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1. Abstract 
This first interim report reports on the ongoing efforts in: 
 
• Communication with other ESPON project and with the stakeholder group (EIB, Eurostat 

and ESPON CU) in the form of use cases. 
 

• Communication with the parallel ESPON projects, special communication has been set up 
with the projects M4D (including the OLAP cube team) and with the ETMS project. Our 
projects face similar challenges and oportunities (in presenting city indicator data and 
benchmarking functionality) and fruitful discussion are ongoing with the intention to align 
direction and best practices. 
 

• Defines the initial list of cities (based on criteria) and indicators to be included in the 
cityBench tool.  
 

• First proposal in including multi level and innovative data (such as from social media and 
volunteered geographic information) to be included along side ESPON and EUROSTAT 
data (just first indicators, the final innovative indicators and methodologies to be presented 
in the subsequent deliverable: Report on Indicators, due June 2013). 
 

• Further (re)defining and narrowing the webtool functionality based on use case needs and 
complementary to other exisiting tools: OECD MetroExplorer and emerging Urban Audit 
webtool. 
 

• Detailed explanation of the technical architecture to be developed (it was decided to deepen 
the technical detail and services functionality so that the parallel projects can understand 
the technical developments of city bench and decide when and if technical synergisms can 
take place (by reusing components or the API). The citybench tool is also open to discuss 
adaptations of our server functionality and/or client functionality to accommodate needs and 
cooperation with the parallel ESPON projects. 
 

• An updated workplan is available in section 5.7. 
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2. Introduction 

2.1. Summary of stakeholder dialogue 
Use cases, functionality and tool complementarity 
 
From the discussions with the stakeholders (EIB, Eurostat and ESPON CU, especially in the 
March 26 meeting, but also in subsequent email exchanges), it was decided to adapt the scope 
of the webtool. Initially, the webtool would allow for data exploration and now it was decided to 
focus on urban benchmarking and comparison tool. The main reason for this was the recent 
release of the very versatile and powerful OECD MetroExplorer tool which also allows for data 
exploration. In addition, it was announced that this year the Eurostat will release an improved 
Urban Audit webtool which all allows for data exploration. Last but not least, from the use case 
analysis (use case defined by the EIB and ESPON CU) it was revelead that the main use of the 
tool should be on benchmarking and selecting comparable urban zones. See section 4.2.2 for a 
more detailed report on the outcomes of the use case definition and analyisis.  
 
Geographic units, list of cities and indicators 
 
From discussions with the steering committee of the project it was also decided to continue 
motivation to use the Large Urban Zone geographic unit as the backbone of the tool. The 
Eurostat recommended the use of the new delineation of LUZ (also known as LUZ 2012). The 
new LUZ arouse from the need to compare cities monitored by different programs (OECD, 
European DG-Regio), so the tool should use this geographic unit so that its results and usage 
can be complementary and comparable to the OECD tools and eurostat future tool. Other 
geographic units (e.g. NUTS 3) are still being considered to be offered as additional 
functionality, but only if its inclusion does not limit ease-of-use and understandility of the tool.  
 
The main requirement is for the tool to be simple and easy to use to act as a quick scan to 
ESPON and other data. If necessary, the user can be directed to additional ESPON tools to 
further analyse the selected urban zones in different geographic levels and/or indicators.  
 
The tool will start with a subselection of cities. The criteria for the selection were: 
 

1) complement the OECD tool, so the OECD European urban zones should be available, 
2) extend that list with the ESPON coverage of EU27+4 countries, 
3) include all LUZ with a population number of > 400,000 since it matches the OECD 

criteria, 
4) extend the list in under-represented countries by including also LUZ with a population 

number of > 200,000 for under-represented specific countries.  
 
The final list accounts for 173 LUZ for the first tier of the tool. The list and detailed criteria is 
available in section 4.1.1. 
 

2.2. Specific functionality 
Also from the discussion with the steering committee, specific functionality and data layers have 
been proposed, and concerns need to be addressed. The summary of the concerns and 
functionality now being researched is included in the following list: 
 
• Pre-selection of cities –allow users to select cities by territorial co-operation programme 

areas (transnational and cross-border) or using typologies (such as mountain cities, coastal, 
etc). These thematic and geographic pre-selection would allow urban practitioners the 
opportunity to see benchmarking and networking potential. 
 

• Extended benchmarking – to allow benchmark not just between cities, but also to compare 
performances in relation to the national capital city, as well as national and EU (averages). 
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Still to be decided, if it should be used a derived average from the additional cities (and 
national capital) available in the CityBench database, or using a different (national) 
indicator. 
 

• Scale classification – having 7-9 points is seen as too many and may be reduce 
understandibility. User research should be carried to decide on the appropriate number of 
classes (3, 4, 5, or 7), being i.e. 5 the default number of classes presented to the user, or if 
it is possible, to allow user created classes. 
 

• Composite indicators –composite indicators should be aproached with great care, as they 
present both methodological and presentation challenges.  
 

• Alternative private sources – The ESPON CU and EUROSTAT confirmed the usability of an 
existing EuroGeographics licence, so this source should be considered.  
 

• The use of LUZ 2004 has been discouraged - The 2004 UA data contained much 
volunteered data, and a majority of indicators will be discontinued by Eurostat. 2012 LUZ 
will have fewer indicators, but more completion rate (including data for French cities). So 
LUZ 2012 should be pursued, LUZ 2004 and old UA data disregarded. 
 

• A two tier approach will be used, based on the availability of data. The TPG should note that 
coverage across the ESPON space is required for this limited number of cities. 
 

