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Abstract: This article analyzes the impact of the end of the COVID-19 lockdown on the number of
rescues in natural areas in Catalonia (Spain) during July and August 2020. We compared the figures
for 2020 with those corresponding to the same period in 20162019, including their temporal and
spatial distributions. Our findings show that the number of rescues undertaken by the Catalan Fire
Department in July and August 2020 increased significantly compared to the same summer period in
the four previous years (+39.7%). The daily averages increased for both weekends and weekdays
in 2020, with 7.5 and 3.9 rescues per day, respectively. The greatest increase corresponded to rescue
operations conducted at low altitudes (up to 500 m ASL) and areas with no specific protection status
near to populated places. Natural areas were perceived safer than, for example, coastal destinations
in terms of the risk of COVID-19 contagion, and they experienced a growth in visitors during the
first summer of the pandemic. One consequence of this was an increase in emergency service activity
to rescue people in natural areas. This research adds new evidence of the multiple indirect effects of
the reconfiguration of mobilities in the context of the COVID-19 pandemic. Our findings could be of
interest to emergency service managers, managers of protected natural areas, and public authorities.
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1. Introduction

Protected natural areas play a key role in the conservation of the natural environment
and they also provide social benefits such as leisure and recreation space [1]. They need to
balance nature conservation objectives, allow certain specific activities or uses [2-5], and
contribute to the development of local communities; this is especially true in developing
countries [6]. In addition, natural areas are positively associated with human health and
wellbeing [7]. Accessibility to protected areas can be restricted in order to prevent their
carrying capacities from being exceeded and compromising the sustainability of these
areas and the quality of the natural resources that attract visitors [4,8]. However, managers
responsible for these protected areas need to have enough resources to apply these kinds
of restrictions. There are also some categories of protected areas with regulated uses, but
without any managers or management plans. Finally, there are other natural areas which
are not subject to a determined protection status.

People who visit natural areas, especially protected areas, participate in a wide range
of sporting activities, including mountaineering, rock climbing, cross-country biking,
mountain racing, and ski mountaineering, as well as leisure activities such as hiking,
walking, and backpacking. Particularly in mountain areas, the former implies an evident
risk of accident due to either environmental (adverse conditions) or human (errors in
decision making, physical condition, lack of preparation, and/or inappropriate equipment)
factors [9]. Individuals participating in these activities may be injured or even killed [10-12].
Hiking may seem a relatively safe activity, but inappropriate footwear, insufficient water,
or adverse environmental conditions can produce significant accidents or incidents, even in
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this kind of activity [13]. The incidents can result from a wide range of factors rather than
one specific cause related to poor decision making or adverse environmental conditions [14].
The rising number of people involved in outdoor recreation and leisure activities in natural
areas has increased the possibility of injury and illness which may require emergency
medical attention [15-18], and has led to an increase in the number of rescues carried
out [19-21].

The SARS-COV-2 virus has infected more than one hundred million people world-
wide, causing over three million deaths [22]. Some national governments established
lockdowns and restrictions to control the spread of infection and reduce potential deaths.
The beginning and duration of these lockdowns and the types of restrictions imposed
depended on each individual country [23]. One of the worldwide restrictions that was
applied affected mobility [24-27], as air and land traffic were two of the main vectors for
the dissemination of COVID-19 [28-30].

The leisure and tourism sectors have been particularly hard-hit by the pandemic.
International and domestic travel for tourism practically ceased during the first months
of the pandemic [31]. The UNWTO [32] stated that international arrivals plunged by 74%
in 2020, compared to the previous year, causing an estimated loss of USD 1.3 trillion in
export revenue. According to Brouder [33], the COVID-19 crisis has brought tourism
activity to a near standstill. Some authors argue that the pandemic could be a starting point
to transform tourism activity [34-37] and offer an opportunity for more sustainable and
proximity tourism [38,39].

The number of visitors in protected natural areas fell due to lockdown and mobility
restrictions [40], confronting benefits (ecological recovery and restoration) with negative
impacts when income, preservation activities, and management presence depend on
revenues from tourists and visitors, especially in developing countries [41-44]. On the
other hand, natural areas have seen a significant increase in the frequency of visitors as
mobility restrictions have been relaxed [45]. These places are perceived as being safer
than cities or mass tourism destinations in terms of the risk of contagion. Many people
have seen them as an escape valve after months of hard lockdown, but they have also
generated agglomerations of hikers, climbers, etc. According to McGinley et al. [45],
the challenges in managing European protected natural areas due to COVID-19 are as
follows: overcrowding, parking and traffic issues, social distancing, problematic behavior
by visitors, cancelation of cultural and educational activities, and conflicts between visitors
and locals. In regard to overcrowding, the media has highlighted this phenomenon and, in
Catalonia (Spain), it has been reported as an “invasion” or “avalanche” of visitors, mainly
“escaping” from the Metropolitan Area of Barcelona and placing some natural areas on
“the verge of collapse” [46—48]. Some natural areas can combat this threat because they
have a determined level of protection [49,50], but many others are not prepared for such an
avalanche of visitors, and this is seriously threatening their sustainability [51].

