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Abstract

The main purpose of this paper is to develop a systematic, spatially explicit approach
to the analysis of the ecosystem services provided by the metropolitan landscape
that can act as a support for green infrastructure planning. To achieve this, we have
proposed a set of indicators to assess and map nine ecosystem services—including
regulating, provisioning, habitat and cultural services. This methodology has been
applied to three case studies in the south of Spain: the metropolitan areas of Seville,
Malaga-Marbella and Cordoba. Despite the geographical proximity of these areas
to one another, the indicators show that there are significant differences in their
potentialities and available resources to form a multipurpose green space system.
The results suggest that further reflection is needed on how the concept of green
infrastructure can be applied to metropolitan areas, especially in the Mediterranean
region and other similar geographical contexts. Instead of understanding green
infrastructure strictly in terms of a network of interconnected green spaces and natu-
ral areas, planning initiatives should assign a more important role to the landscape
matrix and, in particular, to the multifunctional cultivated space on the urban fringe.
In addition, more thought needs to be given to how to create functional green corri-
dors in the metropolitan landscape for public use and habitat conservation. From the
perspective of spatial planning, the methodology proposed has been demonstrated to
be a useful tool to identify key spaces for the provision of ecosystem services.
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Introduction

In recent years, green infrastructure has become a widely-used approach to the plan-
ning and management of open spaces and natural areas in urbanized environments.
Its core principles are the interconnection of an area’s environmentally valuable
components into a coherent network, the enhancement of its multifunctionality and
the adoption of a proactive, smart focus for its management (European Environment
Agency, 2011a). Although the origin of the concept dates back to the 1990s, when
it emerged as a response to the growing concern for the environmental implications
of urban sprawl (Benedict & McMahon, 2002), the theoretical assumptions behind
green infrastructure are underpinned by well-grounded concepts in the fields of
urban and spatial planning. These include the creation of interconnected networks
of urban and periurban parks, which can be traced back to Frederick Law Olmst-
ed’s mid-nineteenth century proposals for New York and Boston, the development
of greenways and ecological networks for both public use and nature conservation
(Ahern, 1995; Jongman et al., 2004; Opdam et al., 2006), or the application of prin-
ciples derived from landscape ecology to the study and planning of urban regions
(Forman, 2008). The concept of green infrastructure integrates these ideas by pro-
posing an action framework adapted to the challenges faced by today’s cities, posi-
tioning the nurturing of ecosystem services as one of the top priorities for interven-
tion in urbanized areas.

The successful dissemination of the concept in recent years has resulted in its
growing application on both the analytical and propositional levels (EEA, 2011a;
Elmgqvist et al., 2013). Green infrastructure has been incorporated into the legisla-
tive framework of the European Union through a Communication from the Euro-
pean Commission entitled ‘Green Infrastructure - Enhancing Europe’s Natural Capi-
tal’ (European Commission, 2013), which ties in with the progressive integration of
the concept into community actions and programs such as the Seventh Framework
Program for the Environment, the European Biodiversity Strategy and the European
Union Strategy for Climate Change. The European Environment Agency (EEA,
2011a, 2014) proposes two basic scales of application: on the one hand, the creation
of regional- and national-scale nature protection systems, and on the other, local-
level green infrastructure design, related to the planning and management of urban
open spaces.

The present research assumes that the metropolitan scale—i.e., an intermediate
step between the mentioned regional and local scales—can be an optimal choice
for the planning of multipurpose green infrastructures in rapidly urbanizing
landscapes. Current urban dynamics and processes—e.g., urban sprawl or urban
mobility—are taking on an increasingly supra-municipal or metropolitan dimen-
sion, clearly extending beyond the traditional city’s administrative limits in both
physical and functional terms (Hall, 1998). Therefore, this scale is progressively
being adopted by academia and institutions as the most suitable for the analysis
and management of urban systems (Organization for Economic Co-operation and
Development, 2012). From the point of view of green infrastructure planning, the
adoption of a metropolitan focus allows us to consider a wide spectrum of open
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spaces and territorial resources, ranging from urban trees and district parks to
large forest or agricultural areas near or around the city (Feria-Toribio & Santi-
ago-Ramos, 2017). The integration of this diverse range of elements into a single,
interconnected open space system enables the city to achieve a more harmonious
and sustainable relationship with the surrounding area, and allows for a better
spatial articulation between the different urban nuclei that make up the metropoli-
tan area.

From the functional perspective, this greater diversity of components opens the
door to the simultaneous provision of a broad spectrum of ecosystem services:

— Regulating services that improve urban environmental conditions through the
reduction of air pollution (Manes et al., 2014; Fusaro et al., 2015; Kim et al.,
2015), the sustainable management of urban hydrological processes (Jia et al.,
2016; Lewellyn et al., 2016), the mitigation of the urban-heat-island effect
(Farrugia et al., 2013) or the adaptation to climate change (Momm-Schult
et al., 2013).

