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The Spanish coastal system plays a very important role in its economy, especially 
considering its relation with tourism income. Due to this, the coastal manager has to 
analyze and be able to predict the evolution of the coastal system as environmental and 
human agents act over it. 
The main goal in coastal engineering is to be able to make a model of a portion of the 
coast. That is, given an initial shore status, be capable of accurately forecasting its final 
condition after a given period of time. At present, there are numerous models with 
different spatial and time scales, more or less accurately fulfilling this objective. Above 
all, the growing computing power of computers is allowing higher levels of precision to 
be reached in final results.  Nevertheless, the bathymetric data acquisition system, which 
constitutes the main data source in any coastal model, has less accuracy than the most 
advanced computer programs are able to compute.  Better accuracy in bathymetric data, 
both in the initial status input stage and in the model calibration stage, improves final 
results, keeping them closer to reality and thus almost using the models full capabilities. 
 
 
1. Scope. 
 
Nowadays, the techniques that the differential GPS 
offers, opens new horizons to a greater number of 
techniques and scientific applications. Solving the 
age old problem of the seafarer, precision 
positioning in the sea. 
 
In addition, these techniques open new fields in 
hydrography, oceanography and in all areas that 
require geographically referenced data acquisition 
of the sea. 
 
2. Raising out the investigation. 
 
In Spain, because of tourism, the beaches are an 
economic and environmental resource of first 
order. Because of this, the idea of studying the 
evolution of a beach using precise bathymetric 
models emerged. This was obtained by making use 
of two GPS stations, one fixed on land (reference 
station) and the other in motion on a boat (rover 
station) with a digital echo sounder on board. In 
this way, when the echo sounder and the GPS 
antenna are located on the same vertical the effect 
of the tide and swell are eliminated as the sea bed 
is then absolutely referenced to the ellipsoid 
(Figure 1), according to the following formula: 

 
A = H - P – D 

 
3. Development of the bathymetric data 

acquisition system. 
 
The bathymetry system used, named SIBAP, was 
developed at the Universität der Bendeswehr 
München and the Universidad Politécnica de 

Madrid. The main researchers of this development 
were Univ. Prof. Dr. Ing. Günter Hein and the 
Univ. Prof. Dr. Ing. José Luis Almazán. 
 
This system has the aim of making very highly 
accurate bathymetry surveys on all types of water 
surfaces, integrating the signals received from the 
GPS constellation satellites and from a digital echo 
sounder. 
 

The SIBAP implementation was carried out 
with success in 1995 (Figure 2) and consists of the 
drawing together of the different types of 
equipment and software applications. 

 
3.1. Rover station. 
 
The rover station consists of a boat (the one used 
in the tests was a Calypso 700 with a 7m length 
and a 2.5m beam) on which the following 
equipment was set up: 

 
- GPS PCI Card 
- GPS anntena 
- Anti-multipath filter 
- Cable contact between antenna and card 
- Digital echosounder 
- Transducer 
- Cable contact between transducer and 

echosounder 
- Stainless steel mast for connecting the GPS 

antenna and the echosounder transducer 
- Two Radio FM equipment 
- Hardware and software for the data 

acquisition and telemetry emission 
- Stable stand-alone system of electric supply 

 

(1) Escuela Técnica Superior de Caminos, Canales y Puertos. Universidad Politécnica de Madrid, Spain. 
(2) Universität der Bendeswehr München, Germany. 



 

3.2. Reference station. 
 
The reference station is a twin to the rover station 
removing the echo sounder, the transducer and 
adding a topographic tripod for setting up the 
antenna. 

 
3.3. Needed software. 
 
For the data acquisition from the echosounder and 
the GPS, and for doing the differential correction 
of the rover satation positions, the following 
software was used: 

 
a)  Novatel Winsat. A commercial program used 

in GPS position data management and 
acquisition from the rover station and the 
reference station. 

b)  Echo application. A module developed by a 
team from the Universität der Bendeswehr 
München that works with the commercial 
program Microcalc Origin and that is used in 
the rover station for the synchronize recording 
of the echo sounder data and GPS measuring 
time, as well as for a shipping plan pre-
established by accurate GPS data obtained in 
real time, thanks to the differential corrections 
that arrive by radio to the reference station. 

c)  Dif-Gps Program. This MS-DOS application, 
developed by the team of the Universität der 
Bendeswehr München, carries out the post-
process of the differential correction of the 
position signals searched by the rover station. 

 
3.4. Methodology for carring out bathymetry 

with SIBAP. 
 
