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ABSTRACT   

 

VALLEJO, I;  OJEDA, J and MALVAREZ, G., 2006. Characterization and classification of the beach-dune 
system of the Doñana National Park, Southern Spain. Journal of Coastal Research, SI 48 (Proceedings of the 3rd 
Spanish Conference on Coastal Geomorphology), 112-117. Las Palmas de Gran Canaria – Spain, ISSN 0749-
0208 

This paper presents preliminary results on the characterisation of coastal dunes of the Doñana National Park in 
relation to evolution of the beaches from which they were sourced. This is achieved by developing a  
methodology that combines the extraction of multiple variables (morphology, topography and ecology) using 
photogrammetric restitution, photointerpretation, development of Digital Terrain Models (DTMs) and 
Geographic Information Systems (GIS). The implementation of the method yields both individualised and 
integrated results that enable the classification of 26 kilometres of dunes relative to the adjacent active beach 
system. The findings are discussed in the context of existing conceptual beach-dune models.  

ADDITIONAL INDEX WORDS: coastal dunes, conceptual model, GIS, DTM, cluster analysis.

 
INTRODUCTION 

Figure 1. Conceptual model for de beach/dune system (Psuty, 
2004). 

Approaches to coastal dune systems have undergone signicant 
changes in recent years. From initial systematic description 
(Carter, 1988; Clark, 1996), and discussion of their management 
(Sherman and Nordstrom, 1994), the present focus of discussion is 
on their high ecological, landscape and naturalistic values 
(Martínez and Psuty, 2004). 

However, current knowledge of dune formation and functioning 
is far from satisfactory (Hesp, 2002) for decision makers in the 
fields of conservation and management of natural resources and 
planning. Issues like the need to improve and link dune behaviour 
at spatial and temporal mesoscales to existing knowledge on micro 
and macro scales (see Sherman and Bauer, 1993 for scales 
definition) have been at the centre of the scientific debate 
(Sherman, 1995). Various classifications and conceptual models 
exist and these are in need of comparison, revision and validation 
(Hesp, 1988, 2002; Pye, 1990; Psuty, 1988, 2004; Arens and 
Wiersma, 1994). 

Psuty (2004) proposed a model that links the overall sediment 
balance affecting the beach and dune system. The morphological 
configuration is both the result and cause of this interlinked 
functioning, as shown in Figure 1. 

In this paper a method is developed to assess whether this 
model is applicable to the dune system of the doñana national park 
(SW Spain). Technology such as GIS, and DTMs are used and 
statistical analyses of input and derived data are carried out to 
ensure sound scientific outcomes 

STUDY AREA 
     Within the Doñana National Park, on the Atlantic coast of 

SW Spain, a mobile coastal dune complex covers about 60 square 
kilometres. It includes two separate systems (i) an outer complex, 
the coastal unit, that runs alongshore and is exposed to the 
influence of the open ocean between Matalascañas and the mouth 
of the Guadalquivir River (26.2 kms) and (ii) a transgressive dune 
field system enclosed within the internal dune complex (Figure 2). 
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The work outlined in this paper is focussed on the outer coastal 
unit including the backbeach which covers an area of 11.5 km2. 
This unit, of variable width, is defined by an outer limit coinciding 
with the High Water Mark and an inner limit defined by the 
landward contact with the internal dune complex described above.   

The coastal unit includes three subunits: the dune front, the 
intermediate zone and the internal dune, a transitional zone which 
fades into the inner complex. Figure 3 shows the arrangement of 
these three units. 

 

OBJECTIVES 
The objectives of the work outlined in this paper are: 

• To develop a method that enables systematic data 
acquisition in the beach dune system 

• To use this data to  differientiate and classify the 
coastal area 

•  To investigate the relationships between the beach 
and dune system with the view of assessing existing 
conceptual models. 

 

DATA AND METHODOLOGY 

Figure 2. Study area: 1.Outer dune complex (foredune); 
2.Internal dune complex; 3. Guadalquivir river. Both images 
correspond to the same date. 

 Baseline data was obtained from a 1:20000 orthophotograph 
dated 1999 that enabled a DTM to be developed. The most 
prominent geomorphological features were taken into account 
within the process of photographic restitution in order to enhance 
the quality of the DTM (Ojeda and Vallejo, 2003). Similarly, after 
digitisation and geometric correction, a second mosaic was created 
using aerial photographs (1:30000) from 1956..  

All image data was processed using ArcView 3.3 to obtain 
related datasets, shown in Table 1. Over this related dataset a 
number of shore-normal transects were drawn at 50 m intervals 
(Figure 4) for which the variables shown in Table 2 were 
calculated. 

