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Abstract: Surfing is one of the most popular activities in coastal tourism resorts. However, the sport
depends strongly on the met-ocean weather conditions, particularly on the surface wind-generated
waves that reach the coast. This study provides examples of how users’ needs and user perspectives
are considered by climate data specialists to develop needed, highly useful information addressing
human and social needs. In this vein, the climate analysis of such data can provide input on the
expected length of a surfing season, according to the surfer’s level of expertise. In addition, other
water sports, such as SUP Wave and windsurfing, among others, might be indicated when surfing
conditions are not optimal. Finally, the safety of surfers and other tourists who venture into the sea is
also dependent on those conditions. We collaborated with the surfing community to define a series of
indices for quantifying surfing days (SD), surfing days stratified by surfers’ skills (SDS), alternate
offers (AOs), and surfers’ and swimmers’ safety (SuS and SwS). These are of general applications
but require wind and wave data at a very fine scale as the input. To illustrate the potential of our
indices, we applied them to the Somo beach (Cantabria, Spain). We downscaled a global wave
hindcast dataset covering a 30-year period to a spatial resolution of 100 m to obtain wave-surfing
information at Somo’s surf spot. The results confirmed Somo’s status as a year-round surf spot, with
SD values of 229.5 days/year and monthly values between 22 days/month and 16 days/month. SDS
showed different seasonal peaks according to the surfers’ skills. Beginners’ conditions occurred more
often in the summer (18.1 days/month in July), intermediate surfers” conditions appeared in the
transitional seasons (14.1 days/month in April), and advanced and big-wave riders in the winter
(15.1 days/month in January and 0.7 days/month, respectively). The AO index identified the SUP
wave values of 216 days/year. Wind water sports presented values of 141.6 days/year; conversely,
SUP sports were possible on only 7.4 days/year. SuS and SwS identified different seasonal hazard
values, decreasing from the winter, autumn, and spring to minimum values in the summer.

Keywords: resilience; wave climate; tourism management; surfing; climatology; decision making;
climate service; sustainability; adaptation

1. Introduction

Climate services are defined as the provision of climate information to help individuals
and organizations make climate-resilient decisions. The World Climate Conference-3
(WCC-3), organized in 2009 by the World Meteorological Organization, established the
Global Framework for Climate Services (GFCS) [1]. Climate data and information are
transformed into customized products to provide decision makers in climate-sensitive
sectors with better information to adapt to climate variability and change [2]. The goal
of climate services is to provide access to scientific knowledge and, thereby, to reduce
vulnerability and create opportunities to promote innovation, business opportunities,
and employment, highlighting the importance of involving users in developing climate
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services [3]. Research has revealed [4] that peer-reviewed literature on the availability
and use of climate services in the operations and management of tourism is scarce, and
that a need exists for a new generation of specialized climate information products that
can enhance climate risk management amongst tourism suppliers. Adaptation to climate
change is becoming more urgent, but the wealth of knowledge that informs adaptation
planning and decision making is currently not being used to its full potential [5]. In this
context, climate services can provide valuable information that can help society enhance
resilience, survival, and even prosperity in the face of climate risk [6].

Climate assessment for recreation and tourism have increasingly become dynamic
research topics, especially in the age of the anthropogenic climate crisis [7]. Coastal destina-
tions can offer different tourist activities in the same territory and all of them are influenced
by meteo-climatic conditions to a specific degree [8]. We assert that there is a need to
explore the climatic viability of different activities. By doing so, the development of climate
services with tailored climate information about particular destinations can shed light on
system changes.

The results of this research, specifically all the information generated with the in-
dicators, imply an improved capacity for destination managers to promote particular
destinations. This can lead to a destination being promoted in a more resilient way, not only
by knowing which season is better for a specific level of surfing but also by knowing the
viability of offering complementary activities. Thus, destination managers can plan tourist
offers better and can be prepared to adapt activities when surfing is not possible. This will
lead to investing in resources, from hiring staff to planning surfing championships, that
will be planned more efficiently and sustainably. Definitively, using this information will
enable destination managers to apply informed climate-resilient actions in their sector.

The present research bridges the gap between users and producers of climate infor-
mation in line with our previous study, in which surfers and surf companies identified
which meteorological and climatological information they need access to for better surfing
experiences [9]. The new contacts that were gained through the survey conducted in the
previous study helped the researchers of this study refine its focus.