• Economic and smartness indicators are considerend crucial; the development of these 
indicators is ongoing. Indicators on e.g. skills, innovation, enterprise births and deaths, 
competition and R&D expenditure might prove very useful in determining the economic and 
"smart" potential of an area, in addition, Development/Investment demands, Energy and 
internal accessibility are also being considered. 
 

• To respond to the previous point, the use of alternative, multilevel and innovative data 
sources is encouraged. Which includes: 

o Unofficial indicators available at country-level data (esp. regulatory/ease of doing 
business: www.doingbusiness.org);  

o Unofficial city data (TomTom, hotels databases, citations indexes, most liveable 
cities, UN habitat ranking, OpenStreetMap). The providence of this data should be 
honestly and transparently presented. 

 
• It is important to the investor group to be able to separate LUZ core and outer where 

appropriate. More research is needed on the implementation of this requirement. 
 

• Exclude Urban Aurdit indicators with less than 50% coverage while considering those above 
this threshold. 
 

• The two tier model – using a first subset of cities, while considering the future use of all LUZ 
is considered a good compromise approach between full usability and longer term coverage 
aspirations. 
 

• Easy to use data loading methodologies and tools are being developed to warranty the 
future sustainability and updates of the tool by the ESPON CU (as administrators of the 
tool). 

 

2.3. Relevant developments at policy level  
ESPON applied research should contribute to policy processes, particularly at European level 
regarding territory dynamics and development. This means that the CityBench project results 
should be useful and interesting for policy makers and practitioners (also from the broad 
European perspective, not only ESPON).   
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The major policy developments and relevant processes build on a territorial approach and 
mention the need of evidence for taking the best possible policy decisions. Relevant documents 
include: 
 

1) The Lisbon Treaty (includes the new aim of Territorial Cohesion). 
2) The Europe 2020 Strategy (adopted on 17 June 2010 by the European commission). 

This policy document sets out a vision of Europe's economy for the 21st century.  
3) The Fifth Report on Economic, Social and Territorial Cohesion and other considerations 

related to EU Cohesion Policy 2013 and beyond where the territorial dimension is being 
addressed in order to ensure that the diversity of regions and cities is better considered 
and targeted in future strategies and policy decisions at all administrative levels.  

4) The Green Paper on Territorial Cohesion of the European Commission. 
5) The Territorial Agenda decided by Ministers from all EU Member States which sets a 

number of European policy orientations and resulted in an Action Plan 1. Territorial 
Agenda 2020 was adopted on 19 May 2011. 

6) The European Commission published the 7th progress report on economic, social and 
territorial cohesion on 1 December 2011. The report assesses how, in the context of 
cohesion policy, regions and cities can contribute to smart, sustainable and inclusive 
growth and Europe 2020 headline targets. This report shows that cities and regions are 
faced with different combinations of development problems and growth potential.  

 
The project result should show a good understanding of these European policy concepts and 
processes concerning cities. And in addition, integrate with other initiatives such as the RFSC. 
In this line, the tool is envisaged to expose and discover risks and opportunities for cities (such 
as the selection and discovery of cities with similar parameters). 
 
The maps shown are wireframe illustrations and it is acknowledged with a label that the user 
interface will use ESPON maps. The TPG are asked to ensure that these keep to ESPON 
presentation guidelines. 
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3. Conceptual architecture 
The Open Geospatial Consortium (OGC) Reference Model1 stresses the importance of open 
standards for the successful exploitation of geospatial resources on the Internet. One of the 
pillars of the OGC open strategy is the OGC services architecture2. This architecture “provides a 
framework for developers to create standard-based software that enables users to discover, 
access and process geospatial data from a variety of sources across generic computing 
interfaces within an open information technology environment”. The OGC services are 
described as components, which support functionality provided through specific interfaces; 
these interfaces are sets of operations which characterize the behavior of the service. Each 
operation has a name and a number of parameters. 
 
OGC web services are designed to be used following the publish-find-bind pattern: someone 
(mostly a provider) publishes an OGC web service to a service registry, or catalog, someone 
else (a consumer) finds this service in the registry and binds directly with the service in order to 
interact with it through its interfaces. Following this pattern, the designed  applications allow final 
users to achieve their goals by interacting with the OGC web services in a transparent manner. 
OGC web services are also designed to be chained in workflows, allowing to implement 
complex behaviors by means of linking simpler services. 
 
Among the applications that can exploit OGC web services, geoportals  are among the most 
relevant ones. Geoportals are points of access to geospatial information on the Internet. They 
provide a unified user experience across the different application they may include although the 
underlying information comes from different sources and services. Geoportals and applications 
support geospatial decision support services, providing decision makers with an easy and 
uniform access and interact with different sources of information on the Internet. 
 

 
Figure 1.- INSPIRE technical architecture overview 

 
Linking with the INSPIRE directive to use data supplied by INSPIRE data providers (e.g. 
National Mapping and Cadastral Agencies) is foreseen in the CityBench project. Especially the 
use of harmonized data sets related to the Annexes of the directive by means of Network 

                                    
1 http://www.opengeospatial.org/standards/orm 
2 http://portal.opengeospatial.org/files/?artifact_id=1221 
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Services. These services will be developed under the architectural framework provided by this 
directive and its implementing rules and technical guidelines. 
 
The INSPIRE Network Services Architecture document3 is an informative reference which 
provides the architectural context to understand the INSPIRE Implementing Rules for Network 
Services. All kind of data and metadata access and processing is done by means of the 
Network Services. An overview of this architecture, as depicted in this document, is shown in 
Figure 1. 
 
