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A B S T R A C T   

Beach-dune systems are fragile ecosystems vulnerable to changes, especially those associated to human activities. 
This study focuses on El Inglés beach (Canary Islands, Spain), which is located on the eastern limit of the Mas-
palomas dunefield. This is the sediment input to the dunefield, and vehicles that provide urban-touristic services 
circulate every day, most notably heavy duty machinery responsible for beach cleaning. The aim of this study is 
to make a first methodological approach and a quantitative and empirical analysis of the long-term environ-
mental effects, especially on the topography and geomorphology, that mechanical beach cleaning services could 
have on the aeolian dynamics, using as an indicator the vehicles tracks mapping. 

The methodology is divided into four sections: i) a spatiotemporal study of vehicle tracks on the beach; ii) a 
field campaign to observe beach cleaning activities in situ and compile data; iii) an interview with the local team 
responsible for beach cleaning; and iv) a general analysis of the aeolian dynamics over the almost last two 
decades. 

Results shown not only a high correlation between vehicle tracks and heavy duty machinery tracks, but also 
the variation in vehicle track density was proven to follow changes in the management process and the number of 
tourists. Different track densities varied depending on the intensity of the presence of visitors and hence the 
intensity of beach use, which is not homogeneous throughout the beach. A study of the deflation surfaces as 
erosion process found that they not only remain steady but even increase in some areas with high vehicle track 
densities, with no sedimentary gain. Although management activities like cleaning and levelling may not have a 
direct impact on the dunefield, they were positively correlated to deflation surfaces, increasing sediment loss in 
the beach area. These activities could be leading an artificially-maintained steady beach contrary to documented 
sedimentary loss in the dunefield. In conclusion, the pioneer approach of analysing the vehicle traffic through 
tracks monitoring, especially beach cleaning activities, has shown the viability to detect long-term effects on the 
sedimentary dynamics, including sediment loss to the foredune and, therefore, inside the system.   

1. Introduction 

Coastal ecosystems are areas of scientific interest not only due to 
their fragility in the face of environmental or anthropogenic changes, 
but also because they are areas where terrestrial and marine factors 
interact. In aeolian sedimentary ecosystems, especially sandy systems 
like coastal dunes, wind and marine factors, among others, play 
important roles in terms of variations in sedimentary dynamics 
(Gómez-Pina et al., 2002). Due to their ecological factors and proximity 
to beaches, they are commonly areas with high levels of human 

settlement and tourist visits (Hernández-Calvento et al., 2007). In 
beach-dune systems, the foredune plays a crucial role in the aeolian 
sedimentary dynamics. Foredunes are mainly formed when plant com-
munities which are well adapted to these ecological conditions develop 
in the backshore (Hesp, 1988). These plants act as sand collectors, 
building the first dunes within small or relatively small groups of plant 
individuals located parallel to the beach (Hesp, 1988). For this reason, 
the foredune works as a barrier against environmentally adverse con-
ditions (Avis and Lubke, 1996; Ley-Vega de Seoane et al., 2007; 
Thompson and Schlacher, 2008), reducing land erosion and the entrance 
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of water or sediment into inland areas (Peña-Alonso et al., 2018). 
Arid aeolian sedimentary systems are specific environments located 

in arid regions (Hernández-Cordero et al., 2019). The most character-
istic element of such areas is the vegetation, whose importance lies in its 
stabilizing of the sediment, reducing wind speed, and using its roots to 
fix the dunes (Livingstone, 1989). Foredune vegetation in arid dune 
systems differs in various aspects with respect to that of temperate or 
tropical areas. In arid systems, the vegetation usually consists of 
low-density shrubs, and their relative scarcity gives rise to a foredune 
that comprises nebkhas and shadow dunes (Hesp et al., 2021). There-
fore, the morphology of these arid foredunes is a naturally fragmented 
structure, which implies a greater weakness than that of temperate re-
gions considering the protective role that these geographical features 
play in beach-dune systems (Viera-Pérez, 2015; Hernández-Cordero 
et al., 2019). In addition, unlike tropical or temperate regions, arid 
beach-dune systems tend to change radically in short periods of time 
whenever a disturbance occurs (Hernández-Cordero et al., 2006; Jack-
son et al., 2013). For this reason, in a completely natural situation, these 
beach-dune systems can easily recover from environmental changes, but 
their fragility in dealing with human impacts is considerably greater 
(Williams et al., 1997). 

Dunes are affected by human actions leading to new artificial dune 
morphologies, obstructing dune formation and sedimentary changes 
(Nordstrom, 1994). These actions consist primarily of urban construc-
tion, parking, beach access structures, camping and other recreational 
activities (Curr et al., 2000). Several beach services, such as sunbed and 
umbrella rental or beach cleaning also affect the dynamics of the 
beach-dune systems (Roig-Munar et al., 2012; Sanromualdo-Collado 
et al., 2021). Many similar dune systems in different parts of the world 
have been affected by foredune or vegetation loss as a result of beach 
services (Liddle and Grieg-Smith, 1975), often leading to an increase in 
wind speed and a decrease in aeolian sedimentary transport to inner 
parts of the systems (Nordstrom, 2002; Jackson and Nordstrom, 2011). 
Sedimentary movement related to these activities, especially beach 
cleaning, also causes erosion and sand compaction. Therefore, these can 
be leading causes of land deterioration and the degradation of dune 
systems (Roig-Munar, 2004). 

So far, studies analysing the effects that vehicle traffic can have on 
beach-dune systems have been determined through assessments of fauna 
(Willmott and Smith, 2003; Steiner and Leatherman, 1981; Barros, 
2001) and flora (Gilburn, 2012; Morton et al., 2015), or mostly only 
commented on at a theoretical level (Wyles et al., 2017; Zielinski et al., 
2019). As a result, there remains a lack of knowledge of the dimension 
that these effects may have on the sedimentary erosion of coastal dune 
systems. In this sense, cleaning service is a primary activity when it 
comes to the daily maintenance of suitable hygienic conditions on 
beaches for the visit of bathers and is generally more exhaustive in the 
high season (Morton et al., 2015; Botero et al., 2017). Such cleaning is 
mostly carried out using heavy duty machinery such as tractors, rakes 
and sifters (Roig-Munar, 2004) designed to remove the waste left behind 
by humans. However, as well as the waste itself, this action tends to 
remove sediment, seaweed and small organisms from the sandy soil 
(Fairweather and Henry, 2003; Ariza et al., 2008). Along with the 
cleaning, the sandy area is also generally smoothed over after garbage 
collection to leave it in desirable conditions for the arrival of beach users 
(Owens et al., 1987; Battisti et al., 2017). Mechanical cleaning has been 
statistically correlated with the designation of Blue Flag certified bea-
ches (Mir-Gual et al., 2015). 