— Provisioning services linked to food production (Magoni & Colucci, 2017)
and primary sector production (European Commission, 2013).

— Services related to the conservation of biodiversity (Wickham et al., 2010)
and the protection of natural habitats in the face of urban sprawl and the frag-
mentation of open spaces (Benedict & McMahon, 2002).

— Services linked to social, cultural and recreational benefits (Chiesura, 2004; Zwi-
erzchowska et al., 2018), and the contribution to a healthier (Tzoulas et al., 2007)
and more equitable (Heckert & Rosan, 2016) urban environment for citizens.

Green infrastructure design should enhance the multifunctionality of the metro-
politan landscape, an objective that requires a strategic selection of the components
that will form part of the open space system. In this context, a prior spatially explicit
assessment of the ecosystem services generated in the metropolitan landscape can
help to identify the key spaces that it is a priority to preserve (Zhang & Mufioz
Ramirez, 2019). The lack of this kind of analysis may result in the urbanization of
natural or semi-natural periurban areas with a significant potential for the provision
of environmental functions, as has been observed in different Spanish urban agglom-
erations (Santiago-Ramos, 2015). Periurban croplands are especially affected by this
problem, despite being a highly valuable component of the metropolitan landscape
(Pedrazzini & Pedrotti, 2011; Batlle, 2011; Yacaman et al., 2020).

The present work is based on the hypothesis that the metropolitan territory as a
whole constitutes a potential source of ecosystem services. The primary objective of
this study is therefore to develop a systematic approach for the assessment of eco-
system services provision in metropolitan environments. The proposed methodology
is not limited to evaluating the benefits for discrete components of green infrastruc-
tures —e.g., urban parks, nature reserves, etc.—, but also addresses the functionality
of the metropolitan landscape from an integrating, comprehensive viewpoint. This
allows for the functional dimension of the metropolitan landscape matrix —includ-
ing agricultural, forestry and grazing areas, as well as artificial land-uses— to be
assessed.
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The second objective of this research is to exploit the application of this meth-
odology to provide a better understanding of the environmental functionality of the
metropolitan landscape. To achieve this, the proposed method will be applied to
three case studies and the results obtained will be discussed from the perspective of
green infrastructure planning. The cases selected for analysis are the metropolitan
areas of Seville, Malaga-Marbella and Cordoba, which are all located in the south of
Spain. The three areas are representative examples of medium-sized urban agglom-
erations in the Mediterranean region; as a result, it may be possible to extend the
reflections of this study to other urban areas of similar size and characteristics.

Study Areas

fvAs can be seen in Fig. 1, the three study areas are complex, diverse territories
which are rich in natural habitats and resources, with very different spatial configu-
ration patterns. This enables us to draw up a comparative analysis of these urban
areas, each having different potentialities and limitations despite their geographical
proximity to one another. Table 1 sets out the main features of the three areas.

The Seville area has a population of 1,608,704 inhabitants and covers a surface area
of 5756 km?. It is the main urban agglomeration in Andalusia and the fourth largest in
Spain after Madrid, Barcelona and Valencia. Of the three study areas, Seville presents

CORDOBA

MALAGA-

Land use / land cover LR
MARBELLA >

B Artificial land-uses
Agricultural uses
Forest / natural cover 5
Water bodies and wetlands

Fig. 1 Location of the study areas
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Table 1 Study areas: General data

Metropolitan area No. of municipalities ~ Population in 2020 Surface area Metropolitan
(km?) Plan approval
date
Cordoba 10 380,098 2108 In preparation
Malaga-Marbella 25 1,331,113 2528 2009
Sevilla 51 1,608,704 5756 2009

Prepared by authors with data from the Municipal Register of Inhabitants (National Statistics Institute,
2020)

the greatest complexity both from the administrative viewpoint—it is made up of 51
municipalities—and from the perspective of the physical environment. Its diverse land-
scape allows us to identify a variety of territorial sub-units, including areas of plains
and river terraces with a predominance of urban uses and irrigable cropland, mountain-
ous regions to the north, wetlands and rice paddies to the south, and large stretches of
non-irrigated cropland—mainly cereals and olive groves—in the central area.

Seville is followed by the Malaga-Marbella metropolitan area in both size and
complexity. With a population of 1,331,113 inhabitants and a surface area of
2528 km?, this is the most densely populated area of all three. Its 25 municipali-
ties are scattered over a widespread area that ranges from mountains and pre-lit-
toral croplands to a coastline that is almost completely occupied by an unbroken
tract of urban and artificial uses.