We can assume that the increase in the number of visitors to natural areas (some of
which are mountain areas) analyzed in the literature before the COVID-19 pandemic would
have followed a rather gradual trend. On the other hand, the stream of people visiting
natural areas since the end of lockdown has resulted in an abrupt shift in both the number
of people visiting these places [52] and the number of accidents suffered and, as a result, in
the number of rescues performed by emergency services [53-55].

In the case of Spain, the State of Alarm decreed by the Spanish Government [23] was
in force from 16 March 2020 to 21 June 2020. Since then, restrictions have evolved over time,
depending on the public health situation. Taking all of these circumstances into account,
our main objectives were to analyze the impact that the end of the COVID-19 lockdown had
on (1) number, (2) temporal, and (3) spatial distributions of rescues in natural areas carried
out in Catalonia (Spain) during July and August 2020. There were the first two months with
no domestic mobility restrictions following a period of three months with strict restrictions
on mobility, especially for leisure and tourism purposes. Concretely, we compared the
figures for 2020 with those corresponding to the same period in the four previous years
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(2016 to 2019). This research should be useful for those managing emergency services and
protected natural areas. It should also contribute new (indirect) evidence to the literature
on the multiple effects of the COVID-19 pandemic on tourism and leisure in natural areas.

The rest of this article is organized as follows. The second section is devoted to
describe the data and methods, including the area of study. The third section shows the
results (temporal and spatial scale). Finally, the main findings are discussed in the fourth
section, together with the limitations, implications, and future research lines.

2. Materials and Methods
2.1. Area of study

Catalonia has a wide network of protected natural areas distributed throughout
Catalan territory, including mountain, inland, coastal, and wetland areas. According to the
Departament de Territori i Sostenibilitat (DTS; Department of Territory and Sustainability) [56]
of the Generalitat de Catalunya (the Autonomous Government of Catalonia), the Catalan
System of Natural Protected Spaces is divided into two categories (Figure 1)!: Espais
d’Internés Natural (Spaces of Natural Interest; SNI) and Espais Naturals de Proteccio Especial
(Specially Protected Natural Spaces; SPNS). There are over 140 SNI (7100 km?), which
include the Nature 2000 Network. The SPNSs (223200 km?) include the only National Park
in Catalonia (Aigiiestortes i Estany de Sant Maurici) and its peripheral protection zone,
14 Natural Parks, 7 Natural Sites of National Interest, and 64 Nature Reserves. There are
other natural areas with no determined protection status.
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Figure 1. Protected Natural Areas in Catalonia, and towns and cities with over 100,000 people.

Data about the number of visitors in SPNS are of limited availability, and there are no
available data for the SNI. Nevertheless, what data are available show that the number of

1

For more details: GIS Catalan System of Natural Protected Spaces (http://sig.gencat.cat/visors/enaturals.html, accessed on 11 April 2021).
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visitors to most SNPS increased in July and August 2020, compared with the same period in
2019 [52]. For example, increases in the number of people visiting the Aigtiestortes i Estany
de Sant Maurici National Park (located in the Pyrenees, in the northwest of Catalonia) were
10% in July and 31% in August. The increases in visitors to other parks, corresponding
to the same months, were: 19% and 25% for the Alt Pirineu Natural Park, which is also
located in the Western Catalan Pyrenees; 88% and 57% for the Cadi-Moixeré Natural Park;
and 50% and 80% for Capgaleres del Ter i del Fresser. These last two parks are both located
in the Central Catalan Pyrenees. The increases in visitors to the three southernmost Natural
Parks in Catalonia were: 47% (July) and 10% (August) for the Serra de Montsant Natural
Park; 100% and 91% for the Els Ports Natural Park; and 121% (August) for the Delta de
I’Ebre Natural Park. The first two of these parks are located in the Pre-littoral chain (whose
summits are up to 1500 m above sea level), while the third, which occupies an area created
by sediments from the River Ebro, lies at the mouth of this river.

These protected natural areas received larger numbers of visitors than they were
used to in the summer of 2020. These new visitors were mainly Catalan people. This was
because some mobility restrictions remained in force (i.e., mobility to the rest of Spain
and to other countries), and because people were trying to avoid what would usually
be crowded destinations. Natural areas were perceived safer than, for example, coastal
destinations in terms of the risk of COVID-19 contagion. Nevertheless, perception does not
have to coincide with reality [46—48]. In contrast, there was a decrease in the number of
visitors to the Aiguamolls de 'Emporda Natural Park in July (—20%) and a small increase
in visitors in August (+3%). This is a wetland area located in northeastern Catalonia which
receives an important number of visitors from France. International flows were cut due to
restrictions on crossing the Hispano—French border. The number of international tourists
in Catalonia fell below 4 million in 2020, while they were 19 million in 2019 [57].

2.2. Data and Methods

The data on rescues in natural areas (here onwards “rescues”) were obtained from the
Direccio General d'Extincio, Prevencio d’Incendis i Salvaments (DGPEIS; Directorate General of
Fire Prevention, Extinction and Rescue Services) of the Catalan Government, and included
information from the Catalan Fire Department. This public department deals with emer-
gencies throughout Catalonia, with the sole exception of the city of Barcelona, which has
its own Fire Department.