All data from the 520 transects was then subject to regression 
and cluster analyses using the SPSS program. 

 

Table. 1 Data manipulation procedure and output  

Data Process/method Output data 

Orto 1999 Photointerpretation 
Geomorphologic elements 
and units (dry beach; dune 

foot; dune area) 
Orto 1999 Image classification Vegetation density 

Mosaico 
1956 Photointerpretation 

Geomorphologic elements 
and units (dry beach; dune 

foot; dune area) 

MDT 1999 Variable derivation Morphometric definition of 
units (height,  slopes…) 

Figure 3. Cross profile of the Doñana active dune system (A. 
Coastal dunes:A1. First dune front; A2. Intermediate zone; A3. 
Inner dune. B: Inland dunes. B1 Slack; B2. Transgressive dune 
ridge. 

Tabla 2. Variables obtained per transect 

Elements - Units Variables 
Shoreline Angle; advance/recession 1956-99 

Backbeach Width; height; slope 

Coastal dune (A) Width; height; slope, vegetation 
density 

Foredunes (A1) Width; height; slope, vegetation 
density 

Intermediate dunes 
(A2/A3) 

Width; height; slope, vegetation 
density 

 

RESULTS 
Results are presented around three main points: 
a) Coastal (outer) dune classification 
b) Beach classification 
c) Comparisson between both classifications (a and b) 
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Coastal dune classification 
Commonly-used  variables for dune characterisation (vegetation 

density, average dune height and width) are used in the 
classification from 1999 data set. 

These variables were analysed individualy before proceeding to 
the classification. This facilitated observation of their behaviour 
along the entire system before combining and extracting relevant 
conclusions on the interrelationships derived from their 
interaction. As an illustration of this, Figure 5  shows the variation 
of vegetation density along the 26 km segment.  There  are two 
clear zones: one covering the first 15 km with lower densities and 
a second that extends to the end of the system with denser 
vegetation.  

Figure 6 shows the relationship between the average height of 
the outer dune system and the vegetation density for 1999. As 

shown in previous studies, generally as vegetation density 
increases so does average height. This is confirmed by a 
statistically significant correlation coefficient of 0.6 between these 
two variables along the first 23 km of the system. However, in the 
last section, coinciding with the Guadalquivir river mouth this 
relationship ceases to be significant (-0.01) and lower dune 
elevation is associated with significant  vegetation cover.   

Figure 4. Generated transects for variables extraction.  

Figure 6. Scatter diagram showing relationships between average 
dune elevation and vegetation density. 

The process of dune classification, carried out using cluster 
analyses in SPSS, included five classes. Figure 7 shows the 
clusters represented as 3 scatter plots. The five classes are cearly 
established by comparing average elevation and vegetation density 
(Figure 7.A), with only minor uncertainty between classes 3 and 5. 
Groundtruthing was carried out to verify the quality of the 
classification. Class 1 corresponds to a well developed dune 
coinciding with high density vegetation cover. This type could be 
compared to type 1 (Fa) of Hesp’s (1988) classification,. In class 2 
there is a general decrease in both variables in relation to class 1.  
This coincides with Hesp’s (1988) type 2(Fb). Classes 3 and 5 are 
characterised by an arrangement of sand mounds which appear to 
match Hesp’s (1988) type 4 (Fd). This arrangement explains both 
the lower vegetation coverage and lower mean elevation Figure 
7.B illustrates how classes 3 and 5 are differentiated by a 
distinctive relationship between dune elevation and width. Class 5 
corresponds to an average width of about 70 m while in class 3 
this parameter reaches 150 m. 

Finally class 4 stands alone in its combination of significant 
vegetation cover values along with lower average dune height  

A basic characterisation and segmentation can be proposed by 
simply observing the distribution of these 5 classes along the 
study area (Figure 8): 

Figure 5. Vegetation density along the outer coastal dune system 

• A first segment of about 6 km-long mainly comprising 
class 5 with some class 2 dunes Class 5 is represented by a 
dune fringe arranged in mounds vegetated with Anmophila 
arenaria. Sections dominated by class 2 resemble dune 
ridges with a higer percentage of woody vegetation 
(armeria pungens, artemisia crithmifolia); in these areas 
elongated  trough blowouts are common. 

• The second segment, the next 9 kms, is defined by the 
alternation of classes 5 and 3 of lower dunes with less 
dense vegetation cover. This arrangement describes poorly 
defined dunes and extensive sand mounds. Coastal dune 
units are difficult to define in this section. 

