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Abstract
This paper is focused on the use of the Urban Atlas dataset that was recently released by the
European Environment Agency for analyzing urban environments. The Urban Atlas provides
information on land use for all cities in Europe with population of more than 100.000
inhabitants. After providing an overview of the differences between this dataset and the
CORINE LC data that have been available for some years, it discusses how the dataset could
be used for land use modeling. Finally it presents the estimation of various landscape metric
indicators for several cities in Greece. These indicators can be used for comparing the
structure and the form of the various cities.
1. Introduction
Availability of consistent datasets on land uses in urban environments for major parts of
Europe has been an issue that has severely hampered research in the area of comparing
various cities as well as monitoring the way cities grow. The traditional methodology to
obtain information has been from various sensors, aerial imaging and/or satellite sensors.
Aerial images if available for some cities could provide a higher spatial resolution, but their
availability has been always an issue since they were proprietary, land use classes had to be
derived if not available though in situ research and not amenable for comparative analysis.
High spatial resolution satellite images nowadays available at a relatively low cost for most
cities could provide information on land use after significant processing at a resolution of
about 30 m (Landsat type), or higher (2.5 m for SPOT 5). The CORINE LC database (EEA
2010a) first developed in 1990 and then again in 2000 covered all of Europe, with the various
land uses identified (Büttner et al. 2004). However, the focus being on agricultural, forests
and wetlands areas out of the 44 land cover classes there are only two classes related to urban
fabric. Of course, with a resolution of 100 meters it would be impossible to obtain more detail
in urban areas.
Addressing the issue European Space Agency (ESA) started in 2009 through the Global
Monitoring for Environment and Security (GMES) program releasing the Urban Atlas, a
dataset on land use for all cities in Europe with a population of more than 100,000
inhabitants. Information on the dataset are available at http://www.eea.europa.eu/data-andmaps/data/urban-atlas (EEA 2010b). The data have been produced from sensors with spatial
resolution of 2.5 meters and have a minimum mapping unit of 0.25 ha. There are a total of 20
distinct land use classes. Data for more than 200 cities have been released so far and the
process is expected to be completed by the end of 2011. The dataset is produced with uniform
standards for all cities thus permitting cross comparisons. Most important to maximize the
use of the dataset ESA is making the dataset available for free for either private or business
use. Users can download, without even registering, the dataset for any city they might be
interested.
The availability of such an extensive and inexpensive dataset will drive research in
analyzing urban areas and in conjunction with the upcoming release of the 2011 Census data
will result in an environment that would stimulate model application. Land use models
(Wegener 1994, Waddell 2002, Torrens and Benenson, 2005) have been used since the mid

sixties for forecasting and policy assessment in urban areas. Application of such models has
been always faced with the lack of suitable datasets which the Urban Atlas might solve
partially.
Using the Urban Atlas there are many different ways for analyzing the structure of a city.
Providing simple percentages for different land use classes is one way for accomplishing this.
However they hide the morphology of an area. Increasingly in the last ten years spatial metric
techniques are used to define indicators for the landscape that could be used for comparing
the structure and the form of the various cities. They provide a framework for examining
unique spatial components of intra-and inter-city urban structure, as well as, the dynamics of
change (Gustafson 1998, Alberti and Waddell 2000, Herold et al. 2002).
This paper consists of four different parts. In the following section there is a discussion about
the Urban Atlas dataset and its differences and similarities with the CORINE LC dataset. In
the next section the potential application of the dataset for land use modeling is elaborated,
whereas in the next section there is a discussion on the estimation of spatial metric indicators
for the cities in Greece. Finally the findings of this study are summarized in the Conclusions.
2. Urban Atlas dataset
The Urban Atlas brings together thousands of images from European satellites and provides
detailed and cost-effective mapping of larger urban zones, yielding accurate land cover and
usage data. As it has been already mentioned, the Urban Atlas dataset can be downloaded
from the EEA Urban Atlas website. Additionally, the respective maps can be also seen
through a map viewer, which will be gradually improved (EEA 2010b).
The Urban Atlas provides high resolution land use data based on the exact same boundaries as
the Urban Audit for all its Larger Urban Zones. The Urban Audit is a collection of statistical
data collected by Eurostat in the EU-27 member countries. In future, the analysis of Urban
Atlas data will benefit significantly from having access to socio-economic data for the same
areas and vice versa the Urban Audit will benefit from having access to reliable and
comparable urban land use data and a spatial representation of its information. The
implementation of the Urban Atlas project was awarded to the French company SIRS in
December 2008. Until September 2010 228 (out of 305 planned) cities (> 100.000
inhabitants) have been mapped using very high resolution (2.5 m) Earth Observation (EO)
data (Spot 5, Formosat-2, Kompsat-2 and ALOS data) for the reference year 2006 ± 1 year
(EIONET 2011). Until June 2010, the following nine Greek cities have been mapped: Athens,
Thessaloniki, Patra, Heraklion, Larissa, Volos, Ioannina, Kavala and Kalamata.
The Urban Atlas cities are mapped using in total 20 classes of which the 17 are urban classes.
The urban fabric (CORINE LC classes 1.1.1 and 1.1.2) are differentiated by their degree of
imperviousness which is integrated from the Land Monitoring Core Service (LMCS) high
resolution soil sealing layer. The production is based on a mix of photo-interpretation and
object oriented classification with a 3-step validation involving a project internal quality
assessment, independent experts and a technical review by the European Topic Centre Land
Use and Spatial Information. So far the quality of products is good, errors have been
reprocessed by the contractor and the production is going on quite smoothly, except some
problems with the availability of required EO data (EIONET 2011).
The scale of CORINE LC is 1:100.000 and the minimum mapping unit is 25 ha. The scale of
Urban atlas is 1:10.000 and the minimum mapping unit is 0.25 ha for the artificial surfaces
and 1 ha for the other surfaces.
The complete Urban Atlas nomenclature scheme is shown in Table 1 (Meirich (2008). The
CORINE LC nomenclature scheme (EEA 2010a) has been adopted, however especially for