In the CityBench project the architecture will follow INSPIRE architecture. Figure 2 show the 
conceptual architecture of the CityBench project, that following the INSPIRE architecture adapts 
it to include the required functionality in the form of Network services and the client applications 
in the form of a Web Portal. 
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Figure 2.- Conceptual Architecture CityBench 
 

3.1. Requirements 
The CityBench functional and technical requirements will be addressed by the implemented 
components deployed in the architecture. These requierements are listed below: 
 
Functionality 
 

• Search cities based on given indicator values 
• Search cities based on name 
• Show indicator values of selected cities 
• “Slide” through time to show the values of selected indicators from different years. 
• Comparison of different cities (LUZ) 
• Self-define composite indicators 
• Standard map functionality to navigate through the map (zoom, pan) 

                                    
3 http://inspire.jrc.ec.europa.eu/reports/ImplementingRules/network/D3_5_INSPIRE_NS_Architecture_v3-0.pdf 
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Usability 
 

• Must be easy to learn and understand 
• Must be effective to use (able to answer the questions of the user) 

o For example, which other cities are similar to LUZ X, for a pre-set of indicators. 
 
Data 
 

• The system must use data from the ESPON Database 
• The system should use data from external sources to include indicators not available or 

not fully covered in the ESPON database 
• The system should try to scale data to the LUZ regions. 

 
Open Source 
 

• The CityBench project will preferably use Open Source Software components to 
implement required functionality 

• Source code and configuration file developed for the CityBench project specifically will 
be made available as Open Source. 

 
Open standards 
 

• The project should use Open Standards to give access to the CityBench data 
• The project must be able to use relevant Open Standards to use data from other 

sources (e.g. INSPIRE data from NMCA’s, data from EIB and EuroStat). 
 
Deployment 
 

• The system must be deployable at the ESPON CU 
• The system must be maintainable by employees or contractors of ESPON CU 

 

3.2. Layers and Services 
The CityBench architecture follows a classical 3-layer style. Each layer has distinct 
characteristics and its components implement a distinct role in the CityBench system. 
 
Data and service layer 
 
The “Data and service layer” contains the data used by the CityBench system. Also the services 
which implement interfaces to external data are part of this layer. Its components are: 
 

• ESPON Database 
This component is quite obvious. The ESPON database is available as Excel sheets. In 
order to be used by the CityBench system, it will be loaded into a spatial database 
through an ETL process (see ETL). 

 
• INSPIRE Data 

The Thematic Working Groups of INSPIRE specified the different Data Specifications as 
specified in the INSPIRE Regulation. National Mapping and Cadastral Agencies 
(NMCA’s) and other Member State (MS) organisations that are responsible for providing 
the INSPIRE data, will implement View and Download Services to access the INSPIRE 
data. Basically these will be OGC Web Mapping Services and OGC Web Feature 
Service. 
 
INSPIRE View Services can be used to serve as background data, or as thematic maps 
for the CityBench tool. These services can either be used directly in the CityBench tool 
(or another client), or cached. The advantage of caching View Services is described in 
section Tile cache. 
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The INSPIRE Download Services to download the data according to the INSPIRE Data 
Specifications seems to be more important for the CityBench tool. Several themes 
specified by the INSPIRE regulation and specified in the INSPIRE Data specifications 
seem applicable to be used for creation of (missing) indicators and for the interpolation 
of indicators available on different scales. That is specifically true for several INSPIRE 
Annex III themes. 

 
• Other External Data 

There are other external data which is relevant for the CityBench tool and can be used 
to derive indicators from. This data originates from e.g. EIB and EuroStat, but also from 
other project collecting data. An extensive list can be found in the Inception Report. 
 
Preferably this data can be accessed through Download (or WFS) Services, however 
most likely other interfaces to access the data will be available. It is also expected that 
during the project duration, and possibly after the project end, more datasets that deliver 
relevant data are discovered. 
 
In order to be able to use this data based on the expected different interface, and to 
include datasets discovered later, an interface on the CityBench side is foreseen to 
incorporate the data into the CityBench tool (see External Data API) 

 
CityBench data layer 
 
This layer contains data copied from the ESPON database or other available datasets, and data 
derived from these and external datasets. Contrary to the “Data and service layer” the data is 
stored in components specifically designed and implemented for the CityBench project. For 
example the ESPON data will be harvested from the “data and services layer” and stored in a 
spatial database for further spatial processing. Its components are: 
 

• ETL 
The Extract Transform and Load (ETL) component will extract the data from the ESPON 
database, transform it into a specified data model (implemented by the spatial 
database), and loaded into the spatial database. 

 
• External Data API 

The external data API will make it possible to include external data in a flexible way. At 
this moment it is foreseen this API will be an abstract interface specification with a plug-
in architecture. 
 
Each plug-in will implement the abstract interface and support a specific external 
datasource. The abstract interface specification will be documented so developers (from 
the CityBench project, but specifically also external developers) can implement this 
interface to develop new plugins. 
 

• Spatial database 
The data from the ESPON database and other datasources, if relevant, wil be cached in 
a database with a spatial component which will allow and facilitate representation and 
spatial analysis of data. 

 
• Tile cache 

In order to have smooth and responsive maps, a tile cache will be implemented. The tile 
cache will be accessible by the CityBench tool and other clients using a WMS-T 
interface (see WMST). 
 
The tiles will be created from the View Services available at the Data and Service layer, 
and directly from the CityBench spatial database if required. The tile cache also 
supports transformation from different projection systems. 

 
• Metadata 
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Metadata about data and indicators available in the CityBench database will also be 
stored. 