After reviewing the few existing quantitative studies on vehicle 
traffic, impacts on beaches and the levelling of sandy soils by cleaning 
services (Afghan et al., 2020), and given the call of Zielinski et al. (2019) 
“for empirical studies with regard to the efficiency of different cleaning ap-
proaches on beaches with varying levels of use intensity and for methodo-
logical designs that separate the impacts of mechanical grooming from those 
of trampling, dune destruction, shore armouring, artificial lighting, among 
others”, the hypothesis raised in this study is that the vehicles, especially 

those related to daily cleaning, that circulate on the beaches (sediment 
input zones) associated to the transgressive dunefields, interfere in the 
long-term of aeolian sedimentary dynamics, causing a decrease in 
sedimentary transport, and therefore loss of sediment towards the 
interior (foredune and dunefield). 

In this sense, the above hypothesis arises from different studies, 
which have shown (at different spatial and temporal scales), that there is 
a continued stability over time, or even a progradation along the study 
area of this research (El Inglés beach), which is the main sediment input 
to the Maspalomas dune system (Alonso Bilbao et al., 2001; Quevedo--
Medina and Hernández-Calvento, 2014; García-Romero et al., 2016; 
Fontán-Bouzas et al., 2019; Di Paola et al., 2020). Nevertheless, in the 
last few decades, the dune system has lost a mean annual amount of 
approximately 45,000 m3 of sediment input (Medina et al., 2007), 
causing a sediment shortage. As a consequence, mean dune height has 
been reduced and significant geomorphological changes have taken 
place, especially the reduction of mobile dunes and retrogradation along 
Maspalomas beach (south), the main sediment output from the dune 
system (Hernández-Calvento, 2002; García-Romero et al., 2016; 
Hernández-Cordero et al., 2019; García-Romero et al., 2019). This in-
congruity suggests that vehicle traffic, commonly considered harmless 
management practices, especially the use of heavy duty machinery for 
the cleaning of El Inglés beach over many years (long-term), may be 
contributing to interferences in the aeolian sedimentary dynamics, 
lessening sedimentary transport and producing sand loss inside the dune 
system. Therefore, it is important to understand these dynamics and find 
a way to characterize them by approaching new ways of indirect 
measuring and understanding these variations to accomplish a 
well-developed management of the dune system as a whole. Further-
more, these measurements must also be applied in the identification of 
effects that services as beach cleaning are having on the sedimentary 
dynamics as a way of indirect characterization of the dune system im-
pacts and that have not been yet a concern for research. 

The main objective of this research, following the hypothesis and the 
observations detected in the study area, is to detect and analyse from a 
first methodological approach the long-term environmental effects, 
associated to the topography and geomorphology, that beach cleaning 
with heavy duty machinery has on the aeolian sedimentary dynamics of 
an arid transgressive dunefield. The two specific objectives, ordered and 
sequenced according to the main objective and structure of the article, 
are as follows: i) to identify and analyse spatially and temporally the 
tracks derived from the vehicles that drive across El Inglés beach, from 
the intertidal area to the foredune, especially those related to heavy duty 
machinery used by beach cleaning service; ii) to explore the spatio-
temporal relationships between variables related to sediment in beach 
and foredune areas and the track density of beach cleaning machinery. 

2. Study area 

2.1. Natural characteristics of the Maspalomas dune system 

The dune system of Maspalomas (27◦44′30′′N, 15◦35′07′′O) is a 
natural environment located in San Bartolomé de Tirajana, in the south 
of Gran Canaria (Fig. 1, A). Maspalomas is characterized by an annual 
precipitation lower than 100 mm, and a stable average temperature of 
21 ◦C (Hernández-Cordero et al., 2019). It is located in the southern 
vertex of the island over an old ravine mouth which had formed a fan 
delta before marine and aeolian sedimentary deposits covered it (Fig. 1, 
A). Since the 1960s, an increasingly complex network of urbanizations 
and infrastructures, including a golf course and the El Inglés construc-
tions, has surrounded the dune system along its northern side (Fig. 1, A) 
(Medina et al., 2007). 

This arid dune system which, according to the classification of Hesp 
and Walker (2011), is a transgressive dunefield, constituting El Inglés 
beach as the main entrance of sediment transport (27◦45′00′′N, 
15◦34′50′′W), bounded to the northeast by an open-air shopping centre 
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Fig. 1. (A) Location of the study site of Maspalomas dune field, Gran Canaria (Spain). White arrows indicate the main aeolian sediment transport from NE to SW 
(Máyer-Suárez et al., 2012). Red square indicates the study area in El Inglés beach. Black arrows indicate the location of the Shopping centre called “Anexo II” and the 
observation point of the field campaign “Kiosk 2”. Source of orthophoto: IDECanarias. GRAFCAN, S.A.-Canary Islands Government (2019). (B) Digital elevation 
model (DEM) of differences in the dunefield of Maspalomas (2006–2018). The figure explains the hypothesis of this study, showing coastline recession in Maspalomas 
beach since 1961 whereas El Inglés beach has maintained a relatively stable coastline profile and even an increase in the beach area. Inside the dune system a general 
deficit can be observed. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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called Anexo II (not to be confused with annex to this manuscript), and to 
the south by the La Bajeta headland. The dunes then cross and leave the 
dune system through Maspalomas beach (27◦45′38′′N, 15◦35′10′′O) in 
the southwest (Fig. 1, A). The predominant winds come from the NE 
(Máyer-Suárez et al., 2012), making the aeolian sedimentary landforms 
move mainly from NE to SW, entering El Ingles beach with a NE di-
rection, crossing the dunefield and finally leaving the system through 
the Maspalomas beach in the SW. Therefore, the foredune of the 
beach-dune system of Maspalomas is in the backshore of El Inglés beach. 

2.2. Beach services and infrastructures on El Inglés beach: umbrellas, 
sunbeds, kiosks and vehicles 

El Inglés beach is a popular tourist destination all year round. As a 
result, there is a high density of beach equipment (e.g. kiosks, sunbeds 
and beach umbrellas) and a number of different beach services (e.g. 
vigilance and cleaning). A large area of sunbeds and umbrellas can be 
found arranged in pairs occupying the entire northern extension of the 
beach and creating areas of wind shade and deflation surfaces behind 
them (Hernández-Calvento, 2002; Sanromualdo-Collado et al., 2021; 
Alonso Bilbao et al., 2001). In 2003, the Insular Plan for Land Man-
agement regulated and reduced their use and the area they could 
occupy. It was established that the number of sunbeds could not exceed 
one for each 10 m2 of dry beach surface (Medina et al., 2007). These 
beach structures are occasionally surrounded by plastic nets to protect 
users from the wind. As recorded in the 2004 Natural Reserve Master 
Plan “the plastic nets used as windbreaks to protect hammock users cause 
natural variations in the dynamics of the dunes because they are an obstacle 
to the wind dynamics” (Medina et al., 2007). Along with the above, kiosks 
can also be included as structures that alter aeolian sedimentary trans-
port, causing deflation surfaces and loss of sediment behind them, 
practically from their first installation in the 1970s. In addition, many of 
these structures are located close to the plant specimens that construct 
the foredune in a way that affects the sediment that reaches them and 
contributes to the formation of wind shadow corridors (Alonso Bilbao 
et al., 2007; Medina et al., 2007; Hernández-Calvento, 2002; Sanro-
mualdo-Collado et al., 2021). Moreover, El Inglés beach has kept and 
steady coastline along the years, compared to the great sediment loss in 
Maspalomas beach, while the beaches in the north part of El Inglés beach 
coastlines slightly advanced thanks to the groins built there between 
2004 and 2009, but not having any effect in El Inglés beach (Medina 
et al., 2007; Di Paola et al., 2020). 