The Centre d’Atencio i Gestio de Trucades d’Urgencia 112 Catalunya (Centre for Attention
and the Management of Emergency Calls) centralizes all the emergency calls received via
the number 112 and classifies them according to the type of intervention required. The
most appropriate emergency service (or services) is then notified: Sistema d’Emergéncies
Mediques (SEM; Medical Emergency System) and/or the Mossos d’Esquadra (Catalan Police
Department) and /or the Bombers de la Generalitat de Catalunya (Catalan Fire Department).
When the Catalan Fire Department is required, information is transferred to the head-
quarters of the Emergency Region (there are seven in Catalonia) where the emergency
incident has occurred. The appropriate resources are then activated according to the type
of emergency. For some emergency services, such as mountain rescues, the Grup de Recolza-
ment d’Actuacions Especials (GRAE; Special Activity Support Group) of the Catalan Fire
Department can be activated and sent to the scene of the emergency by helicopter.

The target period for our study was from 1 July 2020 to 31 August 2020. However, the
dataset facilitated by the DGPEIS started on Monday, 29 June, in order to provide a whole
week at the beginning of the period. The DGPEIS also provided data on rescues for the
equivalent periods in 2016, 2017, 2018, and 2019, for the same number of weekdays and
weekends when a weekly analysis was performed.

The following information was provided for each rescue:

e Date (day, month, and year);
e Time when the rescue started;
e  Municipality;
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e  UTM coordinates;
e Injuries and deaths at monthly level.

We compared the total number of rescues and the daily averages for both the whole
period and for July and August 2020, with those corresponding to the equivalent periods
in the period 2016-2019, following a similar approach to that used by Shafiei et al. [58].
The analysis also took into account the following: whether rescues occurred on weekdays
or at weekends; the number of people injured or killed; the time at which the rescue
started; the altitude at which the rescue took place; the distance to the nearest town with
over 100,000 people; and the protection status of the area in which the rescue occurred.
Table 1 shows the timeslots chosen, the different altitude thresholds, the different distance
thresholds, and the different protection statuses of natural areas. We differentiated three
homogeneous diurnal timeslots and one nocturnal timeslot. In the time zone in which the
study was conducted and for summer (UTC + 2), the sun rose at 06:20 on 1 July, and at
06:45 on 31 August, and set at 21:12 on 1 July, and at 20:28 on 31 August. We established
five categories for the altitudes at which rescues took place. The highest mountain in
Catalonia is La Pica d’Estats (3143 m ASL), which is in the Pyrenees. We established three
categories for the distances from where the rescues took place and the nearest town with
over 100,000 people. We differentiated three different categories for the protection status of
where the rescue took place: Specially Protected Natural Space (SPNS), Space of Natural
Interest (SNI), and other natural spaces.

Table 1. Timeslots, altitude and distance thresholds, and natural area protection status.

Time Altitude Distance Protection Status
06:01-11:00 <250 m <50 km Specially Protected Natural Space (SPNS)
11:01-16:00 251-500 m 50.1-100 km Space of Natural Interest (SNI)
16:01-21:00 501-1000 m >100 km Other natural spaces
21:01-06.00 1001-2000 m

>2000 m

We used a t-test to compare averages for rescues. The Kolmogorov-Smirnov test
showed that the distribution matched the characteristics of a normal distribution. The
chi-square test (x?) was applied to analyze whether the differences in the distribution of
rescues were statistically significant. Finally, we used a Kernel density estimation function
(natural break method) to calculate the concentration of the rescues corresponding to July
and August in 2016, 2017, 2018, 2019, and 2020. This estimation computed a magnitude
per unit area, based on point or polyline features, using a Kernel function to fit a smoothly
tapered surface to each point or polyline. This enabled us to produce a series of heat
maps showing the highest and lowest concentrations of rescues in each of the periods
studied. Kernel density estimation is a well-established technique for conducting studies
using Geographical Information Systems and spatial-analysis approaches to reveal spatial
patterns of the deployment of emergency services [58].

3. Results
3.1. Temporal Distribution of Rescues

Table 2 shows the number of rescues and causalities involving the intervention of the
Catalan Fire Department during July and August in 2016, 2017, 2018, 2019, and 2020, and
the daily average for the period 2016-2019. More than 300 rescues took place during these
two months in 2020, at an average of 4.9 per day. The number of rescues registered during
the study period revealed an increase of 39.7% compared to the average for the same months
during the reference period. The average number of daily rescues for the period of 2016-
2019 was 3.5, and the difference was statistically significant (t-value = 3.22724; p < 0.05).
The increase in the average number of daily rescues was greater in August (+52.6%) than
in July (+25.7%). There were 3.7 and 5.6 in August for 2016-2019 and in 2020, respectively,
while the respective July values were 3.4 and 4.3. However, the differences were only
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statistically significant for August (t-value = 3.53601; p < 0.05). Consequently, although the
distribution of rescues between July and August slightly changed, the difference in the
distribution was not statistically significant (x* = 1.1915; p-value = 0.275022).

Table 2. Frequency and daily mean number of rescues and causalities.