The methodology for carrying out bathymetry 
within this investigation has been the following: 
 

- Choosing the location and the positioning of 
the reference station just on top of a high 
precision geodesic vertex of the Spanish 
national geodesic network. In Spain, the 
possibility of finding a high precision 
geodesic vertex in the nearness of the place to 
survey is very high. The precision of this place 
that we obtained was less than one centimeter. 

- Carrying out the shipping plan of the area to 
survey. This plan is later followed during 
shipping thanks to the differential corrections 
in real time that arrives by radio from the 
reference station. 

- Carrying out the survey on the selected 
surface. 

- Data post-process in which the differential 
correction is carried out with the Dif-Gps 
software and possible record errors. 

- Merging the position DGPS records of the 
antenna (x,y,z,t) with the records of depth 
measurements from the echo sounder (d,t), 
from the common parameter GPS time (t). As 
the distance between the echo sounder, 
transducer and the GPS antenna is fixed (both 
elements are fixed on the mast), a position file 
(x,y,h) of the sea bed is obtained refered to the 
ellipsoid, independent of the swell, tide and 
other large waves. 

- Obtaining a 3D Digital Model of the survey 
land. This task is done with a commercial 
interpolation tool that permits the 
visualization, operation and exportation of a 
3D Model of the sea bed. 

 
4. SIBAP System Accuracy. 
 
Once the system was implemented, a series of tests 
were made, both in a static and in a dynamic way 
for evaluating the system accuracy. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. SIBAP Independence from swell, tide and large waves 

 



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. SIBAP system Implementation 
 
 

4.1. GPS accuracy test in a satatic way. 
 
Both stations were situated in a static way for 
making these test, one of them on a geodesic 
vertex. Both records were processed on Dif-Gps to 
carry out differential corrections. The results are 
shown in figure 3. 
 
4.1.1. GPS Latitude and Longitude Records. 
 
In both records we can appreciate how, from the 
starting of the GPS reception equipment, there is a 
period of coupling in the system for approximately 
the first 200 seconds. During this time, the 
positions of all visible satellites end joining up. 
 
At the end of this joining we can appreciate how 
the error is better than 5*10-8 grades WGS84. 
 
4.1.2. GPS altitude Record. 
 
We can appreciate in GPS altitude record that it 
becomes stabilized during the first 200 seconds of 
reception, having the signal stabilized from that 
point. 
 
In the stable zone the error is better than 1 cm 
referenced over the WGS84 ellipsoide.  
 
4.1.3. Conclusion. 
 
When we transfer those data errors over the 
WGS84 ellipsoide to the test area we can conclude 
that the errors are better than: 

 
- Latitude: 0.5 cm 
- Longitude: 0.5 cm 
- Altitude: 1 cm 

4.2. Test in a dinamic way. 
 
After this static test were done a series of dinamic 
tests, placing the equipment set on the ship and on 
a reference station. 
 
4.2.1 Depths echosounder records. 
 
In the depth echosounder record (Figure 4) we can 
observe two types of errors. On the one hand there 
are places where the measurement is less than the 
real one. This is because of the existance of 
floating elements, fishes, plastic bags... On the 
other hand there are errors because of the 
measurement become out of the echosounder  
measurement range. In the case of the figure the 
echosounder was formed for measuring more than 
1.5 meters depth. These errors are treated during 
the post-process. 
 
Extending this record we can observe how the 
accuracy of the measurements is the one given by 
the 10 cm. echosounder resolution. 
 
4.2.2. GPS antenna altitude record. 
 
In the case of the GPS antenna altitude, we observe 
in the record a fluctuation caused by the movement 
of the water surface and by the dinamic effects 
caused by the movement of the ship (Figure 5). 
 
4.2.3. Signal Integration. 
 
During the post-process, depth records measured 
by the echosounder are correlated with the antenna 
altitude records by the common parameter GPS 
time, coming up with the results shown in Fig. 6. 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.       Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. 

 



 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Benalmádena yach harbour 

Guadalhorce  river

La Carihuela beach 

Figure 7 
 

In this graphic we can observe how vertical 
fluctuations are similar than measured by the GPS 
antenna, so this fluctuation, caused by the 
movement of the water surface and by the dinamic 
effects, are reflected in both records. By the 
equation shown before we achieve sea bed altitude 
over the reference ellipsoid. 
 
On the other hand, the latitude and longitude 
records give the position on the ground of each 
altitude record. 
 
4.2.4. Conclusion. 
 
In this way we have measured data each 0.3 
seconds up to 30 knots shipping speed. 
 
There are investigation programs in progress 
which emerged from our investigation to record 
swell and large waves with the same philosophy. 
 
5. Description of area to be modelized. 
 
During the investigation, systematic surveys were 
carried out on the same place with the purpose of 
eveluating the bathymetric system developed for 
modelling beaches. 
 
