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ABSTRACT   

 

OJEDA, J; VALLEJO, I. and MALVAREZ, G.C 2005. Morphometric evolution of the active dunes system of 
the Doñana National Park, Southern Spain (1977-1999). Journal of Coastal Research, SI 49 (Proceedings of the 
2nd Meeting in Marine Sciences), 40 – 45 Valencia -– Spain, ISSN 0749-0208 

Initial results of the morphometric evolution analyses of the active dunes system of the Doñana National Park are 
presented, emphasizing the volumetric changes occurred between 1977 and 1999. The use of photogrammetric 
restitution of the imagery from both dates, generation and analyses of DEM’s, and quantification and mapping in 
a GIS, enabled a calculation of the volume of the entire active dunes, as well as the estimation of advance rates, 
areal changes and sedimentary balance for a pilot area. In this instance, results illustrate the slowing-down of the 
advance rates of the slip faces, the areal enlargement of the slacks and the narrowing of the transverse ridges 
which produces a change in the cross-sectional profile of these, also indicated in the volumetric changes of the 
pilot area.  

ADDITIONAL INDEX WORDS: Mobile transgressive coastal dunes, morphometric evolution, advance rates, 
areal and volumetric changes, softcopy photogrammetry, GIS. 

INTRODUCTION 
From a geomorphologic stand point, strictly speaking, the 

coastal dune systems are characterized by a great dynamism, 
particularly in human temporal and spatial scales. They are also 
highly sensitive to variation in environmental conditions from 
both human and natural induced sources. When these systems 
occupy large extensions (dune fields), monitoring of their 
dynamics is of great difficulty given the scale of the processes 
involved. Perhaps this explains why most of the research 
conducted to date has focused in geomorphological mapping, and 
dune inventories (COOPER, 1958; ARENS and WIERMA, 1994; 
ORME, 1990, ARBOGAST et al, 2002; MASTRONUZZI and Sansó, 
2002) morphometric characterization of pilot sites (GARES and 
NORDSTROM, 1995; ANDREWS et al, 2000) and/or in the 
measurement and monitoring of dynamic parameters (DAVISON-
ARNOTT and LAW, 1996; ARENS, 1996; CRAIG, 2000, 
ALCÁNTARA-CARRIÓ, 2004).  

Given the relative homogeneity in the sedimentology of these 
landforms (wind is one of the most efficient forcing factors for 
sorting) and the non consolidated characteristic of the sediments 
which evolves rapidly, the morphometric characterisation and 
monitoring, although complex, may represent an essential element 
for better understanding the main governing processes. Technical 
developments in recent years have enabled a variety of tools (D-
GPS, photogrammetric restitution, Lidar) to become a standard in 
repeatable and rapid data gathering in such large and dynamic 
areas (OJEDA, 2000). Among these techniques, however, 
photogrammetric restitution is the only one that allows for 
reconstruction of past scenarios and thus it represents an essential 
tool for the assessment of evolutionary trends in such systems. 
(BROWN and ARBOGAST, 1999; JUDGE et al 2000). 
 

 
In this context, this paper introduces a set of preliminary results 

from a research project in which the morphometric 
characterization of the large mobile dunes system of Doñana, in 
southwestern Spain, is carried out by using GIS, soft copy 
photogrammetry and DGPS). 

STUDY AREA 
The active dunes system of the National Park of Doñana is 

located at the extreme of the Huelva province (SW Spain). As 
recently delimited by the Department of the Environment of the 
Regional Government (CMA, 1998) it occupies some 60 km2 and 
represents one of the most spectacular examples of such mobile 
dune fields along European coastlines. The dune complex is 
developed over a littoral spit that, since the Flandrian highstand 
(6500 BP), has been progressively closing the old embayment 
associated with the Guadalquivir estuary (LARIO et al. 2002). 
Nowadays, the more than 20 km. long active dune system extends 
some 4 km. inland. The generic structure of the complex is 
defined through a variety of transgressive dune ridges, which 
show clear advancing slip faces in the direction of the dominant 
winds (SW-NE) and interdune depressions that are located in 
between the above mentioned transgressive dune ridges. Figure 1 
shows the entire mobile dune system, including all the various 
formations: the foredunes, the transgressive dune ridges and slacks 
as well as the pilot area. 

 
 OBJECTIVES 

The main objective of this paper is the morphometric 
characterization of the evolution of the active dunes system of the 
National Park of Doñana from 1977 to 1999. 
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Despite the long list of publications devoted to this dune system 
(ALLIER et al, 1974; GARCIA NOVO et al, 1976; VANNEY and 
MENANTEAU, 1979; RODRÍGUEZ, 1998; CMA, 1998; GILI et al, 
2003) most of them have focussed their efforts in the cartographic 
characterisation at an intermediate or very detailed scale. The 
latter of great precision but little spatial representativeness. In the 
present work emphasis is drawn to volumetric analyses 
(practically non existent to date) from the digital photogrammetric 
restitution and the validation of some theories that are well 
established in Mediterranean dune systems (TSOAR and 
BLUMBERG, 2002; LEVIN and BEN-DOR, 2004): i) The slowing-
down of advance rates of the various transgressive ridges due to 
the spreading of vegetation cover on active dune fields, and ii) The 
morphologic change associated to this re-vegetation of the dunes 
resulting in an overall process of compression of the sand volume 
in the ridges and the enlargement of slacks which results in a 
sharpening of the profile ridges with a concave deflation cone and 
an over-elevation of the dune crests. 