Rescues (%)—Daily Mean

July August Total
2020 132 (43.1%)—4.3 174 (56.9%)—5.6 306—4.9
20162019 105 (47.9%)—3.4 114 (52.1%)—3.7 219—-35
2016 108 (49.8%)—3.5 109 (50.2%)—3.5 217—3.5
2017 98 (47.1%)—3.2 110 (52.9%)—3.5 208—3.4
2018 111 (53.1%)—3.6 98 (46.9%)—3.5 209—3.4
2019 104 (43.2%)—3.4 137 (56.8%)—4.4 241—39

Injuries and Deaths (%)—Daily Mean

July August Total
2020 84 (38.9%)—2.7 132 (62.1%)—4.3 216—3.5
20162019 75 (47 2%)—2.4 84 (52.8%)—2.7 159—2.6
2016 75 (50.3%)—2.4 74 (49.7%)—2.4 149—2.4
2017 70 (43.5%)—2.3 91 (56.5%)—2.9 161—2.6
2018 85 (55.2%)—2.7 69 (44.8%)—2.2 154—2.5
2019 70 (40.7%)—2.3 102 (59.3%)—3.3 172—2.8

Emergency teams found people with different kinds of injury and, in worst of cases,
dead. Table 2 also shows the monthly distribution of casualties (injured and dead). There
were 216 casualties (seven deaths) in 2020; this was approximately one third more than
the mean for 20162019, and a quarter more than in the year with the highest number
of casualties in the reference period (2019). The daily mean for 2020 was 3.5; the value
remained very stable during the four-year reference period. The observed increase was
mainly due to August 2020 (+57.1%), while the increase was more moderate in July (+12%).
Even so, the differences in the distributions between July and August were not statistically
significant (x? = 2.57156; p-value = 0.108804).

Figure 2 shows the evolution of rescues from Wednesday 1 July to Monday 31 August
2020, and the mean value for the period 2016-2019. The 62-day period covered resulted
from the different start dates: Wednesday 29 June in 2016; Wednesday 28 June in 2017;
Wednesday 4 July in 2018; and Wednesday 3 July in 2019. This makes it possible to match
weekdays and weekends for the two samples. As expected, there was less variability in
the daily mean value for the period 2016-2019. We can see how there are small differences
between the two lines corresponding to July, where it is possible to highlight the anomalous
value for Sunday, 19 July 2020, when there were 16 rescues. Conversely, the figure depicts
evidently different behavior in August when we compare 2020 and the period 2016-2019.
There were 7 rescues in 11 days in 2020. We should also highlight Sunday, 9 August, with
14 rescues. There were seven rescues in only five days in 2019, as well as in two days in
2018, in two days in 2017, and in three days in 2016.

Figure 3 shows the weekly distribution (from Monday to Sunday) of rescues. In 2020,
the first week corresponds to the period between Monday, 29 June and Sunday, 5 July, while
the ninth (and final) week was between Monday, 24 August and Sunday, 30 August. Only
in the fifth week (27 July-2 August) was the number of rescues below the figure for the
same week in the period 2016-2019. Nevertheless, these differences were only magnified
in three of the nine weeks: the fourth (20-26 July), the sixth (3-9 August), and especially
the eighth (17-23 August—>51 rescues). The largest number of rescues registered in a week,
in any of the four reference years, corresponded to the seventh week of 2019, with 39.

Table 3 shows the distribution of rescues, taking into account whether they occurred
on weekdays or at weekends. More than half (55.9%) occurred on weekdays in 2020; this
did not match the distribution of days between weekdays and weekends. A greater ratio
of rescues is expected to occur at weekends than on weekdays. The daily averages for
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Rescues

the period 20162019 were 5.3 and 2.8, respectively. The daily averages increased for both
weekends and weekdays in 2020, with 7.5 and 3.9 rescues per day, respectively. The number
of rescues registered at weekends in 2020 represented an increase of 41.3% compared to
the average for the equivalent period in 2016-2019. This was more pronounced in August
(+51.3%) than in July (+28.3%). On the other hand, the increase on weekdays was slightly
lower (+37.8%) than at weekends. It was also greater in August (+54.3%) than in July
(+23.1%). There was therefore an increase in the number of daily rescues in all cases. We
should also highlight the average of eight rescues per day at weekends in July 2020. These
differences were statistically significant when we compared values for weekdays between
2020 and the period 20162019 (¢ = 2.9487; p < 0.05), and also when we compared weekends
(t =2.45316; p < 0.05). Even so, differences in the weekday/weekend distribution between
2020 and 2016-2020 were not statistically significant (x> =0.0206; p-value = 0.885865).

Table 4 shows the timeslots in which the emergency services started rescues. Half of
them started between 11.01 and 16.00, in both 2020 and the reference period (2016-2019).
As expected, the lowest incidence of cases happened at night. The number of rescues in
2020 increased in all four timeslots, but it is particularly relevant to highlight those starting
in the morning (06.01-11.00). Despite a notable increase (+83.3%) in the number of rescues
in this timeslot, it only accounted for less than 15% of the total. The other timeslots saw
their relative weights slightly reduced. Even so, the difference in the distribution was not
statistically significant (x? = 1.4305; p-value = 0.698405).

Figure 4 shows the relative frequency of rescues per hour in 2020, and for each of
the four years in the reference period. The year 2020 showed no clear peak and a similar
distribution from 12.00 to 15.00. The year 2017 showed a similar distribution to 2020
(from 12.00 to 16.00). However, 2016 and 2019 showed a marked peak at around 14.00,
respectively, accounting for 10% and 12% of the total number of rescues in July and August.
There was also a marked peak in 2018 at around 13.00 (>12%).

