circumstances, making Czechia more susceptible to forest fires [15].
The most pronounced warming and a slight reduction in the amount of precipitation
emerge in the summer months. There are more frequent periods of rain-free periods
and the occurrence of extreme meteorological phenomena such as floods, torrential rains,
droughts with subsequent fires, etc. [35]. According to data from the Statistical Yearbook
of the National Fire Rescue Service, in the recent four-year period spanning from 2018 to
2021, Czechia experienced 7594 forest fires, which is nearly equivalent to the total number
recorded during the entire decade from 2001 to 2010 [36].

Climate change brings several risks to the BNSP (which can contribute to the occur-
rence of wildfires) [37]:

• The instability of rocks predisposed by the regional geological structure and morpho-
logical conditions in the region and increased erosion (temperature has been demon-
strated to be the primary factor influencing the reversible deformation of rock blocks
through volumetric changes). This effect can potentially obscure the understanding of
the inherent dynamics of slope movement and might even be a contributing factor to
the dynamic forces involved in the intrinsic dynamics of slope failure systems [38];

• The shift of vegetation belts, better conditions for spreading pests (especially in spruce
monocultures), higher demands for forest restoration, the withering of forest stands in
unsuitable habitats, and unsuitable conditions for growing spruce;

• Drought and reduced water supply in the soil, drought stress, river flow reduction,
and water resource levels drop;

• Increase in average annual water temperature, faster course of most unwanted chem-
ical reactions and bacterial processes, a decrease of water quality, the influence of
oxygen conditions, and changes in communities in watercourses;

• Increased incidence of windstorms endangering especially spruce forests;
• Deterioration of snow conditions.

The wildfire from 2022 (23 July–12 August 2022 on the Czech territory, 19 August on
the German territory; see Figures 2 and 3) we are focusing on was the first large fire in the
modern history of Czechia, burning and damaging an area of 16 km2. Hruška et al. [19]
bring a detailed spatiotemporal description of the fire. In 2023, Czech police caught the
arsonist behind the fire, the former voluntary national park ranger. Nevertheless, drought,
bark beetle calamity, and meteorological conditions during the fire played a non-negligible
negative role. It was the largest but not the first more significant fire in the BSNP. Let us
mention fires in 2000, 2003, 2006, and 2012. Small fires emerge every year.
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In the Usti and Labem District, the summer of 2022 experienced temperatures 2.7 ◦C
higher than the long-term average from 1961 to 2000. Nationally, the summer of 2022
ranked the sixth warmest since 1961, with an average temperature of 26.6 ◦C [19]. The
BSNP region has been experiencing an uninterrupted drought since 2018. Additionally, the
FAPAR (Fraction of Absorbed Photosynthetically Active Radiation) satellite observations
of vegetation conditions confirmed the harmful impact of the drought. The long-lasting
drought during the second decade of the 21st century played a significant role in a notably
extensive bark beetle outbreak throughout Czechia, including the BNSP area (since the arid
year 2015). Between 2018 and 2022, the beetle affected approximately 95% of all spruce
trees in the BSNP, affecting roughly 55% of the park’s forested area. Spruce forests in part
of the territory have been attacked by bark beetles (since the arid year 2015) and harvested
only in places in danger of falling trees (e.g., near roads and hiking trails) and the so-called
buffer zone adjacent to other forest owners. The different areas were left for spontaneous
development. Bark beetle calamity was seen as a chance to establish and support new,
varied, and more stable forests that will better withstand the changing climate, concrete
wind disasters, and long-term drought. The fire occurred in an area within the BSNP that
an infestation of bark beetle had significantly impacted. Consequently, the majority of the
burned region consisted of dead spruce trees.

The BNSP fire distinguished itself from previous fires by substantially deploying
firefighting resources. Furthermore, the unconventional and intricate terrain hindered
access to heavy firefighting machinery, introducing challenges to the extinguishing efforts.
Firefighters first evacuated dozens of tourists and residents of the settlement of Mezná, part
of Hřensko. Firefighting teams and helicopters from countries including Poland, Slovakia,
Sweden, and Germany also joined the response efforts. Special airplanes, helicopters,
drones, and climbing equipment for firefighters were used because of the complicated
terrain in the BSNP.

