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Abstract

Using "Urban Atlas” as a data source, the authors present and critically discuss in this paper the application
of figure-ground plans in combination with complex land-use maps as a tool for spatial analysis of urban
agriculture in European cities and their multifunctional green infrastructure. The selected cities and
metropolitan areas (including Dublin, Ruhr Metropolis, Geneva and Sofia) represent different regions in
Europe from the Northwest to the Southeast. Urban fabric, agriculture and non-agricultural open spaces
have been analysed and compared as the main land-use components. Agricultural open spaces include
arable land with annual crops and permanent crops, such as vineyards, fruit trees and olive groves;
pastures; as well as complex and mixed cultivation patterns. The results reveal the scale and land-use
diversity of metropolitan regions and different spatial patterns of urban agriculture at the regional level

and in central urban areas.
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1. Introduction

Green infrastructure of European cities includes
productive agricultural landscapes, such as agricultural
parks, allotment gardens, productive greenbelts or other
forms of urban agriculture. These characterise Europe's
cities and agglomerations (Lohrberg and Simon-Rojo, 2016)
and significantly co-create contemporary European urban
landscapes, while forming novel urban design models
(Timpe, 2016).

In this paper, the scale, diversity and specifics of urban
agricultural landscapes in selected European cities are
mapped and analysed, while considering functional
and systematic linkages between the concepts of green
infrastructure and urban agriculture. A methodological aim
of the paper is to contribute to the existing geographical
research by new inspiration in the form of figure-ground
plans or figure-ground analysis, which is a widely used
analytical tool in landscape architecture and landscape
planning. This article relies on the empirical basis of maps

created from the datased of the 'Urban Atlas 2012' of the
European Environment Agency (see Copernicus Land
Monitoring Services 2015; 2016a; 2016b). Creation of figure-
ground plans and their description and visual interpretation
are done based on this new dataset, which in its present
form was newly introduced in 2016. We use description
and interpretation of maps and plans, which are two major
research strategies in landscape architecture (Deming and
Swaffield, 2011) and explain this method in more detail in
the next chapters.

The hypothesis is tested on four European cities with
metropolitan urban landscapes, including Dublin (Ireland),
Ruhr Metropolis (Germany), Geneva (Switzerland) and
Sofia (Bulgaria). These four model areas (Large Urban
Zones) were selected as case studies because they were
reference regions and objects of analyses within the COST
Action TD1106 ‘Urban Agriculture Europe’ (hereinafter
UAE) and at the same time, their comparable land use and
land cover GIS data are available in the “Urban Atlas of the
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European Environment Agency’, which provides material
for comparative land use structure and green infrastructure
system analyses using the figure-ground method.

2.Theoretical departures

2.1 Definition of urban agriculture and green infrastructure

Agriculture has been an inherent component of cities
since the earliest records of urban development (Vejre
et al., 2016; Licka and Maldonado, 2016; Branduini et
al., 2016). It takes place in all urban contexts, from the
built-up downtowns to the open spaces of peri-urban areas
(Yokohari et al., 2000) and it is as much connected to the built
environment as it is to the open landscape (Kuczman, 2014;
Li¢ka and Maldonado, 2016). Urban agriculture has been
driven and shaped by diverse global driving forces, such
as peri-urbanisation and suburbanisation, political and
economic crises, poverty or industrialisation (Bryant
et al., 2016). When compared to other forms of agriculture,
urban agriculture is spatially and functionally more deeply
integrated in the urban system and urban areas (Vejre
et al., 2016). It is of great interest in finding new answers for
how cities can master recent social, economic, and ecological
challenges (Duzi et al., 2014; Lohrberg, 2016).

The European Commission perceives green infrastructure
as ‘a strategically planned network of natural and semi-
natural areas with other environmental features designed
and managed to deliver a wide range of ecosystem
services. It incorporates green spaces and other physical
features in terrestrial and marine areas. On land, green
infrastructure is present in rural and urban settings’
(European Commission, 2013, p. 3). As a planning concept,
green infrastructure bases on the contemporary model
of multifunctionality (Brandt and Vejre, 2004; Brenken
et al., 2005), which considers all landscape functions and
services (Timpe et al., 2016), including agriculture.