Tides in the coast are under a meso-tidal regime with a semidiurnal 
tide pattern, also, waves in this beach propagate with a NNE to ENE 
direction almost perpendicular to El Inglés beach during the year and 
waves from SSW to WSWS only during winter. Meanwhile in Mapalomas 
beach waves follow a SW travel parallel to the coast (Di Paola et al., 
2020; Fontán-Bouzas et al., 2019; Fontán et al., 2012). 

In the Maspalomas dunefield, the transit of off-road vehicles through 
the beach-dune system primarily involves security services, as police 
cars, the transportation of supplies to shoreline kiosks with trucks, 
garbage container collectors and heavy-duty machinery for beach 
cleaning and levelling, and, secondarily, off-road vehicles related to 
scientific research in the area and certain organizations (e.g. Red Cross). 
The vehicles related to security or social organizations consist on off- 
road cars that travel through the dry beach randomly when beach 
users are present. However, food supply and beach cleaning machinery 
consist on bigger trucks. All of these vehicles travel through the dry 
beach area, in order to not interfere with the beach users that are close to 
the water. The presence of these vehicles varies depending on the users 
present on the beach and the number of activities being carried out. 
However, the climatic conditions of the Canary coast, almost stable all 
year round, have resulted in year-round intensive tourism use and the 
year-round intensive presence of all the beach services required to 
satisfy the users’ needs. Therefore, the beach service carried out by the 
cleaning machinery, which consists on a truck with a container attached 

to the back of the truck and a large shovel to level the beach, takes place 
every day through the whole dry beach area, irrespective of the presence 
or absence of users on the beach or the weather conditions. The levelling 
activities related to beach cleaning conform a highly negative impact for 
the beach because, as they travel every day and every year, it is a 
continuous activity that produces sediment compaction each day and 
would be having possible major affections in sediment dynamics on the 
beach (Roig-Munar, 2004; Roig-Munar et al., 2012). 

In view of all the above, this study focusses on the beach area of El 
Inglés, specifically in the area from the intertidal zone to the foredune. 
The study area is delimited to the north by the Anexo II shopping centre 
and to the south by the La Bajeta headland (Fig. 1, A). 

3. Methodology 

3.1. Vehicle track digitalization and establishment of study plots 

In order to test the long-term environmental effects of the vehicle 
tracks and especially heavy duty machinery tracks, it was necessary to 
develop a first methodological approach at different spatial and tem-
poral scales. A total of seven variables were established (Fig. 2, A). Three 
steps were taken to study the effects of vehicle traffic and beach cleaning 
machinery. Firstly, a decadal analysis of track variation related to 
vehicle traffic from 2002 to 2018 was conducted based on the manual 
digitalization of vehicle track in orthophotos through photointerpreta-
tion. Secondly, a field campaign was conducted and an interview held 
with the beach cleaning personnel to observe, annotate and digitalise 
the tracks from the beach cleaning machinery and in this way obtain in 
situ density maps and beach width measurements. The results from the 
field campaign were correlated to the decadal digitalization of vehicle 
traffic. Finally, an analysis of the correlation between variables was 
made. The variables were slope, vehicle track density, deflation surfaces 
and sediment gain and loss through topographic profiles and linear 
graphics. Correlations were determined between all the variables (Fig. 2, 
A). 

Orthophotos were obtained from the Spatial Data Infrastructure 
(SDI) of the Canary Islands (GRAFCAN, S.A.-Canary Islands Govern-
ment) and incorporated into a geographical information system (GIS). 
The years chosen were since 2002 (as the first year in which spatial 
resolution allowed effective digitization of vehicle tracks) to 2018 
(Table 1), which is to say over a total of 16 years. In each image, the 
vehicle tracks were digitalized using GIS through polylines which were 
identified by visual analysis with the orthophotos that allowed enough 
resolution to see tracks in the sand. Although orthophotos with lower 
resolutions (2 or 4 m) did not show the exact width of the vehicle wheel 
due to the lower resolution, the images chosen did show the approxi-
mate linear area occupied by the tracks indeed, allowing us to digitalise 
them through polylines to take a view on the areas with higher and 
lower tracks from vehicles in the beach (Fig. 2, B). 

Then, density maps were obtained (kernel density) for each year 
individually. In addition, a map was made with the total density of 
tracks from 2002 to 2018 in order to see the distribution of vehicle track 
density along the beach in this period. Once these maps had been ob-
tained, 6 plots were established (from the northernmost -Anexo II 
Shopping centre, P1- to the southernmost -La Bajeta headland, P6-) along 
the study site. These plots were chosen according to the 2002–2018 
accumulated track density map (Fig. 2, B), which is representative of the 
whole study period. The geometry of the plots followed the main wind 
direction of the study site and included an area from the intertidal zone 
to the foredune. 

3.2. Beach-cleaning observation field campaign 

A field campaign was performed in order to establish correlations 
between the track densities of all the vehicles present on the beach 
detected through the orthophotos with respect to those from beach- 
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cleaning activities. 
The fieldwork was carried out on 9th April 2021. The aim of this 

campaign was to differentiate the tracks of the cleaning machinery from 
those made by the rest of the vehicles. The campaign, which started at 
03 a.m. from the observation point in kiosk 2 of El Inglés beach (Fig. 1, 
A), consisted of routine observation of the beach cleaning machinery 
during its working hours through the dry beach. Pictures were taken 
before and after the arrival of the beach cleaning machinery. While 
there, notes were made about anomalies in the beach cleaning process, 
the number of tracks and the routes the vehicles took. Afterwards, the 
tracks were followed on foot with a GPS to register their coordinates. 
The GPS additionally registered the coordinates of structures (plants, 
kiosks or garbage containers) found along the routes. 