Even in places with the highest fire severity, where the burning temperature was very
high for a long time, a significant part of the ecosystem always remained untouched by fire.
It was typically about overlying humus horizons, local terrain depressions, massive rock
formations, etc. The rocky terrain prevented firefighters’ access and prolonged firefighting.



Geosciences 2023, 13, 383 7 of 21

It contained the fire’s spread in the areas of rock walls but boosted the fire in gorges with a
specific airflow where the chimney effect could emerge.
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High temperature, strong wind, and low humidity combined during the fire episode.
The extended period of drought, the widespread presence of bark beetle infestations, and
the subsequent buildup of fuel, along with dry fuel conditions, wind speed and direction,
and the weather conditions on the day of the fire, all played a role in the rapid spread of the
fire. The fire broke out in the challenging-to-reach terrain of the Malinový Gorge, close to
Hřensko in the Western part of the park. Its dynamics were evident, with the fire covering
a distance of 10 km within four days. The fire outbreaks were sporadic, with instances
where the fire rapidly advanced through the air over hundreds of meters [39].

It was found impossible to prevent the wildfire despite narratives among people in
the region or Czech media [19], which blamed the national park administration for not
removing dry trees. However, research showed that dry trees burn similarly to grass
vegetation and the surface of the rake. The fire went through all the vegetation and
vegetation types present, but the least damaged were beech forests.

BSNP is a region of extremely drying sandy soils, where the soil surface temperature
rises to 60 ◦C in the summer on the south-exposed clearings and exposed rocks. Intensive
firefighting led to soil erosion, denudation, and material deposition resulting from ignition,
extinguishing, and associated actions. Soils in the BSNP are acidic, with a small amount of
nutrients and a large amount of sand because of constant sandstone erosion [40]. Particu-
larly beneath the rocky outcrops, one can often observe grey-white sand. In some instances,
this grey-white sand signifies erosion or the combustion of the upper humus layer due to
the fire, its extinguishing, and the exposure of the underlying mineral horizons. Conversely,
it frequently represents a porous accumulation of material from adjacent rocky outcrops.
Underneath this accumulated material, one can discern the burnt upper and lower humus
layers that remained unaffected by the fire.

Burning and extinguishing also impacted the natural disruption of soils by the biome-
chanical effects of trees, e.g., uprooting. Upheavals are a standard part of the dynamics of
temperate natural forests. This is a minor yet significant form of tree mortality in the sand-
stone area. From the field trip around the fire scene, very few trees were uprooted directly
by the fire. The vast majority were uprooted shortly before the fire. Typical for these cases
is burning uprooted trunks only up to the edge of the mineral soil, which partially covers it.
In any case, the extensive fire deviated from the disturbance regime of the soils and the
evolutionary trajectory of their development [19]. The impact on the soils was significant
and also affected the geological base. During a fire, relatively high temperatures occur,
and if it gets close to rock formations, physical and chemical changes take place in them.
The fire, smoke, and extinguishing of the fire also damaged rock outcrops. Burned rocks
became discolored or even cracked [41]. The blackening of rocks disappears in exposed
locations quickly, but under the overhang, it can remain for a long time. Sandstones are
made from multiple minerals that may heat at different rates and may contain defects on
the inside, both of which can cause cracks or even explosions. Also, their porous structure
with water held inside contributes to explosions. Several rocks in the BSNP were damaged,
but fortunately, the geosites mentioned in Section 2.1 were not affected.

Pravčická Gate was in danger. However, there are no trees near it. The problem
could have been if the water used in extinguishing got on the rock and increased thermal
stress, possibly leading to the fall-off of some less stable parts. Fortunately, Pravčická
Gate survived in its original form. Sandstone boulders, mostly smaller, weighing tens to
hundreds of kilos, rolled into the valley from where the fires were extinguished. They
were apparently washed away by water during the extinguishing process. Because the
vegetation on the slopes was burned, they will be more vulnerable. Sandstones can become
a little brittle so that they can crumble more, and there can be an increased incidence of
rockfalls. On the other hand, because the sandstone is more fragile, such large blocks will
not reach the valley because they will break up earlier on the slope.

