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ABSTRACT:

Urban compactness is measured for a number of medium sized European cities based on metrics available in the literature. The  
information used is a combination of Urban Atlas and Urban Audit data sets. The former is a source of spatial data whereas the latter  
of population data. These datasets that have been made recently available providing for the first time the opportunity to perform 
comparative  analysis  of  urban  compactness  across  European  countries.  The  results  provide  an  interesting  insight  of  variation  
amongst cities in different countries. The analysis is limited however due to the quality and generalization of the datasets.

1. INTRODUCTION

The compact city is one of these concepts in planning that are 
hard to quantify (Burton 2000). The difficulty resides first of all 
in agreeing upon what exactly are the components of a compact 
city. But even if there is an exact answer to this question data 
availability in common standards would almost certainly force 
the measures  to  adapt  from what  should  be measured  but  to 
what  can  be  measured.  Therefore,  the  quantification  of  a 
compact city is not an easy task.  It is important however to be 
able to calculate urban compactness. The ability to measure it, 
as well  as its change through time, is essential  in monitoring 
cities. Even if intensification, i.e. increased compactness, is not 
planned but merely a spontaneous process  planners should be 
able to have a clear view.

Compact city is an urban form that is alternative to urban sprawl 
(Besussi et al. 2010; Chin 2006). Compact city characteristics 
include high residential densities and increased mix of land uses 
as opposed to urban sprawl characterized by low densities and 
land  use  segregation  (Neuman  2005).  Some  researches  have 
proposed specific metrics to measure city compactness. Notably 
Burton  (2002)  proposed  a  metric  of  compactness  that  is 
composed  of  three  poles  (a)  density  (b)  mix-of-use  and  (c) 
intensification.  Each  of  these  poles  is  measured  as  a 
combination  of  several  indexes.  The  case  study  for  this 
approach has been several medium sized cities in the UK. The 
objective  of  the  present  work  is  to  try  to  apply  a  similar 
approach  to  European  medium  sized  cities.  Clearly the 
approach can only by partially applied due to data limitations 
based on the two standard datasets that cover the whole of the  
European Union, i.e. Urban Atlas and Urban Audit.

2. DATA

2.1 Urban Atlas

The spatial data for the cities come from Urban Atlas (European 
Union, 2011). It covers Large Urban Zones (LUZ) with more 
than 100,000 inhabitants. The data refer to the years 2005-7. It 
is suitable for 1:10,000 scale with a minimum mapping unit of 
0.25 ha for artificial surfaces and 1 ha for all other classes. Its 
nominal  thematic  accuracy for  the class  referring to  artificial 
surfaces is 85% or better. It is a product of interpretation of very 
high  resolution  earth  observation  data  combined  with  locally 
available  topographic  and  land  use  maps.  Its  original  spatial 
structure is vector and it  comes in  Lambert Azimuthal  Equal  

Area  projection  which  maps  conveniently  the  European 
continent. A useful property of this projection is that it does not 
distort areas. Consequently it is suitable for calculating densities 
in a pan-European dataset. An important aspect of Urban Atlas 
is  its  classification  system  (Table  1)  which  aligns  with 
CORINE's   system  after the  addition  of  a  finer  level  (forth 
level).  Despite this  hierarchical alignment with CORINE it  is 
not easy to combine it with Urban Atlas in time series analysis 
due to the very different reference scales (Prastacos et al. 2012).

 

code Land use

11100 Continuous Urban Fabric

11210 Discontinuous Dense Urban Fabric 

11220 Discontinuous Medium Density Urban Fabric

11230 Discontinuous Low Density Urban Fabric 

11240 Discontinuous Very Low Density Urban Fabric 

11300 Isolated structures 

12100 Industrial,commercial, public, military & private units 

12210 Fast transit roads and associated land 

12220 Other roads and associated land 

12230 Railways and associated land 

12300 Port areas 

12400 Airports 

13100 Mineral extraction and dump sites 

13300 Construction sites 

13400 Land without current use 

14100 Green urban areas 

14200 Sports and leisure facilities 

20000 Agricultural areas, semi-natural areas and wetlands 

30000 Forests

50000 Water

Table 1. Land use classes in Urban Atlas.
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Figure 2. Urban Atlas data for the city of Larisa (gr005l_larisa).