July 1

July7 July13  July19  July25 July31 August6 August12 August18 August24 August30

==2020 ==2016-2019

Figure 2. Daily distribution of rescues from 1 July to 31 August 2020 and equivalent period for 2016-2019.
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Figure 3. Weekly distribution of rescues from Monday, 29 June and Sunday, 30 August 2020 and equivalent periods for
2016, 2017, 2018, and 2019.

Table 3. Frequency and daily mean number of rescues on weekdays and at weekends.

Rescues (%)—Daily Mean

July August Total
2020 Weekdays 68 (51.5%)—3.0 103 (59.2%)—4.9 171 (55.9%)—3.9
Weekends 64 (48.5%)—8.0 71 (40.8%)—7.1 135 (44.1%)—7.5
2016-2019 Weekdays 53 (50.5%)—2.4 68 (59.6%)—3.1 121 (55.3%)—2.8
. Weekends 52 (49.5%)—5.6 46 (404%)—5.0 98 (44.7%)—5.3

Table 4. Frequency of rescues for different timeslots.

Timeslot 2020 2016-2019 A%
06:01-11:00 44 (14.4%) 24 (11.1%) +83.3%
11:01-16:00 153 (50.0%) 111 (50.5%) +37.6%
16:01-21:00 90 (29.4%) 69 (31.4%) +30.4%
21:01-06:00 19 (6.2%) 15 (7.0%) +26.7%

3.2. Spatial Distribution of Rescues

Figure 5 shows the spatial distribution of the rescues in 2020 and for each one of the
four reference years. There were a lot of rescues in the northern area, corresponding to the
Pyrenees, where several summits rise to heights of around 3000 m ASL. The distribution of
the incident points on the map for 2020 also highlighted the Pre-littoral chain, which runs
southwest to northeast. There, the highest summits are under 2000 m ASL. The locations of
rescues also highlighted another mountain chain running parallel to the Pre-littoral chain
and between it and the Mediterranean Sea (the Littoral chain), whose highest summits are
under 1000 m ASL. It is also relevant to highlight rescues in areas along the coast, especially
in the northeastern area of Catalonia (a rocky coast). The same pattern was found on the
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rest of the maps. The main difference was the large number of rescues in 2020, which
outlined the Pre-littoral chain and, especially, the Littoral chain in a much clearer way.

Oh
Year 2020 23h 14 1h
22h 12 2h
21h 10 3h
8
20h 4h
6
19h 4 5h
18h 6h
17h 7h
16h 8h
15h 9h
14h 10h
13h 11h
12h
0h 0h
Year2019 23h 14 1h Year 2018 23h 14 1h
22h N 2h 22h 12 2h
21h 10 3h 21h 10 3h
8 8
20h 4h 20h 4h
6 6
19h 4 Sh 19h 4 5h
18h 6h 18h 6h
17h 7h 17h 7h
16h 8h 16h 8h
15h 9h 15h 9h
14h 10h 14h 10h
13h 11h 13h 11h
12h 12h
0h 0h
Year2017 23h 14 1h Year 2016 23h_ 14 1h
2h » 2h 2h . 2h
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Figure 4. Relative frequency of the hourly distribution of rescues.
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11h

Table 5 shows the distribution of different rescue operations, taking altitude into

account and comparing data for 2020 with mean values for the reference period of 2016—
2019. The number of rescues increased in all five of our thresholds. The greatest increase
corresponded to rescue operations conducted at low altitudes (up to 500 m ASL). More
than one quarter of the rescues during the reference period took place at altitudes between
1001 and 2000 m ASL. The number increased in 2020 (+17.2%) but decreased in terms of
their relative frequency, accounting for the same number as occurred at between 501 and
1000 m ASL and with only two more than those occurring at altitudes up to 250 m ASL.
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Nevertheless, the difference in the distribution was not statistically significant (x> = 5.79;
p-value = 0.215388).

Altitude in meters

2.000
1000
500
250
100

0

N

0 30 60 120
S KT

Figure 5. Spatial distribution of rescues and their altitude.

Table 6 shows the distribution of rescues according to the protection status of where
the rescue took place. On average, the category with the highest level of protection (SPNS)
accounted for two out of every five rescues during the reference period (2016-2019). This
was followed by other natural areas and SNI with similar ratios (three out of ten). All
categories showed an increase in the number of rescues, but especially those corresponding
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to other natural areas, which was in first position in 2020 and accounted for more than
40% of all incidents. As a result, the other two categories fell in terms of relative frequency.
Nevertheless, the difference in the distribution was not statistically significant (x> = 4.9384;
p-value = 0.084651).

Table 5. Frequency of rescues at different altitudes.

Altitude 2020 2016-2019 A%
<250 m 66 (21.6%) 37 (16.9%) +78.4%
251-500 m 52 (17.0%) 28 (12.8%) +85.7%
501-1000 m 68 (22.2%) 48 (21.9%) +41.7%
1001-2000 m 68 (22.2%) 57 (26.0%) +19.3%
>2000 m 52 (17.0%) 49 (22.4%) +6.1%

Table 6. Frequency of rescues and the protection status of natural areas.