Damaged environments and rocks are less attractive for mass tourism than before
the wildfire (see Figure 4). Moreover, many tourist paths are still closed because of the
consequences of the wildfire and the threat of falling trees and rock parts. Specialists
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check the stability of rocks using sensors, laser measurements, photographs, and direct
inspections. Damaged sensors and protective meshes should be replaced.
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2.3. Geographic Fieldwork Fundamentals

The concept of fieldwork encompasses a multifaceted educational approach that in-
corporates a diverse array of methods, including experimentation, laboratory activities,
observation, project-based learning, cooperative methods, and experiential pedagogy. It
also encompasses various organizational structures for teaching, such as field excursions,
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exercises, walking tours, and thematic school trips or expeditions, all with a primary
emphasis on learning outside of the traditional classroom setting [25,26]. Fieldwork en-
gages students in observing natural and social processes, their distribution, and how they
manifest within the landscape within a specific curricular content [42]. Furthermore, field
education highlights the development of a wide range of essential skills and underscores
the educational potential, mainly when focusing on the students’ local surroundings. It
complements the facts conveyed through verbal communication in the classroom. In con-
temporary education, field education is integrated into project days, considered one of
the most comprehensive teaching methods. It aims to foster activities that require student
participation, information acquisition, critical evaluation, and the presentation of findings.

Field teaching is adaptable to a broad spectrum of geographical topics spanning
physical geography, cartography, geoinformatics, and human geography. It can seamlessly
bridge connections across various school subjects such as geography, biology, and civic
education.

We can distinguish fieldwork [43]:

• In terms of time—short-term (several hours), medium-term, (one-day), and long-term
(multi-day) education;Based on the landscape in which the teaching takes place—
natural landscape, rural landscape, and urban landscape;

• From the point of view of teaching—teaching is conducted either by pupils, the
teacher, or pupils in cooperation with the teacher (similarly, it is also possible to vary
the question of teaching evaluation);

• From the point of view of the teaching schedule—teacher preparation in the field and
research, the preparatory phase of pupils associated with motivation, involvement
in the organization of teaching and familiarization with the place of teaching, the
implementation phase in the field and the final phase of task processing, interpretation
results and teaching evaluation.

The preparation for field teaching is closely linked to the role of the educator. Typically,
the educator identifies a problem or topic with spatial dimensions that pique their interest
and then embarks on a field investigation. Their objective is to locate suitable sites for
conducting field teaching. To ensure effective field teaching, it is imperative to establish
clear, attainable goals that do not overwhelm the learners. This step is crucial for evaluating
the effectiveness of the teaching process. From a broader perspective, the authors aim to
align their pedagogical approach with the revised Bloom’s taxonomy [44], particularly
focusing on the higher cognitive processes dimensions. These higher dimensions are asso-
ciated with individual and collaborative activities involving problem identification and
the development of potential solutions. One of the primary benefits for students is the
practical application of geographical knowledge acquired not only within the confines of
the traditional classroom setting. Field teaching poses greater challenges for educators
regarding time commitment, financial resources, and safety considerations than classroom
teaching. However, the authors firmly believe that the aforementioned advantages out-
weigh these drawbacks. Notably, fieldwork is an integral component of the Framework
Educational Program for Basic Education [45] and Framework Educational Program for
Grammar Schools [46], pivotal documents within the Czech curriculum, and The 2016 Inter-
national Charter on Geographical Education [47] created by the International Geographic
Union, highlighting sustainability and human responsibility for the natural environment.
Nevertheless, the everyday reality of Czech schools might differ, and field teaching rarely
emerges in some of them for the abovementioned reasons.