Finally, measurements of the width of the beach, where effects 
(especially tracks) of the heavy duty cleaning machinery were detected, 
were taken at different points along the study area (one at the beginning, 
five along the beach depending on the structures found on the route, and 
two more at the end of the route taken by the machinery), all of them 
covering a surface from the foredune to the beginning of the intertidal, 
because beach cleaning machinery does not work over the wet sand of 

Fig. 2. Applied methodology. A: Flowchart of the methodological process. B: Working-scale digitalization of polylines with GIS from the orthophotos (years 
2002–2018). On the right are the kernel density map and the study plots, which are designed to cover different density conditions (red squares P1 to P6, P = plot). 
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Table 1 
Cartographic documents used in this study.  

Type (Source) Year Scale Spatial resolution 
(m) 

RMS 
(m) 

Orthophotos 20021 1:18,000 1 < 1 
20061 1:18,000 0.4 < 1  
20091 1:25,000 0.4 < 1.5  
20151 – 0.25 < 1.5  
20181 – 0.2 < 1.5  
20033  4  

LiDAR data through flight 
(DEM) 

20062 

* 
– 2 and 4 – 

20092 – 2 – 
20152 – 2 – 
20181 – 2 – 

RMS = Root mean square. ᶺ flight with GSD de 22.5 cm/píxel. 1SDI Canarias 
(Canary Islands Government-Grafcan S.A.) 2National Geographical Institute 
(Spain). * DEM was resampled at 4 m spatial resolution to compare with the year 
2003. 
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the intertidal as the shovel could be damaged and sea water already 
levels the sand. In addition, measurements of the width of the cleaning 
machinery were also taken. The campaign finished at 7:30 a.m., after the 
beach cleaning work had concluded. 

Once the GPS data had been obtained, the tracks were digitalized 
through polylines, considering number of tracks and beach width. With 
this information, we obtained an empirical density map of tracks due to 
beach-cleaning machinery in the study area. Finally, a GIS-based raster 
correlation (ArcMap GIS program) and scatterplots (SAGA GIS pro-
gram), were made between the digitalized 2002–2018 track density map 
and the cleaning machinery track map obtained from the field 
campaign. 

3.3. Interview with the beach-cleaning service staff 

On March 17th, 2021, an interview was held (Appendix I) with some 
of the beach-cleaning staff to corroborate the information in the public 
beach cleaning activities report. It was a semi-structured conversation 
(Fogerty, 2007) about the main aspects of the cleaning and levelling of El 
Inglés beach. The interview lasted 90 min and notes were taken of all the 
questions and answers related to this service. During the interview, 
recent images of the study site were provided to the employees to allow 
them to indicate the main routes of the beach-cleaning service. In 
addition, the staff provided a drawing with the main physical charac-
teristics of the machinery used for cleaning the beach. 

3.4. Analysis of variables and topographic profiles 

Subsequently, the different variables were analysed using spatial 
geoprocessing, field calculators and zonal statistics tools. Deflation 
surfaces (m2) were digitalized using polygons inside each plot according 

to the Sanromualdo-Collado et al. (2021) criteria, and surface data were 
obtained from them. Raster digital elevation models (DEM) for each of 
the 5 years were then used to calculate sediment surface area (m2) and 
volume (m3) in each plot (Table 1, Fig. 3). Data related to track density 
(tracks/m2) in each plot were obtained from the density maps (kernel) 
using zonal statistics tools in GIS. 

In addition, a polyline in the middle of each plot was drawn to obtain 
the topographic profiles from LiDAR for each year. This allowed a 
comparison of the changes in the topographic beach profile between 
years depending on the track density of each plot. Finally, beach slope 
per plot and year was calculated from these profiles. 

Topographical DEMs and DEMs of Differences (DoDs) were cleaned, 
corrected and calculated (Table 2) using geomorphic change detection 
(GCD) software, including the calculation between raw and threshold 
error (Wheaton et al., 2010a,b). 

3.5. Beach and foredune differences in volume 

The sediment surface area and volume data in each plot were divided 
into beach and foredune, and these, in turn, were divided into gains and 
losses. All these variables were later compared to the track density, the 
profile gradient and the deflation surfaces. The area of the foredune in 

Fig. 3. Beach and foredune areas used for the analysis of sediment gains and losses. Foredune area from García-Romero et al. (2021). Plots are named from 1 to 6 (P 
= plot) and white arrows indicate the main wind direction. 

Table 2 
DoD error (%) from DEMs used to calculate beach and foredune loss and gains 
between 2003 and 2018.  

Sedimentary process/ 
time period 

2003–2006 2006–2009 2009–2015 2015–2018 

Accumulation 16.34 8.48 9.44 6.44 
Erosion 19.45 8.75 6.78 6.55  
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each plot was taken from the polygons used in García-Romero et al. 
(2021) (Fig. 3). The foredune area of 2003 was used as this was the 
closest year to the start of the study period. Volume and surface area 
data of foredune gains and losses were calculated directly from the Cut 
Fill tool in ArcGIS. The same was done for the area related to the beach 
only (Fig. 3), and all the information was exported into a datasheet. 
Scatter plot charts were generated to show the time evolution of gains 
and losses of volume in the beach and foredune for each plot. The same 
action was performed for the deflation surfaces (m2), track density 
(tracks/m2) and slope (metres). Finally, a Pearson correlation analysis (p 
value < 0.05) was performed in R software (R Core Team, 2018) for all 
the variables. 

4. Results and discussion 

4.1. Track variation in El Inglés beach (2002–2018) 

As can be seen in Fig. 4, areas were identified with a higher relative 
track density per m2 (between 168 and 1030 tracks/m2, dark blue), with 
a lower relative density (between 42 and 257.5 tracks/m2, white) and 
with two medium relative track densities (between 84 and 772.5 tracks/ 
m2, light blues). Moreover, the accumulated track densities over the 
study period (Fig. 4, years 2002–2018) shows values between 333 a 
1332 tracks/m2). The area with the lowest track density was located to 

the north of the study area. A large area of constant track density was 
observed over time located in the middle of the beach, except for the 
years 2006 and 2015 when track densities were low in this area. In the 
southern part of the beach, near La Bajeta headland (Fig. 1, A) and 
entering Maspalomas beach, a large area with a high density of tracks 
could be identified that was only not repeated in 2002, when its density 
was low. 

On this basis, from the 6 plots established and grouped according to 
accumulated track densities throughout the study area (2002–2018), it 
was observed that plot 1 surrounds the area with the lowest density, 
while plots 4 and 6 delimit the places with the highest track density. 
Plots 2, 3 and 5 have medium densities (Fig. 4, bottom right). 

As tracks in these years were identified from orthophotos, they are an 
indirect measure of global traffic on the beach. The resolution of the 
orthophotos does not permit the differentiation of tracks due to heavy 
duty machinery responsible for the beach-cleaning service from those 
due to ordinary traffic related to other beach services. 

