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Abstract: This study analyzes temperature trends and thermal comfort during the key hours (i.e., from
noon to 3:00 p.m.) of human tower (castells) performances in four significant festivities involving this
outdoor exhibition (diada castellera) in Catalonia. Human towers were recognized by UNESCO in 2010
as an Intangible Cultural Heritage. The selected exhibitions were Sant Joan in Valls on 24 June; Festa
Major de La Bisbal del Penedes on 15 August; Sant Magi in Tarragona on 19 August; and Sant Felix in
Vilafranca del Penedés on 30 August. Temperature and relative humidity data were downloaded from
the Copernicus Climate Change Service’s ERA5-Land and ERAS pressure level datasets, respectively,
with reanalysis from 1951 to 2023. The results revealed a clear upward trend in temperatures over the
last several decades in these four places and for the respective dates, from +0.3 °C per decade in La
Bisbal del Penedes to +0.42 °C per decade in Valls. Most of the positive temperature anomalies were
concentrated in the last 25 years. The calculation of the Heat Index revealed a higher occurrence of
years with possible fatigue due to prolonged exposure and/or physical activity in the three inland
locations (i.e., Valls, La Bisbal del Penedes, and Vilafranca del Penedeés) and a greater frequency of
years with possible heat stroke, heat cramps, and/or heat exhaustion in Tarragona, which is near
the Mediterranean Sea. This warming trend and increased discomfort pose potential health risks for
participants and suggests a need for adaptive measures. These findings emphasize the importance of
incorporating climate considerations into human tower planning.

Keywords: climate change; temperature trends; thermal comfort; intangible cultural heritage; human
towers; Catalonia

1. Introduction

Outdoor activities, such as Human Tower exhibitions (castells), a traditional Catalan
practice of building human towers [1] that was recognized by UNESCO in 2010 [2] as an
Intangible Cultural Heritage of Humanity (ICH), are influenced by weather conditions.
Extreme heat and cold events, along with other meteorological variables (i.e., relative
humidity, wind speed, and sky view factor) can lead to a decrease in outdoor physical
activities [3-8], and adverse outdoor thermal environments can have a negative impact on
public health, overall well-being, and outdoor thermal comfort [9-11].

Thermal comfort is a complex issue influenced by direct factors (i.e., physical, physio-
logical, and psychological) and indirect factors (i.e., cultural, individual, and social) [12].
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Similarly, after conducting a comprehensive literature review on outdoor thermal comfort
in urban areas, Aghamolaei et al. [13] identified two primary domains in outdoor thermal
conditions: human and environment-based factors. Human-based factors include individ-
ual (i.e., physiological and psychological) and social (i.e., economic, cultural, and social)
factors, while environment-based factors include physical (i.e., material, landscape, and
geometry) and basic (i.e., meteorological and climate) factors.

The academic literature has also analyzed the relationships between weather and
thermal comfort in a wide variety of sports [14-18]. Safety requirements must be defined
and applied to protect the health of participants in leisure and sport activities, as well as
the public attending these events [19,20]. According to Oyama et al. [18], several thermal
safety guidelines with upper thresholds have been developed by various organizations
such as international sports federations.

Climate change is responsible for the decline in the quality of outdoor thermal en-
vironments, particularly in the summer. According to Lim [21], global warming poses a
challenge for body temperature regulation, which results in more frequent adverse weather
conditions for outdoor activities, especially high-intensity efforts that are at risk of being
hindered [22] or impeded [21] by global warming; adaptative measures, such as dealing
with intense heat waves [23-26], are therefore required. The United Nations published the
United Nations Framework Convention on Climate Change (UNFCCC) Sports for Climate
Action Framework, which proposes a specific strategy for mitigating climate change in
sports [27], but as noted by Schneider [26], there is still no adaptation strategy framework
for sports.