Lastly, the metropolitan area of Cordoba is the smallest in terms of population—308,098
inhabitants—and surface area—2108 km?. It is composed of 10 municipalities, with areas
of mountainous woodland to the north and mainly agricultural land associated with the
Guadalquivir valley in the south. The main axis of the metropolitan area is defined by the
presence of the river, around which the main nuclei of the population have been formed.

The limits for the three areas of study have been taken from the proposed delimita-
tion of Spanish metropolitan areas developed by Feria and Martinez (2015), which is
based on conventional, internationally standardized criteria of both functional (com-
muting) and morphological (urban land-use) references. This delimitation method
can be equated to that used by the regional administration for the planning of Anda-
lusian urban agglomerations. This guarantees both the comparability of the results for
the three areas and their possible practical application in the field of spatial planning.
The Seville and Malaga-Marbella areas already have metropolitan-scale planning
instruments in place and the Cordoba area is in the process of drafting a metropolitan
plan; as such, the results of this research could be of practical use to apply, revise or
bring these plans up to date in relation to green infrastructure.

Method

The research methodology takes its general reference from the MAES approach, devel-
oped by the EU’s Joint Research Centre for the evaluation and spatial representation
of ecosystem services at a European scale (Maes et al., 2011), as well as the previous
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advances made by the research team in the study of the structure and functionality of
metropolitan open spaces (Santiago-Ramos, 2015; Feria-Toribio & Santiago-Ramos,
2019). The MAES approach provides spatially explicit indicators for several ecosys-
tem services and identifies the contributing land cover classes for each service, facilitat-
ing the quantification and mapping of the environmental benefits considered. For this
study, a set of indicators has been selected and adapted in order to analyse nine ecosys-
tem services considered to be particularly relevant for the planning of a metropolitan
green infrastructure. Table 2 shows the indicators and gives a synthetic list of land-use
and land cover classes that have been taken into consideration for calculation and map-
ping. The services and indicators selected have been divided into four categories: regu-
lating services, provisioning services, habitat conservation services, and cultural and
public use-related services. These categories correspond to the classification of land-
scape services proposed by De Groot and Hein (2007), which facilitates the analysis
and discussion of the results in the light of their potential application in spatial planning
processes.

The spatial database used to prepare the maps and calculate the indicators was the
Spanish Land Occupancy Information System (SIOSE), updated for the year 2011 by
the National Geographic Institute of Spain (2015). The SIOSE spatial database has
a reference scale of 1:25,000 and follows an object-oriented data model. It provides
detailed information on the land-use and land cover in each of the spatial units—i.e.,
polygons—into which the territory is divided. For example, a polygon that represents
a crop mosaic could be composed of 60% arable crops, 30% fruit crops and 10% leafy
trees. When each type of cover is given a specific value for one particular ecosystem
service—e.g., an average carbon storage value—, it is possible to quantify the capacity
to provide this service in each of the polygons.

The combination of the chosen indicators with the object-oriented nature of SIOSE
allows a spatially continuous approach to the analysis of most of the environmental
functions considered. The resulting maps reflect how the provision of ecosystem ser-
vices is distributed throughout the metropolitan territory. Each map shows a gradient
of functionality, enabling us to identify key areas for the provision of a particular ser-
vice. This approach makes it possible to assess the benefits provided by the metropol-
itan landscape as a whole, and helps to evaluate the contribution of different spaces
and elements that are usually assigned a secondary role in terms of their environmen-
tal functionality -e.g., agricultural or pasture areas. Only the mapping of cultural and
recreational services is based on the identification of discrete elements -i.e., urban and
periurban parks and public use connectors.

Results

Regulating Services

The regulating services analysed are the mitigation of climate change through the
capture and sequestration of atmospheric carbon, the improvement of air quality

and the regulation of the urban climate by urban and periurban vegetation, and
the hydrological regulation based on permeable soil (see Table 3).
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Metropolitan ecosystems can play a significant role in climate change miti-
gation, acting as CO, sinks and partially compensating for the emissions gen-
erated in the urban environment. In the Malaga-Marbella and Cordoba areas,
the presence of extensive forest masses offers great potential for the provision
of this service. Both metropolitan areas present a very significant carbon stor-
age capacity: 24.30 t/ha and 20.39 t/ha, respectively. As can be seen on the maps
(Fig. 2), in Cordoba and, above all, in Malaga-Marbella, this function is more
intense in sectors located to the north of the main urban nuclei, corresponding to
areas of mountainous woodland. In the case of Seville, carbon sequestration pre-
sents a more even distribution, due to the presence of large masses of olive trees
and mosaics of woody crops that extend throughout the metropolitan landscape.
Although these agricultural land-uses have a lower carbon storage index per hec-
tare than forest masses, their widespread distribution makes them a highly valu-
able resource for helping to mitigate climate change and represent a high total
value for carbon storage in the area.