artificial surfaces a fourth level is used to distinguish the different subcategories. For example
the CORINE LC class 1.1.2 (Discontinuous Urban Fabric) has been broken down into the
following sub-classes in Urban Atlas: 1.2.1.1.0 (Discontinuous Dense Urban Fabric: sealing
level 50% - 80%), 1.1.2.2.0 (Discontinuous Medium Density Urban Fabric: sealing level
30% - 50%), 1.1.2.3.0 (Discontinuous Low Density Urban Fabric: sealing level 10% - 30%).
Future editions of the Urban Atlas are planned every three to five years, communicating on
the evolution of cities.
Table 1. The Urban Atlas nomenclature (Meirich (2008).
Class code
11100
11210
11220
11230
11240
11300
12100
12210
12220
12230
12300
12400
13100
13300
13400
14100
14200
20000
30000
50000

Nomenclature
Continuous Urban Fabric (Sealing Degree > 80%)
Discontinuous Dense Urban Fabric (Sealing Degree 50% - 80%)
Discontinuous Medium Density Urban Fabric (Sealing Degree 30% - 50%)
Discontinuous Low Density Urban Fabric (Sealing Degree 10% - 30%)
Discontinuous Very Low Density Urban Fabric (Sealing Degree < 10%)
Isolated Structures
Industrial, commercial, public, military and private units
Fast transit roads and associated land
Other roads and associated land
Railways and associated land
Port areas
Airports
Mineral extraction and dump sites
Construction sites
Land without current use
Green urban areas
Sports and leisure facilities
Agricultural + Semi-natural areas + Wetlands
Forests
Water bodies

As explained by Bossard et al. (2000), when defining the minimum mapping unit, we must
keep in mind that, in reality, land cover occurs is a combination of surfaces which to a
greater, or smaller degree are homogeneous/heterogeneous, whatever the scale used.
Furthermore, irrespective of how they have been processed, data acquired by satellite systems
do not provide a representation of the actual land cover situation, nor can land cover be
mapped in all of its complexity
Therefore, taking into account the note of Lavalle et al. (2002) on the compatibility between
CORINE LC and other datasets, it can be stated that the CORINE LC nomenclature is neither
always detailed enough nor compatible with that of the Urban Atlas. For example, CORINE
states that class 1.1.2 (discontinuous urban fabric) can be distinguished when buildings, roads
and other artificially surfaced areas cover between 50% and 80% of the total surface area of
the unit. According to both this definition and the scale 1:100.000, CORINE individuates
areas corresponding to class 1.1.2 and marks them out as polygons, shown in Figure 1, where
the CORINE LC map of the city of Heraklion is shown. However, the same polygons
investigated at the scale of Urban Atlas are divided in smaller zones as shown in Figure 2,
where the respective Urban Atlas map of the city of Heraklion is shown. The Urban Atlas
classification is therefore more detailed (4 Levels). Consequently, the area classified by
Urban Atlas would most probably show parts where artificially surfaced areas cover more
than 80% of the total surface area of the unit, and for this reason correspond to continuous
urban fabric. In this case, the portion of land analyzed would be classified differently
according to CORINE or Urban Atlas guidelines. It should be noted that the land cover
mapped by CORINE correspond to year 2000, whereas the land cover mapped by Urban