Protection Status 2020 2016-2019 A%
SPNS 107 (35.0%) 89 (40.8%) +20.2%
SNI 75 (24.5%) 62 (28.2%) +21.0%
Other 124 (40.5%) 68 (31.0%) +82.4%

Figure 6 shows the spatial distribution of rescues in 2020 and for each one of the
four reference years, showing these data on the map depicting the protected areas (SPNS
and SNI). The greatest number of rescues in July and August 2020 corresponded to the
Aigtiestortes i Estany de Sant Maurici National Park, with 37—more than one rescue every
two days, representing one third of those in SPNS. There was an increase of almost 40% in
comparison with the mean value for 2016-2019 (27) and 16% with respect to 2019 (32).

The protected natural area with the second highest number of rescues was the Montser-
rat Natural Park, with 19 (+43% and +46%, respectively, compared with 20162019 and
2019), followed by the Alt Pirineu Natural Park, with 14 (+37% and +100%, respectively,
compared with 2016-2019 and 2019). No other Natural Park registered more than 10 res-
cues. Nevertheless, the eight carried out in the Montseny Natural Park represented an
increase of 167% with respect to 20162019, and 300% compared to 2019; the seven rescues
in the Zona Volcanica de la Garrotxa Natural Park represented an increase of 200% with
respect to 2016-2019, and 100% compared to 2019. On the other hand, the number of
rescues decreased by 63% in the Cadi-Moixeré Natural Park when comparing 2020 (three)
and 20162019 (eight), and by 53% in the Capgaleres del Ter i del Fresser Natural Park
when comparing 2020 (eight) and 2019 (17).

The only SNI in which there were 10 rescues was Muntanyes de Prades, a protected
natural area near the Metropolitan Area of Tarragona-Reus. The increase was 122% com-
pared to 2016-2019 and 67% with respect to 2019. Most of rescues in other natural areas
took place near the Metropolitan Area of Barcelona or near the Pyrenees.

Table 7 shows the distribution of rescues, taking into account the distance from where
the rescue occurred and the nearest town with over 100,000 people, and comparing data
for 2020 with mean values for the reference period of 2016-2019. The number of rescues
increased in all three of our thresholds. Nevertheless, the greatest increase corresponded to
rescue operations at low distances (+74.2%). They accounted for more than half of rescues
during July and August 2020. The other two thresholds fell in terms of relative frequency.
The difference in the distribution was statistically significant (x> = 6.1187; p-value < 0.05).

Finally, Figure 7 shows the spatial concentration of rescues in Catalonia between 2016
and 2020. The maps highlight the key role of three variables: altitude/orography, protected
natural areas, and proximity to populated areas. The only hotspot (red, denoting a very
high concentration) seen on all the maps corresponds to the Western Catalan Pyrenees, and
is related to the Aigiiestortes i Estany de Sant Maurici National Park. There is another area
with a very high concentration of rescues, but only in 2020. That relates to the area that
includes the Montserrat and Sant Lloreng del Munt i de I'Obac Natural Parks. This area is
very close to the Metropolitan Area of Barcelona.
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Figure 6. Spatial distribution of rescues and protection status.
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Table 7. Frequency of rescues and distance to the nearest town with over 100,000 people.

Distance 2020 2016-2019 A%

<50 km 169 (55.2%) 97 (44.3%) +74.2%
50.1-100 km 71 (23.2%) 64 (29.2%) +10.9%

>100 km 66 (21.6%) 58 (26.5%) +13.8%

Rescues concentration:
B <o0.002

[ 0,0021 - 0,006

[ ] 000861-0,011

[ Joot11-002

[ ]o00201-0032

[ > 0,032
N

0 30 60 120
S KM

Figure 7. Spatial concentration of rescues.
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The map for 2020 shows three areas with high concentrations (orange), all of which
are in the Pyrenees. From west to east, they are: Cadi-Moixerd, Capacaleres del Ter i del
Fresser, and Zona Volcanica de la Garrotxa Natural Parks. The second of these maintained
the same category as in the four previous years, the first was only in this category in 2016
and 2017, and the third was in this category for the first time. There are also three areas
corresponding to the third level (yellow) of rescue concentration in 2020. From southwest
to northeast, these were: the area comprising the Serra de Montsant Natural Park and
the Muntanyes de Prades SNI, the Montseny Natural Park, and a rocky coastal area. The
increase in the total number and in the territorial dispersal of rescues in 2020 implied
a reduction in the area with a low or moderate concentration of rescues (green) and an
increase in the area with a high or very high concentration (yellow, orange, and red).

4. Discussion and Conclusions
4.1. Main Findings

Our findings show that the number of rescues undertaken by the Catalan Fire Depart-
ment in July and August 2020 increased significantly compared to the same summer period
corresponding to the four previous years. While the number of these kinds of rescue may
vary from year to year, the considerable difference noted between the study period (July
and August) in 2020 and the equivalent period in 2016-2019, with an increase of almost
40% and an incidence of almost five rescues per day, could mainly be attributed to the
reconfiguration of leisure mobilities due to COVID-19. To be more precise, it would seem
related to the June 21 revocation of the initial period of lockdown, which had been decreed
by the Spanish Government three months earlier, and also to the relaxation of some of the
restrictions on mobility, enforced to combat the spread of COVID-19.