In 2004, the Master Plan of the Special Natural Reserve of the Dunes 
of Maspalomas (BOC No. 245 of December 20, 2004) was published, 
establishing the permitted and forbidden uses and activities on the 
beaches. This Master Plan was developed in order to mitigate/reverse 
the possible impacts of activities and equipment on the beach. The effect 
of this Plan can be seen by comparing the relative density maps of 2002 
and 2006 (Fig. 4), with a substantial observable change in track density 

Fig. 4. Relative track densities (kernel: tracks/m2) per year (2002, 2006, 2009, 2015 and 2018) and accumulative track density between 2002 and 2018. White 
arrows indicate the main wind direction. 
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patterns. There was also a marked change in relative track density be-
tween 2015 and 2018. The recovery in touristic activity between 2009 
and 2018 (Table 3) could also have caused an increase in the number of 
vehicles, requiring more security and supplies to beach catering services 
due to the increase of potential beach users that year (which can be 
inferred from the increase in the number of tourists in the municipality). 
Therefore, the years with an increase in tourism suffered a more pro-
nounced increase in track density, while the year in which the man-
agement and regulation plan was implemented resulted in a change in 
the distribution pattern of vehicle tracks. 

4.2. Beach-cleaning campaign and heavy duty machinery tracks 
identification 

Data obtained from the field campaign showed that the cleaning 
machinery only worked over the northern half of the beach (Fig. 5). The 
route of the cleaning machinery covered the first three established plots, 
coinciding with areas of low and medium track density and not reaching 
the plots with higher track density. In addition, the highest track den-
sities of the cleaning machinery coincided with the points of highest 
density (dark blue) in the general density track map (Fig. 6). 

As a result of the field observation campaign, it was possible to verify 
that beach cleaning did not adhere to the plan described by the beach 
cleaning staff of San Bartolomé de Tirajana during the interview, which 
said that the beach was cleaned in its entirety from north to south 
(Appendix I). This is because, towards the south, the beach has experi-
enced an increase in the presence of unusual stones that could damage 
the machinery. These stones have appeared in the sand replacement area 
defined for the MASDUNAS project, financed by the Gran Canaria 
Council with the aim of restoring the Maspalomas foredune (Sanro-
mualdo-Collado et al., 2021b). This area also coincides with the end of 
the sector with the greatest presence of beach users. 

The analyses that were undertaken revealed a strong correlation and 
positive trend (0.688) and R2: 41.01%, between the tracks associated to 
beach cleaning machinery and the total vehicle tracks obtained through 
orthophotos (accumulative from years 2002–2018) (Fig. 5). Likewise, 
there are strong correlations and positive trend too, for the years 2002 
(0.604; R2: 36.85%), 2006 (0.690; R2: 45.07%), 2009 (0.507; R2: 
28.45%) and 2018 (0.52; R2: 25.92%), while for the year 2015 there is a 
low degree of correlation (0.204; R2: 5.16%). 

The presence of stones and the consequent reduction in the number 
of tourists are likely to be the main reasons why the cleaning work was 
reduced to the northern half of the beach, which is the area with the 
greatest presence of beach users. 

According to the results, the beach-cleaning machinery density map 
of the tracks obtained through the field campaign largely coincided with 
the density track maps obtained on a decadal scale (Fig. 6). Therefore, it 
can be argued that of all the vehicles present in the study site, the heavy 
duty cleaning machinery is one of the main contributors to the tracks 
and hence to the effects on the beach-dune system. 

4.3. Topographic profiles along El Inglés beach with different track 
density conditions 

The topographic profiles in each plot (Fig. 7) varied between 180 and 
200 m of beach length. These differed from each other and, in general, 
the 2003 profile (green) stood out in all the plots with a different 
behaviour. The rest of the years tended to be similar, with a few 

exceptions. In addition, the height of the profile varied for each plot, 
from maximum values of 8.5 m in the plots to the north to 2.7 m in the 
plots to the south. 

Regarding slope changes, these were more noticeable when variation 
in the height of the profile was less, as in the case of profiles 3, 4, 5 and 6 
where height only varied from approximately 1 to 3 m. Areas where the 
slope was less steep were related to plots with the highest range of 
profile height, as in the case of profiles 1 and 2 where height varied from 
approximately 1 to 8 m (Fig. 7). 

After the building of the Anexo II open-air shopping centre in the 
north of El Inglés beach due to the tourism and residential growth of the 
area, the first line of dunes at this point was lost (Hernández-Calvento, 
2002). The increases in the height of the profile at the beginning of plots 
1 and 2, especially in plot 1, correspond to the aforementioned shopping 
centre and not to the foredune. In the areas with the highest track 
density, as is the case of plots 4 and 6, the variation in profile height was 
continuous. This could be due to the presence of tracks along the entire 
plot (Fig. 4), together with the decrease in the slope due to sediment 
compaction and levelling of the beach (Munar, 2002; Roig-Munar, 
2004). 

The area closest to La Bajeta headland, in the south of the study area 
(plot 6), is a point of changing conditions due to the coastal dynamics of 
the area tending tend to vary continuously as the result of western 
storms (Alonso Bilbao et al., 2001). Therefore, the profile of the beach 
was variable, as were the changes in the slope. It is thus difficult to 
determine the variability of the large presence of tracks in this area 
because of the constantly changing sedimentary dynamics of the system. 
Regardless of the cause, it can nevertheless be affirmed that the profile in 
this plot remains constant over time and that the slope does not vary 
significantly. 

4.4. Analysis of the spatial and temporal variation of the variables 
analysed and their trends 

Results showed that the number of vehicle tracks remained stable or 
increased slightly in all plots, experiencing a very marked increase in 
2018, as a consequence of the recovery in touristic activity. In contrast, 
it can be seen that the slopes of the profiles, although they increased 
slightly, as in plots 2 and 3, generally remained stable over time (Fig. 8). 

On the other hand, deflation areas tended to increase over the years, 
except in plots 1 and 2 where no deflation areas were identified due to 
occupation by the open-air shopping centre, and in plot 5 where they 
decreased over the years (Fig. 8). 

The technical improvements introduced in heavy duty machinery 
over time, as well as the increase in the number of cleaning vehicles, 
have led to an increase in the number of tracks present on the beach. In 
any case, according to the measurements taken in the campaign (Fig. 6, 
right and Table 4), the areas where the beach is wider, either due to the 
absence of infrastructures or due to a stronger low tide, correspond to a 
greater area of movement for heavy duty machinery, causing an increase 
in the number of tracks when trying to cover all the beach area. 