Human towers are an outdoor physical activity, as well as a cultural event declared a
UNESCO Intangible Cultural Heritage of Humanity (ICH). The impact of climate change
on cultural heritage is underexplored compared to other activities, and even more so in
cases of an ICH. Traditions, rituals, and community practices can be significantly affected
in the event of environmental alterations and changing conditions for tradition-bearers.
Nevertheless, the number of publications addressing the impact of climate change on
cultural heritage has grown in recent years.

Fatoric and Seekamp [28], Orr et al. [29], Sesana et al. [30], and Nguyen and Baker [31]
all reviewed the existing scientific literature on the physical impact of climate change on
cultural heritage, as well as mitigation and adaptation strategies. ICHs only accounted
for 20 of the 165 publications reviewed by Orr et al. [29], and ICHs were the sole focus of
this research in only six cases, while 80 of the studies focused on sites, including cultural
landscapes and archeological sites. The literature review undertaken by Sesana et al. [30]
was only focused on tangible cultural heritage. Notably, a review regarding ICHs as they
relate to food was undertaken by Dembedza et al. [32]. More recently, Bhattacharya [33] ad-
dressed the lack of research on ICHs in climate-change discourse and underscored the need
for heritage professionals to bridge the gap between climate change and heritage conserva-
tion. Fatoric and Daly [34] proposed an approach to examine whether climate adaptation
can be developed and implemented within the heritage sector to simultaneously reduce
the impact of climate change and variability on tangible and intangible cultural heritage.

Climate change is responsible for a rise in unfavorable weather conditions for outdoor
activities; as a result, the likelihood of encountering bad weather on a day when human
tower exhibitions are scheduled will increase. The warm temperatures experienced during
recent summer exhibitions, coupled with high humidity levels, have shown that global
warming can have a negative impact on human tower performances [35]. A roundtable
discussion was held in October 2023 to address this issue as part of the XI Human Tower
Symposium [36], with another taking place during the XXVIII Meeting for Injury Preven-
tion in Human Tower Activities [37] in March 2024. Climate change—specifically rising
temperatures—poses a threat to the successful execution of human towers, particularly
those scheduled during summer afternoons.

These human tower exhibitions occur in semi-enclosed locations, primarily in squares.
Thermal comfort in city squares has been widely studied [38—42]. The built environment
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modifies weather conditions [12,42], and during Human Tower exhibitions, the square
becomes crowded with human tower builders (castellers) and spectators (Figure 1). Human
towers adopt different structures, all of which include a central column (the trunk) that is at
least one human-tower builder wide (a pillar). The tallest human tower on record is seven
tiers (one casteller on top of another), plus the dome (pom de dalt). The dome is the topmost
part of the human tower comprising the twos (pis de dosos), the lifter (aixecador), and the
crowner (enxaneta). A dense group of castellers follows the instructions of the team head
(cap de colla) and surrounds the base of the trunk to stabilize it; this part of the human tower
is known as the core (pinya). Figure 1 depicts a human tower with six tiers—each of which
consists of four members—and the dome, referred to as 4de9. For more information about
human towers see the web page of the Coordinadora de Colles Castelleres de Catalunya [43]
and the Diccionari Casteller [44].
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Figure 1. Human Tower exhibition in Vilafranca del Penedes, Catalonia. Source: Coordinadora de
Colles Castelleres de Catalunya/Mireia Comas.

High temperatures can pose a threat to the health and safety of the castellers partici-
pating in the performance and lead to heatstroke and dehydration; high temperatures can
also negatively impact participants’” cognitive focus and physical endurance. Moreover,
these risks extend to the people attending the event in the square. The exhibition must be
carried out under optimal training, health, and cognitive conditions in order to achieve
the set objectives and prevent the collapse of the human tower structure. It is therefore
important to consider climate change and the increasing number of adverse meteorological
conditions when performing human towers.

After conducting a literature review on Scopus and Web of Science, the results show
that only 15 documents have analyzed human towers from different points of view. The
main topics identified include physical injuries due to the collapse of the tower [45-49] and
human towers as a symbol of Catalan identity [1,50-52]. Among the literature on weather,
climate change, and thermal comfort, no other study has analyzed human towers in the
academic literature.