Climate index application and validation for tourism is a complicated topic and
presents several challenges [10-12]. In this context, the significance of this study is the
need to transform meteo-oceanic data into information that can assist decision making in
coastal destinations that need sustainable development. As coastal tourist destinations can
offer different activities, we focus on surfing, one of the water activities that is offered at
several destinations. Following the scientific literature, we have identified a gap in this
specific activity and a need to develop a climate service that addresses it. Therefore, this
research aims to contribute to the development of a specific climate service for surfing by
considering specific users’ needs and also by developing high-resolution meteo-oceanic
data. The paper’s primary objective is to present a set of climate indices for surfing
destinations, taking as its experimental area the well-known Spanish surf spot of Somo
(see the next section for details). With our analyses, we achieve two secondary objectives:
(1) to obtain a downscaled dataset of wave data and (2) to describe with climate data the
surfing potential of Somo’s surf spot. As our results will specifically define the surfing
potential of the spot, this information will assist surfing destination managers in promoting
climate-resilient pathways for sustainable development in surfing tourism. In this regard,
we intend to contribute modestly to the achievement of the various UN 2030 Agenda
Sustainable Development Goals (SDGs), namely (3) good health and well-being, (8) decent
work and economic growth, (12) responsible consumption and production, (13) climate
action, (14) life below water, and (15) life on land.

2. Literature Review

Several authors have defended the idea [13] that climate change communication and
user engagement can work as a tool to anticipate climate change. The visual communication
of climate information is one of the cornerstones of climate services; thereby, the characteris-
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tics that make a climate service self-explanatory rely on the type of representation used. In
this context, guidance on the climate information published by official bodies should adopt
a consistent approach, with a clear narrative that describes the transition from science to
guidance [14]. The form in which climate services information is needed for the required
end-user decisions requires careful thought, including appropriate communication of the
associated uncertainties using best practices and experiences from related sectors [15].

Numerous authors have discussed the importance of climate [16], weather [17-21], and
extreme weather [22-24] in the establishment and choice of tourism destinations. Outdoor
recreation is strongly and increasingly affected by climate change and its impacts present
marked seasonal and geographical variations that determine its viability [25]. In the past,
the Tourism Climate Index (TCI) [26,27] has been used in suitability analyses. Several
studies calculated this index to determine the climatic comfort conditions for tourism in
different areas [28,29]. Specific research has focused on exploring the state of weather and
climate information for tourism and explored sustainable tourism and the grand challenge
of climate change [30,31]. Regarding the idea of the TCI, other studies have developed the
Holiday Climate Index (HCI) [13,14] and computed it, in a reshaped formulation, for beach
and urban destinations with climate data downscaled dynamically [31]. Other studies [8]
have proposed the co-creation of specific indices for each specific activity/destination. One
such study described indices for beach and snow tourism [32], while others developed
indices for skiing [33,34], and still others have focused on surfing [35]. Sports tourism, based
either on attending a sports event or on practicing the sport, has experienced considerable
growth in the last several decades. Surfing as a tourist activity has traditionally been
labeled as sports tourism [36] or nautical, maritime, or marine tourism [37]. Most recently,
researchers defined it as ‘blue tourism’, a concept intimately related to the blue economy
and the blue growth strategy [38]. Blue tourism highlights the sea as the central resource
for leisure and recreation activities and leisure and tourism industries [39,40].

Surf and surfing tourism affect the environment and depend on its preservation and
there is a concern regarding not only the quality of the activity but also its sustainabil-
ity. New research has ranked Cape Town beaches in terms of sustainability by using
surf-tourism-related indicators [41]. Similarly, other authors have used the Driving Forces-
Pressures-State-Impacts-Responses (DPSIR) framework to propose indicators to measure
human activities affecting surf breaks [42]. Similarly, it has been affirmed that surf breaks
are finite, valuable, and vulnerable natural resources that not only influence community
and cultural identities but are also a source of revenue and provide a range of health
benefits [43]. Despite this, surf breaks lack recognition as coastal resources and, therefore,
the associated management measures required to maintain them. It has also been recog-
nized that conserving biodiversity and ecosystem services requires diverse models that
empower communities to act steward of such resources and also to benefit from them. They
investigate the potential of surfing resources and the consciousness of surfing communities
as beacons of environmental and marine biodiversity preservation. In fact, the sustainable
management of these resources ensures their ability to provide for the character, economy,
and development of coastal communities worldwide [44]. Valencia et al. [45] studied how
surfing tourism’s effects are perceived by local residents; the results of their research have
implications for surf tourism management at the destination.