In this way, the beach selected was La Carihuela, 
in Málaga, Spain. 
 
5.1. Situation. 
 
The Carihuela beach is placed in the inlet of 
Málaga, and it´s open to the southeast swells 
coming from the Mediterranean Sea (Figure 8). 
 
Geomorphologically, the beach is placed between 
the Guadalhorce river´s mouth to the East and 
Benalmadena yachting harbour to the West (Figure 
7). 

 

 

Málaga 

La Carihuela beach 

Figure 8. 
 
5.2. Marine climate. 
 
For swell characterization was anlyzed, scalar 
buoy data since 1984, directional buoy data since 
1997, and visual data since 1950. 
 
The record of the greatest storm recorded by a 
scalar buoy are shown in fogure 9. Wave height vs 
period, measured by this buoy, are shown in figure 
10. The compass rose obtained from the directional 
data is shown in Fig. 11. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Sea climate given from the scalar data. 

 



 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Wave height vs period. 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Wave rose from the directional buoy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Tide levels. 
 
 

5.3. Deposit Characterization. 
 
During the investigation series of granulometric 
samples were carried out to calibrate the model. 
 
The result of this sampling suggests that there exist 
sands with an average diameter (D50) 2.50 mm. 
 

5.4. Tides. 
 
The tide levels incorporated to the model were 
obtained in the yachting harbour of Benalmadena 
with differential GPS equipment. 
 
Levels considered are shown in Figure 12. 
 
6. The way the investigation is set out. 
 
Once the system was developed and a beach  is 
selected, the investigation was started as a way to 
prove the SIBAP suitable for modelling the 
evolution of beaches. In this way we proceed, 
chronologically, in the following order: 
 
- Making bathymetric campaigns and obtaining 

digital model for the different periods. 
- Quantify the evolution of the beaches from the 

measured data. 
- Choosing a last generation numeric model of 

beach dynamics. 
- Model implementation and load of contour 

conditions (swell, tides, granulometry) in this 
numeric model. 

- Obtaining the evolution of the beach by the 
numeric model. 

- Comparing results between evolution obtained 
by direct comparison of measurement and by the 
results of the numeric model. 

- Planning future investigation lines. 
 

The bathymetric campaigns were planned, as for 
its temporal distribution, in two scales. On the one 
hand, we planned to study a long-term evolution, 
carring out for this purpose two bathymetric 
campaigns in the same season of two diferent years 
as spaced as possible. December 1995 and 
December 1999 were choosen. On the other hand, 
for studing the short-term beach evolution we 
planned to carry out several bathymetries during a 
year, choosing for this purpose February 1999 and 
August 1999, and again December 1999. 
 
With this plan was possible to carry out the 
following evolution analisis: 
 
- from December 1995 to December 1999. 
- from February 1999 to August 1999. 
- from August 1999 to December 1999. 
 
7. Bathymetric campaigns results. 
 
The Digital Models resulting from the four 
bathymetric campaigns carried out are shown in 
Figure 13, and the evolution analisis between them 
are shown in Figure 14. 
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August 1999     December 1999 
 

 
Figure 13. Bathymetric results. 

 
 
 
 
 
 
 

 



 

 
VOLUMES: 

 

Burial:   509,338 m3 

Erosion:   -18,144 m3 

Net:  491,194 m3 (burial) 

 

AREAS: 

 

Plane positive area :  827,975 m2 

Plane negative area: 118,275 m2 

Curve positive area:  828,000 m2 

Curve negative area: 118,278 m2 
 

Evolution December 1995 – December 1999 
 

 
VOLUMES: 

 

Burial :  160,964 m3 

Erosion:  -541,066 m3 

Net:  -380,102 m3 (erosion) 

 

AREAS: 

 

Plane positive area:  511,549 m2 

Plane negative area: 1,673,450 m2 

Curve positive area:  511,592 m2 

Curve negative area: 1,673,500 m2 
 

Evolution February 1999 – August 1999 
 

 

 

 

VOLUMES: 

 

Burial:   355,247 m3 

Erosion:  -137,789 m3 

Net:  217,458 m3  m3 (burial) 

 

AREAS: 

 

Plane positive area:  1,248,580 m2 

Plane negative area: 467,669 m2 

Curve positive area:  1,248,610 m2 

Curve negative area: 467,695 m2 
 
 

Evolution August 1999 – December 1999 
 

 
Figure 14. 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Initial profile with the final profile. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Net vertical burials and erosions. 
 

Figure 18. Short-term evolution. 19th Profile. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19. Longshore transportation curve. 19 th Profile. 

 



 

8. Model implementation. 
 
The model selected for this investigation was 
MIKE-21/LITTPACK from the Danish Hydraulic 
Institute. 