In the following analysis Urban Atlas data was recoded to urban 
(codes 11100 – 14200), residential (codes 11100 – 11300) and 
non-urban (codes 20000 – 50000).  One example is shown in 
Figure 2. 

2.2 Urban Audit

Urban Audit is a database containing statistical information for 
European cities. It has been coordinated by the statistical office 
of  the  European  Union  (Eurostat).  One  important  aspect  of 
Urban Audit is that it provides data also for Larger Urban Zones 
(LUZs). But although LUZs should coincide with the functional 
urban  region  its  limits  have  been  adapted  to  coincide  with 
administrative  boundaries.  This  is  definitely  convenient  for 
gathering  socioeconomic  data  it  is  nevertheless  probably  the 
source  of  some  problems  in  the  dataset  discussed  in  the 
following section. An other problem is that the most recent date 
for  obtaining  the  total  resident  population  within  a  Larger 

Urban Zone is the year 2004. For some cities the most recent 
year is even more distant. In specific, for all Bulgarian cities the 
most  recent  data  is  for  1991  whereas  for  Lincoln  (UK)  and 
Setubal  (PT)  it  is  2001.  Also  other  variables  that  would  be 
useful in building indexes, such as the number of households 
and the number of dwellings, are not available for all the cities 
of the European Union.

2.3 Data quality

To a large extent the nominal accuracy of the datasets used in 
the study have been taken for granted in order to focus on the 
use of metrics. A systematic assessment of data quality is clearly 
out of the scope of the present work. However, there is evidence 
that some checking needs to be done in the future. To mention 
one  example,  the  population  of  the  LUZ  of  Volos 
(gr006l_volos)  given  in  Urban  Audit  is  significantly  less 
compared to that given by official national statistics. An other 
problem is the delineation of urban zones in Urban Atlas. For 
example despite the fact that in terms of population the city of 
Ioannina (gr007l_ioannina) is seven times smaller compared to 
Thessaloniki (gr002l_thessaloniki) their zone acreage in Urban 
Atlas is surprisingly approximately the same.
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3. METHOD

3.1 Selection of cities

In any comparison between cities great differences in size can 
make results difficult to interpret. For that reason only medium 
sized  cities  are  selected  here  for  comparison.  In  specific  the 
cities that qualify for comparison are those having a LUZ with 
total  resident  inhabitants  between  80,000  and  220,000.  The 
exact population limits are identical  to  those used by Burton 
(2002).

3.2 Metrics

The metrics used here are taken from Burton (2002). The author 
there  assembles  quite  a  large  number  of  metrics.  The  data 
requirements for these metrics might be possible to be met at 
national scale, at least for some European  countries, but is not 
possible  to  be met  for  a  cross-European  analysis.  In  fact  by 
using  the  only  European-wide  available  datasets,  i.e.  Urban 
Atlas and Urban Audit, only a few of these metrics can be used. 
In specific, and using the names proposed by Burton (2002), in 
terms of density only the following indexes can be used:

• densgr1  =  resident  population  in  zone  /  total  zone 
acreage (persons per hectare). 

• densblt1  = residential  population  in  zone /  built-up 
acreage (persons per hectare). The correspondence of 
built-up  area  in  Urban  Atlas  schema  is  given  in 
section 2.1. Note that built-up includes residential.

• densres1 = resident  population  in  zone /  residential 
area acreage (persons per hectare). 

With respect to the mix of use only the following index can be 
used:

• supfacs2 = residential / non-residential urban land. 

No metric can be used with respect to intensification, that is the 
change of city compactness throughout time. The reason is that 
currently both Urban Atlas and the Urban Audit do not offer a  
second point  in time with pan-European coverage in order to 
estimate change.