2.2 Urban agriculture as part of the urban
green infrastructure

Urban space is used for a wide set of functions, one of
which is agricultural production. The spatial quality of
agriculture in urban settings is strongly related to the built
environment as well as to the green infrastructure of the
city (Halajova et al., 2013). In many cases, urban agriculture
areas constitute the major part of the urban open landscape
and form green wedges (surrounding and penetrating the
urban area), green belts (surrounding the urban area), or
individual intraurban spots or networks, such as urban
farms (Recasens et al., 2016), urban fruit trees (Bakay, 2014),
linear tree formations (Supuka, 2013) or even rooftop farms
(Sanyé-Mengual, 2016). Many urban agricultural sites were
not originally conceived as urban (green) open spaces, but
have gradually become an essential part of the urban green
infrastructure (Rzepielova and Feriancova, 2014; Paradis
et al., 2016). Where existing agricultural areas have been
integrated into the city through its expansion over time,
they usually contain important structures and elements of
cultural and landscape heritage (Licka and Maldonado, 2016;
Paradis et al., 2016).

The localisation of urban agriculture is a result of the
overall urban development. In many European cities, there
are large areas of urban agriculture that are important
components of urban landscapes and make significant
contributions to green infrastructure (Paradis et al., 2016).
Urban agriculture areas are spatially connected to other

urban landscape functions and elements (Licka and
Maldonado, 2016). In contrast to most green spaces,
urban agriculture areas provide the potential for temporal
land occupation, which is important in rapidly changing
cityscapes (Paradis et al., 2016). Urban agriculture can be
perceived as an efficient urban development tool also in the
context of brownfield regeneration in urban landscapes,
which is a major challenge in contemporary spatial
development of cities (Frantéal et al., 2013). In case of
brownfields, with an agricultural origin located at the urban
periphery, urban agriculture plays a key role as a potential
urban planning tool for a revival of the agricultural legacy
of the area, since brownfield regeneration in these areas
is still undynamic (Frantal et al., 2015). Urban agriculture
can be understood as a planning tool that helps stabilising
and forming neighbourhoods and driving urban change,
since providing an important space for social interaction
and inclusion and positively affecting urban quality of life
(Sanesi et al., 2016).

2.3 Ecosystem services provided by urban agriculture

Urban agriculture provides a wide range of ecosystem
services that are of great value and importance for human well-
being and urban resilience (G6mez-Baggethun et al., 2013).
The functional dimension of urban ecosystem services
provided by urban agriculture is very complex and diverse
(Haase et al., 2014). Besides the most obvious production
function, urban agriculture provides also a wide range of
societal benefits (Polling et al., 2016), cultural services related
to recreation, education or health (Vejre et al., 2016), as well
as provisioning services, regulation services and habitat
benefits. Timpe et al. (2016) give a structured overview of
ecosystem services and green infrastructure benefits that
can be provided by urban agriculture and define urban
agriculture types that are especially relevant.

When integrating agriculture and green infrastructure,
a mutual benefit of ecological stability and agricultural
sustainability can be achieved within and around urban
environments (Martino et al., 2016). Urban agriculture
can significantly enhance green infrastructure through
placemaking strategies (Timpe et al., 2016). It is an approach
towards management of urban cultural landscapes that
enhances social and cultural valuation of ecosystem services
(Plieninger et al., 2015). Moreover, it helps developing
resilient food systems in metropolitan areas (T6th
et al., 2016), which makes food chains more sustainable
(Ber¢ik and Géalové, 2013).

2.4 Typologies of urban agriculture in urban landscapes

Spatial forms and qualities of urban agriculture result
from environmental conditions, as well as from the farming
methods, technology, and crops (Paradis et al., 2016). Simon-
Rojo et al. (2016) divide urban agriculture into two main
categories — 1) urban food gardening and 2) urban farming.
Urban farming has a rich tradition in Western and Central
Europe, for instance in Germany and Switzerland. Urban
gardening is represented by two main traditions - allotment
tradition and food gardening tradition, which are present
throughout Europe (Keyzlarova, 2010; Lohrberg and Simon-
Rojo, 2016; Keshavarz and Bell, 2016).

