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En los ultimos afios, el denominado Patrimonio Cultural ha pasado a integrar al
Natural, alcanzando asi un significado mas global y equilibrado. El paisaje es una
representacion de los elementos naturales y sociales que constituyen el territorio,
razén por la cual se ajusta mucho mejor que cualquier otro concepto al contenido que
expresa el Patrimonio Cultural.

Sin embargo, las iniciativas llevadas a cabo para inventariar paisajes singulares
(desde una perspectiva especifica de ‘paisajes'), como por ejemplo el Catdlogo de
Paisajes de Interés Europeo {contenido dentro del Proyecto de Convencién Europea
sobre Paisaje), han fracasado. Este hecho pone de manifiesto la dificultad existente
por establecer una metodologia (si quiera una ‘aproximacién’) especifica para el
estudio y valoracion del paisaje. Por ello, el andlisis vy la proteccion de paisajes
singulares sigue ligada a la consideracion de alguno de sus componentes mas
destacados: histérico, urbano, vegetal, geoldgico, ..., aunque en muchos casos lo que
en realidad se pretende proteger es el ‘conjunto’. Un ejemplo destacado en este
sentido es el Listado de Patrimonio Mundial de Naciones Unidas. :

En este trabajo se lleva a cabo una primera aproximacion al estudio (seleccidén-
catalogacion, y evaluacion) de los paisajes dominados por la componente gedtica de
las Sierras de Gredos y Guadarrama. Todo ello desde la doble perspectiva que casi
siempre atafie a estos espacios: a) la cientifico-educativa (normalmente denominados
como “lugares de interés geoldgico”); b) la estética (paisajes geoldgicos singulares).

El estudio de “lugares de interés geoldgico” ha recibido una atencién importante por
parte de la comunidad cientifica en los Ultimos afios: también los andlisis ‘escénicos’,
pero en este caso sigue siendo dificil solventar el problema de la subjetividad. Esta
ponencia se centra sobre todo en este segundo aspecto; se asume que ia
subjetividad es inherente al propio concepto de paisaje, pero, partiendo de ese
reconocimiento, se han establecido aquellas preferencias que pueden considerarse
generales (o al menos mayoritarias), incluso universales, y que estan validadas por
estudios cientificos previos para nuestro contexto social y cultural (denominadas
categorias estéticas). Entre esas propiedades se han seleccionado aquéilas que
tienen una naturaleza geoldgica, y que son aplicables al ambito de estudio de esta
ponencia; ejemplos de éstas son: presencia de relieves abruptos o accidentados,
abundancia de afloramientos rocosos en superficie, presencia de masas de agua, y
existencia de valles fluviales encajados (gargantas) y tramos fluviales (canales) sobre
roca.
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A TECNICAS DE DIAGNOSIS, CONSERVACION E INTERVENGION

Sobre la base de este razonamiento, se han elaborado una serie de indices que
sirven como criterios de clasificacion (umbrales de desnivel y pendientes, porcentajes
de afloramientos rocosos en superficie, indices de rugosidad, densidad y tipo de
masas de agua, relacion altura-anchura en valles encajados y gargantas, presencia y
morfometria de fisonomias singulares —p.e., marmitas de gigante o saltos de agua—
en tramos fluviales sobre roca). La aplicacion de dichos indices a Modelos Digitales
de Elevaciones (MDE) de distintos sectores del ambito de estudio ha permitido
obtener varios ejemplos de cartografias de paisajes geoldgicos singulares,
establecidos en funcion de criterios cientificos y utilizando las posibilidades técnicas
de analisis espacial que ofrecen los Sistemas de Informacion Geogréfica,
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Abstract

From a Cultural Heritage point of view, a first classification of the most outstanding examples
of geological landscapes of the Gredos and Guadarrama mountains is proposed,
differentiating among their scientifical-educational categories and the visual factors for which
they are preferred. Besides, some aspects about their aesthetic appreciation and examples
of scenic assessment through the analysis of Digital Elevation Madels are described. Finally,
the inventory of geological landscapes for their conservation and management in the
framework of an actual Land Use Planning process is summarized.

1. Introduction

The landscape is regarded as the representation of both the natural and cultural elements
which compound the land. As the present significance of Cultural Heritage tend to integrate
the Natural Heritage, the landscape could be the object of study when trying to manage and
protect the Cultural Heritage.