Urban and periurban vegetation also contributes to improving air quality in cit-
ies, whether by capturing polluting compounds, dissolving hydro soluble pollutants
on the damp leaf surfaces or intercepting particles suspended in the air. The pres-
ence of vegetation also has a notable effect on the temperature and helps to lessen
the urban heat island effect. To estimate the contribution made to these benefits by
open urban and periurban spaces, the land cover classes with vegetation have been
identified within a radius of 3 km around the urban areas—with urban areas under
25 ha omitted to avoid distortion in the results. The spaces delimited in this way
have been reclassified according to their leaf area index (LAI), which can be consid-
ered a synthetic indicator of their contribution to this service. Figure 3 shows how
the zones that contribute to improving the air quality in the Malaga-Marbella area
are distributed in a marked linear pattern and form an unbroken sector of forest and
agricultural spaces along the perimeter of the coastal conurbation. In the case of
the Cordoba area, the distribution of this service is more polycentric, although the
natural spaces associated with the Guadalquivir River—the central axis of the urban
agglomeration—clearly stand out. In the case of Seville, the provision of this ser-
vice is markedly polycentric, in keeping with the complex urban system defined by
a powerful central urban nucleus and a broad set of secondary nuclei. The variation
in the LAI value (see Table 3) depends on the predominance of areas of woodland,
crops, green zones and other land-uses in these periurban belts. The Seville area
stands out for a greater average LAI value (2.09), largely due to the contribution of
farmland —the majority component of the periurban landscape.

As regards hydrological regulation, the analysis focuses on soil sealing as the
main disturbance factor in the urban environment. The replacement of natural
cover by sealed surfaces reduces soil infiltration capacity and rainwater inter-
ception by plants, leading to a significant increase in surface run-off and diffuse
pollution. According to Arnold and Gibbons (1996) and Paul and Meyer (2008),
when soil sealing exceeds 10% of the surface of a water basin, the impact on
the receiving watercourse starts to become significant. The analysis of sealing
in the study areas has been conducted on the sub-basin scale (Fig. 4), in order to
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identify the sectors in the metropolitan space where greater pressure exists from
artificial sealing.

The results show that there are two sub-basins with sealing scores of over
10% in the Seville area (with percentages of 13.63% and 15.07%) and one in the
Cordoba area (13.19%). The preservation of non-built-up space in these sectors
should be regarded as a priority in the design of the metropolitan green infra-
structure so as to prevent a greater impact on local water systems. The results
reveal that a major part of this regulatory function is provided by periurban crops
and pasture areas, which normally lack solid protection against future urban
growth processes.

Provisioning Services

The provisioning services analysed in this study are forest, crop and livestock pro-
duction. Table 4 gives the values obtained for the indicators related to these func-
tions. As can be seen, over half of the territory in two of the analysed metropolitan
areas -Cordoba and Seville- is dedicated to crops. In both cases, agricultural uses are
the main components of the metropolitan landscape matrix, both in terms of surface
area and spatial continuity. The case of Seville stands out, both in terms of total
surface area and in relative surface area used for crop-growing (366,518 ha, 63.7%
of metropolitan territory). In this case, the periurban cultivated spaces form a kind
of agricultural belt that surrounds the central city and, in practice, acts as an equiva-
lent to a green belt in the absence of other less anthropised open spaces (see Fig. 5).
The important presence of irrigated crops (e.g., rice crops, fruit trees, and exten-
sive crops like cotton or sunflower) in the areas of Seville and Cordoba should also
be highlighted. The economic potential of irrigation crops makes them more resist-
ant to the expansion of urban land uses than non-irrigated crops (e.g., cereal, olive
trees), so they can play an important role in containing urban sprawl and conurba-
tion processes —one of the main functions assigned to green belts.

As for forestry provision, total forest areas in the metropolitan territory have been
quantified, as well as plantation forests and the dehesas—a type of traditional agro-
silvo-pastoral system (see Table 4 and Fig. 6). The three metropolitan areas analysed
show a substantial amount of woodland cover, with values over 30,000 ha. As far as
forest plantations are concerned, the case of Malaga-Marbella is particularly note-
worthy, as this kind of economic exploitation occupies over 9000 ha. Meanwhile,
the presence of the dehesas can be highlighted in the Cordoba area, where they
occupy over 7% of the metropolitan territory, and in terms of total surface area in
the Seville area, with over 27,000 ha of cover. The multifunctional nature of dehesas
and their outstanding economic, environmental and heritage value make them espe-
cially suitable as potential components of a green infrastructure.