Fox et al. [46] focused their research on recreational ocean users, specifically surfers,
and how their blue space activities may inform the understanding of ocean processes and
human-ocean interconnections. They presented novel insights about the opportunities for
integrating ocean sustainability strategies through blue space activity mechanisms and
coastal community engagement. They defined the surfing social-ecological system adapted
from McGinnis et al. [47] and demonstrated how the human (social) and ocean (ecological)
systems provide opportunities for interactions between surfers (users) and waves (resource
units), producing ocean literacy understanding and awareness.

Another aspect that has an impact on the perception and development of surf is the
safety of the practitioners. Mindes [48] analyzed hazards perceptions among surfers in
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Southern California. Rip currents are a primary mechanism associated with dangerous
situations [49] and have been the focus of beachgoer education and awareness strategies [50].
Surfers and lifeguards often utilize rip currents to expedite their journey across the surf
zone [51]. Attard et al. [52] found that 63% of surfers believe they have saved a swimmer’s
life. The enjoyability and safety of the surfing experience are enhanced when the right
information is communicated in the right way. Boqué et al. [9] surveyed surfers in Spain
to explore which meteorological and climatological information they find necessary for a
better surfing experience.

De Andrés et al. [53], who studied surfers’ balance during surfing activity between
competitive surfers and non-competitive surfers in Somo, in collaboration with Escuela
Cantabra de Surf and Somo Surf Center, defended that surfing in training and competition
is characterized by a great variability of environmental factors such as different sizes and
breaking shapes of the waves and changing weather conditions. Nevertheless, there are
limitations and possibilities for the world surfing reserves [54] that can be assessed by
surfing climatology and surfing forecasts [9].

3. Study Area, Data and Methods
3.1. Study Area

The pilot area of the Somo surf spot is part of the municipality of Ribamontan al
Mar Municipality. Ribamontan al Mar is located on the northern shore of the Iberian
Peninsula in the Cantabria region (Figure 1) close to its capital of Santander. It hosts Spain’s
first surfing school, established in 1991. Ribamontan al Mar (declared in 2012 as a World
Surfing Reserve, the first in Spain and the second in Europe) is a pioneering territory in its
commitment to surfing tourism through its Surfing Competitiveness Plan (2009-2014) and
in promoting territorial balance through the competitiveness of destinations, international
projection, specialization of tourism products, and deseasonalization [54].

The area is characterized by an oceanic climate, specifically Cfb, in the Képen Climate
Classification [55]. The Cfb type is defined as being temperate mesothermal, without a dry
season, and with a mild summer. Using monthly values, the annual thermometric regime is
regular, with the highest average values in August and the lowest in January. Precipitation
is significant even in the drier months [56]. Wind variations are present throughout the year.
Northwest and southeast winds dominate in the winter. In the spring, northerly winds
usually blow and then shift to a northeasterly direction in the summer. High-intensity
winds are more frequent in the winter and at the end of autumn [57].

3.2. Data and Methods

Data for our analysis were obtained after applying the high resolution downscaled
ocean waves (DOW) approach [58,59] to the global ocean waves hindcast [60] data. This
hindcast is a historical hourly wave reconstruction generated with the WAVEWATCH III
model [61], using the atmospheric forcing from the Climate Forecast System Reanalysis
(CFSR) global reanalysis from 1979 to 2010 [62] and extended to the present by CFSv2 [63]
with a ~0.2° resolution. GOW?2 has global coverage with a spatial resolution of 0.5° x 0.5°
and a resolution of 0.25° x 0.25° in zones near the coast. The DOW approach is a global
framework to downscale waves to coastal areas, which takes into account a correction of
open sea significant wave height (directional calibration). The approach combines numeri-
cal models (dynamical downscaling) and mathematical tools (statistical downscaling). First,
a regional hindcast is numerically simulated with the Simulating Waves Nearshore (SWAN)
model using high-resolution winds from the Cantabrian domain of downscaling winds (a
3 km historical reconstruction from global CFSR reanalysis) and the GOW2 spectral data as
the boundary conditions.

Then, the DOW Cantabria database is used, which is based on regional waves as
initial conditions for waves in the contours of high-resolution numerical domains, at
~100 m resolution.
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Figure 1. Somo surf spot location: global and local context.

Our methodological approach (Figure 2) used significant wave height (Hm0), peak
period (Tp), wind speed (Ws), and wind direction (Wd) downscaled climate data from DOW
in the Somo surf spot in the definition of a climate service for the management of surfing
destinations. In addition, using Hm0 and Tp as input from DOW, we computed the wave
energy flux (We) with the following formula [64]:

We = Hm0? x Tp
We = wave energy flux
H,,0 = significant wave height
Tp = peak wave period

)
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(1) Surf-days climatology
(2) Surfer-skills dependent climatology
(3) Alternatives to surf

(4) Hazards climatology for surfers and swimmers

»

Figure 2. Development workflow of the climate service for surfing destination management.