Atlas correspond to the 2008, therefore there are differences between these two maps due to
the sprawl of the city.

Figure 1. The artificial surface for the city of Heraklion, as provided in CORINE LC
dadaset. Only the artificial surfaces are presented. The codes in the legend are explained in
Table 1.

Figure 2. The artificial surface for Heraklion, as provided in Urban Atlas dataset. Only the
artificial surfaces are presented. The codes in the legend are explained in Table 1, however a
more detailed classification (Level 4) has been adopted in Urban Atlas (Meirich 2008).
It is therefore of basic importance to bear in mind that a feature having a certain attribute in
CORINE LC might have a different one in Urban Atlas dataset, because the minimum
mapping unit is smaller and the mapping scale is more detailed.

3. Urban land use modeling
Urban modeling can be described as the art of expressing in mathematical terms the
interaction of people and activities in the urban environment. Cities grow and sometimes
contract based on the behavior of many individual stakeholders. Their behavior is not
necessarily deterministic and the objectives of each one can be conflicting. The issue in land
use modeling is to express in mathematical terms the various relationships thus providing a
framework that can be used for simulating the way cities grow and most importantly to
estimate the impact of various policies before they are implemented. Given the heterogeneity
of the various stakeholders it is an art to be able to select the appropriate framework that will
permit a valid representation of the real world, anticipate the changes that will occur in the
future as a result of changing socio-economic conditions and technology and accomplish this
with parsimony.
Land use modeling has been around since 1964 when Lowry (1964) first presented a model
for Pittsburgh. Since then there has been a multitude of models developed for different cities
following different methodologies. Until the mid-90’s the lack of data forced modelers to use
larger traffic analysis zones (TAZ), the lower spatial unit at which the various
variables/activities are estimated. With the availability of GIS datasets since 1995, detailed
satellite images around 2000 and the increasing power of computers the size of the traffic
analysis zone became smaller and nowadays it is not uncommon to use TAZ representing one
city block. The availability of data at higher spatial resolution resulted also to the application
of a new set of mathematical methodologies for urban modeling. Whereas in the 1990’s
relationships among the various variable of the models were expressed through statisticaleconometric type equations, these, in many instances, were supplanted by techniques of
cellular automata, agent modeling and microsimulation. These techniques provide some
advantages over the more traditional methodologies since they do not impose the same
equations for all TAZs, but often are addressing a limited set of variables. This paper will not
discuss the details and the advantages/disadvantages of the various methodologies since this
is not its objective. Detailed information on the various urban models can be found in
Wegener 1994, Southworth, 1995, Landis and Zhang 1998, Klostermann 1999, Waddell
2002, Parker 2003, Benenson and Torrens 2004, Miller et. al. 2004, Mantelas, L.et. al. 2010,
and the various references cited there.
The implementation of all urban models requires at least three ingredients; information on the
location of economic and residential activities, data on the transportation network and data on
land available for development and the associated zoning constraints. The former two should
be available for two time periods thus permitting the calibration of the model parameters. The
level of detail on the variables being simulated is an important issue. A model used to
simulate just the growth of an urban area without going into the details of the various
activities (residential, basic/nonbasic employment or by sector) requires fewer data but could
have limited use for operational purposes and simulating the impact of some policies.
Traditionally large operational urban models for various urban agglomerations have been
developed using data from the decennial census, surveys on the location of employment
activities and elaborate surveys on the travel behavior of individuals. For models with more
limited capabilities the CORINE dataset readily available for two time periods for all of
Europe has been used. As part of the Murbandy/Moland project (2002) datasets for 25 cities
in Europe were produced with a classification of land use classes relative similar to the Urban
Atlas. The scale of these datasets is 1:25.000 (versus 1:100.000 and 1:10.00 for CORINE and
Urban Atlas respectively) and the minimum mapping unit is 1 ha. (versus 25 ha. and .25 ha
for CORINE and Urban Atlas). However, the Murbandy/Moland datasets are proprietary and
not readily available.