In El Inglés beach, deflation surfaces were formed when the first ki-
osks and containers were installed (Díaz Guelmez and Hernández-Cal-
vento, 2004; Sanromualdo-Collado et al., 2021). These have been moved 
and located at different points on the beach over the years. Conse-
quently, these surfaces have not been formed by the presence of vehicles 
on the beach but have been influenced by it. In addition, the higher the 
track density, the greater the possibility that the deflation surfaces will 
increase (Balbuena et al., 2003). Therefore, if activities such as beach 
cleaning play a role in sediment compaction and modify the sedimentary 
dynamics in beach-dune systems, they will maintain or increase these 
deflation surfaces due to the loss of sediment (Fig. 8). 

With the construction of an open-air shopping centre in the north of 
El Inglés beach a significant part of the foredune was lost, and the wind 
and sedimentary transport to the south were altered (García-Romero 
et al., 2021; Sanromualdo-Collado et al., 2021; Hernández-Cordero 

Table 3 
Number of tourists in San Bartolomé de Tirajana. Data source: Canary Institute 
of Statistics. Economic and Social Council of the Canary Islands: 2003 Annual 
Report (ISTAC Canarias).  

Year 2002 2006 2009 2015 2018 

No. of tourists 2,649,974 2,003,509 1,592,286 1,967,832 2,472,801  
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et al., 2006). Therefore, there are no deflation surfaces in this area. This 
point of the environment is a narrow area that is formed only by the 
beach and in which the upper area of the beach profile is supported by 
the wall of the urbanization, so that the sediment is not lost. In addition, 
as observed in the field campaign, the sand is not only levelled, but also 
displaced towards the ends of the beach with the front shovel of the 
truck, accumulating the sediment in these points (north and south). For 
this reason, the plots further north do not suffer sediment loss or the 
formation of deflation surfaces since they maintain a continuous supply 
of sediment after each daily cleaning. Likewise, at these points in the 
study area the slope follows an expected beach profile, since it does not 
undergo changes due to storms and the sand is artificially distributed, 
maintaining the profile. 

In general, El Inglés beach maintained a stable profile over the study 

period (Fontán-Bouzas et al., 2019), and the slope of the beach did not 
vary by more than 1 m in any of the plots. This profile variation differs 
considerably from highly dynamic beaches where the slope varies be-
tween 2 and 5 m (Bértola et al., 2009). In addition, the variation of the 
slope in the study area is an unusual situation in dynamic beach systems, 
and much less common in eastward-facing beaches in the Canary Islands 
(Di Paola et al., 2020). 

As the foredune is the sediment entry point into the dunes (Hesp, 
1988), the amount of sediment that reaches the foredune determines the 
size of the dunes. Most of these inputs come from the beach, so the ac-
tions carried out in this area can lead to important effects on the size of 
the dunes (Servera et al., 2007). 

Therefore, when the activities carried out on the beach cause sedi-
ment loss in it, there is simultaneously sediment loss in the foredune 

Fig. 5. Scatterplot and Correlation (Cc) between orthophoto-based track density maps (from years 2002–2018) and the beach-cleaning machinery density map 
obtained from the field campaign. 
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Fig. 6. Comparation between accumulated track densities (2002–2018) and observed beach cleaning with heavy duty machinery paths during the field campaign 
(centre). The map on the right shows the location where beach width was measured during the field campaign. 

Fig. 7. Topographic profiles in El Inglés beach through the years. Foredune is 0 m and the seaside is 180 m. Orange lines indicate the topographic profile digitalised in 
each plot (P). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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(Roig-Munar, 2004). The same happens for sediment gain (Fig. 9). 
Sediment loss in both zones could have increased over time due to 
continuous compaction and remobilization/flattening of the sand and, 
therefore, to the modification of the wind sedimentary dynamics. 
Sediment loss on the beach over time coincides with the increase in 

vehicle tracks, so we can gather that these tracks are contributing to 
erosion on the beach, that these conditions are reflected in the foredune, 
and that they may represent an obstacle to sediment entry into the 
system. 

4.5. Relationships between variables related to sediment transportation 
from the beach to the foredune by aeolian dynamics and the beach- 
cleaning service 

The correlation between pairs of variables was analysed using 
Pearson’s coefficient. The results showed significant correlation with 
values above 0.4. A significant positive correlation (0.41) was detected 
between the density of tracks (Tracks) along the beach and the deflation 
surfaces (Deflation Surface), while the correlation obtained between the 
slope and the deflation surfaces was also significant, but negative (- 
0.55) (Fig. 10). 

Deflation surfaces had a positive correlation (0.42) with the surface 
area of sediment loss in the beach area (Surface L Beach). Losses in terms 
of foredune sediment volume (Volume L FD) were positively related to 
beach volumetric losses (Volume L Beach) (0.49) and to beach surface 
area sediment loss (Surface L Beach) (0.56) (Fig. 9). In summary, the 
greater the number of vehicle tracks, the more deflation surfaces, less 
slope and greater sediment losses both in the beach and foredune area of 
the plots. 

5. General discussion 

5.1. Relationship between vehicle tracks and heavy duty machinery tracks 
and its role on the aeolian sedimentary dynamics 

This study, which pretends a first proposal to understand if the 
vehicle traffic, especially the heavy duty machinery of the beach 
cleaning service, affect long-term aeolian sedimentary dynamics, not 
only showed that the heavy duty machinery account for the majority of 
the vehicles tracks, but these, though not the only factor influencing the 
variation of the sedimentary dynamics, are related to the decrease in 
sediment volume of the dune system. Moreover, the heavy duty cleaning 
machinery constitutes a large structure and is used exclusively for 
remobilizing the sand and levelling it (Fig. 11), while the rest of vehicles 
present on the beach cover a smaller area and are more concentrated in 
the same place, according to the regulations that exist for them. Beach 
cleaning is an activity that is carried out daily regardless of the presence 
or not of users and/or beach structures according to the interview 
conducted with the local team responsible for this operation 
(Appendix I). For this reason, it can contribute to an important extent to 
sediment loss in the dune system. Given that the field campaign data 
generally matched the results of the decadal track analysis, it can be 
considered that the activities associated to heavy duty cleaning ma-
chinery are one of the agents that contributing to sediment loss in the 
foredune for a long time in the Maspalomas dunefield, more specifically 
El Inglés beach, that is, practically the hypothesis proposed by this 
research (Figs. 9–11). 

Areas with higher track densities correspond to areas where the 
cleaning machinery has a longer beach width to work in, according to 
the measures taken in the campaign (Fig. 6, right). Given the width of 
these areas, a higher number of routes are required to clean the area 
correctly in its entirety. In addition, the machinery has a larger surface 
area to move through, leading to a greater number of manoeuvres or 
turns. As noted in the campaign (Table 4), at the beginning of the work 
schedule the cleaning machinery takes a long time to clean the northern 
part of the beach due to the considerably greater number of turns that 
are required compared to the rest of the beach because of the presence of 
sports facilities in this sector. This, along with the daily movement of 
sand by the machinery to the northern part of El Inglés beach, explains 
why the track density in this area is higher than in other parts of the 
study site. 