However, the initiatives carried out in order to make inventories and assessments of the
landscape, such as the 'Catalogue of Landscapes of European interest’ (included into the
'Project of European Convention on Landscape’), have often failed. This circumstance
shows the difficulties for the establishment of a specific methodology (even an ‘approach’) for
the study and assessment of the landscape as a whole. Because of that, the analysis and
conservation of remarkable landscapes is still usually made on the basis of some of their
more outstanding components: historic, urban, botanic, geologic, etc.

2. Examples of classification

When talking of outstanding geological landscapes, two aspects are always involved
(Pedraza, 1986): a) the scientific and educational, in which case they are usually called
‘geosites’; b) the aesthetics (or geologic scenery).

2.1. Geo(morphic) sites

The scientific and educational potential of geosites has received important attention by the
international community over the last years. As an example of this, the UNESCO has run a
specific programme on Geological Heritage, called Geoparks (UNESCO, 1999).

As a part of geosites, geological landscapes are usually classified by their
geomorphic nature, and subsequently, they can be classified into categories by the factor
which imprints a stronger dominance in the landforms: tectonic structure, lithology,
geomorphic process (glacial, periglacial, fluvial, aeolian, coastal, etc.).

2.2. Scenery
The issue of aesthetics in Nature has also been a topic of major interest in the last decades;

however, the problem of biased preferences still remains, and the task of beauty assessment
in nature is far from reaching a satisfactory solution.



Assuming that subjectivity is an inherent concept connected with the landscape, an
starting point for giving scenic significance to the land could be the establishment of those
preferences which can be considered ‘worldwide' - the so-called ‘collective images’ (Lynch,
1960). According to Morisawa (1971), the main purpose of this quest should lay stress on
determining those characteristics of an scene which stimulate the responses (either negative
or positive) of the beholder; in our case, the problem would be to determine the geologic-
geomorphic components of the land that stimulate the aesthetical responses.

On this matter, there are not many studies which deal with the correlation between
geologic-geomorphic characteristics and landscape preference. Besides, when these
studies exist, the interpretation of why some characteristics stimulate the preferences is quite
difficult. But at the same time the necessity for landscape conservation and management is
evident, so that some kind of aesthetic evaluation is nesded,

Bearing in mind both circumstances, as a starting point for the search of relationships
between geomorphic characteristics and aesthetic significance, we have selected from the
literature those landform properties which have been found connected with scenic
preferences. The selected factors come from scientific research and for our socio-
economical context, and they are the following:

- Relief intensity | steep-scarped topography /| relief roughness. According to the
investigations of Linton (1968) and Brush (1981), among others, the higher is the difference
in altitude between mountains and valleys, or the steeper are the slopes, the higher are the
scenic preferences. The roughness and the degree of complexity of the topography appear
to be correlated with high visual quality as well. Kaplan & Kaplan (1989) and Gilmartin (1995)
propose that the attraction for these landforms is connected with the exploratory needs of the
human being and with the 'mystery' and ‘complexity’ variables.

- Abundance of rock outcrops. The work by Brush (1981) shows as well high correlation
between the presence of rock outcrops in the land surface and scene preferences.

- Presence of masses of water. Gonzélez Bernandez (1981), among others, have shown
how those landscapes in which water exist (rivers, lakes, waterfalls, etc.), arouse a high level
of aesthetic appeal by the beholders. This fact has been interpreted as an ancestral human
attraction by water, connected with their survival basic necessities: water supply, fertility,
possibility of hunting by shores and riverbanks, etc. (Appleton, 1975; Kaplan, 1987),

- Narrowlentrenched valleys. The attraction for narrow valleys have been also pointed out in
the literature (Leopold, 1969; Morisawa, 1971). The famous Spanish physiographer E.
Hernandez-Pacheco (1934, p. 30) also highlighted this fact: “El valle cerrado, la garganta, el
congosto y la hoz, es lo tipico del paisaje fluvial espafiol; paisaje rudo, agreste y fuerte, pero
de suprema belleza (...)". Here, the conjunction of some of the factors already mentioned
(presence of water, abrupt topography, etc), could play a role in the interpretation. As a
specific case, the presence of bedrock channels, because of its abrupt morphology (rapids,
potholes, etc.), seem to be also highly preferred by the public (Mufioz & Garzon, 1998).

- Colourful exposed sandstones. The appeal that these particular landforms exerts in the
public is a fact, as it is proved by the many national, natural and state parks established in
the Colorado Plateau (USA), mainly for their sandstone exposures. Stokes (1986) has
interpreted that attraction by the fact that those landforms are not very common worldwide.