There is no doubt that the availability of the Urban Atlas will provide a major thrust in the art
of modeling. On the other hand it will not provide answers to all the difficulties faced by
modelers when trying to implement a model. In the section below, detailed information are
provided of how the Urban Atlas dataset might affect urban modeling.
Definition of TAZ/cells:
The minimum mapping unit is .25 ha this means that traffic analysis zones or more correctly
cells of dimension 50x50 meters could be defined. However, as stated in the Mapping Guide
(page 11) the interpreted area should be interpreted with at least 100m extension to ensure
accuracy and continuity of polygons. Thus cells of 100x100 might be on the average a more
appropriate minimum cell size. Of course, depending on the type of study (local scope vs
metropolitan) larger cell size might be used. Cell size is also affected by the size of the city
blocks since going at TAZ smaller than city blocks is unreasonable.
Detail of land use cover:
The land use classes of interest for urban modeling are:
- Continuous urban fabric and the four discontinuous urban fabric areas; these are
mainly residential but could also be buildings for office type of employment.
Detailed characteristics of the housing type could be obtained by superimposing
datasets from the Census. Information on employment by place of work would need
additional surveys. In conjunction with zoning constraints datasets the areas of
discontinuous urban fabric could provide information on the land available for
infill/new development.
- Industrial, commercial, public, military and private units; all of these are separate
categories and therefore could be used to identify areas of employment in terms of
industrial and office employment; information on employment could be obtained
from surveys or company registers. Limited information could be obtained with
respect expansion of these activities in these areas.
- Road network; the road network contains 8 types of roads. It is not clear how good
and detailed the network provided is and alternative sources such as those available
from commercial vendors or Open Street Map (http://www.openstreetmap.org) might
provide better source of data. For rapid transit no information is available, hence the
location of transit stations and the connectivity of the network should be obtained
from other sources.
- Construction sites, land without current use; information on these areas combined
with zoning constraints could provide info for areas where new/re development can
occur.
- Agricultural, semi-natural, wetland areas; these areas a priori should not be available
for development, however, their conversion to urban areas is an issue affected by
legislation and its enforcement.
Overall, the detail of land use cover if combined with data from the census could provide a
relatively good data source for implementing models addressing macro type of policies.
Availability for multiple time periods
The Urban Atlas datasets have been developed for all cities using EO data from 2006.
Comparable datasets for other periods do not exist and it should not be expected that ESA
would produce a similar dataset for the next five to ten years. Nonetheless, urban modelers
will find ways to overcome this problem. CORINE data could be used for the two urban
fabric classes that are similar, although the differences in minimum mapping unit will result
in methodologies that do not take advantage the detailed datasets of Urban Atlas. Another
way will be to develop datasets of land use classes for previous years by processing EO data
readily available such as Landsat (Chrysoulakis et al. 2011).