As regards pasture provision (Fig. 7), the areas of Seville and Malaga-Mar-
bella stand out in terms of net surface area with potential for livestock feeding
(e.g., cattle, pig, sheep, goat), over 50,000 ha in both cases. Due to their close
connections with natural spaces of greater ecological value, many pasture areas
have great potential for being included in a metropolitan green infrastructure,
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CORDOBA MALAGA - MARBELLA SEVILLE

=75 - 130

Fig.2 Carbon storage (t/ha) in metropolitan ecosystems in the areas of Cordoba, Malaga-Marbella and
Sevilla. Source: Prepared by authors with data from SIOSE

CORDOBA MALAGA - MARBELLA SEVILLE

¥
&

m=580-8.70

Fig. 3 Estimation of urban and periurban leaf area index in the areas of Cordoba, Malaga-Marbella and
Sevilla. Source: Prepared by authors with data from SIOSE

especially as areas to strengthen ecological connectivity. One example of this is
the pastures in the western sector of the Seville metropolitan area, which, as can
be observed in Fig. 7, contribute to the creation of a north-south green corridor
along one of the urban agglomeration’s major rivers.

Habitat Conservation Services

One of the main objectives of a metropolitan green infrastructure is to preserve nat-
ural areas from processes of land-use change. In global terms, the indicators show a
more than notable presence of natural habitats in the three metropolitan areas (see
Table 5 and Fig. 8). Malaga-Marbella stands out especially, with over half of its ter-
ritory occupied by natural cover. Legally-protected natural areas are also abundant
in the three case studies, reflecting the significant ecological value of the land which
makes up the metropolitan landscape. In this respect, the Cordoba area stands out,
with 70% of its habitat currently affected by different categories of protection.
Metropolitan natural habitats must also be addressed in terms of their spatial
configuration. Habitat fragmentation is particularly detrimental, as this process
reduces the capacity of natural areas to maintain biodiversity (Hedrick, 2001) and is
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CORDOBA MALAGA - MARBELLA SEVILLE

Fig. 4 Percentage of pervious surface area in metropolitan sub-basins in the areas of Cordoba, Malaga-
Marbella and Sevilla. Source: Prepared by authors with data from SIOSE

currently considered one of the main threats to nature conservation in Europe (EEA,
2011b). A landscape metric —Effective Mesh Size (Jaeger, 2000; EEA, 2011b)- has
been applied to analyse the spatial continuity of habitats. This index shows the like-
lihood of two random points in a landscape being connected in a single patch of
natural cover. The lower the Effective Mesh Size, the greater the level of fragmenta-
tion of the natural cover, and vice-versa. The results reveal that the lowest degree
of fragmentation is found in the Malaga-Marbella area —with an Effective Mesh
Size value of 48.732 ha-. In this case, as well as in Cordoba, the natural habitat is
shaped by large, continuous patches mainly corresponding to mountain forest areas
(see Fig. 8). The case of Seville contrasts with the other two, as it is divided into
the northern and western sectors of the metropolitan area with quite extensive and
continuous natural patches, whereas in the centre, the east and the south of the urban
agglomeration the natural patches are highly fragmented by agricultural and artifi-
cial land-uses.

Cultural and Public-Use Related Services

The analysis of public-recreational use has focused on two types of elements: urban
parks (located within the urban area and with a fundamentally municipal reach)
and periurban parks (larger in size, with a higher degree of naturalness and a supra-
municipal reach, and situated more often on the periphery of the urban area). Table 6
shows the values obtained in the analysis. A significant disparity can be seen in the
amount of surface area devoted to these two elements in the three areas under study.

The Seville area stands out for the number of urban parks (41) and for the total sur-
face area that they occupy (over 860 ha), which is in keeping with the larger size and
population of this urban agglomeration. Seville also has the highest park surface area per
number of inhabitants (5.39 ha/10,000 inhabitants). The presence of urban parks is sig-
nificantly lower in Cordoba, with 2.34 ha/10,000 inhabitants, and Malaga-Marbella, with
only 1.19 ha/10,000 inhabitants. As far as periurban parks are concerned, the Cordoba
area stands out, with three areas of this type occupying a total of 900 ha. In contrast, the
Seville area has three periurban parks covering a total area of 128 ha, while there is only
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CORDOBA MALAGA-MARBELLA SEVILLE

Crops
= Nonigated
0 10 20km Irrigated
P

Fig.5 Irrigated and non-irrigated agriculture in the areas of Cordoba, Malaga-Marbella and Sevilla.
Source: Prepared by authors with data from SIOSE

CORDOBA MALAGA-MARBELLA SEVILLE

3 Forest plantations

Percentage of tree cover

Fig. 6 Woodland cover (%) and forest plantations in the areas of Cordoba, Malaga-Marbella and Sevilla.
Source: Prepared by authors with data from SIOSE

CORDOBA MALAGA - MARBELLA SEVILLE
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Fig.7 Pastureland cover (%) in the areas of Cordoba, Malaga-Marbella and Sevilla. Source: Prepared by
authors with data from SIOSE

one in the Malaga-Marbella area, occupying 11 ha. Finally, in the case of Cordoba, the
greater extension of natural areas near the centre of the urban agglomeration can act —to
some extent- as compensation for the smaller number of urban parks.