As a summary, table 1 shows a proposal of classification by the panel of authors of
some outstanding geological landscapes of the Gredos-Guadarrama mountains, both by
their educational and scientific potential and by the geo-aesthetic factors which are
considered to be representative of the scenic preferences for our socio-economic context.

3. An attempt of assessing and mapping geological scenery

On the basis of the previous reasoning, and taken for granted that the proposed aesthetic
factors of landforms tie in with the preferences of the present potential visitors of the Gredos-
Guadarrama area, two attempts to assess objectively the scenic value of their geological
landscapes have been performed.



Table 1. Example of classification of Gredos — Guadarrama landforms both by type of
geo({morphic) sites and by the aesthetic factor for which they outstand. As it can be noted,
the coincidence between scientific-educational interest and scenery is strongly correlated.

GECMORPHIC SITES TYPE

OUTSTANDING EXAMPLES

Structuraiftectonic landforms

Lozoya valley, Jerte valley, Tietar valley, El Herraddn-Casillas fault,
ltuero y Lama cuestas, Torrelaguna cuestas

Granitic landforms

La Pedriza massif, La Cabrera massif, Cadalso de los Vidrios
piedmont, Las Cabreras (Alberche), Upper-Middle Alberche valley,
El Torozo peak

Exo-karstic landforms

Préadena-Arcones karst system, Lozoya valley alluvial karst

Glaciated landforms

Gredos massif, Pefialara massif, Sierra de la Nava, Sierra de
Béjar, La Serrota

Periglacial landforms

Galayos, Pefialara-Dos Hermanas, Gredos Central, La Mujer
Muerta, La Paramera

Slope landforms

Landslides system of the Jerte valley slopes, La Cabrera rockfalis

Fluviai landforms

Southern Gredos gorges (Blanca-Lébrega-Santa Maria, Chilla-
Tejea-Del Sauce-Alardos), Las Calderas, Infierno gorge, Garganta
del Villar floodplain,

GEOQ-AESTHETIC FACTOR

QUTSTANDING EXAMPLES

Relief intensity

South front of Gredos massif

High roughness degree

La Pedriza massif, La Cabrera massif, Gredos cirque, Siete Picos,
Galayos

High stepness

South front of Gredos massif, Galayos, La Pedriza massif, La
Cabrera massif, Northern slope of the Piedrahita mountains,
Northern front of the Sierra del Valle

Dominant rock outcrops in
surface

La Pedriza massif, La Cabrera massif, Gredos cirque, La Mujer
Muerta talus slopes, Galayos, Las Cabreras (Alberche), Cueva de
Maragato sienitic outcrops

Colour diversity / colourful
exposed sandstones

Cretaceous sandstones and shales of the Pedraza piedmont, Ojos
Albos piedmont (reddish Rafia)

Narrow valleys
{(gorges, canyons)

- Gorges of the mountain domain: Alto Moros gorge, La Yedra (El
Tiemblo), Santa Maria (La Adrada), Lanzahita
- Piedmont gorges: Lozoya, Picadas, Cofio, Maros (Valdeprados)
- Limestone piedmont canyons: Moros, Tejadilla, Eresma,
Polendos, Cega, Viejo-Pirén

Presence of natural masses of
water: mountain lakes

Penalara, Gredos, Cinco Lagunas, Barco, La Nava, El Duque, Los
Caballeros, El Trampal

Rapids - waterfalis

Los Chorros / Las Calderas (La Granja), Chorro (Navafria),
Chorrera gorge {Casavieja),_rapid-waterfall system of the Jerte
Valley gorges (Risco Encinoso, Asperones, Papuos, etc.}), Charco
de La Hoya {La Adrada)

Bedrock channels {with potholes)

Las Calderas, infierno gorge, La Boca de! Asno, Charco del
Negrito (Burgohondo)

Scenic rivers sections

Los Caballeros gorge, Garganta del Villar, Jerte river, Gaznata

For this, Geographical Information System technologies and analysis of Digital Elevation
Models (DEM) have proved to offer invaluable help for the automatic selection and mapping
of sites with scenic significance. One of the indexes derived from DEM which allows to
quantify the roughness degree of the landscape is its fractal dimension. When implemented
in a DEM, the fractal dimension represents the index of configuration variability between a

specific pixel and their neighbours.