DATA AND METHODOLOGY 
The two main data sources are the photogrammetric flights 

from 1977 (scale 1:18000) and 1999 (scale 1:20000). 
Digital photogrammetric restitution of both aerial image data 

sets (1977 and 1999) from scanned photographs was obtained 
using a photogrammetric scanner. Once the Ground Control points 
(GCP) have been registered using a DGPS for internal and 
absolute orientation of the stereoscopic pairs, contour lines (at 5 m 
intervals) and altimetric points data sets were generated. 3D-
restituion breaklines, basic for dune system DEM development, 
were also extracted at this stage (these included 
foredunes/backshore interface, advancing ridges/slacks interfaces, 
crestlines, etc). 

A Digital Elevation Model (DEM) and orthophotographs (1 m. 
spatial resolution) were generated for both datasets. Due to the 
scale of the used data set and the digital photogrammetric 
procedures, the estimated precision for elevations could be 
established around 1.5.  

After that, the photo interpretation and digitising of the 
geomorphological units (e.g. beach, foredunes, transgressive 
ridges and slacks) was carrying out.  

Finally, all the information was integrated into a GIS 
(ArcView 3.2 and Spatial Analyst) for further analyses, such as 
volumetric estimates, directional trends, etc. 

RESULTS 
Volumetric Quantification of the Entire Doñana 
Active Dunes System. 

The volumetric estimates of the entire mobile dune ridges are 
presented in this section by extracting these from the underlying 
topography, over which the dunes have progressed. A DEM of the 
baseline topography was developed to achieve this. This task was 
carried out by using the altimetric information available at 
interdune depressions, established dunes, the coastline, etc. Later, 
a DEM of the overall topography was generated. 

From the subtraction of the two surfaces a DEM of the mobile 
dune system can be obtained. The combined analysis 
demonstrates, among other things, what fraction of the overall 
topography is generally linked to the mobile dunes and a 
volumetric estimation of this fraction (Figure 2). 

Not only was the general volume of the system calculated but 
also this of the mobile dunes. The former is calculated at 706.6 
Hm3 (cubic hectometers), which corresponds to the topography 
above datum. The latter is estimated at 286.5 Hm3. These values 
represent a significant contribution to the generation of a valuable 
baseline for further research and other applications. As an example 
of potential application in research, the values have been 
compared with estimated figures from littoral drift in the area (0,3 
Hm3 yr-1). This quick analysis provides an idea of the time frame 
needed for the general accumulation of material conforming the 
entire dune system and the mobile fraction (2350 and 950 years 
respectively), which can help better understanding of previous 
interpretation on this topic in the literature (BORJA, 1997; LARIO et 
al, 2002). 

Analyses for a Pilot Area 
Rates of Advance and Estimation of the 

Directional Components  
The rates of advance between 1977-1999 for the pilot area and 

estimation of the directional components involved the calculation 
of the slip face advance between the reference dates. Firstly, the 
slip face fronts have been extracted from both orthophotos, which 
yields a number of polygons. Secondly, using a number of 
equidistant vectors, the distance between the two lines is measured 
following the direction of ridges advance (Figure 3). Lastly, the 
rate of advance is calculated by dividing the distance over the 22 
years elapsed between the reference dates. 

 
Figure 1. Study area: 1.foredune; 2.slacks; 3. active transgressive 
dunes; 4. established dunes; 5. Guadalquivir estuary  

 
 
Figure 2 Extracted DEMs from 1999 data set: 1. Overall 
topography DEM; 2. baseline topography DEM; 3. mobile dunes 
DEM 
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Results indicate an average rate of 1.21 m yr-1 with a maximum 
of 5.35 and a minimum of 0. These values show clear differences 
with the commonly accepted 5 to 6 m yr-1 for some small-scale 
areas within the Doñana dune system (GARCIA NOVO, 1997), 
based on work carried out in the 1970s. Therefore, it appears that 
the slipface shows a deceleration in advance rates. The same 
process has been described in other Mediterranean environments 
(KUTIEL, 2001; TSOAR and BLUMBERG, 2002; LEVIN and BEN-
DOR, 2004). 

The directional components of the 1999 DEM pilot area were 
extracted by selecting those areas where steepness exceeded 10%. 
Foredunes and inner dunes directional component were 
represented (Figure 4A). From this set a new selection was made 
only for advancing areas (Figure 4B). 

 In relation with the general trends in 1999, Figure 4A includes 
also the shoreline direction. The foredune step faces are evenly 
distributed to the downwind and upwind direction, clearly aligned 
with the shoreline. 

