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ABSTRACT   

PARISOT, J.P., CAPO, S., CASTELLE, B., BUJAN, S., MOREAU, J., GERVAIS, M., REJAS, A., HANQUIEZ, V., ALMAR, 
R., MARIEU, V., GAUNET, J., GLUARD, L., GEORGE, I., NAHON, A., DEHOUCK, A., CERTAIN, R., BARTHE, P., LE 

GALL, F., BERNARDI, P.J., LE ROY, R., PEDREROS, R., DELATTRE, M., BRILLET, J. and SÉNÉCHAL, N., 2009. 
Treatment of topographic and bathymetric data acquired at the Truc-Vert Beach during the ECORS Field 
Experiment. Journal of Coastal Research, SI 56 (Proceedings of the 10th International Coastal Symposium), 
1786 – 1790. Lisbon, Portugal, ISSN 0749-0258. 
 
The aim of this paper is to present the topographic and bathymetric surveys acquired during the international 
ECORS mission (March-April 2008) at Truc Vert Beach, SW of France.  
Topographic surveys have been done with an accuracy of about 2.5cm in the horizontal directions and 3cm for 
the elevation. Using both a GPS kinematics (by foot or implemented on a quad) and a theodolite, an area 
extending from the dune to the nearshore region was covered.  In this paper, we present the methods developed 
in order to merge the different dataset. The acquisition and treatment of this large dataset was made possible 
thanks to the coordination of a large work force available on the field comprising numerous international 
institutions. From this work, together with the lower sample rate topographic data gathered over the last 10 years, 
Truc Vert Beach is the most documented beach of the French Coast. 
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INTRODUCTION 
The meso-macrotidal sandy French Aquitanian Coast (SW 

France) is composed of straight, wave-dominated, highly-dynamic 
double-barred sandy beaches. Over the past 10 years, a substantial 
number of topographic surveys (monthly) have been undertaken to 
investigate the response of both the upper part of the beach and the 
inner bar to the strongly varying wave forcing (DESMAZES, 2005). 
Together with short-time field campaign (such as PNEC 2001), 
the studies mainly focused on Truc Vert Beach, located at about 
12 km to the North of the Arcachon Lagoon (DE MELO 

APOLUCENO et al., 2002; DESMAZES, 2005; CASTELLE et al., 2006). 
These various studies improved our knowledge of this remote, 
high-energy (BUTEL et al., 2002) natural beach and highlighted 
important knowledge gaps, particularly for storm wave conditions. 
Recent results on the short-term response of Truc Vert Beach to 
storm events and longer term response can be found in CAPO et al. 
(in this issue) and SÉNÉCHAL et al. (in press). In addition, satellite 
imagery techniques were used to assess the morphology and the 
evolution of both the outer and bars during fair weather conditions 
(LAFON et al., 2002, 2004, 2005). These studies motivated the 
organization of an intensive field campaign at Truc Vert Beach 
during the winter period with a large number of international 
institutions to investigate hydrodynamics, sediment transport and 

beach morphodynamics. During all this 5-week campaign, highly 
accurate topographic and bathymetric data acquisition was 
required to understand the coastal processes. 

The aim of this paper is to present a detailed analysis of the 
different steps of computation (frequency of survey, grid of 
computation, interpolation methods, etc.), in order to preserve 
centimetre accuracy on the data collected. The overall data 
collected includes 2 extended bathymetric surveys of 2km x 2km  
from depth of -30m to 0m, 4 small wave rider bathymetric surveys 
of 1km x 500m, 33 beach topographic surveys of 2km x 200m 
(backpack mounted to a person walking the shoals  at low tide and 
ATV surveys between altitudes of -4m and 6m), 45 low tide lines 
following the shore line over a distance of 3km and finally 1 
topographic surveys of the dune of 2km x 200m with altitudes of 
5m to 30m. In particular, the use of ATV data is optimized. These 
methods were recently applied to bathymetric and topographic 
surveys ECORS during the mission that took place in March-April 
2008 on the Aquitanian coast (Truc Vert beach). In this paper, we 
will present the compilation of the surveys acquired at Truc Vert 
Beach during this campaign and the methods developed in order to 
accurately merge the different data. The final accuracy over the 
whole set of data is of a few centimetres. 
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MEASUREMENTS 
Figure 1 shows the complete survey realized at Truc Vert Beach 