 
• Metadata M4D 

The ESPON project M4D delivered a Metadata API to allow other projects to access 
and analyse data collected and stored in the new ESPON database, discussions are 
ongoing in order to access that data via an API from CityBench. 

 
CityBench service layer 
 
The CityBench Service Layer specifies the interfaces available to manage search and use the 
data in the CityBench datalayer. Based on these interfaces the CityBench tool will be 
implemented, but also other clients could access the data in the CityBench datalayer through 
this service layer. Its components are: 
 

• Rest services 
REST/JSON services will supply functionality and data to the CityBench clients. The 
interface and supported functionality will be clearly documented. 

 
• JS API 

In order to use the different CityBench data and functionality in an Internet browser, 
JavaScript libraries will be developed. These libraries will use other Open Source 
JavaScript libraries such as JQuery and D3. The JavaScript CityBench libraries will be 
stored on the CityBench webserver to be deployed at ESPON CU. 

 
• Diagram Service 

The diagram service is responsible for creating the interactive diagrams. The input for 
the diagrams will most likely be aggregated information from the processing service. 

 
• CSW 

The metadata will be searchable and downloadable through the OGC Catalogue 
Service for the Web interface. 

 
• WMS 

The OGC Web Map Service will supply portrayal services for the geographic data in the 
CityBench database. 

 
• WMS-T 

The WMS-T is a tiled version of the WMS interface. Unlike a WMS the map is not 
generated on the fly, but created and cached in forehand. This allows for more 
responsive and more scalable systems. 

 
• WFS 

The Download Service supports two interfaces: Rest/JSON and WFS/GML. However 
because GML support in business clients is not always implemented a lightweight, 
interface based on Rest and JSON for integration into business processes is foreseen. 

 
• WPS 

The Web Processing Service is foreseen to implement functionality to process self-
defined indicators. 

 
• Report Service 

Processing services are needed to aggregate information from the attributes as 
available in the data model and make them available as indicators. 

 
CityBench app layer 
 
This layer implements the client application to access the functionality provided by the 
CityBench system, which, among others, will allow users to: 
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• select  a certain indicator  
• rank  LUZ based on the indicators, 
• create  a composite indicator (and rank) 
• sub-select  cities with a window in the rank graph 
• explore  cities by clicking on them in the map 
• compare  cities on graphs 
• export  views as a PDF report or publish them to social media or email 
• find similar cities : the radial view where the first selected city is in the middle of the 

graph and the other cities are distribute around it, where closeness represents similarity  
 

3.3. Implementation 
This chapter describes the preliminary implementation choices for relevant CityBench 
components. 
 
Data and Services layer 
 
As the management of these data and services is out of scope for the CityBench project, no 
implementations will have to be carried out in this layer. 
 
CityBench Data Layer 
 
The ESPON Database ETL and External Data API are components that need to be developed 
specifically for the CityBench project. These tools will be implemented using Java programming 
languaje. Possibly the Open Source Software “GeoKettle” will be used to support the ETL 
process. 
 
Metadata will be stored in an Open Source system, either GeoNetwork or QuantumLab. Both 
systems have the necessary functionality to harvest, manage and request the metadata. 
 
The Spatial Database will also be an Open Source product, namely PostgreSQL with PostGIS 
extension for spatial support. 
 
The tilecache will be managed by an OSS product as well, either MapProxy or GeoWebCache. 
 
CityBench Services Layer 
 
The components of the CityBench Services Layer depicted in orange in Figure 2 are 
components specifically developed for the CityBench system. They will be implemented in Java 
(server side) and JavaScript (client side). The interfaces will be well described and use 
standards such as REST and JSON so other client could connect to them as well if needed. 
 
The other components (in yellow) will be implemented using OSS products which already 
support the WMS, WMS-T, WFS and WPS interfaces. These products can include GeoServer 
(for WMS and WFS) and Deegree (WFS, WMS, WPS), The WMS-T interface is implemented by 
the Tilecache component described in the section CityBench Services Layer. 
 
CityBench App Layer 
 
The Web portal with all of its required functionality will be implemented using HTML JavaScript, 
AJAX and the interfaces defined in the CityBench Services Layer. This layer will form the visible 
part for the users. 
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4. The Data and Services Layer 
Based on the previous analysis, the CityBench webtool will select different data and services 
from the components described in the Data and Services layer. One of the main data to select 
is the geographical scope of the project. 

4.1. Larger Urban Zones to be included in the webto ol: two-
tier approach 

4.1.1. Selection of Larger Urban Zones for first ph ase 
During the meeting in Luxembourg, the proposed two-tier approach for populating the webtool 
with Larger Urban Zones (LUZ) was approved. This implies that initially, the webtool will contain 
a subset of LUZ. Selection of the LUZ for this subset is based on a set of criteria, which will be 
elaborated below. 
 
Criterium 1: Include all European cities included i n the OECD Metropolitan Areas 
database (MAdb) 
 
The Metropolitan Explorer (http://www.oecd.org/statistics/datalab/metro-explorer.htm) compares 
the performance of 268 metropolitan regions in OECD countries on a number of key indicators. 
It was suggested by ESPON CU to use the 114 European cities included in this Explorer as a 
starting point for populating the webtool. These cities are listed in Table 1. 
 