We designed the surfing management indicators by combining the variables previously
described and constraining hourly data to daylight time (obtained through the R package
suncalc, https://cran.r-project.org/web/packages/suncalc/suncalc.pdf) when surfing
activity was concentrated. We obtained (1) a daily surf climatology, (2) a surfer-skill climate
indicator, (3) an index for alternatives to surfing, and (4) a hazard climate indicator for
surfers and swimmers.

Surfing climatology yields the number of expected surfing days per year, i.e., days
when, following Espejo et al. [65] and Boqué et al. [35], HmO > 0.5, Tp > 6, and Ws < 20.
Days that do not meet these requirements are considered non-surfing times. For these
periods, we described and indexed combining Hm0 and Ws to suggest to surfers and surf
schools the best surf-related alternatives (e.g., other water sports), according to the state of
the wind and the sea. We considered a surf-related activity to be any activity requiring the
use of a board. We grouped them as (1) Stand Up Paddle Surf (SUP) activities, for which
waves are not required, e.g., SUP yoga, SUP Pilates on board, or a water polo match using
surfboards [66]; (2) SUP activities that require waves and are similar to surfing—called SUP
Wave; and (3) sports such kitesurfing, in which wind speed is the key element [67]. These
activities and their optimal values of Hm0 and Ws are shown in Table 1.

Table 1. Alternative surf activity definition.

Alternative Surf Activity

Categorization Conditions Required Explanation
SUP/SUP yoga/SUP Pilates/Surf polo Ws < 10 Waves are not high enough for surfing,
. but wind conditions allow the practice of
better than surfing Hm0 < 0.5 A
other related activities

SUP Wave Ws <20 Significant wave height and wind speed

Hm0>05<15 will probably make SUP Wave possible
Kite surfing, windsurfing, wing better Ws > 20 Wind speed is too extreme for surfing but

than surfing

is suitable for other related activities

The second index (Table 2) categorizes the Hm0 values as different surf-skill levels (i.e.,
beginner, intermediate, advanced, or big wave rider). The values of the different intervals
are an adaptation of Hutt et al. [68], who defined the maximum and minimum values of
wave height according to the surfers’ skills. We also combined these values for the peak
period following the thresholds suggested by Espejo et al. [65].


https://cran.r-project.org/web/packages/suncalc/suncalc.pdf

Sustainability 2022, 14, 8496

7 of 21

Table 2. Surfing skill-oriented climatology definition.

Surfing Skill-Oriented Climatology

Categorization Conditions Required Explanation
. Hm0 > 0.5<0.9 Small waves useful for beginners,
Beginner/Longboard/Fatty boards Tp>6 longboarders, or fatty board riders

Intermediate

Advanced

Big wave rider

Wave height is useful for intermediate

Hm0 > 09<15 :
surfers (in green waves) but also for
Tp>6 . . .
beginners in white water
Hm0 > 1.5 < 3 Wavsa height is so hlgh that the surfers
require advanced skills to arrive at the
Tp>6
peak zone and to surf
Hm0 > 3 Wave height is suitable only for big wave
Tp>6 riders and tow-in surfers

To compute these two monthly indices from hourly observations, we used our own
formula as follows:
) Obscrm)

_
I = Y. obsy, T

where I, (Equation (2)) corresponds to the monthly indicator for a specific month and
expresses the number of complete days that meet a set of given conditions, regardless of
how they are distributed within the month; obs,; is the number of hourly observations
that meet the required conditions; obs,, is the total number of observations per month; and
1, is the number of days in that month (e.g., 31 in January, 28/29 in February, etc.).

For the hazard indicator, we followed Attard et al. [52], who demonstrated that surfers
do well in locations that can be hazardous to swimmers. In line with Attard’s approach [52],
we used Hm0, Ws, Wd, and We, according to formula II. Following Koon et al. [69],
Mazzone [70], Whitcomb [71], and Miloshis et al. [72], we computed hazard scores for
intermediate surfers, the third general degree established by the surfing Spanish federa-
tion framework, and intermediate swimmers, according to the classification of the Real
Federacion Espafiola de Natacion achieving the level fry 2. As swimmers’ and surfers’
interactions with the ocean are intrinsically different, we defined specific cut-off points for
each, as reflected in Table 3, and attribute values from 0 to 4 to each condition to create a
composite index that can take values between 0 and 10. Maximum values (10) relate to
hazardous conditions; minimum values (0) relate to conditions without hazards.