on March 19, 2008, during the ECORS (SHOM / EPOC) mission. 
This survey comprises an accurate covering of the dune, the 
intertidal area and the upper nearshore domain. The topography 
was conducted with a quad (middle part of the intertidal domain), 
by foot (dune and lower intertidal domain with a waterproof GPS). 
Additional data were collected in sea scooter (lefthand side of Fig. 
1) when wave energy conditions sufficiently low. Elevations are 
given in meters and reported to the IGN 69 (the zero line is the 
RGF93 geoïd, corresponding approximately to the mean-tide level 
on Fig. 1). On the beach, the difference between ellipsoidal height 
(WGS84) and geoidal altitude (RGF93) is of the order of 46.8 m. 
The transformation was realized with the IGN code CIRCE 
(http://professionnels.ign.fr/ficheProduitCMS.do?idDoc=5352513
) with centimetre accuracy. On all the figures, all the coordinates 

are given in the French Lambert III South system (East and North) 
expressed in meters. 

The kinematics GPS used herein for measuring real-time 
centimetre was a Trimble 5700. This device includes two receivers 
(mobile and base). A correction calculated by the base is given to 
real-time measures by radio at 450 MHz. The manufacturer 
announces a horizontal accuracy of ± 1cm and a vertical accuracy 
of ± 2 cm. The base was calibrated from the 2 closest IGN points, 
located at about 20 km from Truc Vert Beach. Comparison of 
measurements with IGN geo-referenced points (http://rgp.ign.fr/) 
shows an accuracy on the order of a few centimetres. 
 

 

Figure 3. Detailed survey realized on a previous study on 
June 6, 2006 with a mean distance between 2 points of the 
order of 2 m (the altitude are expressed in meters above the 
mean tide level and the Lambert coordinates are expressed 
in meters). The line shows the typical travel of the quad (the 
spacing of the lines varies from 10 to 20m). The cross-shore 
lines are parallel to the x axis 

Figure 4. Histogram of differences between the reference 
surface and the reconstruction of the surface with the radial 
spacing of 5 m. It may be noted that the difference is more 
than 10cm exceptionally 

 
Figure 1. Complete survey realized on the Truc-Vert Beach 
on march 19, 2008 during the ECORS (SHOM / EPOC) 
mission. The survey combines topographic and bathymetric 
data with centimetre accuracy. 5 surveys of this type where 
obtained on February 14, march 19 and April 4 and 5 2008. 
33 additional topographic surveys and 45 low tide lines 
where acquired at low tides between February 22 and April 
8 

 

Figure 2. At left, ATV equipped with the GPS antenna. At 
right, wave rider with the GPS antenna and the sounder 
installed on the left side 
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ATV SURVEYS 

The reference survey 
In the classical ATV survey (figure 2), the topography is 

measured along radial profiles spaced from 10 to 25m over a long-
shore distance of 1000m along the beach, from foot dune until the 
shoreline. Our goal is to estimate the uncertainties involved in the 

operation of the ATV: interval between data collected, speed, 
radial spacing ... Data used to optimize the ATV (Figure 3) were 
carried out on June 6, 2006 with an acquisition of about 2 m (or 
every two seconds, depending on the speed while the mean speed 
is equal to 8 km/h). 

Procedure 

The procedure used to evaluate the importance of the radial 
spacing is the following:  
 the topographic surface S is interpolated with all the data, 

with a grid of 100x100 = 10 000 points for example, 
 With the same data, the radial spacing is simulated by 

reducing to a single value, the data collected in a rectangle of 
Δx and Δy sides. For example, to simulate a spacing of 25m 

(the cross-shore lines are parallel to the axis x), we take Δx = 
1m and Δy = 25m. With this reduced data set, the S’ surface  
is interpolated with the same grid and the same method as 
before, 

 We have reconstructed 2 surfaces, the reference surface (S), 
and the degraded one (S’). We perform the difference of 
altitude of all point of the 2 grids. 

Figure 5. Changes in volume depending on the grid size. 
Several methods of integration are superimposed (Simpson, 
trapezes ...) and we see clearly that all methods converge when 
100 points are used over a distance of 200 m. We can see that 
beyond this resolution, the differences between the various 
methods, are less than 10 m3 for a total of 16 500 m3 

 
Figure 6. Sea scooter survey realized on march 19, 2008 

Figure 7. Comparaison of the localization of survey points 
on atv survey (right) and bathymetric data (left) collected on 
march 19, 2008. 