In the category of non-motorized mobility, the presence of cycle routes, sign-
posted greenways and paths, and vias pecuarias—a network of historic cattle trails,
currently used as public, legally-protected country lanes—has been mapped (see
Fig. 9) and quantified.
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The most extensive cycle routes are found in Seville (294 km) and Malaga-Mar-
bella (102 km), whereas the Cordoba area has the greatest length per inhabitant
(1.82 km/10,000 inhabitants). Seville stands out as the only area with a highly-devel-
oped cycle lane network within the city’s urban fabric that offers a fully-functional
option for mobility, although it is patchy and poorly articulated in the periurban sec-
tor (see Fig. 9). On the other hand, the presence of greenways and paths is especially
significant in the Cordoba area, with a total of 76 km and 2 km/10,000 inhabitants.
The location of these elements and their adaptation for public use enables citizens to
travel between parks, natural areas and periurban rural spaces.

The results reveal that cattle trails are far more common than the other con-
necting elements which makes them a resource with enormous potential for green
infrastructure planning, especially since that are perfectly articulated into a net-
work. These lanes and tracks cover large expanses in the areas of Seville (2402 km,
14.93 km/10,000 inhabitants) and Cordoba (926 km, 24.36 km/10,000 inhabitants).

Discussion

The results obtained for the three case studies confirm that the metropolitan landscape can
provide a wide range of environmental functions and benefits. However, the areas differ
significantly in the size, distribution and spatial configuration of the landscape compo-
nents that provide those services. Consequently, from a functional perspective, the optimal
configuration of a metropolitan green infrastructure would be very different for each of
the three urban agglomerations. It is therefore recommendable to avoid the application of
pre-established and rigid planning models—for example, based on the green belt or the
urban-rural gradient concepts—, and to adapt green infrastructure design to the specific
potential and characteristics of each metropolitan area. The optimal planning choices can
also vary depending on the services that are considered a priority in each case.

Despite these inherent differences, the three case studies share some relevant fea-
tures in common that must be discussed, as they can provide a deeper understanding
of the environmental functionality of metropolitan landscapes. In this case, two main
implications can be drawn from the results. First, the analysis suggests that planning
initiatives should assign a more important role to the landscape matrix and, in par-
ticular, to the multifunctional agricultural areas on the urban fringe. Second, further
thought should be given to how to improve the connectivity of open spaces in metro-
politan areas in terms of public use and habitat conservation.

The Functional Role of the Metropolitan Landscape Matrix

Our research reveals that the provision of regulating services in the three areas studied is of
a spatially continuous nature. None of the services analysed can be assigned in particular
to any one (or more) specific types of open space. On the contrary, they depend on differ-
ent cross factors, such as the type and abundance of vegetation or the degree of soil seal-
ing. In consequence, there is a wide range of components of the land-use mosaic that can
act as a source for these services. In the absence of more natural areas, human-dominated
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CORDOBA MALAGA-MARBELLA SEVILLE

2 Legally protected areas

Natural cover
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Fig. 8 Natural cover and protected natural spaces in the areas of Cordoba, Malaga-Marbella and Sevilla.
Source: Prepared by authors with data from SIOSE and the Andalusian Department of Agriculture, live-
stock, fisheries and sustainable development

or semi-natural ecosystems such as agricultural areas—i.e., the majority component of
the landscape matrix in the cases of Seville and Cordoba—can be the main local source
of regulating functions. Here, green infrastructure planning should give those productive
spaces a leading role in order to boost their environmental functions. Additionally, if pro-
vision services are also to be considered a relevant part of the functionality provided by
metropolitan green infrastructures, it seems clear that planners and policy makers need
to explore new planning possibilities beyond the traditional nodes and corridors model,
which is mostly comprised of parks, natural areas and connecting elements.

Urban agriculture is still largely neglected in urban and regional planning, and
planners often view periurban croplands primarily as areas for future urban develop-
ment (Lovell, 2010). Justifying the conservation of periurban croplands based solely
on their production functions can be a challenge, so it is necessary to assess urban
agriculture from a multifunctional landscape framework (Lovell & Johnston, 2009).
In other words, in the longer term, metropolitan agriculture will only be sustainable if
its potential to provide different ecosystem services is fully recognized and developed
(Van Veenhuizen, 2006). In this context, greater social recognition should be given
to the multiple functions and benefits that agriculture can provide to the urban public
(Zasada, 2011). Our study suggests that ecosystem services mapping can be a useful
tool to present these functions to policy makers, planners and citizens in general.