In Catalonia, natural areas received larger numbers of visitors than before in the
summer of 2020 [52]. This was partly because some mobility restrictions remained in force
(i.e., mobility to the rest of Spain and other countries) and because people were trying to
avoid what would usually be crowded destinations. Natural areas were perceived as safer
than, for example, coastal destinations in terms of the risk of COVID-19 contagion. One of
the consequences of this was an increase in emergency service activity to rescue people in
natural areas. The growth in the number of people visiting these areas also increased the
probability of them having accidents there [15,18,53-55]. Undertaking activities in natural
areas often involves a certain element of risk.

The reasons for accidents (human, environmental, etc.) have already been analyzed
in some depth in the literature [9,13,14], and accidents are more likely when people visit
natural areas that they do not know well (due to inappropriate preparation, etc.). However,
activities such as climbing are very different from others such as hiking, and when accidents
occur, their consequences may include a wide range of injuries, or even death [59-62].

Regarding the temporal distribution of rescues, the number increased in both July and
August 2020, but it was twice as high as in the latter. The potential number of visitors to
natural areas was greater in August than in July because most Catalan people have their
holidays in August. Catalonia also tends to receive a huge number of tourists from the rest
of Spain and other countries in summer, especially in August. Nevertheless, many Catalan
people normally spend their holidays outside Catalonia, or at other Catalan destinations,
particularly on the coast, participating in activities where the probability of needing to
be rescued is low. The number of both international tourists and those from other parts
of Spain fell in August 2020, but so also did the stream of Catalan residents traveling
outside Catalonia and/or visiting other Catalan destinations considered “less safe” in
terms of potential COVID-19 contagion. The result was an increase in the number of
visitors to protected natural areas, but also to natural areas with no protection status in
the summer of 2020 and, especially, in August of that year. There was consequently a
significant increase in the number of rescues undertaken by the Catalan Fire Department.
The greatest increase in rescues occurred in August rather than July, and this is also shown
by daily and weekly distributions.
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The number of rescues increased both at weekends and on weekdays, and the differ-
ences between them also increased in terms of daily rescues. The increase in rescues at
weekends was greater in July than in August, and greater on weekdays in August. Natural
areas probably received more visits (daily average) at weekends than on weekdays in July
because many people would have been working rather than on holiday in that month. On
the other hand, despite the average number of daily rescues being greater at weekends in
August than on weekdays, the difference between the two was smaller than in July because
many people decided to visit a natural area on a weekday due to the previously mentioned
restrictions on mobility and/or perceived health risk/safety.

The number of rescues also increased in each of the four timeslots we defined. How-
ever, this increase was by around 25%—-40% in three of them, but by more than 80% when
the rescue started at between 06.01 and 11.00. This could perhaps be explained by the fact
that many people would have visited natural areas near where they lived. They would
therefore have been able to arrive at their chosen destination earlier than it had been located
farther away. Nevertheless, the rescues performed during that timeslot represented fewer
than 15% of the total. Half of these occurred between 11.01 and 16.00 in both 2020 and the
period 2016-2019.

The distribution of rescues according to altitude showed increases for all five of the
thresholds defined. Nevertheless, there was a clear pattern revealing a greater increase in
the number of rescues with decreasing altitude, with around 80% in the lowest altitude
band (<500 m ASL) but one of only 6% above 2000 m ASL, comparing data for 2020 with
2016-2019. The surface area over 1000 m ASL represents only 20% of the total but accounted
for 39% of the rescues carried out. The number of rescues performed by the Catalan Fire
Department at high altitude locations remained more stable. This was probably because
most of the “new visitors” to natural areas chose places near where they lived. The highest
summits are located far away from the most populated areas. However, people can also
perform some risky activities at low altitudes, and a lack of preparation implies an increased
degree of risk. Furthermore, an excess of confidence can lead to an accident, regardless of
the activity or the altitude/orography.

The number of rescues also increased in all three categories based on protection status:
Specially Protected Natural Spaces (SPNS), Spaces of Natural Interest (SNI), and other
natural areas. The numbers were very similar in the cases of SPNS and SNI (+20%), but
significantly different for the third category, in which the number of rescues rose from 68
in 2016-2019 to 124 in 2020 (+80%)—the highest number in any of the three categories.
However, the total surface area corresponding to the SPNS is almost 3200 km? and that of
the SNI is 7100 km?. This implies one rescue for every 30 km? and 95 km?, respectively,
while Catalonia has a total surface area of around 32,000 km? (including urban areas).

The analysis of the spatial concentration of rescues shows how the Pyrenees (in the
highest altitude category), and especially the western part of the Pyrenees, where the
Aigtiestortes i Estany de Sant Maurici National Park is located, remains the area with the
highest concentration of accidents. The mountainous area (Pre-littoral chain) surrounding
the Metropolitan Area of Barcelona (with its high population density) has emerged as a
second hotspot. This area includes several Natural Parks and SNI but also other natural
areas with no official protection status. The key role played by urban areas, especially
the Metropolitan Area of Barcelona, but also the Metropolitan Area of Tarragona-Reus,
is reinforced when we analyzed the distribution of rescues according to distance to the
nearest town with over 100,000 people. There were increases for all three of the thresholds
defined. Nevertheless, there was a clear pattern revealing a greater increase in the number
of rescues with decreasing distance, with around 75% in the lowest distance (<50 km) when
comparing data for 2020 with 2016-2019.