The lack of exactly similar datasets for another time period will stimulate development of
modeling techniques which will be based on calibrating models based on datasets that are not
exactly similar and calibration techniques that might be ad-hoc or heuristic. Models based on
using the Urban Atlas and assuming patterns of urban growth similar to some other cities or
obtained through a Delphi process when used for projecting urban growth will undoubtfully
emerge. These procedures should not be discarded on the grounds of scientific excellence, as
long as the assumptions they are based on are reasonable.
Modeling frameworks
The availability of a similar dataset for many places will permit the replication of the same
modeling framework for different cities. Efforts such as those carried out at TRL in the mid
90’s when different models were compared on the same dataset might reemerge. However,
the major revolution on modeling frameworks might come by adapting the framework of
open source software/open street data. That is making data and models available to use for
free or at a minimum cost on the internet. Planners, special interest groups and individuals
might be interested to use such a framework. Of course this might create problems if the
modeling methodologies are not robust and not based on reasonable assumptions. The same
level of freely available simulation packages could become also available under the Google
Earth/ Microsoft Bing frameworks.
4. Landscape metrics
Spatial metrics are used to define indicators for the landscape that could be used for
comparing the structure and the form of the various cities. In the last ten years there has been
an increasing interest in applying spatial metric techniques analysis of urban environments, to
examine unique spatial components of intra-and inter-city urban structure, as well as, the
dynamics of change (Alberti and Waddell 2000, Herold et al. 2002, Gustafson 1998). Recent
efforts have built on the fractal measures previously used to measure form, and have
employed a variety of metrics to describe urban form (Herold et al. 2005a,b). The landscape
perspective (patch-based representation) assumes abrupt transitions between individual
patches that result in distinct edges. These measures provide a link between the detailed
spatial structures that result from urban change processes.
The landscape metrics discussed in the literature have concentrated on addressing the issue of
urban vs non-urban land use in order to address the issue of the continuous expansion of
urban areas in the periphery. In this paper, the problem is slightly different. There are data for
only one time period and there are more land use classes. Hence, the various landscape
metrics are estimated for each land use separately and the objective is to use the indices to
obtain information on the form of the city.
In this paper, the following landscape metrics, as proposed by Herold et al. (2003) were
considered:
 Patch Density (PD): The ratio between number of patches and total area.
 Edge Density (ED): The ratio between perimeter of all regions in the area and total
area.
 Largest Patch Index (LPI): The area of the largest patch of the corresponding patch type
divided by the total area of urban agglomeration.
 Euclidean Nearest-Neighbor Distance (ENN_MN): The distance mean value over all
urban patches to the nearest neighbouring urban patch, based on shortest edge-to-edge
distance from cell centre to cell centre.
 Area Weighted Mean Patch Fractal Dimension (AWMPFD): The area weighted mean
value of the fractal dimension values of all patches of the same class.
 Contagion Index (CONTAG): The overall probability that a cell of a patch type is
adjacent to cells of the same type.

The CONTAG index is the only index estimated for all classes, whereas all other indicators
are estimated separately for each class. The above landscape metrics indicators were
calculated for all cities in Greece for which the Urban Atlas contains data. As shown in Table
2, there are information for 9 urban agglomerations. The term urban agglomerations is more
appropriate for some of them since the area covered includes not only the main city of the
area but also all neighboring cities.

Table 2. Greek cities for which information are available in the Urban Atlas
Urban agglomeration
Athens Metropolitan area
Thessaloniki Metropolitan area
Patras Metropolitan area
Heraklio Metropolitan area
Larisa
Volos Metropolitan area
Ioannina
Kavala
Kalamata

Population
(1991)

Population
(2001)

3.523.407
733.005
165.947
140.034
114.334
106.210
63.725
60.187
50.693

3.761.810
773.180
176.716
163.834
126.076
114.368
70.203
63.293
57.620

Total area
(Urban Atlas)
3.042.235.353
1.425.817.472
512.632.621
604.441.776
1.549.413.171
304.256.687
1.325.265.942
351.612.006
441.717.334

Total artificial
area
(Urban Atlas)
71.065.489
15.564.938
5.077.613
4.475.044
12.226.108
3.517.881
8.212.613
1.893.764
2.805.237

Since a large portion of the area covered in the urban atlas is agricultural, semi natural, forests
and water bodies and our objective was to identify the form of the cities only the area covered
by artificial surfaces was considered. Additionally, some of the land use classes were
aggregated since for some of them the percentage coverage of the whole area was very small.
The following land use classes were considered:
 Main Class 1 (MC1): It contains the Urban Atlas class 1.1.1.0.0 (Continuous Urban
Fabric); this is similar to the Class 1.1.1 of CORINE, however, of different resolution
as discussed in Section 2 of this paper.
 Main Class 2 (MC2): It contains the Urban Atlas class 1.1.2.1.0 (Discontinuous Dense
Urban Fabric); this is similar to the Class 1.1.2 of CORINE, however, of different
resolution as discussed in Section 2 of this paper.
 Main Class 3 (MC3): It contains the Urban Atlas classes 1.1.2.2.0 (Discontinuous
Medium Density Urban Fabric), 1.1.2.3.0 (Discontinuous Low Density Urban Fabric)
and 1.1.3.0.0 (Isolated Structures).
 Main Class 4 (MC4): It contains the Urban Atlas class 1.2.1.0.0 (Industrial,
commercial, public, military and private units).
 Main Class 5 (MC5): It contains the Urban Atlas classes 1.2.2.1.0 (Fast Transit Roads
and Associated Land), 1.2.2.2.0 (Other Roads and Associated Land) 1.2.2.3.0
(Railways and Associated Land), 1.2.3.0 (Port Areas) and 1.2.4.0 (Airports).
 Main Class 6 (MC6): It contains the Urban Atlas class 1.3 (Mine, Dump and
Construction Sites).
 Main Class 7 (MC7): It contains the Urban Atlas class 1.4 (Green areas and sport
facilities).
The FRAGSTATS software (McGarigal et al. 2002) was used to estimate the various
indicators for each of the 7 Main Classes. It must be pointed out that the various land uses are
not uniformly distributed in every urban agglomeration. In Class 6 the area covered by the
different land uses in the various urban agglomerations in most cities is less than 3%, whereas
in Class 7 the green areas and the recreational areas represent about 2-3% in most urban
agglomerations, a percentage that is definitely very low.