The theoretical boundaries for this parameter are 2

(Euclidean plan} and 3 (three-dimensional Euclidean figure). In Nature, the boundaries are;
2, for specific plain locations, and 2.4-2.5, for the more roughed landforms. Figure 1 shows
the application of the fractal index (Sanz, 2001) to La Pedriza massif (south slope of
Guadarrama mountains, Madrid), obtaining a very high correlation between the higher
roughness indexes and the more preferred sites by the visitors of this Natural Park.




DIGITAL ELEVATION MODEL OF LA PEDRIZA MASSIF

FRACTAL DIMENSION OF LA PEDRIZA MASSIF

v o

Figure 1. Fractal dimension indexes of La Pedriza massif (Sanz, 2001). Those domains
which show pixels with higher values fit in with the more valuated and preferred landforms of
La Pedriza by visitors; for instance: 1, Macizo del Péjaro; 2, Macizo del Yelmo.

Another index which can be easily obtained from the analysis of Digital Elevation Models is
the ‘altitudinal contrast’ {or ‘local relief intensity'} between pixels, or maximum difference in

height between a definite pixel and their neighbours (Figure 2).

DEM OF THE $.M. VALDEIGLESIAS AREA,

ALTITUDINAL CONTRAST

Figure 2. Local relief
intensity of the San Martin

o0t de Valdeiglesias 1:50.000
bl RE]

Tl Sheet (17-22, §57), of the
%ﬁs National Topographical

1063 .4

resed Map. The index has been
3%% performed by Sanz (2001)
132215

from the Digital Elevation
Model (1 pixef each 50
metres). Once again, those
areas which show higher
values, are usually those
with higher scenic
preference by visitors. This
is what happens, for
instance in: 1, Almenara
ridge and peak; and 2,
Guisando knob.



The development of studies in morphometry combined with GIS analysis could help to
establish some other indexes for the geomorphic factors already mentioned, useful for scenic
assessments, such as: steepness degree, by calculating and reclassifying the slope map
from the DEM; abundance of outcrops in the surface of the land, by reclassifying the land
use-vegetation map, overlaying it with other factors, such as lithology hardness, etc.; density
and type of masses of water from reclassifying satellite images and land-use maps;
narrow/entrenched gorges, by establishing width-depth ratios in valleys; rapid-waterfalls, by
analysis of longitudinal profiles in rivers and streams; etc.

4. An example of integration of outstanding geologic landscapes in and actual Land-
Use Planning

Our participation in the project of Land Use Planning Guidelines of Segovia and
Surroundings (De las Rivas, 2001), which aim is the Jand planning of a sector of the North
Slope of the Guadarrama mountains, has allowed us to produce a specific cartography for
scenic and visual implications of geological landscapes., ready to be applied in the land-use
management of this area. In this map (Figure 3) the following topics are displayed:

- Quistanding landforms. On the basis of the already said, those landforms in which one or
more of the referred scenic factors appear (abrupt topography, abundance of exposed
outcrops, etc.), are depicted in the map in the form of gorges, canyons, gullies, etc. Following
the previous reasoning, these landforms could be classified as having 'high visual quality’.

- Other aspects. The topographic configuration of the land allowed us to map some other
aspects useful for landscape management, such as: optimum viewpoints and scenic roads,
from where the best 'vistas’ can be obtained, and landforms with the higher visual exposition,
which can be interpreted as higher visual incidence and fragility.

Scenic roads
@ Viewpoints

[~ Landforms with high visual quality/fragility

OUTSTANDING GEOLOGICAL LANDSCAPES

77 Torrential gorges

2] Piedmont gorges

imestone piedmont canyons

o4 Gultied slepes (coeured sandstone ouicrops)

Area of Land Use Planning

Figure 3. Scenic information and visual implications of the geological landscapes of a sector
of the North Slope of the Guadarrama mountains. From the inventory of the 'Land Use
Planning Guidelines of Segovia and Surroundings’ (De las Rivas, 2001).



5. Summing up

When talking about geological landscapes, we are referring those portions of the land
dominated by their 'geofic' components. Geological landscapes have an indubitable cultural
value, and they should be considered as a part of the Cultural Heritage. For their study, two
aspects are always involved: a) their scientific and educational interest (geosites); b) their
aesthetical appreciation {geclogic scenery).

Geographical Information System technologies and the analysis of Digital Elevation
Models (DEM) offer invaluable help for assessing and mapping geosites with scenic
significance. All this information, scientifically tested, should be integrated in actual
landscape planning and management initiatives, as it happens in the referred case of the
Segovia area and surroundings.
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