Research: Role of littoral processes on the sand movement
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INTRODUCTION

Dunes and beaches are small and scarce in the Cantabrian coast (Northern Spain), where cliffs
dominate the landscape. These sandy ecosystems do not show an adequate level of development
due to human activities and natural processes. Draw up a historic and present geomorphologic
diagnosis on the dynamics of 10 dune systems throughout the Cantabrian coast were developed in
the context of the Life ARCOS project titled “In situ and Ex situ innovative combined techniques for
coastal dune habitats restoration in SCls of northern Spain” (LIFE 13/NAT/ES/000883, 2014-
2019). This LIFE programme aimed the recovering and improving the conservation status of dune
habitats, developing conservation actions in coastal Special Areas of Conservation, included in the
Natura 2000 network.
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Figure 1. Dune systems thorughout the Cantabrian coast including in the roadmap of Life ARCOS project.
Highlight in red the location of the Vega beach, where the measures of the sand movement were monitored.

Akey factor to plan out these conservation actions is to
set the coastal trends scenarios for every site intended
to restore. Recent trends (1956-present) have been
assessed in the current context of Global Change to
identify long-term changes in the sediment stored in
beach-dune systems. However, the quantification of
the exact impacts on the rates of sand sediment
movement is not easy.

Figure 2. In red the pilot plot located
in the Vlega beach-dune.

4 PRELIMINARYRESULTS

This work is based on the analysis of wave height (Hm0) and wind direction and velocity data
obtained from the SIMAR point number 3104036, from a network with simulated data sets (State
Ports Authority, Spanish Ministry of Public Works). Water level relating to the tide data comes
from the Gijon buoy water level data (REDMAR network).

21 wave storms have been identified for the period monitored from 01/04/16 to 31/08/2018
(21132 data). Due to the tides in the Cantabrian Sea are mesotidal, with ranges between 1.5 and
5 m, a coefficient was applied to identify the overlap degree between storm events and high tides
(variable “tempmareas”). Taking into account the beach orientation, two different winds directions
have been separated, “vientomar” in case of WE and “vientoint” in case of EW. The date analysed
is as follow:

. In the three first columns are the date, with the

sand measures changes (linea1) in the dune
height in the fourth column. The sum of wave
height in every storm event, weighted by the tides,
is included in the variable called “tempmareas”
and the sum of wind velocity in “vientomar” and
“vientoint”.

The relationship among the three variables has been analysed with the following model:
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The dune height changes can be explained by lineal regression model, with the following values,
“a’is 0.76, “p”is 0.06 and “c” is -0.03. The adjusted R-squared is 95.92%. As expected, the storm
events is the most important variable in the sand movement, with a positive influence (sand
sediment arrived), in the same way than the sea winds, with a negative impact for the mainland
winds.

In order to study the beach-dune morphological response to marine
processes, this work try to correlating the wave height, wind velocity and
tidal range with the temporal sand changes measured in the Vega
beach/dune in the NW of Spain (Figures 1y 2).

In order to monitoring the sand movement, a pilot plot was selected in the embryo dune located in
west part of Vega beach (Asturias, Spain), one of the 10 dune systems including in the Life ARCOS
project. Trimestral measures of sand burial in 12 sticks were done during two years (Figure 3).

Figure 3. Pilot plot with 12 sticks nailed in the front dune (left photo) and measuring the sand burial
of one of the 12 sticks (right photo).

There is no clear relationship between the changes in the height dune with monthly average and
maximum height wave (Figure 4) so further analysis were planned.
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Different researchers have recognized that the height of the extreme waves, number of the
storms or their intensity are very important in the changes what happen in the coastal sand
systems (e.g. Aimeida et al., 2010). Storm is defined as a climatic event during which the wave
height exceeds a threshold over a minimum, specific time duration. Taking into account the
guidelines of littoral works in Spain, the threshold used to identify relevant wave storm in NW of
Spain is 3 m. Besides, 12 hours of storm duration with an inter-storm period at 1 day were applied
following the methodology described by Rangel-Butrago and G. Anfuso (2013).

CONCLUSIONS

The impact of climate change on coastlines will increase worldwide in future years due to natural
processes as sea level rise, extreme storm surge events and human activity. The impact will be more
important in the coastal sand systems as beach-dunes environments, but the quantification of their
exactimpactis noteasy.

In order to analyse the dune morphological response to some marine processes, the height of Vega
beach/dune was monitored during the period 2016-2018. Databases about wave height, wind
velocity, water level and changes in the dune height have been analysed by fitting different
regression models using R. The adjusted R-squared obtained is 95.92%, with positive influence of
the wave storms and, with less influence, winds from the sea. The results identified a negative
influence in case of mainland winds, probably related to the sand returning to the sea.

Although it must be assumed that extreme storm events have an influence on the loss of sand dunes,
in this work the height wave has shown a positive influence in the increasing of the Vega dune. In this
case, we have to highlight that one of the most important storm events in the last decades happened
during the winter 2013-2014. Probably, the sand eroded in that winter was recovered to the Vega
dune in following years, explaining part of storm positive influence obtained in this study. Besides, we
have to take into account that other elements may affect this trend, not only the height wave, tides
and winds, but the events frequency, storm power, duration of the storms or the morphodynamic
state of the sedimentary environment (e.g. beach profile). These variables will be added in the future
research, expanding the study to other beach-dunes in Cantabrian region.
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