The CONTAG index describes the heterogeneity of a landscape by the probabilities that a
pixel of patch class a is adjacent to another patch class b. It measures to what extent
landscapes are aggregated or clumped. Landscapes consisting of patches of relatively large,
contiguous landscape classes are described by a high contagion index. If a landscape is
dominated by a relatively greater number of small or highly fragmented patches, the
contagion index is low. The more heterogeneous the urbanized area becomes, e.g. resulting
from higher fragmentation or more individual urban units, the lower the contagion index
(Herold et al. 2003). The estimated values of CONTAG for each of the Greek urban
agglomerations analysed are shown in Table 3, whereas the estimated values of the other
landscape metrics that were calculated for the different Main Classes are shown in Table 3.
The distribution of CONTAG in urban agglomerations is shown in Figure 3. Lower values of
CONTAG are observed in bigger and more compact cities as expected.
Table 3. CONTAG values for each city under study.
Urban agglomeration
Athens Metropolitan area
Thessaloniki Metropolitan area
Patras Metropolitan area
Heraklio Metropolitan area
Larisa
Volos Metropolitan area
Ioannina
Kavala
Kalamata

CONTAG
20,0429
23,0459
22,2434
30,9903
31,3259
26,7743
28,8144
26,4984
28,8413

The values of CONTAG range from 20 for Athens to 31 for Larisa. The lowest values are for
Athens, Patras and Thessaloniki the three largest urban agglomerations in terms of
population. It is reasonable that in these areas there is mixed use hence the overall
probabilities of adjacency of the various patches is the lowest. Among the other urban
agglomerations Volos and Kavala have about the same CONTAG whereas Larisa and
Heraklion have the highest.

Figure 3. The distribution of CONTAG in all cities under study.

Table 4. Landscape metric indices for the different Main Classes for each city under study.

It is difficult and probably not useful to discuss all the spatial metric indicators, hence the
discussion is focusing on some of the main issues. The discussion covers mainly the
indicators for the 5 first land use classes since it was felt that these are the dominant land uses
in the cities examined. Green areas which is of concern in all urban areas, however, the total
coverage as discussed earlier in less than 4% in most cities.
PD: The ratio between number of patches and total area.
For most cities the value of the PD indicator is the lowest for the continuous urban fabric
class with the second lowest being for the discontinuous dense urban fabric. This is
reasonable since these two land uses areas are more compact rather than other land uses. The
highest values of the indicator are for MC5 (Transport infrastructure) which again is
reasonable given the fact that this “land use class” provides connectivity in a city and
therefore is dispersed. For all cities the PD indicator for Dump sites and Green areas is low.
Comparing PD indicators in the same city for Athens and Thessaloniki the relative difference
between the PDs of the various land use classes is about the same. In Thessaloniki the
indicator for industrial activity is higher than in Athens signifying a wider dispersion of
commercial activity.
LPI: The area of the largest patch of the corresponding patch type divided by the total area
of urban agglomeration
This indicator can be considered as a measure of the separation of the urban landscape into
smaller individual patches versus a dominant core. The values this indicator takes for
continuous urban fabric are somehow similar for the three largest cities, implying that the
distribution of this land use is similar in all three cities. These are the cities with the lowest
CONTAG. For Volos the value is significantly higher which means that there is a relatively
large concentration of continuous urban fabric. To a lesser extent this is also true for Kavalla.
ENN_MN: The distance mean value over all patches of a certain land use class to the
nearest neighboring patch of the same class, based on shortest edge-to-edge distance from
cell centre to cell centre.
In all cities the sequence of the values of this indicator for the various land uses is similar,
with the one for Continuous Urban Fabric having the largest value implying that these areas
are more segregated, that is they are further apart. This is reasonable since it would be
expected that continuous urban fabric areas will be further apart. The largest value appears in
Thessaloniki indicating that the continuous urban fabric areas are further apart and probably
this being an indication of a defined multicenter city.
ED: The ratio between perimeter of all patches of a land use class in the area and total area.
As expected the highest values for this indicator for all the cities is for the transport
infrastructure land use class. In all urban areas the ED indicator takes the lowest values for
the continuous urban fabric, with higher values for the other two classes of discontinuous
urban fabric. This implies that the continuous urban fabric areas have on the average a smaller
perimeter. For Athens for patches of class 1, 2 and 3 the average perimeter is respectively
270, 370 and 435 m/ha. For industrial activity the relative similarity of the value of this index
for all cities is worth noting and can be again explained by the fact that for this land use there
are similarities on both the average area of the patch as well as on the perimeter.
AWMPFD: The area weighted mean value of the fractal dimension values of all patches of
the same class.
This indicator that can take values between 1 and 2 can be considered a measure of the
complexity of the shapes of the various patches of a land use class. A value close to 1 implies
simple shapes, whereas values of 2 denote highly convoluted shapes. For all land uses with
the exception of continuous and discontinuous urban fabric this index takes values less than
1.1 thus making difficult any valid comparative interpretation. Continuous urban fabric for all