• Further south, the third section is dominated by class 1, 
which can be described as a well-defined  dune ridge, 
showing successive growth sequences. In this structure 
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Figure 7. Scatter diagrams showing the 5 dunes classes (clusters).
Figure 8. Dune classes distribution. 

woody vegetation is profuse, mainly by juniper (Juniperus 
oxicedrus). 

• Towards the river mouth of the Guadalquivir, class 1 is 
substituted gradually by class 2, a section dominated by 
trough blowouts. 

• Finally, the last 4 km of the system at the river mouth is 
represented mainly by class 4, which comprises a 
succession of low dune ridges and denser vegetation cover. 

 
Beach Classification 

Beach classification has been developed using two variables: 
rate of change in shoreline position (both advance and retreat) and 
width of the backbeach. Analysis of the combination of these 
provides sufficient information to delineate general trends as well 
as a classification of the system (Figure 9). 

Between 1956 and 1999 there is a generalised trend of shoreline 
advance, with higher rates towards the end of the spit. The same 
applies to beach width. Both variables, however, show an 
exception to this trend approximately between kms 19 and 22 with 
lower values. 

The analysis identifies a distinctive section of some 9 kms at the 
northern end of the study area. Within this section the relationship 
between shoreline progradation rates and beach width is negative 
(-0.51), while the rest of the coastline shows a high possitive 
correlation of 0.88. Two hypotheses can be proposed that explain 

this phenomenon: (i) the variation is due to a sudden change in 
littoral drift, conditioned by the change in exposure at the 
inflection point between the sections; (ii) sediment dynamics in 
the first section is highly affected by engineering works for coastal 
defence (groyne fields, beach nourishment) along the tourist 
enclave of Matalascañas, to the NW. 

Figure 10 shows a scatter diagram for each of the 5 classes in 
and Figure 11 shows their spatial distribution. Classes 1 and 2 are 
related to high shoreline advance rates and high beach width at the 

Figure 9. Shoreline changes and backbeach width along the 
studied coast. 
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end of the spit. Class 4 characterises the following section to the N 
and coincides with the segment where shoreline advance is 
interrupted (kms 19 to 22). Class 5 describes a zone of limited 
growth and beach width of just above 50 m. Lastly, class 3 defines 
a section where wider beaches (>50 m) coincide with shoreline 
advance rates that are significantly lower than any other section of 
the study area. 

Comparing both classifications 

Figure 10. Scatter diagram showing the 5 beach classes. 

    Figure 12 shows the location of beach and dune types and 
Figure  13 indicates quantitatively the various types of beach on 
which the dunes are developed.  
• Dune type 1 develops on beach type 4 and 5. Therefore this 

dune type can be regarded as best developed in areas of rapid 
beach accretion (advance rates of 1.15 m/yr) and 
considerable width (37.5 m). 

• Dune type 2, is also associated with beach type 4 and in some 
instances type 3. Like type 1, the continous ridge shape is 
still dominant although blowouts are frequent (in space) 
perhaps related to narrow back beaches (27.1 m) and slower 
shoreline advance rates (0.81 m/yr).   

• Type 4 coincides clearly with beach types 1 and 2. In these 
beaches of the lower end of the spit system the fast advance 
of the shoreline (3.4 m/yr) does not favour the development 
of  well developed foredune but rather a series of dune ridges. 

• Dune types 3 and 5, characterised by the arrangement in 
mounds, are linked to beach type 3 which registers the lowest 
shoreline advance rates (0.50 m/yr) and coincides with high 
beach widths (57.14 m). 

 

CONCLUSIONS 
In the absence of more detailed studies that use a wider range of 

variables, the work outlined in this paper documents several dune 
types that can be associated with the beach systems that feed them. 

Figure 11. Beach classes distribution Figure 12. Dune and beach classes distributions. 
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In terms of Psuty’s (2004) conceptual model, the sediment 
budget for the dunes at Doñana National Park is positive. Figure 
14 indicates the adaptation of the original conceptual model to the 
study case in Doñana. As suggested by Psuty, fast growing phases 
are associated with a succession of numerous dune ridges which 
are poorly developed and separated from each other (dune class 
4). 

Slower growing rates provide higher dune systems, resulting 
from the addition of various dune ridges (dune class 1); this is the 
best developed type in the study area, since it links a strictly single 

ridge related by Psuty to a stable beach with a slight negative 
balance. As growth rates are lower, dune class 1 gives way to class 
2, which is lower and affected by frequent trough blowouts. 
Finally, where beach advance rates are lowest, dunes show a 
characteristic arrangement in isolated mounds (hummocky dunes).  

Figure 13. Ocurrence of dune classes on different beach classes. 
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