Based on the localisation, Paradis et al. (2016) distinguish
1) fringe agricultural landscapes (periurban localisation),
2) mix of urban and agricultural landscapes (transurban
localisation), and 3) productive enclave landscapes
(intraurban localisation). These can consist of:
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a. large-scale units, such as entrepreneurial farms or
agricultural parks;

b. medium-scale units, such as allotments; and

small-scale agricultural spots, such as production-
oriented family gardens.

Timpe et al. (2016) categorise five different types of green
infrastructure systems in European metropolitan areas, in
which urban agriculture is spatially integrated as part of a
green belt; as a green corridor; as a green network; as a green
patch; and as a green matrix.

3. Data and methods

The article uses the 'Urban Atlas 2012' GIS database
of the European Environment Agency (Copernicus Land
Monitoring Services 2015; 2016a; 2016b), which provides
comparable land use and land cover data of the chosen Large
Urban Zones. The available GIS database and metadata were
used as basic materials for conducting figure ground analyses
and interpretations of urban green infrastructure systems
in the selected model areas. The figure ground analysis is
complemented by graphical interpretation and percentual
quantification of the overall land use structure (Fig. 3), in
order to support the statements and conclusions.

3.1 The Urban Atlas as a tool for comparing urban
agriculture in European city regions

The most important precondition for comparing the
presence and quantitative importance of agriculture as a
land use in different European city regions is a consistent
and comparable data base. The comparison cannot be done
in a reliable way with local land-use survey as geographical
data base because the surveys would provide different land-
use categories which, more importantly, were also collected
with different methods. Land-use surveys which cover the
whole territory of the EU are not detailed enough to assess
green infrastructure and urban agriculture in city regions,
which are touched by the phenomenon of urban sprawl and a
strong fragmentation of land-use units. CORINE land cover,
an important tool for land-use monitoring on the EU level
has minimum mapping units of 25 ha size and 100 m width
(Copernicus Land Monitoring Services, 2016a).

A solution to fill the knowledge gap on land-use with
green infrastructure potential in city regions is the Urban
Atlas. This land-use survey has been elaborated for the
first time in 2006 by the European Environment Agency
(EEA, 2016) and covers Large Urban Zones (LUZ) in
Europe. The Urban Atlas is much more precise than other
pan-european land-use mappings with a minimum mapping
unit of 0.25 ha and 10 m width (Copernicus Land Monitoring
Services, 2016b, p. 7). It is elaborated on the basis of Earth
Observation by satellite, topographic maps and navigation
data (ibid, p. 3-4). Detailed information on methodology and
availability of Urban Atlas 2012 is provided by Copernicus
Land Monitoring Services (2015).

While the Urban Atlas 2006 was insensitive to the
importance of agriculture in city regions by integrating
“Agricultural areas, semi-natural areas and wetlands”
under one land-use category, the Urban Atlas 2012, which
is currently under elaboration, delineates a larger variety
of agricultural land uses: (i) Arable land (annual crops), (ii)
Permanent crops (vineyards, fruit trees, olive groves), (iii)
Pastures, and (iv) Complex and mixed cultivation patterns.
With 695 Large Urban Zones the 2012 edition also will cover
a lot more regions than the 2006 edition (306 LUZ) did.

The elaboration of the Urban Atlas 2012 is still in progress
and data already available for download are not validated.
Due to this preliminary state of the data, the intention of
the thematic maps and diagrams in this paper is to present
the potential of the Urban Atlas as a tool for assessing and
monitoring agricultural land use and urban agriculture
potential in European city regions, not to provide a fully
validated assessment of the situation of agriculture in the
regions presented. This paper is an additional research on
the case study regions analysed by the COST Action UAE
(Lohrberg et al., 2016). It adds to the previous research
by making the regional situations comparable thanks to
the unified database of the Urban Atlas (see Fig. 1 for the
location of case study regions in Europe). Out of the seven
COST Action UAE case study regions, only four are currently
available in the Urban Atlas 2012, which are analysed and
assessed in this paper.