 Name Corresponding LUZ 2012 id  

1 Aachen DE507L1 

2 Amsterdam NL002L2 

3 Antwerpen BE002L2 

4 Athina EL001L1 

5 Augsburg DE033L1 

6 Barcelona ES002L1 

7 Bari IT008L2 

8 Basel CH003L1 

9 Berlin DE001L1 

10 Bilbao ES019L1 

11 Birmingham1 UK002L2 

12 Bologna IT009L1 

13 Bochem2 DE038L1 

14 Bonn DE034L1 

15 Bordeaux FR007L2 

16 Bradford UK005L0 

17 Bratislava SK001L1 

18 Bremen DE012L1 

19 Bristol UK011L2 

20 Brno CZ002L1 

21 Bruxelles / Brussel BE001L2 

22 Budapest HU001L2 

23 Cardiff UK009L1 

24 Catania IT010L2 

25 Dortmund2 DE038L1 

26 Dresden DE009L2 

27 Dublin IE001L1 

28 Duisburg2 DE038L1 

29 Düsseldorf DE011L1 
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30 Edinburgh UK007L1 

31 Eindhoven NL005L2 

32 Essen2 DE038L1 

33 Firenze IT007L2 

34 Frankfurt am Main DE005L1 

35 Freiburg im Breisgau DE027L1 

36 Gdansk PL006L2 

37 Genève CH002L1 

38 Genova IT006L2 

39 Gent BE003L2 

40 Glasgow UK004L1 

41 Göteborg SE002L1 

42 Graz AT002L2 

43 Grenoble FR026L2 

44 Hamburg DE002L1 

45 Hannover DE013L1 

46 Helsinki FI001L2 

47 Karlsruhe DE035L1 

48 Katowice PL010L2 

49 København DK001L2 

50 Köln DE004L1 

51 Krakow PL003L2 

52 Las Palmas ES008L1 

53 Leeds UK003L1 

54 Leicester UK014L1 

55 Leipzig DE008L2 

56 Liège BE005L2 

57 Lille FR009L2 

58 Linz AT003L2 

59 Lisboa PT001L2 

60 Liverpool UK006L2 

61 Ljubljana SI001L1 

62 Lodz PL002L2 

63 London UK001L2 

64 Lublin PL009L2 

65 Lyon FR003L2 

66 Madrid ES001L1 

67 Málaga ES006L1 

68 Malmö SE003L1 

69 Manchester UK008L2 

70 Mannheim3 DE084L1 

71 Marseille FR203L2 

72 Milano IT002L2 

73 Montpellier FR010L2 

74 München DE003L1 

75 Münster DE504L1 

76 Nantes FR008L2 

77 Napoli IT003L2 

78 Newcastle upon Tyne UK013L2 

79 Nice FR205L2 

80 Nottingham UK029L1 

81 Nürnberg DE014L1 
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82 Oslo NO001L1 

83 Ostrava CZ003L1 

84 Palermo IT005L2 

85 Paris FR001L1 

86 Porto PT002L2 

87 Portsmouth UK023L1 

88 Poznan PL005L2 

89 Praha CZ001L1 

90 Rennes FR013L2 

91 Roma IT001L2 

92 Rotterdam NL003L2 

93 Rouen FR215L2 

94 s' Gravenhage NL001L2 

95 Saarbrucken DE040L1 

96 Saint-Etienne FR011L2 

97 Sevilla ES004L1 

98 Sheffield UK010L2 

99 Stockholm SE001L1 

100 Strasbourg FR006L2 

101 Stuttgart DE007L1 

102 Tallinn EE001L1 

103 Thessaloniki EL002L1 

104 Torino IT004L2 

105 Toulon FR032L2 

106 Toulouse FR004L2 

107 Utrecht NL004L2 

108 Valencia ES003L1 

109 Venezia IT011L2 

110 Warszawa PL001L2 

111 Wien AT001L2 

112 Wroclaw PL004L2 

113 Zaragoza ES005L1 

114 Zurich CH001L1 

Table 1.- European cities included in OECD MAdb. 
 
1: Corresponds to LUZ 2012 area ‘West Midlands urban area’ 
2: Part of LUZ 2012 area ‘Ruhrgebiet’ 
3: Corresponds to LUZ 2012 area “Mannheim-Ludwigshafen” 
 
Criterium 2: include all EU27+4 countries 
 
The OECD MAdb does not cover all EU27+4 countries (EU27 plus Iceland, Liechtenstein, 
Norway and Switzerland). Therefore, additional LUZ from the absent countries have to be 
included. As a starting point, all capital LUZ should be selected. These capital LUZ are listed in 
Table 2. 
 

 Name LUZ 2012 id  

115 Bucuresti RO001L1 

116 Grad Zagreb HR001L2 

117 Lefkosia CY001L1 

118 Luxembourg (Grand Duchy) LU001L1 

119 Reykjavik IS001L1 

120 Riga LV001L0 
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121 Sofia BG001L2 

122 Valletta MT001L1 

123 Vilnius LT001L1 

Table 2.- EU27+4  capitals not included in OECD MAd b. 
 
It should be noted that since for Liechtenstein no LUZ have been defined, this is the only 
country within the EU27+4 space which is not represented in the webtool. 
 
Together, criteria 1 and 2 constitute the minimum number of LUZ to be included to ensure a full 
EU27+4 coverage. However, in order to attain a more comprehensive coverage, two additional 
criteria have been formulated. 
 
Criterium 3: Include all LUZ with a population numb er of > 400,000 
 
The OECD MAdb consists entirely of cities of which the LUZ have a population of more than 
400,000. However, not all European LUZ of this size have been included. To account for this 
inconsistency, the selection should be extended to include all European LUZ containing more 
than 400,000 inhabitants. They are listed in Table 3. 
 