Our approach towards fieldwork is connected to place-based learning (PBL) or place-
based education. PBL encompasses educational methods that prioritize hands-on,
community-oriented, and context-based education to foster stronger connections to lo-
cal settings, cultures, environments, and ethics [48,49]. PBL primarily emphasizes active
learning approaches that encourage students to become proactive explorers of the various
dimensions of their learning and living environments, encompassing culture, ecology,
society, politics, and economics. Consequently, PBL is an overarching term for educational
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methods driven by local, community-based, or ecological principles. This often involves
a strong environmental focus, framing PBL as a means to cultivate “environmental citi-
zens” [50]. Knowing a place involves being sensitive to its intricacies and understanding
the distinctions and commonalities between that place and others. The concept of place
encompasses the narratives of political and economic decisions that affect local areas and
shape human life [47]. It highlights the connections between local contexts and broader
global trends and offers politically, socially, and ethically engaged perspectives on teach-
ing and learning. The abovementioned aspects are reflected in the four dimensions of
PBL [51,52]:

• Biophysical, which pertains to the fundamental physical context of a place;
• Psychological, which concerns an individual’s unique experience within that physical

place;
• Socio-cultural, which views a person as an integral part of a specific society and culture

with ties to that place;
• Political-economic, which considers the political and economic processes that shape

both place and people’s perspectives on it.

Czech curricular documents [45,46] do not mention place-based learning or education.
They make only vague references to the local region and its knowledge. That is also why
we bring innovative outdoor courses for geography teachers who can apply and spread
our approach.

2.4. Methods

The research used several methods, combining field observations, analysis of teacher
feedback, and interviews with teachers. Generally, we can state that it encompassed all
four dimensions of PBL. The research design took advantage of the fact that five one-week
courses for teachers of geography and science and students of teaching (from Bohemian
Switzerland and Ústí nad Labem and Liberec Regions) were held in the area of Bohemian
Switzerland and its surroundings between May and July 2023 to collect relevant data in an
experimental manner. These courses (named summer schools) were attended by a total of
176 respondents. They included additional teacher training in modern teaching methods,
the use of digital technologies, research-based teaching, place-based learning, etc.

Within these summer schools, a one-day program was implemented, where the par-
ticipants had to design research activities analyzing the individual components of the
surrounding nature (geology, geomorphology, hydrology, climate, soils, biota) and human
management in the area (forestry, agriculture, tourism). The participants were divided
into groups of 2–4 people (according to the number of participants at individual summer
schools), and in these groups, the day before, they drew one of the offered topics, for
which they created a research activity the next day. They had at their disposal various
sources, tools, and materials (specialist books and studies, educational brochures, geo-
logical hammers, soil probes, a portable weather station, instruments for water analysis,
binoculars, durable tablets, sieves for hunting small animals, etc.) that they could use for
their activities.

The next day, they had about two hours to prepare the program, after which they
presented their activities to the other participants. At the end of the day, there was a
two-hour reflection session in which the authors of each activity had to present the message
they wanted to convey to the other participants through their research activity—these
messages were then written on a flip chart. At the end of the reflection, participants were
encouraged to use the information they had gathered to explain why the national park fire
was so large and severe and what might have influenced it.

During the activities described above, data was collected by observing what activities
the participants suggested to explain the assigned topic and the activity’s key insight. These
data were used to assess whether the participants were able to capture the main phenomena
characteristic of the sandstone cliffs area and whether they were able to communicate this
knowledge in a comprehensible way (e.g., to pupils at school). As part of the reflection,
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some critical comments were recorded, capturing participants’ impressions of the day’s
program. These comments were often related to linking the results of the different activities,
with participants becoming aware of the connections between the various components of
nature and human activities in the area and then applying these results to the case of the
recent fire. The final type of data was a short evaluation questionnaire that participants
completed at the end of each day of the summer school, which included the following three
open-ended questions:

1. What did you like best about today?
2. What surprised you the most?
3. What could have been better?

Participants did not have to answer all the questions (they could leave the answer
blank). They could write any answer they wanted, and the questionnaire was completed
anonymously. Most of the responses were to the first question, and less than 30% of
the participants answered the other two. The processing of the answers was a form
of qualitative research, when the answers were evaluated by content analysis and then
grouped into several groups according to the topic. The quantitative side played a minor
role in our research.