Hambrecht and Rockman [53] proposed a framework to address climate change and
cultural heritage that focused on four elements: research, adaptation, mitigation, and
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communication. The present study addresses the first element. The main objectives of this
research are (i) to determine temperature trends from 1951 to 2023 during crucial exhibition
hours (i.e., from noon to 3 p.m.) over four significant human tower days (diades castelleres)
in Catalonia, all of which occur in the summer; and (ii) to analyze to what extent thermal
comfort has worsened due to temperature increases. The selected events were Diada de
Sant Joan, which is held on 24 June in Valls; Diada de la Festa Major La Bisbal del Penedes,
which occurs in La Bisbal del Penedes on 15 August; Diada de Sant Magi, which is carried
out in Tarragona on 19 August; and Diada de Sant Felix, which happens in Vilafranca del
Penedes on 30 August (Figure 2).

1°E

1°E 2°E 3E

Figure 2. Localization of Valls, La Bisbal del Penedes, Tarragona, and Vilafranca del Penedes, showing
their altitude above sea level and distance from the Mediterranean Sea.

2. Methods

There is no meteorological data recorded in the squares during the day and hours
when human tower exhibitions occur. Automatic weather stations (AWS) from the Cata-
lan Meteorological Network, including those located near Valls, La Bisbal del Penedes,
Tarragona, and Vilafranca del Penedeés, have short temporal records of meteorological
data [54].

Figure 3 shows the methodology workflow. This research used temperature data
from the ERA5 LAND reanalysis from the Copernicus Climate Change Service, which
provides temperature information at an hourly temporal resolution and a spatial resolution
of a 0.1° latitude and 0.1° longitude regular grid [55]. The dataset was downloaded for
the day of each exhibition from 1951 to 2023—Valls on 24 June; La Bisbal del Penedés on
15 August; Tarragona on 19 August; and Vilafranca del Penedes on 30 August—and for the
peak performance hours of the human-tower events (i.e., noon, 1:00 p.m., 2:00 p.m., and
3:00 p.m.) of the grid boxes in which the four human tower places are located.
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Figure 3. Methodology workflow: Case studies, data acquisition, reanalysis validation, and data
computation.

The relative humidity data from the ERAS5 pressure level dataset, at the same hourly
temporal resolution as the temperature, but a spatial resolution of a 0.25° latitude and 0.25°
longitude regular grid, were also downloaded [56]. There is no available relative humidity
at a 0.1° latitude and 0.1° longitude spatial resolution.

The mean temperature and the mean relative humidity of the aforementioned four
hours were calculated for each of the 73 days in the Valls grid box (i.e., 24 June); the La
Bisbal del Penedes grid box (i.e., 15 August); the Tarragona grid box (i.e., 19 August); and
the Vilafranca del Penedes grid box (i.e., 30 August). These data provided a long temporal
series to detect temperature trends and variations.

Table 1 outlines the Pearson correlation coefficients and the root mean square errors
(RMSE) between the ERA5 LAND temperature and the temperature recorded at the nearest
AWS to each case study from 2009 to 2023. The AWS are located within the respective 0.1°
latitude and 0.1° longitude grid box. Open data accessibility from the Catalan Meteoro-
logical Service AWS network, at an hourly temporal resolution, is limited to records up to
2009. RMSE provides information about how the modeled data are scattered around the
corresponding station measurement.

Table 1. Pearson correlation coefficients (p) and root mean square errors (RMSE) between the ERA5
LAND temperature and the temperature recorded at the nearest automatic weather station (AWS) to
Valls, La Bisbal del Penedes, Tarragona, and Vilafranca del Penedés over 2009-2023.

AWS Name (Code) p RMSE
Valls Vila-rodona (DA) 0.89 1.52
La Bisbal P. La Bisbal P. (WO) 0.90 0.74
Tarragona Tarragona (XE) 0.88 1.06
Vilafranca P. Vilafranca P./La Granada (W4) 0.84 1.40

The R statistical programming language [57] was used to analyze the data and identify
temperature trends to quantify long-term changes over 1951-2023. The ordinary least
squares (OLS) regression model was applied to fit a trend line to the average annual data
and assess the temperature increases over the years. The code utilized for this analysis
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included functions for data reading, and average calculations. Temperature anomalies
were calculated for the 1971-2000 reference period.