Fig. 8. Variation of the variables in each plot through the years.  
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In the correlation analyses carried out in this study (Fig. 10), track 
density is only correlated with the deflation surface variable. As 
explained, it is not detected that vehicle tracks have a direct impact on 
sediment loss or gain inside the system, but rather they increase the 
degree of sand compaction and erosion in the beach area, preventing 
sediment transportation within the dune system (Roig-Munar, 2003). 
The traffic, cleaning, levelling and displacement of sand by the heavy 
duty machinery could be contributing to the stabilization of the beach 
coastline and profile in an artificial way. Thus, the global sedimentary 
loss in the system is not reflected on the input beach, which has an 
artificially-maintained steady profile, but in the inner zones of the sys-
tem and on the output beach (Maspalomas beach). 

Beach-dune systems are dynamic systems in which a large number of 
variables interact with each other and in which, therefore, possible 
impacts may be related to several variables. Bearing this in mind, it is 
difficult to find a single variable that is responsible for the impacts 
identified within the system. However, the correlation analysis shows 
that the vehicle track density on the beach contributes, along with other 
elements previously identified (e.g. kiosks, umbrellas and sunbeds, 
windbreaks) (Sanromualdo-Collado et al., 2021a,b), to the formation 
and maintenance of deflation surfaces. The impact of vehicle track 
density gives rise to deflation surfaces on the beach that cause sediment 
loss in the first line of dunes. Deflation surfaces appear in the beach area 

and behind the dunes, and so this variable is related to sediment gain 
and loss both inside and outside the dune system. In addition, by being 
positively related to vehicle tracks, deflation surfaces serve as a junction 
point between traffic and sediment gain or loss in the system. Therefore, 
although track densities are not directly correlated with sediment loss or 
gain, they are indirect causes or proxies of these impacts in the dune 
system. On the other hand, in areas where fewer crossings are made by 
vehicles, deflation surfaces are scarcer, causing the sediment not to be 
lost and allowing it to be transported by the wind to the foredune and, in 
this way, introduced into the system. 

5.2. Proposals for beach management. Vehicle traffic and beach cleaning 
service 

In view of the observations made in this research, it is proposed that 
it might be convenient for the majority of vehicle traffic to be specif-
ically routed along pre-established pathways at the back of the beach. 
These pathways should be natural, and their layout should take 
advantage of the wooden stakes already present in the beach. Moreover, 
the pathways need to be some distance from the foredune so its for-
mation and/or the vegetation on it are not affected. To clarify, this 
proposal is just a first idea to a proper management of beach cleaning 
activities and other vehicular activities related. Is supposed that maybe 

Table 4 
Width of the different transects of El Inglés beach measured during the field campaign (9th April).  

Beach transects (Field 
campaign) 

North North entry to the 
beach 

Kiosk 2 Red Cross 
kiosk 

Isolated nebkha 
(Foredune) 

Middle Beach 
1 

Middle Beach 
2 

South 
end 

Width (m) 39 44 45 45 57 32 31 62  

Fig. 9. Beach and foredune gains and losses for each year and each plot.  

S. Pinardo-Barco et al.                                                                                                                                                                                                                         



Journal of Environmental Management 325 (2023) 116645

13

Fig. 10. Correlation between variables in each plot of El Inglés beach. (L = Losses; G = Gains; FD=Foredune). Only results with p value < 0.05 are shown.  

Fig. 11. Heavy cleaning machinery and evolution of an artificial sand dune formed during the field campaign (9th April 2021) in the study area due to beach 
cleaning. At the back of the truck there is a plastic longitudinal tyre used for the levelling of the sand after its sift. 
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these pathways would allow sediment movement along the beach and 
avoid compaction, and if clearly marked would not be impacted by the 
presence of beach users. They would allow sediment transportation 
across the beach as the whole beach would not be criss-crossed by 
vehicular traffic. Therefore, the effects of regular vehicles, beach 
cleaning machinery and their traffic distribution along the beach would 
be interesting to study in greater detail in future works in order to 
achieve the best management practices, and if needed, limit this activity, 
but further research and trial and error are still needed for this new 
concerned impact. 

A series of measures are proposed that could be applied to improve 
the cleaning and reduce the indirect impact on the dune system. 
Currently, cleaning is carried out from north to south, interfering in the 
NE-SE wind dynamics. Changing the beach cleaning routes, following 
the direction of the wind, could facilitate the movement of sand by the 
machinery itself in its natural wind direction despite the remobilization 
and compaction of the soil, since wind transport would not be cut off. In 
turn, in times of high wind dynamics and wind speed, users present on 
the beach are scarce due to the discomfort caused by the strong trade 
winds characteristic of this geographical area. Therefore, at such times 
levelling activities could be reduced or even supressed in order to 
facilitate transport within the dune system. The sand that is collected 
could be distributed on a regular basis throughout the beach, avoiding 
sediment compaction, instead of taking it to a specific point (usually the 
areas at the northern and southern ends of the beach where several turns 
and manoeuvres are made by the machinery). In addition, time and 
effort are being wasted in levelling the beach when it is not necessary. 
Currently, cleaning tractors are not permitted to approach the foredune 
vegetation, but as we observed in the in situ observation campaign this is 
not always possible due to the size of the machinery and the presence of 
obstacles on the beach, such as garbage containers or kiosks. As a result, 
the tractors sometimes work close to the vegetation at the top of the 
foredune. It would therefore be convenient for specific pathways to be 
established for all vehicular traffic in El Inglés beach, ensuring that some 
distance is maintained from the foredune. 

5.3. Perspectives from this research 

Conventional methodologies used in geomorphological research in 
general, and in coastal aeolian geomorphology research in particular, 
depend on spatial scale (Carter and Woodroffe, 1994; Sherman, 1995). 
Based on this, problems can arise when attempting to extrapolate find-
ings from one scale to another (either temporal or spatial) (Cooper and 
Pilkey, 2004). For this reason, it should be noted that the in situ obser-
vation of the beach cleaning activity in this research was carried out just 
once. Even though, according to the interview carried out, it seems that 
the cleaning operation is routine and invariable every day, the results 
cannot be considered definitive with respect to management and control 
measures of the service and only serve as an approximation to what 
anomalies which could be happening and associated to this activity. In 
the future, on the one hand, carrying out the same type of field campaign 
at different times of the week (weekdays and weekends) would be 
convenient, and this way to increase the temporal scale. On the other 
hand, these campaigns should be accompanied by high-resolution and 
high-precision topographic surveys to increase the spatial scale, such as 
terrestrial laser scanner or drone, before and after the daily beach 
cleaning to quantify more precision the effect of this activity, and at the 
same time relate these topographic surveys to airflow (in situ), sediment 
properties and regional daily wind and wave data. 