@

Table 3. Hazard management: surfers’ versus swimmers’ definition.

Hazard Management: Surfers versus Swimmers Definition

. Conditions . Conditions
Variable Based Required (Swimmers) Value (Swimmers) Required (Surfers) Value (Surfers)
Ws <10 0 Ws <15 0
Wd = all directions Wd = all directions
Ws >10< 15 1 Ws > 15<20 3
Wd = onshore Wd = all directions
Ws >10< 15 ” Wd > 20 4
. Wd = offshore Wd = all directions
Wind-based
Ws > 15<20 1 NA NA
Wd = onshore
Ws >15<20
Wd = offshore 3 NA NA
Ws = 20 4 NA NA

Wd = all directions




Sustainability 2022, 14, 8496

8 of 21

Table 3. Cont.

Hazard Management: Surfers versus Swimmers Definition

Variable Based

Required (Swimmers)

Conditions
Required (Surfers)

Conditions

Value (Swimmers) Value (Surfers)

Significant
wave-height-based

Hm0>0.5<0.9
Hm0>09<15
Hm0>1.5

Hm0>15>3 1
Hm0 >3 2
NA NA

Wave energy flux-based

We < 45
We > 45 <100
We > 100 < 1000
We > 1000

We > 500 < 1000 1
We > 1000 4
NA NA
NA NA

WNNP, Ol WN -

We obtained each daily hazard indicator by selecting the maximum hourly value of
the hazard score per day. These values were packaged (1) in the form of calendars and in
graphical time series where maximum monthly values are shown, as we will present in
Section 4.

For SD, SDS, and AO, we represent the monthly values as boxplots, and we also show
the annual values in a graphical time series to observe the evolution for the 1985-2015
period. For all sets of indicators, the Mann—Kendall test was calculated to explore the
trends. For SuS and SwS, we represent the annual mean of the monthly mean of the daily
maximum value in the time series.

4. Results
4.1. Surf Climatologies

Figure 3 presents the monthly climatology of the expected surfing days computed
from 1985-2015 at the Somo surf site. The annual number of expected surfing days was
229.5. The highest monthly value corresponded to July (22 days), followed by August
(21.7 days/month) and June (21 days/month). Lower values corresponded to November
(16.3 days/month), February (16.9 days/month), December (17.8 days/month), and April
(17.9 days/month). The winter months (December, January, and February) showed larger
interquartile ranges.

25

15

Expected surfing days per month

10

Month of the year

Figure 3. Expected distribution of surfing days per month, Somo, 1985-2015.
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Figure 4 shows the evolution of the annual SD for the 1985-2015 period. The SD annual
values ranged from 247.8 days (the year 2015) to 206.19 days (the year 2010). The plot shows
the variation of the annual SD between the years; the standard deviation corresponded to
10.09 days.

SD

220
|

Indicator value

——  Trend value

T T T T T T T
1985 1990 1995 2000 2005 2010 2015

Time
Figure 4. Evolution and trend of annual surfing days; reference period is 1985-2015 in Somo.

Figure 5 adds the consideration of the surfer’s skill level. Our results showed that,
depending on the practitioner’s skills, the season shifted from summer to winter, opening
the door to the deseasonalization of tourist resorts. In this regard, the peak number of the
expected days for the beginners clustered again in the summer: June (17.3 days/month),
July (18.19 days/month), and August (17.2 days/month). By contrast, intermediate surfers
should expect to find a larger number of optimal days in the transition seasons, with
peaks in April (14.4 days/month) and September (13.4 days/month). Finally, advanced
surfers and big wave riders will find better conditions in the winter. For advanced surfers,
the expected days peaked in January (15.1 days) and December (12.3 days/month). Big
wave riders should expect <1 day/month, concentrated throughout the period of the
November—April semester and peaking in January (0.7 days/month).

Figure 6a—d show the SDS annual evolution and trend for the 1985-2015 period. The
maximum SDS were detected on surfing days for intermediate surfers at 167.02 days (in
2011), followed by beginners with 157.36 days (in 1985), 108.21 days (in 1986) for advanced
surfers, and 10.02 days (in 2014) for big wave riders. The minimum SDS annual values were
ranked from big wave riders with 0 days (in 1992), advanced surfers with 43.16 days (the
year 2010), beginners with 94.94 days (the year 2011), and intermediates with 114.5 days
(in 1989). The standard deviation ranged from 2.19 days (big wave riders) to 17.41 days
for advanced surfers. The case for intermediates was 11.89 days and for beginners was
16.2 days.