From the point of view of the ethical assurance of the research, it should be noted
that the research was in accordance with the Code of Ethics of the Technical University of
Liberec, which is based on the standards expected in this type of research anywhere in the
world. The authors of the research are also members of the Czech Geographical Society,
which ensures compliance with ethical standards in research. All participants agreed to
be included in the research when signing up for the event. Participation in the summer
schools was not connected to the consent to participate in the study, yet all participants
agreed.

The decision that the forest fire of 2022 will not be one of the selected topics was made
in order to maintain objectivity in individual topics. Each of the participants knew about
the fire from the media, as it was one of the biggest natural disasters in Czechia in recent
decades. At the time of the summer schools, the emotions associated with this event were
still fresh, and some participants came directly from the affected region, so we did not want
to abuse the topic in the first place to connect it only with climate change.

3. Results
3.1. Didactic Transfer of Assigned Topics

In the first phase of the research, the summer school participants were asked to create
an activity that used elements of inquiry-based learning and place-based learning where
possible and to explain the assigned topic to the other participants. In creating these
activities, participants had access to the Internet and scholarly publications on the given
subject, so the goal was to translate the scholarly information into an activity applicable
to field-based learning in primary and secondary schools. From all the knowledge on the
assigned topic, the participants were asked to select one of the most important messages
and write it on paper. These messages were recorded for the purpose of further research.

The results of this first phase of the research are recorded in Table 1, which lists
the different topics assigned, examples of activities that participants came up with, and
summarized key insights that participants came up with. Figure 5 then shows illustrative
photographs of the participants during these activities.
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Table 1. Overview of key insights and examples of proposed activities for assigned topics.

Topic Examples of Activities Key Insight

Geology Rocks from the surroundings—exploring
with a geological hammer

Most of the bedrock in the national park is a
thick layer of Cretaceous sandstone.

Geomorphology
Sandstone relief shapes of
geosites—search and find the shape from
the photo

Attractive rock towns have been created here
thanks to a specific type of sandstone erosion.

Hydrology Experiment with pouring water over
sandstone, granite, and basalt

Sandstone is easily permeable to water and
builds up groundwater reserves, but on the
other hand, it dries out quickly in the surface
layer. The number of surface watercourses is
relatively tiny.

Climate Comparison of climate maps from
1960–1990 and 1990–2020

The climate in the region is mild, but in recent
decades there have been frequent droughts in
summer.

Soils Digging a “hole” with a soil probe The soils are light, sandy, and strongly acidic,
with little nutrient supply.

Biota Search for different plant species and
identify them using PlantNet

Natural ecosystems should be predominantly
acidophilous beech forests, which are, however,
being converted to monocultures of spruce and
pine as a result of forestry. The area’s high
forest cover is favorable to several species of
fauna.

Agriculture Making a roller out of soil—analysis of its
suitability for agriculture

Due to the low amount of nutrients in the soil
and its high sandiness, agriculture is not very
active here.

Forestry Search for different types of trees at the
edges of the forest and in its interior

Because the area has not been used for
agriculture in the past, 97% of the national park
is covered by forests. The current forests are
monocultures of spruce and pine, with spruce
forests having major problems with bark beetle
calamities in recent decades.

Tourism What is left of the people here? A field
survey of human damage to ecosystems.

The attractiveness of the natural environment
in the national park causes a significant
increase in the number of incoming tourists.
Mass tourism can be a serious threat to
ecosystems.