The Heat Index (HI), also known as the apparent temperature, was calculated, where
T is the temperature and RH the relative humidity.

HI = —8.78469476 + (1.61139411 x T) + (2.338548839 x RH) — (0.14611605 x T x RH) — (0.012308094 x T?) —
(0.016424828 x RH?) + (0.002211732 x T2 x RH) + (0.00072546 x T x RH?) — (0.000003582 x T? x RH?)

The HI is what the temperature feels like to the human body when relative humidity
is combined with air temperature [58]. The apparent temperature is classified in four
thresholds [58,59]:

(a) Caution (26.1-32 °C): Fatigue possible with prolonged exposure and/or physical activity.

(b) Extreme caution (32.1-40 °C): Heat stroke, heat cramps, and/or heat exhaustion
possible with prolonged exposure and/or physical activity.

(c) Danger (40.1-52 °C): Heat cramps or heat exhaustion likely, and heat stroke possible
with prolonged exposure and/or physical activity.

(d) Extreme danger (>52 °C): Heat stroke highly likely.

3. Results

Figure 4 shows the mean temperature from noon to 3 p.m. as well as temperature
anomalies on 24 June in the Valls grid box, 15 August in the La Bisbal del Penedes grid box,
19 August in the Tarragona grid box, and 30 August in the Vilafranca del Penedes grid box
for the 73-year range of 1951-2023. The temperature changes are significant at the 0.05 level
(see Table 2).

Table 2. Temperature trends with its confidence intervals from 1951 to 2023.

Human Tower Exhibition Trend Confidence Interval
Valls (24 June) +0.42 °C per decade * 0.14-0.71 °C
La Bisbal P. (15 August) +0.30 °C per decade * 0.06-0.54 °C
Tarragona (19 August) +0.34 °C per decade * 0.11-0.57 °C
Vilafranca P. (30 August) +0.34 °C per decade * 0.10-0.58 °C

* Significant trend at 0.05 level.

Regarding the earliest human tower exhibition included in the case studies, the mean
temperature on 24 June in the Valls grid box for the entire period was 26.7 °C (o = 2.754) and
ranged from 20.8 °C in 2014 to 32.2 °C in 2003; the temperature ranged between 25.0 and
29.9 °C for most years (56.2%). The temperature achieved or overcame 30 °C eleven times
(15.1%), 90.9% of which occurred in the twentieth century. Alternately, the temperature
was below 25 °C twenty times, but only twice during the present century; in 2014 (i.e., the
lowest anomaly), it was raining. The positive anomalies are concentrated in the final third
of the study period. The temperature increase was +0.42 °C per decade.

The mean temperature on 15 August in the La Bisbal del Penedés grid box was 27 °C
(o =2.251) and ranged from 22.4 °C in 1963 to 33.6 °C in 1987; the temperature ranged
between 25.0 and 29.9 °C for most of the years (71.2%). The temperature achieved or
overcame 30 °C seven times (9.6%), 71.4% of these occasions being in the twentieth century.
Alternately, the temperature was below 25 °C fourteen times, but only three times during
the present century; in 2006 (i.e., the second lowest anomaly), it was raining. The highest
temperature anomalies after that of 1987 were in 2021 and 2023. Since 2019, all of these
were positive. The temperature increase was +0.3 °C per decade.

The mean temperature on 19 August in the Tarragona grid box was 28.2 °C (o = 2.196)
and ranged from 22.7 °C in 1966 to 33.7 °C in 2009; the temperature ranged from 25.0 to
29.9 °C for most years (74%). The temperature achieved or overcame 30 °C fourteen times
(19.2%), 57.1% of which occurred in the twentieth century. Alternately, the temperature
was only below 25 °C five times, one of which was in the twenty-first century (i.e., 2010),
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when it was raining. There is a clear predominance of positive temperature anomalies in
the second half of the period, and six of the ten highest were in the present century. The
temperature increase was +0.34 °C per decade.
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Figure 4. Mean temperature from noon to 3 p.m. (left) and temperature anomalies (right) on 24 June
in the Valls grid box (a); 15 August in the La Bisbal del Penedeés grid box (b); 19 August in the
Tarragona grid box (c); and 30 August in the Vilafranca del Penedes grid box (d) from 1951 to 2023.