3.2 Figure-ground diagrams as a spatial analysis tool

For a better readability and comparability of urban
fabric, agriculture and non-agricultural open spaces in
the compared case studies, we have decided to base the
spatial analysis on figure-ground diagrams, since these
provide a better contrast in the map design, and thus a
more effective cartographic communication and a better
visual comparability of different sizes and scales as assessed
by Byer and Kent (1999) and Reicher (2004, p. 48). They
allow forming conclusions on the overall urban structure,
urban density, urban development stages and organisation
principles of a city as an organism (Mayr and Mayr, 2014).
Figure-ground plans are widely used as well in planning
practice as in classic literature on urban design from
the 19" century or in urban research from the 20t century
(Nofer, 2002, p. 71).

Using binary maps (figure-ground diagrams) represents
a procedure specifically designed to characterise settlement
properties and patterns, which can be applied at high
spatial resolution. Figure-ground diagrams have thus a
potential to provide key information to quantitatively
and qualitatively characterise settlement properties and
patterns in any spatial detail and at arbitrary spatial scales
(Esch et al., 2014). Their potential as an analysis-tool is not
limited to the assessment of the built urban fabric as a figure.
In the 1960s already the inversion of figure and ground has
been used (Jenkins, 2008, p. 2). It helps imaging the non-
built urban space as a figure of its own right. Especially the
network characteristics of green spaces can be analysed by
the help of inverted figure-ground plans (Schébel, 2010).
The spaces of green infrastructure, which for a long time
have been perceived as only the background of urbanisation,
are represented as a figure so that their importance and
spatial character becomes readable.

We use figure-ground diagrams to analyse the spatial
distribution of major land-use categories relevant for green
infrastructure. The case study regions were analysed based
on three different map types:

1. Anoverall map of the regions including the whole variety
of land-uses mapped by the Urban Atlas. This map allows
to interpret the density of the urban fabric and the
diversity of land-uses. Its scale depends on the size of the
region. (see e.g. Fig. 4);

2. A combination of three figure-ground plans for each of
the regions. Each of these compilations shows the whole
region, its scale is chosen based on the size of the region.
These plans allow to get an overview of the importance
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of agricultural land-use and other land-uses which could
be a part of green infrastructure in the regions (see
Figs. 5, 7,8 and 9);

A combination of four figure ground plans of the central
area of the analysed cities. These maps show a square
of 20 on 20 km measured from the city centre, which in
the case of Dublin has been moved from the city centre
towards west to include more land instead of sea surface.
This compilation of figure-ground plans allows to
interpret the spatial structure of green infrastructure at
the local level. The separate and overlaid representation
of agricultural land-use and other open space land-uses
allows to assess the importance of agriculture in the
local green infrastructure network (see e.g. Fig. 6).

4, Results

4.1 Size and land-use diversity of metropolitan regions

As illustrated by the case study regions in Figure 2,
European metropolitan regions can be very variable in size
and scale. This is caused by diverse cultural, geographical and

natural conditions, which make European cultural landscapes
so diverse and variable. Many metropolitan regions cover a
relatively large geographical area, such as Ruhr, Sofia and
Dublin regions, while the region of Geneva is a significantly
smaller geographical unit, but with a significantly higher
urban land use share than that of Dublin or Sofia regions.
This is caused by the diversity of cultural, geographical and
natural conditions in Europe. Dublin is set in traditional Irish
agricultural landscapes, which is reflected mainly by vast
pastures. Sofia has plenty of open space, the urbanisation in
the metropolitan region is not very strong, agriculture has
a long-term tradition and is characteristic for the region.
Rubhr is the most industrial region of Germany, with strong
and dense urbanisation, many brownfield sites and a high
land-use competition, yet agriculture still plays an important
role. Geneva, considering its different scale and density, also
faces strong urbanisation and land-use competition. The
interconnection between the four metropolitan regions is
given by their importance in the regional and national context
in terms of economy and population. At the same time they
reflect the diversity of European metropolitan regions in terms
of scale, density, growth and land use structure. It manifests

<

Dublin
°

.Ruhr metropolis

S

Fig. 1: Location of case study regions in Europe

Ruhr metropolis

Dublin

Sofia

Geneva

0 100 km
Data: Urban Atias 2012 L 1 1 1 1

Fig. 2: Size comparison of case study regions
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the fact, that independently from diverse geographical and
cultural conditions, urban agricultural landscapes play
a crucial role in building resilient and multifunctional
metropolitan green infrastructures. Figure ground analyses
prove that agricultural landscapes increase the connectivity
and spatial distribution of urban green infrastructure in all
four research samples.