3.2. Evaluation of Feedback from Participants

The second phase of the research used participants’ follow-up reflections after the
above activities had taken place. In this reflection, participants evaluated the individual ac-
tivity designs, commented on their implementation and other technical issues (which were
not the focus of the research), and also commented on how the individual themes interre-
lated and what conclusions were drawn from this (which was information we subsequently
processed). During the reflections, some participants’ statements were recorded, which
expressed their feelings about the program that took place. Other analyzed information
was then provided by short questionnaires, which the participants voluntarily filled out at
the end of the day. We have sorted the responses from the two sources mentioned above by
topic, and the most relevant ones are listed below. The number of responses in individual
categories is shown in Figure 6, and the interrelationships between the responses are shown
in Table 2.
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3.2.1. Form of Activities—Research Teaching

“I really like research tasks in teaching. Although it is more difficult to invent them,
their effect is much higher than in traditional frontal teaching. Pupils remember better
what they have tried out themselves than what someone has dictated to them”.

“I enjoyed going from one activity to the next and gradually discovering the links
between the topics. In this way, we naturally kept gaining more information until the result
was a pretty good overview of the interconnections between the topics”.

“The biggest advantage of research-based learning is that the pupils discover the facts
themselves and do not feel that someone is imposing their opinion on them. They discover
how a phenomenon manifests itself and what it may influence. The results obtained this
way are then more respected and not questioned”.

“I am delighted that I was able to learn about different research activities suggested
by other participants in this course. I find it challenging to come up with research activities.
Because of this, they are not so often included in the classroom”.

“With research activities, it matters a lot how well they are thought out so that they
are scientific enough but, on the other hand, fun. I was surprised by how many exciting
activities we could come up with in a relatively short time. I will try to use some of them in
my teaching”.

Table 2. Interrelationships between answers—the number of answers in each category that also
mentioned another monitored topic.
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3.2.2. Form of Activities—Field Education

“Outdoor education is great, fun and good for your health, but unfortunately, there is
little time for it during the school year”.

“Students love field education, but teachers are terrified of what students will do
during field education. Fortunately, many of the activities that were on display today can
be done in the schoolyard where the students are relatively safe”.

“The field is where dry theory only discussed in class becomes an interesting reality. I
try to do several blocks of field education during the year so that the students can relate
the information in class to reality”.

“When students learn about nature, they should ideally be in nature. It is a pity that
field education is given little space in the Czech curriculum”.

“Although being in the field gives more authenticity to the teaching, due to the limited
space for field teaching in the real classroom, various research tasks can be done in the
school building or on the surrounding grounds. Rocks can be brought into the classroom,
soil experiments can be done in an aquarium, etc. However, only in the field is it possible
to see everything around you simultaneously and in context”.
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3.2.3. Selection of Topics for Activities

“I personally missed the topic of fires because that is something that has been hap-
pening more and more often here lately. The fire last year (2022) was huge, it was talked
about a lot in the media, and it is a big threat for the local people as well, because the region
is very much dependent on tourism”. Authors’ note: the topic of fires was not included
intentionally.

“I found the topic of agriculture a bit redundant because it is clear from previous
activities that the conditions are not suitable for agriculture here”.

“Climate is a difficult topic because it is something that does not lend itself very well
to one-off research. Yes, I can measure the actual weather in the field, but I cannot record
the climate and its change in the field. It can only be seen from the maps we have. But the
maps are already a downloaded source, so students may not have confidence in it”.

“Perhaps the topic of tourism deserves more space because it is something that cur-
rently has a significant impact on the natural environment and is the main economic
activity in the region. Tourism has both positive and negative impacts on the region, and
I would probably focus more on this topic in my teaching so that pupils are aware of the
connections”.

3.2.4. The Program as a Whole

“I think we have succeeded in creating a set of activities that creates a comprehensive
physical-geographical and human-geographical characterization of the area”.

“I like the fact that, on the basis of the individual activities, we can gradually real-
ize how closely interconnected the different components are and, to put it bluntly, that
everything is related to everything”.

“Comprehensive geography characteristics are something that I require my students
to be able to create in high school (ages 15–19). However, for them, it is mostly a task where
they just take in data and don’t think about it. Research assignments are an alternative that
gets them much more actively involved in the process”.

“I liked the diversity of the activities—while in geology, we were pounding rocks with
a geological hammer, in biota, we were trying to identify plant species using a mobile app”.