cities has values of 1.2 and only for Volos it reaches a value of 1.3. One issue that might
explain the low values for this index is that the minimum mapping unit of 0.25 ha and the
image resolution of 2.5 m. result in patches that are not zagged but have a relatively simple
shape.
5. Conclusions
There is no doubt that the availability of Urban Atlas will have major impact on the analysis
of urban areas. It will provide a dataset that can be immediately used for planning purposes
and estimating various indicators particularly if combined with other datasets. Just by
comparing percentages of land use classes planners will be able to develop a macro image of
the form of the city.
Urban modeling will be affected as well. The level of detail in the dataset will provide
datasets that will permit the application of sophisticated or more simple models for
monitoring growth and/or estimating the impact of various policies. Modeling frameworks
might emerge as open source or as part of the Google Earth/ Bing Maps infrastructure.
For urban metrics the Urban Atlas dataset will permit a comparison of urban areas in different
countries and different sizes. Research in the area of the definition of urban metrics might be
stimulated since the metric indicators used today have been defined on the basis of datasets
that contained fewer land use classes. New landscape indicators might be developed that
consider the distribution two or more land use classes simultaneously.
In conclusion the availability of such a massive dataset for almost all urban cities in Europe,
developed with the same standards might revolutionize the field of urban studies and research
thus leading to a more sustainable future.

Acknowledgements:
The research reported in this paper has been partially funded by the European Community's
Seventh Framework Program FP7/2007-2013 under grant agreements n° 212034 (SUME) and
n° 211345 (BRIDGE).

References
Alberti M., and Waddell P., 2000. An Integrated Urban Development and Ecological
Simulation Model. Integrated Assessment, 1, 215-227.
Chrysoulakis, N., Mitraka, Z., Stathopoulou, M. and Cartalis, C., 2011. A comparative
analysis of the urban web of the greater Athens agglomeration for the last 20 years
period on the basis of Landsat imagery. Proc. of the Third International Conference
on Environmental Management, Engineering, Planning and Economics (CEMEPE
2011) & SECOTOX Conference, Skiathos, Greece, June 19-24.
Benenson, I., and P.M. Torrens. 2004. Geosimulation: Automata-Based Modeling of Urban
Phenomena. London: John Wiley & Sons.
Bossard, M., Feranec, J. and Otahel, J. 2000. CORINE land cover technical guide –
Addendum 2000. Technical report No 40. European Environemnt Agency.
Büttner, G., Feranec, J., Jaffrain, G., Mari, L., Maucha, G. and Soukup, T., 2004. The
CORINE Land Cover 2000 project. EARSeL eProceedings 3, 3/2004
Gustafson, E.J., 1998. Quantifying landscape spatial pattern: What is the state of the art?
Ecosystems, 1, 143-156
McGarigal, K., Cushman, S. A. Neel, M. C. and Ene. E., 2002. FRAGSTATS: Spatial Pattern
Analysis Program for Categorical Maps. Computer software program produced by the