The land-use diversity of case study regions is illustrated
by Figure 3. It reveals that the Ruhr metropolitan region
has the highest proportion of urban land-use (reaching 34%
when combined with undefined land-use), while Sofia has a
more than three times smaller share of urban or undefined
land-use (10%). Agricultural land uses are in the presented
diagrams limited to arable land and pastures as the
spatially most important agricultural land uses, while the
land-use characteristics of Geneva include also permanent
crops as a separate category. Arable land prevails in Ruhr
metropolis (56%) and Geneva (81% of the overall agricultural
land use), while pastures have a higher land use share in
Sofia (65%) and Dublin (86% of the overall agricultural
land use). This imbalance is caused by a set of cultural,
geomorphological and climate conditions and therefore, we
consider agricultural land use as one complex unit and do
not divide it into subcategories. Agricultural land-use covers
more than one third (Ruhr 39%, Sofia 46%, Geneva 43%)
or even more than one half of the entire regional area
(Dublin, 64%), representing thereby an important land use
category in metropolitan urban landscapes.

In all case study regions, agricultural landscapes cover
larger areas than other open spaces, see Figure 3 (agricultural
open spaces are on average 1.65-times larger than other open
spaces). When considering agricultural landscapes equal
to other types of open spaces and integrating them into
the urban green infrastructure of metropolitan regions, a
significant spatial and functional extension of the system can
be achieved. In all four analysed case studies, this approach
would extend the system more than 2-times (2.65-times on
average), reaching from 2.05-times in Sofia up to 3.78-times
in Dublin). Thus, agricultural landscapes should be taken
into account when planning and designing regional green
infrastructure systems and landscape strategies.

4.2 Agriculture in diverse metropolitan
green infrastructure systems

The analysed case study regions presented in this paper
provide an overview of different urban agriculture and
metropolitan green infrastructure situations across Europe.
From the geographical perspective, they provide a cross-
section from Northwestern (Dublin), through Western (Ruhr
metropolis and Geneva) to Southeastern (Sofia) Europe. The
aim is to reflect the spatial and structural diversity on the
one hand and highlight similarities on the other hand. The
Greater Dublin Area, also referred to as Dublin Metropolitan
Region provides an example of a large coastal city surrounded
by extensive agricultural landscapes, dominated mainly by
vast pastures, see Figures 4 and 5. The urban fabric spreads
all over the metropolitan area in a rather extensive and dense
way. Urban agriculture in this case serves as an integration
medium of the urban landscape to the surrounding landscape
on the regional level and facilitates a continuous transition
from urban agriculture to rural landscapes, which is well
reflected on Figure 6. The Dublin case study region is also
specific thanks to its natural border on the Irish Sea, so the
entire metropolitan region can be seen from a green-blue
infrastructure perspective.

The Ruhr metropolis represents a densely urbanised
landscape, where the continuous urban fabric does not form
a distinct centre, but much rather a patchwork structure,
where the urban areas are interlaced by diverse open spaces
(see Fig. 7). Agricultural open spaces, including arable land
with annual crops, complex and mixed cultivation patterns,
pastures and permanent crops cover large continuous areas
towards the boundaries of the region and penetrate the
urban fabric spread over the centre of the metropolitan
region at several points. At the same time, non-agricultural
open spaces consist of rather scattered small-scale patterns
distributed throughout the metropolitan region.

Therefore, agricultural and non-agricultural open
spaces, when combined together and considered equal
parts of the urban green infrastructure, can create a
spatially integrate and well functioning system, which
not only surrounds the urban fabric but at the same time
intersperses it, providing thereby all the benefits and

Ruhr metropolis

- Urban or undefined land-use 34%

- Other open spaces 27%
- Pasture 17%

Geneva

D Urban or undefined land-use 25%
- Other open spaces 32%

- Permanent crops 2%

- Pasture 6%

I:l Arable land 35%

Sofia

- Urban or undefined land-use 10%
- Other open spaces 44%

- Pasture 30%

\:I Arzble and 16%

Dublin

- Urban or undefined land-use 13%
- Other open spaces 23%

- Pasture 55%

|:| Arable land 9%

Fig. 3: Share of different agricultural land-use categories in case study regions compared to urban or undefined land

use and other open spaces
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qualities for the urban environment and its residents. In
Ruhr metropolis, agricultural and other open spaces create
together distinct green corridor structures oriented in
North-South direction.