 Name LUZ 2012 id  

124 Aalborg DK004L1 

125 Aberdeen UK016L1 

126 Alicante/Alacant ES021L1 

127 Arhus DK002L1 

128 Belfast UK012L1 

129 Bialystok PL011L2 

130 Bielefeld DE017L0 

131 Brescia IT029L2 

132 Bydgoszcz PL008L2 

133 Cagliari IT027L1 

134 Caserta IT021L2 

135 Clermont-Ferrand FR022L2 

136 Córdoba ES020L1 

137 Coruña, A ES026L1 

138 Coventry UK025L2 

139 Czestochowa PL024L2 

140 Darmstadt DE025L1 

141 Erfurt DE032L1 

142 Exeter UK018L2 

143 Halle an der Saale DE018L1 

144 Kalisz PL027L2 

145 Kaunas LT002L1 

146 Kiel DE039L1 

147 Kielce PL012L2 

148 Kingston-upon-Hull UK026L1 

149 Magdeburg DE019L2 

150 Mainz DE037L1 

151 Metz FR017L2 

152 Murcia ES007L1 
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153 Nancy FR016L2 

154 Odense DK003L1 

155 Padova IT028L2 

156 Palma de Mallorca ES010L1 

157 Plovdiv BG002L2 

158 Regensburg DE028L1 

159 Salerno IT032L2 

160 Santa Cruz de Tenerife ES025L1 

161 Stoke-on-trent UK027L1 

162 Szczecin PL007L2 

163 Taranto IT022L2 

164 Tours FR035L2 

165 Valladolid ES009L1 

166 Verona IT012L2 

167 Vigo ES022L1 

168 Wiesbaden DE020L1 

Table 3.- EU27+4  LUZ > 400,000 inhabitants not inc luded in OECD MAdb. 
 
Criterium 4: Include additional LUZ in underreprese nted countries 
 
Finally, several countries in EU27+4 space are either small or relatively sparsely populated, or 
have a population that is distributed relatively equally over the country. If one or more of these 
characteristics apply, a country may have only one or even zero LUZ of which the population 
exceeds 400,000. In order to ensure a proper representation of these countries in the webtool, a 
second city (apart from the capital) should be included, provided that its population exceeds 
200,000. They are listed in Table 4. 
 

 Name LUZ 2012 id  

169 Bergen NO002L1 

170 Cluj-Napoca RO002L1 

171 Cork IE002L1 

172 Debrecen HU005L2 

173 Kosice SK002L1 

174 Maribor SI002L1 

175 Split HR005L2 

176 Tampere FI002L2 

Table 4.- LUZ in underrepresented countries. 
 
Please note that the actual number of first phase LUZ is not 176 but 173, as the OECD cities 
Bochum, Dortmund, Duisburg and Essen are part of one LUZ area: Ruhrgebiet. 
 

4.1.2. Addition of LUZ in second phase 
As data for LUZ 2012 becomes available, they will be gradually added to the webtool. 
Eventually, the webtool will include all 695 LUZ 2012 – or more, as the number of LUZ appears 
to keep growing. 
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4.2. Indicators to be included in the webtool 

4.2.1. Geographical levels 
LUZ level 
 
ESPON CU has stated that the (current version of the) Larger Urban Zone geographical level 
should be the backbone of the webtool. Therefore, when searching for indicators attention was 
focused on indicators collected at LUZ level. The main provider of these LUZ based indicators is 
Eurostat. One of the issues encountered was that, until now, all LUZ indicators had been 
collected for a previous version of LUZ delineations. This version not only differs in size and 
shape of the LUZ, but also in number from the current LUZ version. According to ESPON CU, 
despite these differences in shape and size the data collected for the previous LUZ represent a 
reasonable approximation for the corresponding current LUZ and can therefore be used in the 
webtool. It is expected that Eurostat will publish the first batch of indicator data collected for the 
current LUZ version shortly. As it becomes available this data will be integrated into the webtool 
as well. 
 
NUTS 3 level 
 
Since not all indicators relevant to the webtool are available at LUZ level, NUTS 3 level data, of 
which ESPON is an important provider, was also scanned. A lot of relevant and recent data is 
available at this regional level. It was assumed that this data could be used because of the 
existence of a correspondence table between the previous LUZ and NUTS 3 versions. This 
table specifies which NUTS 3 regions are part of a particular LUZ. As such, it seemed possible 
to convert NUTS 3 level data to LUZ level and thus use it in the webtool. However, as the 
current LUZ version is based on LAU2, this correspondence with NUTS 3 does not exist 
anymore. Therefore, it will be very difficult to integrate data collected at NUTS 3 level into the 
webtool. In a sense, this issue has been solved by the creation of the metropolitan regions, 
being the NUTS 3 approximations of the major LUZ. Discussions with parallel projects (specially 
with M4D and the OLAP cube and ETMS) are ongoing to determine a common approach and 
best practice on how and if to (also) use NUTS 3 geographic units. 
 
Metropolitan region level 
 
258 metropolitan regions in 30 countries have been defined. These regions are aggregations of 
NUTS 3 areas and are considered by ESPON CU to be reasonable (and acceptable) 
approximations for the corresponding LUZ. This would mean that data collected at metropolitan 
region level could be included in the webtool to constitute an additional set of indicators for 
selected LUZ (i.e. only those with a corresponding metropolitan region). 
 
However, there are issues with this approach, which may be illustrated by an example. The 
Dutch metropolitan region Randstad Noord is a conglomerate of three different LUZ: 
Amsterdam, Hilversum and Utrecht. Thus when using an indicator at metropolitan region level 
for LUZ Amsterdam, the values for the LUZ Utrecht and Hilversum are part of the indicator value 
for Amsterdam - and vice versa. Thus the question is: is it possible to disaggregate the indicator 
value for the one unit (Randstad Noord) to obtain the separate values for the three LUZ and if 
so, how could this be done? Conversely, if disaggregation is not possible, is it acceptable to 
assign a metropolitan region indicator value to each LUZ it includes? The ESPON CU is kindly 
requested to provide its opinion on this issue. Final decision on the usage of this geographic 
level postponed to the subsequent delivery (Report on Indicators, due June 2013). 
 