Over recent years, numerous initiatives have been developed around the world to
preserve agriculture in the proximity of urban centres, either through agri-environmen-
tal schemes (Darly & Torre, 2013), promotion of local food networks (Paiil & McKen-
zie, 2013) or the development of land use zoning strategies (Akimowicz et al., 2016).
The creation of agricultural parks—i.e., a large, legally protected periurban area where
multifunctional agricultural activities are carried out—may represent one of the most
suitable options for preserving multifunctional farmland within the green infrastruc-
ture framework. The best known example of this is the Milan South Agricultural Park,
which extends over 47,000 ha, more than three quarters of which is farmed land, and
stands out as a model for other international initiatives (Corrado, 2013). In Spain, the
agricultural parks of Sabadell and Baix Llobregat in Catalonia, and the initiatives car-
ried out in the Guadalhorce Valley and the Granada Plain in Andalusia are also prime
examples of how to contain urban sprawl and preserve the periurban agricultural
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Fig.9 Areas and connectors for public recreation. Source: Prepared by authors with data from SIOSE
and the Institute of Statistics and Cartography of Andalusia

landscape (Yacaman & Zazo, 2015). Integrating this new type of park as a key func-
tional and structural component of metropolitan green infrastructures seems to be a
highly recommended strategy to preserve the diverse functions of periurban farmland.

Finally, it should be noted that agricultural areas are not only a source of benefi-
cial environmental functions, but also of different ecosystem dis-services—e.g., loss of
natural habitats, nutrient runoff, or damage caused by pesticides—(Zhang et al., 2007).
Additionally, C emissions can overcome C sequestration due to intensive management
practices. The adoption of ecologically-sound management strategies is essential to
minimize those dis-services, as well as to guarantee the compatibility of farmland pro-
duction with the provision of regulating services. Again, the integration of these areas
in a metropolitan green infrastructure can facilitate the implementation of agri-environ-
mental measures and lead to a more positive net balance at the functional level.
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Building Functional Networks: Public Use and Ecological Connectivity

Unlike regulating and provisioning services, functions like the protection of natu-
ral habitats and the promotion of public use activities are necessarily linked to the
design of cohesive open space networks and functional corridors. With regard to
public use, it is essential to promote the interconnection of the recreational spaces
present in the metropolitan territory, so that they are made accessible to the urban
public by non-motorized means. At the same time, effective ecological corridors
should be set up to connect the fragmented natural areas and allow the movement
of species throughout the highly anthropised metropolitan landscape. In those cases
in which the degree of habitat fragmentation is higher—e.g., the central, south and
east sectors of the metropolitan area of Seville—the creation of ecological networks
must be considered a priority objective of green infrastructure design.

In the context of urban and metropolitan planning in Spain, it is usual for green
corridors to be designed with a dual functionality: as elements of ecological con-
nection and as a platform for non-motorized travel (Cruz et al., 2017). However,
the effectiveness of conservation networks and corridors can be diminished by this
dual approach. Our analysis suggests that ecological and public use networks should
be conceived as two different, complementary systems, since they are articulated
around different nodal elements and have specific spatial requirements.

On one hand, the planning of public use connectors should prioritize the articulation of
recreational spaces into a coherent and accessible network. Our study shows that there is a
clear need to advance in this regard in the three areas under study, also revealing that each
of the areas has a particular range of resources available for building up a public, non-
motorized travel network. The role of public cattle trails—the traditional vias pecuarias—
should be highlighted in this regard. Despite the irregular state of conservation of these
trails and, in many cases, issues with private owners occupying the public realm, a great
number of these country lanes and tracks are currently used by citizens for country walks
or cycle rides and for moving from one green space to another. Together with the exist-
ing cycle routes and greenways, the reconditioning of part of this cattle trail network can
help to significantly enhance non-motorized mobility in the metropolitan areas. However,
many of these public lanes are extremely narrow and intensively used, which, in some
sections, can hamper their compatibility with ecological connectivity functions.

On the other hand, the effectiveness of ecological corridors depends on their capacity
to connect isolated natural habitat patches—not necessarily accessible to the public—and
counteract the effect of habitat fragmentation. Ecological corridors and networks are often
created on the basis of pre-established spatial assumptions and the oversimplification of
complex ecological concepts (Boitani et al., 2007; Battisti, 2013). The creation of new eco-
logical connectors should be a context-specific strategy and be based on local-scale ecologi-
cal analysis, in order to guarantee that the configuration of corridors responds to the require-
ments of fragmentation-sensitive species (Gippoliti & Battisti, 2017). The assessment of
habitat fragmentation carried out in this study can provide a reasonable starting point for
this objective, as it allows to detect those areas where the lack of connectivity is especially
significant and where, as a result, a detailed, species-focused analysis would be advisable.