Figure 8. Difference between altitudes of close points. On 
average measurements are shifted of 1.16m compared to IGN69. 
The standard deviation between the 2 sets of data is of the order 
of 20cm. 
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The histogram (figure 4) shows the difference of altitudes with 
Δx = 1 m and Δy = 5 m. The histogram shows that the differences 

in altitude do not exceed 10 cm. If using Δx = 1 m and Δy = 15 m, 

some values exceed 10 cm. With Δx = 1 m and Δy = 20 m, some 
differences reach 20 cm. In conclusion, the radial quad should not 

exceed 10 m if we want to maintain accuracy better than 10 cm. 

Size of the grid 
A criterion used to compare different methods of treatment is 

the calculation of the volume of sand of the beach. The size of the 
grid computing is defined as the difference between 2 successive 
points: we are using the same spacing in the 2 direction varying 

 
Figure 10. Three dimensional structure of the survey of 
April 4, 2008 

Figure 12. Difference between altitudes of close points. On 
average, measurements are shifted of 2.68 m compared to 
IGN69. The standard deviation between the 2 sets of data is of 
the order of 13 cm. 2.68 m is the difference of level of lowest 
low tide and mean tide. 

 
Figure 9. Intertidal part of the survey realized on the Truc-vert beach on February 19 and April 4 during the ECORS (SHOM / EPOC) 
mission. The survey combines topographic and bathymetric data. The extension of the complete set is 2kmx2km. The bathymetric data 
are shifted of 2.68 m up, in order to have the same reference as topographic points (see figure10). 

Figure 11. Comparaison of the localization of survey points 
on atv survey (line at right) and bathymetric data (point at 
left) collected on April 4, 2008 
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from 2 meters to 10 m. 
The tests we conducted on the area covering approximately 

100m x 200m, ranging from 20x20 to 180x180 points, which 
corresponds to grid spacing from 1 to 5 m. Ten interpolation 
methods were tested. We do not present here the many tests 
conducted on the method of interpolation and after our first test 
“soft” methods are preferable to elaborate. Moreover, volume 
calculation is performed with various methods of quadratures 
(Simpson trapezes...) and the differences are not significant; for 
example the trapezoidal method is quite well appropriate. Finally, 
we can see (Figure 5) that all these methods converge with a mesh 
of about 100, with spacing of 2 m. 

WAVE RIDER BATHYMETRY 
Figure 6 and 7 presents data collected with wave rider on March 
19, 2008. The Sounder (PA500 single beam) performs 10 
measurements per second and the GPS gives 2 measurements per 
second. In the area of overlap between these data and data 
collected at low tide on quad, we look for the points close, within 
a radius of 50cm (figure 8).  
There are about 150 points, which allows us to be determined by 
calculating the average, the shift of bathymetric survey compared 
to GPS data whose altitudes are terrestrial IGN69. The standard 
deviation between the 2 sets of data is of the order of 20cm, 
indicating the difficulty of such measurements. This is due to 2 
reasons, the highly agitated state of the sea during the ECORS 
Field experiment (the offshore significant wave height is rarely 
below 2 m; on march 19 it was 1.2m) and the absence of 
measurements of attitude (pitch and roll) of the wave rider. We 
can compare this to the standard deviation of 13cm between our 
measurements and topographic surveys conducted by SHOM,  
during the same mission, for very good weather and calm wave 
conditions. 

SHOM BATHYMETRY 
Two large bathymetric surveys were conducted by SHOM using 

the bathymetric ship LAPLACE for depths ranging from 4 to 30m 
(figure 9 and 10) on February 22 and April 4, 2008. In the area of 
overlap between these data and data collected at low tide on ATV, 
we search the points close, within a radius of 50cm (figure 11). 

CONCLUSION 
Through this study, we have achieved a coherent methodology 

for restituting the bathymetric and topographic data collected with 
a variety of techniques: GPS, theodolite, ATV and wave rider. We 
optimized the use of the ATV improving the mathematical 
treatment of the data, in particular the interpolation settings. The 
weak point is the availability of wave rider bathymetric 
measurements, which even in good conditions with errors of 20 
cm. As against this work shows the excellent return obtained for 
processing into Lambert III, data obtained with theodolite (not 
presented here). This accurate merging of the different data 
acquired with various equipments on a large area of investigation 
(extent of a few kilometres in the alongshore direction) was 
possible thanks to the coordination of a large work force available 
on the field comprising 4 teams institutions (EPOC, SHOM, 

BRGM and NPS). From this work, together with the lower 

sample rate topographic data gathered over the last 10 years, Truc 
Vert Beach is the most documented beach of the French Coast. 
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