4.2. Alternative Offer

Days when environmental conditions do not favor surfing might still be suitable for
alternative water sport activities (Figure 7a—c). From the series of activities considered
in Section 3, in the case of the Somo surf spot, the surf activity offered most frequently
was SUP Wave (216 days/year); specifically, July (22.7 days/month) had the largest num-
ber of expected days. Kitesurfing was the alternative surf activity offered second most
frequently (141.6 days/year), and the spring and summer months presented the lowest
values for expected kitesurfing days per year, linked with summer’s calm winds. SUP
yoga (7.4 days/year) was the alternative that offered lower possibilities, which indicates
that if the activity needs to be promoted, it should probably ubicate in rivers next to the
main surf spot. SUP Wave and kitesurfing seemed to be complementary, as when there is
so much wind to practice SUP Wave, there is enough wind to practice kitesurfing, wing,
or windsurfing. The high values for these wind activities were present specifically in au-
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tumn and winter: November (15.8 days/month), December (16 days/month), and January
(16.8 days/month). A good period for practicing SUP Wave is during the spring and
summer, and at the beginning of autumn: May (21 days/month), June (22 days/month),
July (22.7 days/month), August (22.4 days/month), and September (19.6 days/month).
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Figure 5. Expected distribution of surfing days per month sorted by surfer’s skill level; reference
period is 19852015 in Somo.
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Figure 6. (a) Evolution and trend of annual surfing days for beginner surfers; reference period is
1985-2015 in Somo. (b) Evolution and trend of annual surfing days for intermediate surfers; reference
period is 1985-2015 in Somo. (c) Evolution and trend of annual surfing days for advanced surfers;
reference period is 1985-2015 in Somo. (d) Evolution and trend of annual surfing days for big wave
riders; reference period is 1985-2015 in Somo.
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Figure 7. (a) Expected distribution of alternative offer monthly days for SUP-related sports; reference
period is 1985-2015 in Somo. (b) Expected distribution of alternative offer monthly days for SUP
Wave sport; reference period is 1985-2015 in Somo. (c) Expected distribution of alternative offer
monthly days for wind-related sports, i.e., windsurfing, kitesurfing, wing surfing; reference period is
1985-2015 in Somo.
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Figure 8a—c shows the annual AO evolution and trend for the 1985-2015 period. The
Mann-Kendall test denoted the absence of a trend in the data. For the annual AO values,
SUP-related activities presented the lowest values of annual days: a minimum of 3.35 days
in 1986 and a maximum days of 11.81 days in 1997. SUP Wave presented a maximum of
207.74 annual days in 2001 and a minimum of 165.23 days in 1993. Wind and water sports
such as windsurfing, wing surfing, or kitesurfing presented high maximum annual values
in 2010, corresponding to 138.71 days, and lower values were in 1998, corresponding to
102.89 days.
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Figure 8. (a) Evolution and trend of annual alternative offer days for SUP-related sports; reference
period is 1985-2015. (b) Evolution and trend of annual alternative offer days for SUP Wave sport;
reference period is 1985-2015. (c) Evolution and trend of annual alternative offer days for wind-related
sports, i.e., windsurfing, kitesurfing, wing surfing; reference period is 1985-2015.
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Distribution of Swimmers's hazard Score 1985-2015:

4.3. Hazards Management for Surfers and Swimmers

As expected, the results showed that, in the coordinates of the Somo surf spot, the
hazard score was higher for swimmers than for surfers (Figure 9). The maximum possible
values were 10 for both swimmers and surfers, and even so, at any time of the studied
period, a score of 10 was reached. The scores for surfers were always lower than those
for swimmers (Figure 9). Higher hazard values were present in the winter, autumn, and
spring; lower values corresponded to the summer season. After analyzing higher scores
for surfers versus swimmers year round, we found the following values: January (4.1 vs.
7.3), February (4.2 vs. 7.3), March (3.9 vs. 7), April (3.7 vs. 6.7), November (4.4 vs. 7.8), and
December (3.9 vs. 7).
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Figure 9. Distribution of swimmers’ and surfers” hazard score, 1985-2015: Somo surf spot.

Figure 10a,b presents the evolution and trend of the annual values of SwS and SuS for
the 1985-2015 period. The highest values for SwS and SuS were in 2014 (a score of 9.21 vs.
7.07) and the lowest happened in 1987 (a score of 7.32 vs. 4.25).

The Mann-Kendall test denoted the absence of significant trends in the series of all
the indicators, characterized by interannual variability.
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Figure 10. (a) Evolution and trend of annual maximum SuS from 1985 to 2015 in Somo. (b) Evolution
and trend of annual maximum SwS.