The  metrics  have  been  standardized  based  on  the  following 
formula:

standardized value=
value−mean

standard deviation
(1)

They were then combined to yield an overall density measure 
(dens)  by averaging  densblt1  and  densres1.  Index densgr1 is 
shown  on  Table  2  but  has  been  omitted  in  calculating  the 
overall density measure (dens). The reason is that, as explained 
in section 2.3 there is evidence that the delineation of LUZ is 
not consistent. The delineation of urban and residential areas is 
much  more  objective,  especially  when  very  high  resolution 
satellite  images  are  available,  and  thus  more  reliable.  The 
overall  mix-of-use  index  (mixuse)  has  only  one  component.  
Moreover,  the intensification  component  is  absent  as  already 
explained. An overall metric, termed compactness (compact), is 
calculated by averaging the overall density (dens) and mix-of-
use (mixuse) measures.

4. RESULTS

The results  of  the process  are  shown on  Table  2 shorted  on 
compactness.  Population refers to total resident persons in the 
LUZ,  zone  area  refers  to  total  acreage  of  the  LUZ,  the 

correspondence  of  built-up  and  residential  areas  are  given  in 
section  2.1,  code  refers  to  Urban  Atlas  codes  of  cities  and 
“compact”  is  the  total  metric  of  compactness. A  more 
interesting  view of  the  results  is  shown on  figure  2.  In  this 
scatterplot it becomes evident that the vast majority of the cities 
are clustered approximately around mean density and mix-of-
use values, i.e.  where the two axes cross. There are however 
some interesting deviations. 

Looking at  the outliers  in the rightmost part  of this diagram, 
there  is  a  cluster  of  values  of  over  2  or  more  standard 
deviations. This cluster is exclusively composed of Romanian 
cities with only one exception. This exception is the the most 
dens city namely Kavala (gr008).  The other end of density is 
dominated  by  Swedish  cities.  Finally  three  cities  are 
substantially  more  mixed  compared  to  the  average  (pl020, 
hu003, pt004). 

Overall  the  variation  of  compactness  values  at  the  European 
level is significant  providing adequate contrast  as opposed to 
data reported at national scale (Burton 2002). A further reason 
for  this  increased  variation  is  perhaps  that  each  pole  of 
compactness (density and  mix-of-use)  has  been calculated  by 
very  few  components  and  thus  the  effect  of  averaging  is 
inevitably minimized.

5. CONCLUSIONS

In conclusion the two datasets currently available can be used 
along with the metrics for the compact city that have already 
proposed to provide an insight on the current state of the cities. 
The two data sources are far from perfect. Nevertheless this is 
the only option currently available to anyone how would like to 
do a pan-European study of cities. 

Only a few of the metrics originally proposed by Burton (2002) 
can be used with these data sources. The results are definitely 
limited in that respect. But this limitation is also valuable as a 
conclusion by itself. It shows that currently there are no reliable 
datasets to study European cities based on common standards. 

The same finding can also be viewed differently. When studying 
European  cities  the  metrics  used  should  be  more  adapted  to 
pan-European datasets rather than using methods that rely on 
country-specific datasets. Metrics could adapt to CORINE's and 
Urban Atlas' classes and scales. This is also an opportunity to 
shift the nature of metrics from statistical to spatial. 

In  addition,  the  realization  of  the  lack  of  data  to  monitor 
European  cities  should  also  alert  planners  and  policy  makes 
since  it  is  an  indication  that  this  field  does  not  receive  due 
attention despite of the fact that it is critical and that it affects 
the environment and the economy in multiple ways. This could 
mean that monitoring the cities should rely more on top down 
methods,  such  as  remote  sensing  (Stathakis  et  al.  2012; 
Stathakis and Faraslis,  to appear),  rather than bottom-up data 
gathering.

An open research question  is whether  it  is  feasible to devise 
new metrics adapted to pan-European datasets that can better 
capture the dynamics of compactness and its evolution through 
time.  That  is  currently  a  very  interesting  topic  for  further 
research.  The other  question  is whether European institutions 
can become more active in producing reliable datasets for urban 
areas.
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Table 2. Compactness and other data per LUZ. The most recent  
population  data  for Setubal  and  Lincoln  is 2001 whereas for 
Pleven, Vidin and Ruse is 1991
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Figure 2. Compactness of cities based on density and mix-of-
use.
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