Finally, the mean temperature in the Vilafranca del Penedés grid box on 30 August
(i.e., the end of the meteorological summer) was 26.6 °C (o = 2.236) and ranged from
20 °C in 2007 to 31.6 °C in 2009. The temperature ranged between 25.0 and 29.9 °C for
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most years (75.3%). The temperature achieved or overcame 30 °C four times (5.5%), and
75% of these were in the twenty-first century. Alternately, the temperature was below
25 °C fourteen times, only five of which were in the twenty-first century. While it was not
raining in Vilafranca del Penedes on 30 August 2010, that month was considered to be cold
throughout most of Catalonia. As in the case of the Tarragona grid box, there was a clear
predominance of positive temperature anomalies in the second half of the period, and four
of the five highest occurred in the present century. The temperature increase was +0.34 °C
per decade.

Table 3 shows the relative humidity between noon and 3:00 p.m. from 1951 to 2023 in
the four locations for the respective dates, distributed according to four thresholds: <40%,
40.1-60%, 60.1-80%, and >80%. Nearly three-quarters of the years in Valls had a relative
humidity between 40.1% and 60% (x = 50.7%). Half of the years in La Bisbal del Penedes
(x =55.6%) and Vilafranca del Penedes (x = 50.4%) were in the 40.1-60% relative humidity
threshold. In Tarragona, two-thirds of the years had a relative humidity between 60.1%
and 80% (X = 60.9%). Years exceeding 80% relative humidity were below 3% in all cases.
No significant trend was detected.

Table 3. Year distribution according to relative humidity in Valls (24 June), La Bisbal del Penedes
(15 August), Tarragona (19 August), and Vilafranca del Penedes (30 August) between noon and
3:00 p.m. from 1951 to 2023.

RH Valls La Bisbal P. Tarragona Vilafranca P.
<40% 9.6% 11.0% 15.1% 23.3%
40.1-60% 72.6% 52.1% 17.8% 54.8%
60.1-80% 16.4% 35.6% 64.4% 19.2%
>80% 1.4% 1.4% 2.7% 2.7%

Figure 5 shows the Heat Index (HI) values from 1951 to 2023 in Valls (i.e., above left),
La Bisbal del Penedes (i.e., below left), Tarragona (i.e., above right), and Vilafranca del
Penedes (i.e., below right), following the thresholds mentioned in the Methodology section.
No year had an HI value exceeding 40 °C (i.e., danger or extreme danger).

The HI in Valls did not exceed 26 °C (no caution required) 27 times (37%). More than
half of the years (41) fell within the caution threshold (fatigue possible with prolonged
exposure and/or physical activity), and five years were in the extreme caution threshold
(heat stroke, heat cramps, or heat exhaustion possible with prolonged exposure and/or
physical activity). The highest HI value was 36.5 °C in 2017. Despite more than one-third of
the human tower exhibitions theoretically being performed with no discomfort, it should
be noted that only three of them occurred in the 21st Century. There is a noticeable increase
in the frequency of HI values between 26.1 and 32 °C during the second half of the entire
period. The first year with a HI value exceeding 32 °C was 2001.

The HI in La Bisbal del Penedes did not exceed 26 °C in 24 years (32.9%). Almost
two-thirds of the years (46) fell within the caution threshold, distributed across the seven
decades of the analyzed period. The extreme caution threshold was reached only three times,
with two of them occurring in the last three years. The highest HI value was 35.9 °C in 2021.