These corridors are connected in East-West direction by
additional green-blue corridors of the two main rivers Ruhr
and Emscher. The corridors consist mainly of agricultural
areas on the margins of the region and are connected by

MORAVIAN GEOGRAPHICAL REPORTS

other open spaces in central areas. Thus, agriculture forms
the link between central green spaces and open landscapes
along regional boundaries.

The urban fabric of Geneva forms a spatially distinct urban
centre concentrated at the waterfront of the Geneva Lake,
spreading towards the surrounding boundary landscapes (see
Fig. 8). Agriculture forms a rather consistent and continuous
area around the urban fabric, while creating a spatially

Data source: Urban Atlas 2012

Dublin

Il Continuous urban fabric (S.L. : > 80%)
I Discontinuous dense urban fabric (S.L. : 50% - 80%)
I Discontinuous medium density urban fabric (S.L. : 30% - 50%)
[ Discontinuous low density urban fabric (S.L. : 10% - 30%)
Discontinuous very low density urban fabric (S.L.: < 10%)
I Isolated structures
B Industrial, commercial, public, military and private units
I Fast transit roads and associated land
Other roads and associated land
I Railways and associated land
20 Port areas
Airports
I Mineral extraction and dump sites
0 Construction sites
I Land without current use
[0 Green urban areas
Sports and leisure facilities
Arable land (annual crops)
I Pastures
Il Herbaceous vegetation associations (natural grassland, moors...)
Il Open spaces with little or no vegetation (beaches, dunes, bare rocks, glaciers)
Il Forests
[0 Wetlands
I Water
[ No data (Clouds and shadows)

0 5 10 15 20 25km
1 1 1 1

Fig. 4: Land-use structure of the Dublin metropolitan region

Source: Data from Urban Atlas 2012; authors~ elaboration

Urban Fabric

Agriculture

Non-agricultural open space

0 10 20 30 40 50km

Fig. 5: Figure ground diagrams of urban fabric, agriculture and non-agricultural open spaces in the Dublin
metropolitan region. Source: Data from Urban Atlas 2012; authors” elaboration

Note: In all figure-ground plans, black colour represents: 1) Urban Fabric (airports; construction sites; continous
and discontinuous urban fabric; industrial, commercial, public, military and private units and isolated
structures); 2) Agriculture (arable land — annual crops; pastures; complex and mixed cultivation patterns;
permanent crops — vineyards, fruit trees, olive groves); 3) Non-agricultural open space (forests, green urban
areas, sports and leisure facilities, herbaceous vegetation associations, open spaces with little or no vegetation,

forests, wetland and water bodies)




Non-agricultural open space Dublin

Combination of agriculture and other open spaces

Dublin
01234 5km

S -

Fig. 6: A set of 20 x 20 km figure ground square sections of the central area of the Dublin metropolitan region
Source: Data from Urban Atlas 2012; authors~ elaboration

Urban Fabric

Agriculture

Non-agricultural open space

Fig. 7: Figure ground diagrams of urban fabric, agriculture and non-agricultural open spaces in Ruhr metropolis
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significant greenbelt. Thus it provides an important buffer
function around the city. The greenbelt function provided by
agricultural land use is effectively complemented by adjacent
non-agricultural open spaces, mainly the extensive forests and
grasslands in the north of the region and patterns of green
urban areas spotted throughout the concentrated urban
fabric. These penetrate the urban fabric, where agriculture
does not permeate. The Geneva case serves for a nice example
of agricultural land being the main greenbelt of a city, while
its functioning is supplemented and enhanced by other open
spaces in the city and its hinterlands.

In some cases, for instance in Sofia, agricultural and non-
agricultural land uses play a spatially equal role in forming
the greenbelt of a city. Sofia has a concentrated urban fabric,
which spreads along several axes into the surrounding
metropolitan landscape and forms satellites of the urban
fabric core. On the metropolitan scale, agricultural and
non-agricultural open spaces complement each other as two
pieces of a huge jigsaw puzzle, forming a massive greenbelt
around the city. Agriculture does not tend to penetrate
the concentrated urban fabric, but this function is well
complemented by non-agricultural open spaces (see Fig. 9).