Lastly, it is also important to emphasise the role of the landscape matrix in comple-
menting the functionality of ecological corridors (Battisti, 2013). The matrix acts as
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an important driver of ecological dynamics in heterogeneous landscapes such as those
analysed here (Watling et al., 2011) and can influence species dispersal and migration
rates between natural fragments (Jules & Shahani, 2003). Consequently, the landscape
matrix should be given a more prominent role in habitat conservation strategies (Debin-
ski, 2006; Watling et al., 2011). In this respect, integrating matrix components—such as
periurban cultivated areas—into the metropolitan green infrastructure seems to be highly
advisable, as it could facilitate the application of agri-environmental measures designed
to enhance landscape connectivity and permeability.

Conclusions

The methodology applied in this study has been demonstrated to provide a useful support
for planning practice. The spatially-explicit approach to ecosystem services analysis ena-
bles the key functional components of the metropolitan territory to be identified, and pro-
vides valuable information for decision-making in the green infrastructure design process.
It can facilitate an ex-ante evaluation of different land-use planning options for the provi-
sion of ecosystem services and help to identify strategic areas for future, more detailed
analysis, prior to the formulation of specific planning proposals. Maps of the ecosystem
services can also help foster public participation in the planning process as a tool to dis-
cuss the complex environmental and social functionality of the metropolitan landscape.

The results also allow us to make some general reflections on metropolitan green
infrastructure planning. Firstly, the study confirms the suitability of the metropolitan
scale for the articulation of truly multifunctional open space systems. This scale allows
the urban and periurban green spaces to be integrated into the same planning proposal
with large, peripheral rural and natural areas, thus combining their recreational, environ-
mental and nature protection functions from a unitary, comprehensive perspective. Like-
wise, it makes it possible to complement the functionality of the most common com-
ponents of open space systems—e.g., parks, nature reserves—with that linked to other,
often overlooked territorial resources present in the metropolitan landscape matrix.

In this context, the comprehensive approach of the methodology has allowed us to
verify the important role that the matrix can play as a functional component of the met-
ropolitan green infrastructure. The results show that, taken as a whole, extensive culti-
vation areas, forest plantations and pasture areas —which do not usually stand out as rel-
evant nodes in urban or metropolitan green space systems— represent a highly valuable
source of ecosystem services. These productive spaces can strengthen or complement
many of the benefits provided by other more natural spaces, improving the resilience
of the urban system through the reinforcement of regulating and provisioning services.

In settings such as those analysed here, it would be recommendable to revise the con-
cept of green infrastructure in order to fully integrate farmland as one of the green sys-
tem’s main structural and functional components. This reconceptualization involves going
beyond the creation of a network of interconnected discrete open spaces and assigning the
metropolitan landscape matrix a greater functional role in planning strategies. At the same
time, it is necessary to advance in the study of the ecosystem services and dis-services
trade-offs linked to periurban agriculture, in order to apply suitable management strategies.
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Table 8 Land cover classes (SIOSE) and average values of Leaf Area Index (LAI)

SIOSE Land cover class LAI Source

Urban green areas and street trees 2.75 Oplustilova et al. (1995); URGE Team (2004)
Rice crops 3.00 Oplustilova et al. (1995); URGE Team (2004)
Other irrigated crops 3.00 Oplustilova et al. (1995); URGE Team (2004)
Citric fruit trees 5.00 Oplustilova et al. (1995); URGE Team (2004)
Non-citric fruit trees 5.00 Oplustilova et al. (1995); URGE Team (2004)
Vineyards 1.50 Santiago-Ramos (2010)

Olive groves 1.10 Santiago-Ramos (2010)

Other woody crops 5.00 Oplustilova et al. (1995); URGE Team (2004)
Meadows 5.00 Oplustilova et al. (1995); URGE Team (2004)
Grassland 1.70 Scurlock et al. (2001)

Broadleaf deciduous tree cover (plantations) 8.70 Scurlock et al. (2001)

Broadleaf deciduous tree cover 5.00 Scurlock et al. (2001)

Broadleaf evergreen tree cover (plantations) 8.70 Scurlock et al. (2001)

Broadleaf evergreen tree cover 5.70 Scurlock et al. (2001)

Conifer tree cover 5.50 Scurlock et al. (2001)

Shrubland 2.00 Scurlock et al. (2001)

Prepared by authors with data from Oplustilova et al. (1995), Scurlock et al. (2001), URGE Team
(2004), Santiago-Ramos (2010)
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