Even subjected to the restrictions derived from orthophotos avail-
ability, which in this preliminary approach have made it necessary to 
assume the time of taking the orthophoto as representative of the year in 
which it was taken, it has been possible to find relationships in the long- 
term between vehicle tracks and sedimentary dynamics. From this, it is 
expected that subsequent analysis based on a larger number and more 
frequent orthophotos allow to improve the methodology proposed to 

identify changes in long-term sedimentary dynamics from monitoring 
vehicle tracks. 

6. Conclusions 

The methodology proposed in this research has allowed detecting 
evidence of the long-term effects on the topography and geomorphology 
by vehicles, especially those associated to the beach cleaning service, 
using tracks. 

Vehicle traffic plays a role in the variation of the sedimentary aeolian 
dynamics of the beach-dune system of Maspalomas. This variation af-
fects the sediment supply to the foredune, causing ecological changes in 
the dunefield (Special Natural Reserve of the Dunes of Maspalomas). It 
was found that beach cleaning is the main source of vehicle tracks 
present in El Inglés beach. 

The study site comprises an artificially-maintained steady beach with 
insignificant slope variation in the topographic profile, contrary to the 
documented sedimentary deficit in its associated dune system. This 
might be leaded by the activities related to vehicular traffic, beach 
cleaning, levelling and displacement of sand, among others. 

It has been shown that beach cleaning does not have a sole and direct 
impact on sediment loss in the system but rather contributes to the 
maintenance of deflation areas which are responsible for sediment loss 
in the beach, foredune and dunefield of Maspalomas. 

In conclusion, the present study offers a new approach to the man-
agement of these ecosystems through the consideration of three 
important aspects observed in El Inglés beach: i) vehicle traffic affects the 
aeolian sedimentary dynamics of an arid transgressive dunefield; ii) 
beach cleaning service can artificially maintain the beach profile causing 
sedimentary loss in the dune system; iii) activities such as beach 
cleaning contribute to sediment loss and, therefore, loss in the foredune 
and dunefield. The proposed approach determined through this pre-
liminary analysis opens the way for future research perspectives into this 
subject. 

Finally, through the applicability of this study, possible management 
measures are discussed to reduce the environmental impact of the beach 
cleaning service, which could make this service more environmentally 
sustainable. 
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APPENDIX I  

Interview with the beach cleaning staff  

1. When did the beach cleaning start? 

Coordinated team cleaning started in 1970, when enterprises were set up to start cleaning the beach. Between 1980 and 
1990 the cleaning increased and employees started to clean in a more exhaustive way. The beach cleaning process that 
you see today began around 2000, using more numerous and more advanced heavy duty cleaning machinery and trucks. 

2. On what days and at what times is the beach cleaned? How does the process function? 
The beach cleaning can be divided into 4 parts: 

- The truck to clean up larger pieces of rubbish present in the sand has a 1 cm mesh size and cleans every day from 3 a.m. 
to 5 a.m. This cleaning is more exhaustive on Sundays in the areas with a higher occupation of bathers. 
- Levelling is done according to beach demand, not every day, from 5 a.m. to 9 a.m. (+ collection of rubbish bins), and so 
no heavy duty cleaning machinery will generally be present when the beach users arrive. 
- Manual collection by employees of the garbage that the truck could not collect (4 employees) is done from 5 a.m. to 11 
a.m. 
- Garbage collection with spades from 8:30 a.m.–9 a.m. 
Each beach in the Maspalomas dunefield is cleaned by one cleaning truck and one levelling truck that go from the start 
of the beach to its end before turning and returning to the start, cleaning parallel to the sea line. They repeat each route 
as many times as needed. On Sundays, more intensive cleaning is done in areas with higher occupation. 

3. In which parts is the cleaning more concentrated? 
The areas with the most exhaustive cleaning are those with a higher presence of users, more specifically where the highest 

number of garbage containers are found. These areas go from the Maspalomas lighthouse to kiosk 7 and from kiosk 5 in 
El Inglés beach to the northern part of the beach. 

4. In which areas can you find a higher accumulation of sand? 
There is more sand present in the high beach areas, especially in areas where emergency vehicles pass through, which is 

why we have to clean them more exhaustively to avoid sand accumulation that can interfere with vehicle manoeuvring. 
Moreover, the beach area that is actually cleaned will depend on the tide regime, sometimes being more sometimes 
being less. 

5. What do you do with the cleaned sand? 
The sand that we clean falls from the truck and the levelling part of the truck levels the terrain leaving it smooth. However, 

when it is smoothed the sand is extended along the coast so the beach is left as regular as possible, removing all possible 
irregularities. This sand movement is carried out depending on the areas with higher sediment loss and when needed. It 
is sometimes moved to the intertidal area or the high beach area. 

6. Who regulates the beach cleaning service or which plan do they follow? What legal capacity do they have? Is it 
a licensed service? 

The beach-cleaning service is licensed and was approved in 2017, with a validity of 12 years. The associates form part of a 
group of three companies.  
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Gómez-Pina, G., Muñoz-Pérez, J.J., Ramírez, J.L., Ley, C., 2002. Sand dune management 
problems and techniques, Spain. J. Coast Res. (36), 325–332. https://doi.org/ 
10.2112/1551-5036-36.sp1.325. 

Hernández-Calvento, L., 2002. Análisis de la evolución del sistema de dunas de 
Maspalomas, Gran Canaria, Islas Canarias (1960-2000). Doctoral thesis. Universidad 
de Las Palmas de Gran Canaria. 
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(33), 87–106. https://doi.org/10.14198/INGEO2004.33.07. 

Roig-Munar, F.X., Martín-Prieto, J.A., Rodríguez-Perea, A., Pons, G.X., Gelabert, B., Mir- 
Gual, M., 2012. Risk assessment of beach–dune system erosion: beach management 
impacts on the balearic islands. J. Coast Res. 285, 1488–1499. https://doi.org/ 
10.2112/JCOASTRES-D-11-00187.1. 

R Core Team, 2018. R: A Language and Environment for Statistical Computing [WWW 
Document]. Vienna, Austria. URL. https://www.r-project.org/. 

Sanromualdo-Collado, A., García-Romero, L., Peña-Alonso, C., Hernández-Cordero, A.I., 
Ferrer-Valero, N., Hernández-Calvento, L., 2021. Spatiotemporal analysis of the 
impact of artificial beach structures on biogeomorphological processes in an arid 
beach-dune system. J. Environ. Manag. 282, 111953 https://doi.org/10.1016/j. 
jenvman.2021.111953. 

Sanromualdo-Collado, A., Hernández-Cordero, A.I., Viera-Pérez, M., Gallego- 
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