As indicated in the inception report, a solution to this geographical level issue would be to 
include two levels (LUZ, metropolitan region) in the webtool and treat them as separate 
datasets. This would allow the webtool user to select the desired geographical level (including 
the corresponding indicators) to be used for analysis. 

4.2.2. Indicators derived from use cases 
ESPON CU recently suggested using the indicators from the Reference Framework for 
European Sustainable Cities (RFSC) as a starting point, a point of view that was reflected in the 
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use case delivered by ESPON CU. Alternatively, the European Investment Bank (EIB) prepared 
a use case which lists an alternative requested set of indicators to be included in the webtool. 
Table 5 presents an overview of these two use cases, including the indicators they propose.. 
 

Creator of 
use case 

Peter Mehlbye, ESPON CU  EIB 

Target 
group  

Regional/urban practitioner, based at City 
Council in either executive or political function, 
most likely at development and regeneration 
services. 

- EIB – MRU Unit, carrying out market feasibility 
studies; one component of the studies is to assess 
potential project pipelines. 
 
- Policymakers, practitioners and public and private 
investors. 

Reason(s) 
for using 
tool  

Endogen ous potentials  
- Explore and reflect on position of own city 
relative to other similar cities especially in terms 
of economic base or size or other types.  
 
- Identify what advantage they have relative to 
these cities, where they are weak or strong. 
 
Opportunities for cooperation  
- User may want to see what options there are 
for strategic cooperation locally with other cities 
both close by and further away.  
 
- Identify opportunities for networking with similar 
European and world cities who are facing similar 
challenges, esp. cities in cross border and 
transnational functional territories (European 
priority of Territorial Cooperation). 
 
- See opportunities tied to other cities their 
programme area (sic). 

Tool should allow users to:  
- Assess and/or compare urban locations within EU 
so as to help ensure sustainable investments. 
 
- Benchmark their cities against other similar cities. 
 
- Compare and contrast multiple possible locations 
for a project in order to help assess the most viable 
location. 
 
- Investigate this location as part of the overall 
project appraisal process. 
 
- Provide some details on how this location as a 
whole is improving or not. 
 
 

Usage / UI  1) User will quickly seek own city through either 
clickable map or ‘find my city’ function. 
2) City is displayed on map and window opens 
up with full set of available indicators for that city 
and average or medians for all European cities. 
 
Alternative A: 
3) Option to find similar cities by size or any 
other indicator. 
4) Option to find cities within eg 100km or 90 
minutes, functional territories such as 
Transnational Cooperation or Cross Border 
cooperation territories (e.g. “Potential cities for 
Territorial co-operation”) and possibly Europe 
wide. 
5) Compare own city with other cities which they 
may seek to start cooperation with. 
 
Alternative B: 
3) Explore relative position of own city using 
intervals (absolute rankings not acceptable to 
stakeholders ). 
4) Data on positioning starting point for  internal 
political discussion concerning city position. 
5) Use data to populate own monitoring, e.g. 
RFSC, especially in cities which lack internal 
capacity to deliver such monitoring. 

1) Input project type 
2) Input location (s) 
3) Input some main indicators for comparison 
4) Output results in easy to compare manner, e.g. 
table and graphs 

Indicators 
of interest  

RFSC indicators represent a sounding (sic) 
starting point. 
 

The range of the investment indicators will be 
developed from existing ESPON and Eurostat data 
sources and take into account existing Urban Audit 
data. 
 
For example: 
- Availability of suitable workforce 
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- price of office space 
- accessibility 
- energy costs 
- no of universities in 50 km radius 
- no of graduates in past 10 years 
- office space costs per m2 
- demographic challenges 
- economic challenges 
- social disparities/polarisation 
- urban sprawl 
- greenhouse gas emissions 

Remarks  Presenting cities as parts of cross border and 
transnational functional areas would also really 
be of added value for ESPON which is funded 
under Territorial Cooperation. 

It is important that the chosen indicators can be 
updated to the same detail and quality. This is so 
as to allow comparisons and benchmarking of 
urban regions using updated and comparable 
indicator results.  

Table 5.- Comparison of CityBench use cases. 
 
It may be derived from Table 5 that on the one hand using (proxies for) RFSC indicators is 
proposed by ESPON CU, whereas on the other hand EIB suggests that the “…indicators will be 
developed from existing ESPON and Eurostat data sources and take into account existing 
Urban Audit data”. Therefore, an attempt was made to relate the RFSC indicators to data 
available from Eurostat, ESPON or other providers. The results are summarized in Table 6.  
 