3.2.5. Links to Wildfires

“I do not know about others, but when I put together the findings from all the activities
together, it seems to me that the national park is an area that is increasingly threatened by
fires, so we may experience something similar to last year (2022) more often”.

“I was almost frightened by the results of today’s program. As someone who lives in
this area, it means that the wildfire nightmare of last year (2022) is definitely not the last
because we are unable to change the local geology and physical geography”.

“One other fact that struck me about the fires is that careless tourists cause the vast
majority of them. At a time when we have seen the number of tourists coming here multiply
several times over the last ten or fifteen years, that is worrying”.

“From my point of view, the main culprit of the current fire risks is the forestry industry
because it has cleared native forests and replaced them with spruce monocultures, which
are extremely vulnerable to droughts. When a forest that is supposed to hold water is dry
and dead because of a bark beetle calamity, it is probably very vulnerable to fire damage”.

“I would also mention that fires are a natural part of many ecosystems and, in reality,
an opportunity to replace non-native tree species with an ecosystem close to nature. The
only ones who are bothered by fires are the local people who may have their houses burned
down or lose their jobs because not many people want to look at a burn site during their
vacation”.

3.2.6. Links to Climate Change

“In my opinion, it was very clever that none of the topics given were climate change
because some participants might take it as you trying to impose your opinion on them.
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That way, after all the activities, one can say to oneself that something is probably changing
in the local nature and derive the explanation oneself”.

“I think the research activities are a great way of teaching about climate change. In
the school where I teach, there are many pupils from socially disadvantaged families who,
for ideological reasons, deny the existence of climate change because it makes things more
expensive for them in practice—they have more expensive electricity because of the switch
to renewables, they hate electric cars because they are too expensive for them, etc. On the
other hand, their perspective may change when they realize that their environment is also
threatened by climate change, including their homes and their parents’ jobs”.

“Our region is one of the poorer ones in Czechia, so people are solving their own
problems rather than the world’s problems. That is why when you start discussing climate
change with someone, they tell you to leave them alone because they don’t care. However,
thanks to the fire last year (2022), this topic has also started to be more discussed among
people because they are starting to realize that it is not just about melting glaciers or
changing sea streams somewhere far away but also about droughts and fires here and
now”.

“Climate change is a difficult topic—it can be seen that even here in the group, we do
not all have the same opinion as to how much the forest fires in recent years are caused
by climate change and how much the increasing number of visitors in the national park
and their carelessness or recklessness have an effect on them. It seems to me that today’s
program did not try to impose its opinion on anyone, but that we only tried to present
certain facts, while their interpretation is up to each of us”.

“I think it is an important message that due to the local geology, this region is more
vulnerable to climate change than other regions in Czechia. Therefore, local people should
think about how to adapt to these changes and mitigate their adverse consequences”.

4. Discussion

The results presented in the previous chapter capture the most critical elements of the
implemented activities and the feedback to them. Although the participants of the summer
schools had the opportunity to invent any research activities on the given topics, their key
messages did not differ much from each other. The implementation of the activities and
the tools used varied depending on the topic (e.g., for the topic “geology”, the activities
were very similar for all groups, while for issues such as “forestry” or “tourism”, they were
quite different). The success and popularity of individual activities often depended on
how much experience the participants had with conducting research activities in the past.
Overall, most participants were able to complete the assignment.

If we focus on the results more closely, the first thing that needs to be commented on
is the procedure where the participants were first encouraged to identify the key insight
in the given topic—i.e., to reduce the entire complex issue to certain information that the
other participants would have, thanks to their activity, remember. The participants mainly
focused on the specifics of this area, which is why their messages were very similar (Table 1
shows one key insight for each topic, but the others differed from it only in detail). The
advantage of this procedure, called generalization in education, is that it can focus the
attention of the authors of educational activities on the essential elements and put aside less
important details. As proven by various studies [53–55], pupils and students remember the
content of the course better because they are not overwhelmed by an unnecessarily large
amount of details.