5. Discussion

As described in Section 3, surfing days were computed considering peak period (Tp),
significant wave height (Hm0), wind direction (Wd), and wind speed (Ws) parameters. The
highest values in the summer will probably be linked to the period of calm winds in the
area. Nevertheless, the months in the winter that presented lower values will probably
present high values in other spots of the east of the beach where the wind speed is not
as high as in this region due to orientation and exposure factors. These results improved
those of Boqué et al. [35], who calculated expected surfing days without considering wind
direction and wind speed, basing their calculations only on buoy data information from
Puertos del Estado and Instituto Marinha Portugal.

As Scarfe et al. [73] suggested, we have developed a surfing wave climatology intended
as an information resource for surfing management. Espejo et al. [65] developed a global
index for analyzing surfing climatic potential, but the horizontal spatial resolution of
ocean data was coarser than ours. Espejo et al. [65] based their analysis on a global scale,
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while we focused on the local scale by utilizing downscaled data with a hybrid method.
Tausia [74] studied the surfing conditions in the Somo surf spot with a slightly coarser
spatial resolution of 100 m, focusing on the numerical simulation of the physical processes
that affect surfing waves.

Advanced surfers had a higher number of expected days per month from October
to April. Intermediate surfing days per month had fewer fluctuations year round. As
suggested by Hutt [68], surf breaks were classified according to surfing skills. In this sense,
we followed Barlow et al. [75], who examined the effect of wave conditions and surfer
ability on performance and the physiological response of recreational surfers. Hence, by
combining climatic conditions and surfing levels as defined by Hutt [68], we see that we
can contribute to the knowledge about expected surfing days by considering surfers’ skills.
Thus, we have more evidence about how different sizes of waves are associated with the
balance of surfers during surfing activities, which will depend on surfers’ skills as De
Andrés et al. [53] stated.

These results provide important insights into demonstrating the different capacities
for offering water-related activities for a specific territory. In some cases, lectures on the
deseasonalization of the tourist activity are supported by the offer of other kinds of tourist
products. Pefias de Haro [76], defended deseasonalizing sun and beach tourism in Mallorca,
which is typically concentrated in the summer months. The deseasonalization proposal is
based on the offer of surfing and body surfing activities, as these activities are possible when
sun and beach climatic requirements are not in their best conditions. Martin et al. [77] also
presented a proposal for the diversification of products in consolidated tourist destinations,
giving special mention to the possibility of promoting Costa del Sol as a surfing destination.
Even so, these studies did not specifically analyze climate data to determine the exact
climatology of the products that can diversify the tourist offer, which is one of the aims of
our study.

Regarding the hazard information from swimmers, as stated by Short et al. [78],
rip currents and beach hazards have an impact on public safety and have implications
for coastal management. We believe that surfers and lifeguards can assist swimmers
in a hazardous situation and that swimmers should have lessons on rip current escape
strategies [72]. In the event that a swimmer does not know how to escape from a rip
current, surfers and lifeguards, who know how rip currents work [50], can perform a
rescue [51]. Surfers possess this ability because they usually use rip currents to arrive at
the surfing waiting-area zone for surfing [50]. Therewith, we consider in which moments
surfers present the highest hazard score because, in that situation, they are not going to
be able to rescue swimmers. During these times, lifeguards should check on both surfers
and swimmers. Based on climatic conditions, our results reveal the difference between
swimmers’ and surfers” hazards, and thus, this information can assess lifeguards’ decision
making related to which periods are better for assisting only swimmers and which are
important for assessing the safety of both swimmers and surfers. In Somo, lifeguards are
only present during the summer months; therefore, this information can be of value when
deciding whether to extend the period of lifeguards’ presence if required.

6. Conclusions and Perspectives

Leon et al. [79] explained that the tourism sector is recognized as being highly vulner-
able to climate change, and research supporting destinations to enhance their resilience
capacities is still considered scarce. As Bradshaw [80] found, a review of the related tourism
literature raises awareness of surfing as a sport, tourism, and innovation opportunities
for policymakers in the context of a highly entrepreneurial country, highlighting the ben-
efits that surf tourism offers for sustainable growth and positioning surf tourism as an
innovative product.

Our research represents an advance in the knowledge of (1) the expected surfing
conditions, (2) the expected surfing conditions related to surfers’ skills, (3) the expected
conditions for alternative surf offers, and (4) the expected hazard conditions and their
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differences for surfers and swimmers. Our case is applied in Somo’s surf spot but the
general framework can work as a model for other specific surfing destinations, specifically
sandy beaches. Surfing destinations with point breaks and estuaries propagations of swell
should follow another approach; nevertheless, surfing management indicators can be
applied in the same way.