 
In a similar way to the analysis of the evolution of 
the beach made from the Digitals Models obtained, 
we did with the numerical model two studies, a 
long-term study and a short-term study. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. 
 

The short-term study consists of subduing 26 
selected profiles from December´s 1995 
bathymetry to a storm of 27 hours corresponding 
to the greatest storm recorded during the 
investigation period. In Figure 15 we can 
appreciate the ground plan of the profiles, and the 
implemented storm in the model in Figure 16. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 16. 
 

On the other hand, the long-term study consisted 
of the annual longshore transport rate evaluation in 
the 26 selected profiles for the climate of the 
average year. 
 
The implemented swell in the model corresponds 
to the frecuency tables represented in Figure 17, 
extracted from the records of the directional buoy. 
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Figure 17. 
 

9. Result obtained by the numeric model. 
 
For each profile, the result obtained in the short-
term modelization consit on: 
 

- Bathymetric initial and final profile. 
- Net vertical burials and erosions. 
- Variation of each wave height when incising 

on the profile. 
 
These results for 19th profile are shown in Figure 
18. 
 
As for the long-term modelization, for the 19th 
profile, the longshore transport curve is 
represented in Figure 19. 

 
10. Preliminary conclusions. 
 
The main conclusions extracted from this 
investigation are the following: 
 
a) Regarding to the high precission bathymetric 

system developed: 
 

- The developed SIBAP is an effective 
mechanism for carring out high precision 
bathymetry, making records independent of 
swell and tide. 

- The SIBAP is a suitable tool to act as input 
of numerical models, and to calibrate them 
because the result of SIBAP is a digital 
model of the sea bottom. 

- The SIBAP is an useful tool for controlling 
the dredging and pouring of marine works. 

- The system can not only be used in beaches, 
but also in any submerged surface. 

 
b) With regard to the bathymetry and the study 

of the evolution at  the Carihuela beach: 
 
- Most burials are produced at the west side 

of the beach and most erosions at the east, 

 



 

confirming that the yachting harbour of 
Benalmadena acts as a support to this beach. 

- The erosion grows when we approach to the 
coast line. 

- From the short-term analysis of the digital 
models we can say that exist strong seasonal 
tilts. 

- From the long-term analysis of the digitals 
models we can say that, during four years, it 
has produced a generalizated burial in along 
the hole beach. This justifies frequent 
artificial sand contributions in this beach to 
preserve the wide of the dry beach. 

- There is a coherence between the direct 
comparation of the digitals models and the 
outputs of the model. 

- The closing depth is at –7 with medium 
swell and at –10 with extreme swell. 

- The net longshore transport is produced to 
the west. 

- The net longshore transport is higher in the 
western profiles than in the eastern ones, 
thing that confirms the support effect of the 
yachting harbour of Benalmadena. 

 
11. Improvement of the SIBAP system. 
 
The improvements introduced during the 
development of the investigation are as follows: 
 
a) Using double frecuency GPSs. 

Actually the SIBAP incorporates double 
frecuency to increase accuracy and avoid the 
postprocess to carry out the differentiate 
correction.  
The accuracy obtained with this system are 
appreciably better, if it´s possible, than with 
the simple frecuency system. In Figure 20 it´s 
represented a height record of the antenna on 

top of the reference ellipsoid measured in a 
beach at Huelva. In this record we can 
appreciate the tendency of the tide oscillation, 
because in this beach the tide career was near 
4 meters. 

b) Using the multibeam echosounder for 
increasing the measured strip in each pass and 
for making a higher cover of the measured 
seabed, and multifrecuency for evaluating the 
geophysics of the seabed. 

c) Development of a complementary rover 
system for measure both emerged and 
submerged areas near the water line. 

d) Introduction of tilt ship sensors to correct the 
records obtained by the echosounder. 

 
12. Open investigation lines. 
 
The current open investigations lines carried out 
and/or introduced by the investigation groups 
addressed by. Univ. Prof Dr. Ing. José Luis 
Almazán Gárate, by Univ. Prof. Dr. Ing. Günter 
Hein, and by other collaborating investigation 
groups are the following:: 

 
- Using the system developed to measure swell, 

tide and long waves. 
- Using the system with a laser echosounder from 

an helicopter.  
- Using the system to obtain “submarine photos”. 
- Sightless navigation and remotely navigation. 
- Estimation of burried volume at reservoirs. 
- Evaluation of submerged sand deposits by the 

estimation of deposit thickness with a 
multifrecuency echosounder. 

- GPS-GLONASS integration (and in the near 
future GALILEO) to increase the measurement 
accuracy increasing the number of satellites 
observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20. GPS antenna hight record on top of the reference ellipsoide. 
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