The second thing that deserves comment is that the research activities were arranged
in order to form a comprehensive geological-geographical characteristic of the territory.
However, the main topic, which was the connection between the devastating fire of 2022
and climate change, was not the content of any of the activities, although the participants
were able to connect the information shared and implement the knowledge on this topic as
well. Thanks to this, they did not feel that this opinion was imposed on them and were
able to accept it better. This insight correlates with other research, where older students, in
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particular, prefer when they can form their own opinions based on working with data or
their own analysis [54–56]. Such activities nonviolently develop geoethics, an important
social role of geosciences aiming to foster a critical examination of the utilization of natu-
ral resources, advocate for accurate dissemination of information about natural hazards,
encourage the advancement of eco-friendly technologies, and protection of geosites [57–59].

The evaluation of the set of research activities in the subsequent reflection or the
evaluation questionnaires was very positive. However, it is necessary to perceive that
the participants in the summer schools were voluntary. They knew what their content
would be, so they were people who were interested in these educational methods and
wanted to improve them. What we consider necessary, however, is that the participants
described this education model as very suitable for situations where the given topic is
highly politicized in Czechia. Authors suppose that climate change skepticism is frequent,
particularly in the peripheral border regions, expecting causal relations of the attitudes
towards climatic change to education, unemployment, election results, and general discon-
tent with mainstream narratives. It can cause the class collective to hold radically opposing
views. Climate change is such a topic, and in the relatively poorer Czech borderland with
a troublesome history [18], there are a large number of people who believe various fake
news and deny its existence. Instead of thinking about climate change and the fight against
it, they live their daily lives. The presented set of activities does not lead to a single correct
interpretation (in the end, both the participants themselves and expert sources indicate that
not only climate change but also inappropriate forestry practices [19] and damage to nature
by mass tourism [19,60] are the causes of the less than ideal state of the national park and
its geosites. Everyone can determine the degree of influence of climate change on the fire.

5. Conclusions

The summer school participants conducted research activities on various topics, and
the success of these activities often depended on the participants’ prior experience with
research-based education. The participants were encouraged to identify the key insight
in their topic, focusing on the specifics of the area. This method, known as generalization,
helps focus on essential elements and ignore less important details, improving content
retention and comprehensibility for pupils. The research activities were designed to provide
a geological-geographical characteristic of the territory, with the main topic being the
connection between the 2022 fire and climate change. The participants were able to connect
the information shared and implement knowledge on this topic. The evaluation of the
research activities was positive, with participants describing the education model as suitable
for politicized topics in Czechia, particularly in peripheral regions. The model allows for
multiple interpretations, accommodating differing views on topics such as climate change.
However, it is important to note that the participants were volunteers who were interested
in these educational methods. The activities do not lead to a single correct interpretation,
allowing for a more nuanced understanding of complex issues.

In conclusion, it must be said that although the topics of climate change and fire were
not selected as categories for the teaching activities, these topics emerged spontaneously
among the participants in the study as key themes for understanding the territory. The au-
thors evaluate it very positively, as this was their initial intention to link the wildfire mainly
to climate change. The model teaching at these summer schools used the environment of
sandstone rocks in the BSNP and its surroundings, including several attractive geosites.
Nevertheless, similar activities can be organized practically anywhere. Inquiry-based learn-
ing community portals have recently been developing in Czechia. At the same time, the
participants of our summer schools were also inspired by some well-known projects when
creating their own activities [61–63]. Therefore, we can only wish that by involving them
more often in teaching, they would activate their pupils and students, not only forcing
them to accept the facts but letting them form their own opinion on the problem based on
the available facts and data, as in the example presented by us.
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30. Quitt, E. Klimatické Oblasti Československa (Climate Regions of Czechoslovakia); Academia: Prague, Czech Republic, 1971.
31. Patacca, M.; Lindner, M.; Lucas-Borja, M.E.; Cordonnier, T.; Fidej, G.; Gardiner, B.; Hauf, Y.; Jasinevičius, G.; Labonne, S.;
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41. Biró, A.; Hlavička, V.; Lublóy, E. Effect of fire-related temperatures on natural stones. Constr. Build. Mater. 2019, 212, 92–101.

[CrossRef]
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