The HI in Tarragona did not exceed 26 °C only eight times (11%). Almost two-thirds
of the years (45) fell within the caution threshold. More than one-fourth of the years (27.4%)
reached the extreme caution threshold, with half of them in the 21st Century. The last year
with a HI value below 26 °C was 2015, and the highest HI value was 39.6 °C in 2023.

Finally, the HI in Vilafranca del Penedes did not exceed 26 °C 26 times (35.6%).
Almost two-thirds of the years (45) fell within the caution threshold, with an increase in the
frequency since 1980s. The extreme caution threshold was only reached twice, both during
the 21st Century (i.e., 2004 and 2012), and the highest HI value was 36.7 °C in 2012.
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Vilafranca del Penedes (30 August; 12-15h)

2021 2022 2023

La Bisbal del Penedeés (15 August; 12-15h)

1967

1973 1974 1975 1974

1979 1981 1982 1983 1981 1984 1985

1986 1987 1988 1989 1990 1991 1986 1987 1988 1989 1990 1991 1992

1994 1995 - 1997 1998 1999 1993 1994 1996 1997 1998 1999

2001 2002 2003 2004 -

2008 2009 2011 2012 2013

2000 2001 2002 2003 2004 2005 2006

2012 2013

2019 2020 2016 2017 2018 2019 2020

2023

caution extreme caution

Figure 5. Heat Index values for Valls (above left), La Bisbal del Penedés (below left), Tarragona
(above right), and Vilafranca del Penedes (below right) on 24 June, 15 August, 19 August, and
30 August, respectively, from 1951 to 2023.

4. Discussion

Our analysis detected an upward temperature trend in all four case studies. The
magnitude of the increase was consistent with the increase observed in Catalonia in June
and August (i.e., +0.39 °C per decade in both months) [60]. Without aiming to make
comparisons, because the analyzed dates are not the same, this research can state that the
greatest temperature increase occurred in the second half of June and the smallest increase
occurred in mid-August. The mean temperature was the same in the three non-coastal
areas (i.e., Valls, La Bisbal del Penedes, and Vilafranca del Penedes), and the highest mean
temperature occurred in the last half of August in the Tarragona area, which is close to
the coast.

It is possible to assume that people participating in the structures and those watching
the events in the square would have perceived the temperature increase (more days above
30 °C for the last twenty years) in a negative manner during the key hours of the human-
tower performances. At the same time, temperature conditions in the squares where the
exhibitions take place can significantly differ from the general ambient temperature.

The squares are semi-enclosed urban places constructed with man-made materials;
an urban heat island was detected in the villages [61]. Even though people in the square
do not run or jump, there is a high density of people, especially in the core. The castellers
forming the central column (trunk) must bear the weight of their colleagues, and some of
them must climb carefully to the top of the tower (Figure 6).
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Figure 6. Human Tower exhibition in Valls, Catalonia. Source: Oscar Saladié.

The temperature in the square during the human tower performance may have ex-
ceeded 30 °C more times than shown in Figure 1, likely achieving 35 °C on 24 June in Valls,
15 August in La Bisbal del Penedeés, and 19 August in Tarragona. It should be mentioned
that in terms of weather comfort, as in other summer outdoor activities, it is necessary
to consider the relative humidity and whether the human tower exhibition is on a sunny,
cloudy, or windy day.

This research combined relative humidity and temperature to calculate the Heat
Index. Despite the differences in the data depending on when Human Tower exhibitions
are performed (i.e., the end of June in Valls; mid-August in La Bisbal del Penedes and
Tarragona, and the end of August in Vilafranca del Penedeés), they show a similar pattern: a
reduction in years with ‘no discomfort’, a predominance of years classified as requiring
caution, and the introduction of years classified as requiring extreme caution. There are
small differences in latitude (i.e., 41°17’ in La Bisbal del Penedés and 41°20’ in Vilafranca
del Penedeés) and distance to the Mediterranean Sea (i.e., 18 km from Valls and 11 km from
La Bisbal del Penedés). On the other hand, Tarragona, the southernmost (41°7’) location
that is close to the sea, with a higher relative humidity, revealed a higher frequency of years
requiring extreme caution since the mid-80s, and few years with an HI below 26 °C. The
Diada Castellera in Tarragona is only four days after the La Bisbal del Penedes exhibition
and 11 days before the Vilafranca del Penedes exhibition.