The directional component of the inner dunes, on the other 
hand, is clearly aligned with the leeward directional component (0 
to 90 quadrant), which comprises winds from the SW. It is equally 
significant, from a geomorphological perspective SW facing slip 
faces (120 – 150 deg.) which indicate dunes with a marked 
elongated shape, mainly representing arms of parabolic dunes, 
contrasting with the more dominant transverse dunes. These show 
slower rates of advance indicating a progressive stabilization state 
(HESP and THOM, 1990).  

Focusing in the directional trends of the advancing areas only, a 
number of distinctive characteristics can be highlighted (Figure 
4B). On the one hand, the advancing direction is related only to a 
sector between 0 and 90 deg. From these, directions between 0 
and 60 deg. represent the most dynamic slip faces in the 
timeframe. The other sector, between 60 and 90 deg., shows a less 
acute progressive trend. The same can be indicated for the 
elongated fronts with a SW bearing, which are hardly represented 
in Figure 4B suggesting its gradual stabilisation 

Areal Morphometric Evolution (1977-1999) 
In this analysis, equivalent units for the reference dates have 

been identified distinguishing beach, foredune, inner dunes and 
dune slacks. Later, the overlay of the different layers enabled new 
geomorphologic units to be interpreted representing, therefore, 
change/no change processes between the original units (Figure 
5A). 

Figure 5B and C show a tendency to an incrementing area in the 
slacks in contrast with the inner dunes. In terms of processes, it 
appears evident that the advances of ridges slip faces cannot 
compensate the quick expansion of the slacks. The following 
considerations can be made on these trends: i) a slow foredune 
growth due to the progradation of the beaches in this coastal 
segment. ii) a rapid growth of the area of the slacks, iii) a 
narrowing or area compression of the inner transgressive ridges, 
and iv) an unbalance between the advancing rates of the active slip 
faces (slowing-down) in relation with their tails, which explains 
the previous two points. 

This whole process is related with an increment of the 
vegetation density, verified by a rapid analysis of the aerial 
photographs in both dates. The precise nature of this analysis will 
be presented in future contributions. 

 
 
Figure 3. Example of vectors used for slip face advance rates 
estimates 

 
Figure 4. Directional components for areas with steepness exceeded 10º: A). The whole pilot area. B) Only for advancing  areas. 
 



 

Journal of Coastal Research, Special Issue 49, 2005 

Journal of Coastal Research SI 49 40 - 45 Coastal Erosion Spain ISSN 0749-0208 

Sediment Budget (1977-1999) 
An adequate characterization of the morphometric evolution of 

the pilot area selected from the 1977 and 1999 images includes the 
generation of the DEM’s for both dates and their comparison. 
Figure 6 shows the volumetric changes (accretion/erosion): 

Firstly, the total volume of accretion areas for the pilot area 
(641,6 ha) is calculated at 4217000 m3, which yields an annual 
rate (accumulated volume/surface associated to mobile dunes) of 
298 m3/ha/yr. This provides a first order of magnitude to an 

estimation of the processes of aeolian sediment transport. 
Secondly, mapping of the sediment budget provides the spatial 

distribution of erosional and accretional processes as responsible 
for the morphometric changes occurred between the reference 
dates. Here the concentration of narrow accumulative 
bandsassociated with the slip faces can be clearly appreciated, 
while deflation concentrates erosive processes in ample bands that 
occupy the centre region of the transgressive ridge 

 

Figure 5. Areal morphometric evolution. A. Areal changes; B. Slack/dune evolution comparison. C. Slacks/foredune/inner dunes 
evolution comparison  
 

Figure 6. Sedimentary budget 1977-1999 
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Finally, the dominance of the processes of sediment 
accumulation is evident on the foredune, likely occurrence given 
that this coastal segment is a prograding section in the context of 
the Huelva coast. At the foredune northern end the blowouts are 
less frequent, thus supporting the above-mentioned argument of 
generic sediment accumulation. To the south, deflation processes 
dominate, initiating a process, which culminates in the generation 
of a new slack, and a new transgressive dune ridge.  

CONCLUSIONS 
In relation with the morphometric evolution of the active dunes 

system of the Doñana National Park, the data provided appears to 
prove the initial hypothesis: the slowing-down of the advance 
rates of the slip faces of the inner dunes, partly due to the 
increment of the vegetation cover. This is illustrated by a series of 
morphological changes indicated by the enlargement of the slacks 
and the narrowing of the transgressive ridges. The sedimentary 
balance carried out from the generated DEM’s allows a volumetric 
quantification and mapping of this process, which appears to 
imply a significant morphological variation in the cross-section 
profile of the transgressive dune ridges (Figure 7). This 
development from a smooth cross-section profile towards a more 
acute one has recently been stated in other Mediterranean dune 
systems (TSOAR and BLUMBER, 2002). 

 

From a methodological perspective two facts can be highlighted: 
i) the use of soft copy photogrammetry provide geomorphologists 
with a powerful tool for the generation of high precision data for 
morphometric analysis of large scale coastal dunes, given its 
retrospective nature. ii) the integration of the results of the 3D 
photogrammetric restitution in a GIS environment enables a series 
of analyses and the quantification of morphometric changes, 
including volumetric quantification, up to date constrained to 
small study areas. 
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