4.2. Limitations

This research does, however, have several limitations. We could not perform an in-
depth analysis into the relationship between the increase in the number of visitors to these
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natural areas and the increase in the number of rescues. Most of the protected natural areas
in Catalonia received more visits in 2020 than in 2019, but there was a decrease in visits
to others [52]. Unfortunately, there are no data available to quantify the increase for the
whole territory. Data about visitors are limited to certain protected natural areas and, in
some cases, the available data are not updated to the internet. We cannot therefore assert
that the increase in the relative number of rescues has been either higher or lower than in
the relative number of visitors.

Other divergences emerge when we compare the increase in the number of visitors and
rescues associated with a concrete protected natural area. For example, the Aigiiestortes
i Estany de Sant Maurici National Park had a greater increase in the number of visitors
than in the number of rescues, while just the opposite occurred at the Alt Pirineu Natural
Park. Difficulties involved in establishing a pattern are more evident in the SNI, and other
natural areas, where no estimation of the number of visitors is made. The number of
rescues has increased significantly in some SNI, such as Muntanyes de Prades. We know
that the number of visitors also increased, but by means of indirect sources, meaning we
cannot quantify the increase.

Other limitations relate to the data about rescues. These include, for example, the lack
of available information about: (1) the sociodemographic profiles of those rescued (age, sex,
origin, etc.); (2) the number of people rescued in each rescue event; (3) the activities that
the visitors were involved in before they needed to be rescued; (4) the number of people
who were injured or died on a daily basis; and (5) the types of injury suffered.

4.3. Implications and Future Research Lines

Our data allowed us to achieve the objectives established in the introduction, and
the results obtained could be of interest to emergency service managers, managers of
protected natural areas, and public authorities. An increase in the number of rescues could
compromise the efficiency of the emergency services if they were to occur simultaneously,
especially if they required aerial support. This may make it necessary to increase or
redistribute the resources currently available. Efficiency of the emergency services is even
more compromised in the case of natural mountain areas. The complex orography and lack
of suitable roads delay the answer of the terrestrial resources. Vehicles cannot reach where
an accident took place. The orography and the presence of trees can also make the work of
the aerial resources difficult. It is not possible to build an unlimited number of roads or
provide suitable areas for helicopters, especially in protected natural areas, but the existing
roads and suitable areas for helicopters have to be conveniently marked to facilitate the
management of an emergency. At the same time, the efficiency of the emergency services
improves if injured people can be quickly located utilizing their cell phones or GPS. Visitors
to natural mountain areas can prevent or, at least, minimize the risk of suffering an incident
if they are appropriately equipped (clothes, footwear, sufficient water, and food) including
a cell phone [13]. The area should have good internet signal, which is not guaranteed in
some mountain or remote area. These are not, however, the only implication for the Catalan
Fire Department. Most wildfires occur in the summer, especially in the mountain chain that
runs parallel to the coast (the Pre-littoral chain), which is near some of the most populated
areas of Catalonia. Wildfires have also begun to pose a threat in the Pyrenees, partly due to
climate change [63,64]. The summer of 2020 was exceptional in that there were relatively
few wildfires and only a small, burned surface. However, having more people enjoying
outdoor activities in natural areas increases the risk of both wildfires and people being
trapped. It is therefore necessary to redefine the strategy used to fight against wildfires.

The increase in the number of rescues was linked to the increase in the number of
visitors to natural areas. Several factors influence the number of visitors to a determined
natural area, whether it is protected or not. These include both external and internal factors
relating to conjunctural and structural situations. The end of the COVID-19 lockdown,
restrictions to visit other destinations during the summer of 2020, and the perception of
natural areas as safe places in terms of contagion were three external factors. A set of
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people who accessed the natural areas were unprepared to be in outdoor environments,
and thus were more likely to have an accident. Undertaking a detailed analysis of each
of the natural spaces, especially the protected ones, is therefore necessary. This must take
into account their individual characteristics (high or medium-height mountains, wetlands,
plateau, rocky coast, etc.) and the activities that can be enjoyed there, but also where they
are located in terms of distance from the main populated areas and their connectivity
and accessibility.

Although we could not determine the correlation between these two variables, we
can assume that, as more people visit natural areas, the risk of them having accidents will
increase, and some of these accidents will require the attention of the emergency services.
The managers of protected natural areas had to face the sudden arrival of a large contingent
of visitors in the summer of 2020. This could have had a negative impact on the natural
resources of the protected areas by exceeding their carrying capacity. The managers of
protected natural areas have to implement preventive measures to protect natural resources,
but also to take appropriate action to prevent accidents [13,65].

A relevant question would be: do the managers of protected natural areas have sulffi-
cient budgets, staff, and infrastructure to provide appropriate answers to these challenges?
One possible strategy to protect natural areas would be to restrict access to them. The
threats and challenges are greatest when the protected natural area in question does not
have a management team (or a budget or regular staff). A second relevant question would
be: is this a one-off phenomenon that will be limited in time, or will it remain relevant in
the future?

Managers of protected natural areas and environmental administrations, at the na-
tional, regional, and local levels, must design and apply short- and medium-term strategies
adapted to the possible answers to the previous question. These questions open the way to
new and more ambitious research involving all of the previously mentioned stakeholders,
and focus on both the increase in the number of visitors to natural areas and the accidents
that occur in them.
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