Our results indicate a potential increase in heat stroke, heat cramps, and/or heat
exhaustion, particularly among human tower builders, as well as individuals enjoying the
exhibition. Nevertheless, no temperature or relative humidity data were recorded in the
four squares where the human tower exhibitions were carried out. Existing conventional
or automatic official weather stations, which record daily temporal resolution or short-time
series, are usually located at the periphery of towns. To date, no research has determined
the most favorable or the worst weather conditions to practice this activity—optimal, good,
fair, or adverse conditions—and which conditions make the exhibitions impossible due
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to health or safety concerns. Additionally, no research has monitored parameters related
to human health and physiology in conjunction with weather conditions during Human
Tower exhibitions.

Our research therefore creates a vast scope for further exploration and innovation in
this field—first, by determining real weather conditions before, during, and after human
tower exhibitions in the squares. Directly gathering data from event locations using
sensors will provide insights into the microclimate created by crowd gatherings in urban
structures. This will also allow us to model the past weather conditions in the squares and
make projections.

Furthermore, we could establish the temperature ranges linked to good or adverse
conditions for the human tower exhibitions by means of participatory processes with the
castellers. Engaging directly with the human tower teams (colla castellera) in participatory
processes will provide invaluable first-hand insights into the perception of the effect of
weather conditions on building human towers and the negative impact of climate change
leading to increases in the frequency of adverse meteorological events on human-tower
exhibitions. Understanding their experiences and observations will offer a nuanced per-
spective on how meteorological variables affect cultural practices. These participatory
processes can also be useful to highlight the other elements that determine the success
of human tower exhibitions, such as the number of participants, training, physical and
psychological conditions, nutrition, and hydration before and during the exhibitions.

Finally, we should design, prioritize, and execute a co-creation process [62] detailing
the required strategies needed to adapt exhibitions to new climate conditions. This could
include developing health-and-safety guidelines, instituting emergency-response protocols,
generating shadows in the square, and modifying the exhibition duration and schedule (i.e.,
exhibitions starting in the early evening) in order to safeguard cultural traditions in the face
of climate variability and change. Higher temperatures exacerbate the risk of heat-related
illnesses among participants that range from mild dehydration to more severe conditions
such as heatstroke; this is particularly concerning given the inclusive nature of these events,
which involve men and women across a wide age range, including children, who may be
more susceptible to adverse health effects. Nevertheless, changing the beginning of some
human tower exhibitions can dilute their cultural essence and heritage value because they
are associated with a series of activities within a rigid temporal sequence.

5. Conclusions

The increasing temperatures observed during the four analyzed human-tower exhibi-
tions presents a tangible challenge to traditional conduct during these events. This local
evidence concretely manifests the manner in which climate change transcends environmen-
tal effects and permeates cultural and social spheres. The need to alter traditional practices
due to climate-induced temperature increases exemplifies the far-reaching consequences
of global warming and illustrates the capacity, thereof, to transform long-standing cul-
tural norms and social practices. Two recommendations emerge from this study: (i) The
exhibition should adequately consider environmental conditions, trying to choose the
most appropriate time of the day to minimize health risks, and (ii) the health conditions
of castellers should be monitored before, during, and after the exhibition. The main goal
should be to prioritize participant safety, while striving to preserve the rich cultural her-
itage and identity that these festivals embody; this goal will only be achieved with the
co-operation of castellers, the organizers of human tower exhibitions, and policymakers by
emphasizing the importance of anticipating the impact of climate change.

The public dissemination of the results of the present study plays a vital role in
fostering greater awareness and engagement regarding the tangible impacts of climate
change, and may catalyze public discourse on preserving cultural heritage in the face of
environmental change. This heightened awareness can lead to more informed and engaged
communities that are better equipped to participate in and support efforts to adapt cultural
practices to climate change.
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