5. Discussion and conclusions

The utilisation of geodata from Urban Atlas as a research
material in this paper indicates the applicability of this
database for a European-wide comparative geographical and

landscape research. We consider the main method used in
this article - figure ground diagrams - as an efficient tool for
conducting landscape research. It might be questioned for its
subjectiveness, since it does not directly rely on quantitative
methods or exact numbers as it is a common practice in
other research disciplines. Unlike quantitative methods,
figure ground maps allow a much easier interpretation of the
overall spatial system, its structure and the distribution of
its elements (Deming and Swaffield, 2011).

We have not found any direct criticism against the figure
ground method, but some authors claim that it is only
colour that can clarify and define space, form and structure
as it complements the traditional visual elements of line,
structure, form and detail (Minah, 2008). Yet, figure-ground
maps stand for the simplest possible representation of urban
texture (Ratti and Richens, 1999) and they allow an easier
readability and comparability thanks to a better contrast
in map design (Byer and Kent, 1999; Reicher, 2004) and
understanding the system as a whole (Mayr and Mayr, 2014).
This method has of course its limits compared to multiple-
colour map interpretations used in conventional cartography,
as it uses only two colours — black and white. Therefore, it
is not as efficient for distinguishing diverse elements of the
system, such as different land uses at the same time. But
it is visually more powerful and interpretative and allows a
better and faster communication. With this article, we aim at
manifesting that qualitative graphical methods can be just as
useful in landscape research as quantitative methods.

J‘ *
Agriculture

Urban Fabric

Fig. 8: Figure ground diagrams of urban fabric, agriculture and non-agricultural open spaces in the Geneva

metropolitan region

Urban Fabric Agriculture

:

R
5
)

Non-agricultural open space

0 10 20 30 40 50km
L 1 1 1 1

Fig. 9: Figure ground diagrams of urban fabric, agriculture and non-agricultural open spaces in the Sofia

metropolitan region
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It is obvious that agriculture has a significant land-use
share in metropolitan urban landscapes across Europe
and thus it has the potential to enhance different green
infrastructure concepts and strategies, such as green belts,
green wedges or green corridors. These green infrastructure
systems make sense only if agriculture is considered an
integral part of them. The figure-ground grids of Dublin
(Fig. 6) clearly show that the inclusion of agriculture
significantly enhances the spatial integrity and connectivity
of green infrastructure, which consequently facilitates the
functioning of urban ecosystems and increases their capacity
to provide ecosystem services. In many cases, agriculture
forms the link between central green spaces and landscapes
along regional boundaries. This role of agriculture can be
observed in Ruhr Metropolis and in a similar way on the
local green infrastructure of Sofia and Dublin. Without
the inclusion of agricultural areas in green infrastructure,
a junction between inner city green spaces and larger
green belts would not be made. The synergic effect of this
inclusion is also represented by the Geneva region, where
non-agricultural spaces create a linkage between two large-
scale agricultural land units.

As a policy implication resulting from the analysis of case
study regions, it can be suggested that agriculture should be
considered an equal part of green infrastructure planning
concepts and documents on the regional and local level. This
goal can be implemented in master plans, landscape plans
or similar planning schemes, including their thematically
relevant parts, such as green space plans. Considering
future research agenda in this field, it can be suggested
to extend the database of Urban Atlas by other European
cities, metropolitan areas and regions, in order to develop a
database of comparable map data. A promising feature for
monitoring of agricultural land-use in urban regions is the
comparison of different editions of the Urban Atlas.

The 2012 edition includes this possibility for the first time.
An identification of loss or gain of agricultural surfaces and
the location of these changes in the urban landscape will
be useful to discuss opportunities and threats for urban
agriculture on the European level. As the 2006 edition did
not yet differentiate between agriculture and other semi-
natural spaces, this analysis could not be provided in this
paper, but will make future editions of the Urban Atlas
especially important for the further development of urban
agriculture as a part of green infrastructure. Furthermore,
the application of figure grounds in future geographical and
landscape related research should be strongly considered,
since these allow a visual simplification of map data and
thereby an easier analysis of different aspects, such as land-
use categories.
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