Following Borne [81], who defended the functions of academic and more-popular
literature within different language games, academic accounts can seem turgid, dense,
and overcomplicated, while popular media may sometimes be seen as repeating banal
and superficial observations. However, the scope for surfing-related authors to seek to
bridge the gap between scholarship and surfing culture is exceedingly broad. For this
reason, we developed specific indicators and represented them to assist surfing destination
managers to be better prepared to make climate-smart decisions as recommended by the
Global Framework for Climate Services [2]. In this vein and following Kumar et al. [82],
who explored how the visualization and communication of the forecast support the end
users’ decision making, our graphics in the results section are designed to be simple and
easy to interpret for surfing destination managers, surf schools, and surfers, among others.

Our results contribute to the blue economy knowledge, as Spinrad [83] highlighted
that the new blue economy is realized as the commercialization of value-added data,
information, and knowledge about the marine environment. The economic benefits are
enabled by dramatic improvements in observational capabilities and the development of
predictive models. Increases in the volume, diversity, and quality of data, as well as more
skillful methods of forecasting and nowcasting, make possible the production of products
and services enhancing traditional components of the blue economy.

Surf tourism development provides economic opportunities to residents in coastal
destinations, yet it has also been criticized for associations with gentrification, pollution,
and inequality. The pandemic exacerbated existing sustainability challenges by accelerating
development near surf breaks in Bocas del Toro, Panama. Mach [84] also found that there
is an urgent need for stakeholders in surf communities, and particularly surf tourism
business owners, to cooperate to preserve surf experiences that are vital to residents’
mental and physical health and well-being as well as attractiveness as a surf tourism
destination. As Mach et al. [85] explained, we defend the idea that surfing tourism deserves
a more significant place in funding initiatives, discussions, and research related to fostering
sustainable development from ocean resources in the rapidly changing world.

Our research can modestly contribute to Spain’s goals for its Sustainable Tourism
Strategy 2030. This is because, in 2019, the general guidelines of the Sustainable Tourism
Strategy were presented, but surfing tourism was not mentioned.

This study presents a foundation for surfing climate service surfing. Future work will
apply our indices to other surf spots and will validate the predictability of the indices. In
addition, more indicators can be generated to assess surfing activities if more variables are
added; an example is wetsuit recommendations if seawater temperature is analyzed. The
present study has focused on surf tourism, but the methodology can be applied to other
outdoor and sport-tourism-related activities following Silva et al. [86] and other dimensions
of adventure tourism [87].

As surfers have their experiential standards for the surfability of particular places
and conditions, and following Hutt et al. [68], research can affirm that, depending on
surfing skills, surfers will be able to perform in specific meteo-oceanic conditions or not.
The general idea is that the advanced surfers can surf in all conditions when they are not
adverse. Conversely, beginning surfers cannot perform in all situations. Nevertheless,
when high waves that are beneficial for advance surfers occur, beginners may sometimes
also surf, but not in the same area. Advanced surfers will surf in the green wave area and
beginners will surf in the white water area. The standards of surfers will depend on the
level of practice, i.e., beginner, intermediate, advanced, and big wave rider, and on style, i.e.,
body board, skim, shortboard, longboard—for this reason, in general terms, some beaches
are better for beginners and others for advanced surfers. Even so, as meteo-conditions
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are constantly changing, there is no general surf clue that can help the surfing community.
For this reason, the present research has focused on developing those different needs
identified from the survey profiling different kinds of surfers: beginners, intermediates,
advanced, and big wave riders [9]. Relatedly, future research may explore the provision of
an app with reactive programming for surfers that could help them to set preferences for
meteo-oceanic variables.

Future research may also explore the needs of actual resort managers and/or develop-
ers by means of focus groups, adapting Font et al.’s [8] methodology to better re-design a
climate service. The development of this kind of research will promote the maximization of
the usage of surfing resources.

Research has explored the advances in climate services in multiple fields but deter-
mining a climate service for surfing destination management through downscaled wave
data with a 100 m horizontal spatial resolution has not been done before. Further research
may focus on developing the same/similar indicators but while also combining surfing
forecasting with the downscaling method employed in the present research. This forecast
data would help destination managers formulate better marketing plans and development.
The next steps of the investigation can apply the computation of the same indicators with
projection data considering the different climate scenarios to study how surfing resources
will change in the future.
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