authors at the University of Massachusetts, Amherst. Available at the following web
site: http://www.umass.edu/landeco/research/fragstats/fragstats.html.
Meirich, S., 2008. Mapping Guide for a European Urban Atlas. GSE Land Information
Services. GSE Land Consortium. Report ITD-0421-GSELand-TN-01.
EEA 2010a. The CORINE Land Cover database (http://www.eea.europa.eu/data-andmaps/data/corine-land-cover-2000-clc2000-seamless-vector-database).
EEA 2010b. The GMES Urban Atlas. European Environment Agency, Copenhagen
(http://www.eea.europa.eu/data-and-maps/data/urban-atlas).
EIONET 2011. European Topic Centre on Spatial Information and Analysis. European
Environment Agency (http://sia.eionet.europa.eu/Land%20Monitoring%20Core%20
Service/ Urban%20Atlas/).
Herold, M., Clarke, K.C., and Scepan, J., 2002. Remote sensing and landscape metrics to
describe structures and changes in urban landuse. Environment and Planning A, 34,
1443-1458.
Herold, M., Goldstein, N.C., and Clarke, K.C., 2003. The spatiotemporal form of urban
growth: measurement, analysis and modelling. Remote Sensing of Environment, 86,
286-302.
Herold, M. and D. A. Roberts, 2005a. Mapping asphalt road conditions with hyperspectral
remote sensing, Proceedings of URS2005 conference, Phoenix, AZ, March 2005.
Herold, M. Couclelis, H. and Clarke, K. C., 2005b. The role of spatial metrics in the analysis
and modeling of urban land use change. Computers, Environment and Urban
Systems, 29, 369 – 399.
Klostermann R E, 1999. What if?: Collaborative planning support system. Environment and
Planning B: Planning and Design, 26, 393-408
Landis J and M Zhang, 1998. The second generation of the California Urban futures model:
Part 1: Model logic and Theory. Environment and Planning B: Planning and Design,
30, 657-666
Lavalle, C., Demicheli, L., Kasanko, M. et al. 2002. Towards an urban atlas. Assessment of
spatial data on 25 European cities and urban areas. Environmental issue report No 30.
European Environment Agency, Copenhagen, Denmark
Lowry, I. S. (1964). A model of Metropolis. RM-4035-RC. Santa Monica, California, Rand
Corporation.
Luck, M., and Wu, J., 2002. A gradient analysis of urban landscape pattern: a case study from
the Phoenix metropolitan region, Arizona, USA. Landscape Ecology, 17, 327-339
Mantelas, L., Hatzichristos, T., Prastacos P., 2010. A Fuzzy Cellular Automata Modelling
Approach – Accessing Urban Growth Dynamics in Linguistic Terms. Lecture Notes
in Computer Science, Theoretical Computer Science and General Issues,
Computational Science and Its Applications - ICCSA, vol. 6016, 140-151, SpringerVerlag Berlin Heidelberg
Miller, E. J., J. D. Hunt, et al., 2004. Microsimulating urban systems, Computers,
Environment and Urban Systems 28, 9-44.
O’Neill , R.V., Krummel, J.R., Gardner, R.H., Sugihara, G., Jackson, B., Deangelis, D.L.,
Milne, B.T., Turner, M.G., Zygmunt, B., Christensen, S.W., Dale, V.H., and Graham,
R.L., 1988. Indices of landscape pattern. Landscape Ecology, 1, 153-162.
Parker D C, S M Manson, M A Janssen, M J Hoffmann and P. Deadman, 2003. Multi-agent
systems for the simulation of land-use and land-cover change: A review. Annals of
the Association of American Geographers, 93, 314-317
Southworth, F. (1995). A technical Review of Urban Land use-Transportation models as tools
for evaluating vehicle travel reduction strategies. Oak Ridge, Tennessee, Oak Ridge
National Laboratory.
Torrens P.M., and I. Benenson, 2005, Geographic Automata Systems, Geographical
Information Science, vol. 19, 385–412
Waddell P, 2002. UrbanSim: Modelling Urban Development for land use, transportation, and
environmental planning. The Journal of the American Planning Association, 68, 297314.

Waddell, P., G. F. Ulfarsson, et al. 2007 Incorporating land use in metropolitan transportation
planning." Transportation Research Part A 41, 382-410.
Wegener, M. 1994 Operational Urban Models State of the Art, 1994. Journal of the
American Planning Association 60, 17 – 29.