RFSC indicator  Proxy indicator: source  Proxy indicator: spatial level (+ 
version)  

K 1 - Net migration (in-
migration minus out-
migration) – 
shrinking/growing city 

Eurostat UA 2011: (Total Resident Population 2012 - 
Total Resident Population 2009) / (Total Resident 
Population 2009) 

LUZ (2012) 

K 2 - R&D intensity Eurostat met_pat: Patent applications to the EPO... 
(various) 

Metropolitan region 

K 3 - Percentage of 
households having access 
to high speed internet of 
above 30 Mbps 

Eurostat isoc_reg: Households with broadband 
access by NUTS 2 regions (isoc_r_broad_h) 
 
ESPON db2: IP addresses / IP addresses change 

NUTS 2 (2010) 
 
 
NUTS 3 (2006) 

K 4 - Number of local 
product stores 

(No proxy indicator found)  

K 5 - Employment rate for 
women and men aged 20-
64 

Eurostat UA 2011: (Persons employed, 20-64, 
female / male) / (Female / Male Resident Population 
20-64) x 100 

LUZ (2012) 

K 6 - Employment rate per 
activities sector (as 
indicator for economic 
diversity) 

Eurostat UA 2011: (Employment (jobs) in various 
sectors) / ) / (Employment (jobs) – employees + 
Employment (jobs) – self-employed) x 100 

LUZ (2012) 

K 7 - Percentage of trips 
by private motorised 
transport 

Eurostat UA 2011: Percentage of journeys to work by 
bicycle / car / foot / motor cycle 

LUZ (2012) 

K 8 - Basic services 
proximity 

(No proxy indicator found)  
 

K 9 - Percentage of early 
school-leavers 

Eurostat UA 2011: (Students leaving compulsory 
education without having a diploma) / (Total students 
registered for final year of compulsory education) x 
100 

LUZ (2012) 

K 10 - Share of 30-34 
years old having 
completed tertiary or 
equivalent education- with 

Eurostat UA 2011: (Number of residents (aged 25-
64) with ISCED level 5 or 6 as the highest level of 
education) / Total Resident Population 20-64) x 100 

LUZ (2012) 
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reference value of at least 
40% 

K 11 - Life expectancy Eurostat t_reg_dem: Life expectancy at birth by sex 
and NUTS 2 regions (tgs00101) 

NUTS 2 (2006) 

K 12 - Housing quality 
indicator 

Eurostat UA 2011: Number of overcrowded 
households (>1 persons/room) => Very incomplete! 

LUZ (2012) 
 

K 13 - Population at risk of 
poverty or exclusion 

Eurostat reg_ilc: People at risk of poverty or social 
exclusion by NUTS 2 regions (ilc_peps11)  

NUTS 2 (2006) 

K 14 - Percentage of 
municipal budget 
allocated to cultural and 
sporting facilities 

(No proxy indicator found)  
 

K 15 - Greenhouse gas 
emissions – in tons per 
capita 

European Environment Agency (EEA) E-PRTR_-
_Non-
industrial_combustion_diffuse_air_maps_v1.0_raster: 
e.g. Residential_CO2 

5x5km² 

K 16 - Share of renewable 
[energy] in energy 
consumption 

Eurostat t_nrg_quant: Share of renewable energy in 
gross final energy consumption (tsdcc110) 

NUTS 0 

K 17 - (Percentage of) 
Areas designated for 
nature protection and 
biodiversity under either 
municipal, communal, 
national or local schemes 

EEA CLC 2006 - 100m: (Green urban areas) / (other 
land use) x 100 

100x100m 

K 18 - The number of 
times that the limit PM10 
permitted by the 
European directives on air 
quality is exceeded 

EEA E-PRTR_-_Non-
industrial_combustion_diffuse_air_maps_v1.0_raster: 
Residential_PM10 

5x5km² 

K 19 - Soil sealing (m2) 
per capita 

EEA: mosaic_100m_sealing_v2.tif 100x100m 

K 20 - Satisfaction with 
public spaces 

Eurostat urb : Perception survey results (urb_percep) 
=> very incomplete! 

Core city 

K 21 - Latest approval or 
revision date of a master 
plan with an integrated 
vision for the city as a 
whole 

(No proxy indicator found)  
 

K 22 - Percentage of local 
budget dedicated to 
Deprived Neighbourhoods 
Areas compared to global 
local budget 

(No proxy indicator found)  
 

K 23 - Percentage of lead 
urban projects managed 
by a transversal team 

(No proxy indicator found)  
 

K 24 - Debt service ratio: 
debt service expenditures 
as a percentage of a 
municipality’s own-source 
revenue 

(No proxy indicator found)  
 

K 25 - To what extent do 
you evaluate the progress 
of your 
policies/strategies/projects 

(No proxy indicator found)  
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and do you adapt them 
according to your 
findings? 

K 26 - To what extent 
does your city promote 
the cooperation and /or 
coordination with other 
municipalities and/or other 
levels of government? 

(No proxy indicator found)  
 

K 27 - Satisfaction of local 
stakeholders with 
opportunities to participate 
in local planning and 
decision-making 
processes 

(No proxy indicator found)  
 

K 28 - To what extent 
does the staff of your 
administration participate 
in training sessions and/or 
exchange programmes 
related to integrated and 
sustainable urban 
development? 

(No proxy indicator found)  

Table 6.- Eurostat / ESPON / other indicators as pr oxy for RFSC indicators. 
 
Table 6 reveals reveals several RFSC proxy indicator availability issues. 
 

• Some RFSC indicators may be approximated by gridded data available from the 
European Environmental Agency (EEA). 

• Some RFSC indicators do not have equivalent LUZ level proxy indicators; instead, 
comparable indicators are only available at other regional levels (metropolitan region, 
NUTS 0/2/3, core city).  

• Availability of share of renewable energy at NUTS 0 (= national) level might not be 
problematic, as this number tends to be more or less the same anywhere within a 
particular country. 

• For several RFSC indicators, no proxy indicators were found at all. 
 
The Eurostat table on perception survey results (urb_percep), as a proxy indicator for RFSC K 
20 - Satisfaction with public spaces, is very incomplete and based on core city instead of LUZ 
level. Moreover it was considered rather difficult to assign it to one of the indicator themes (see 
below). Therefore it was decided to leave this RFSC indicator out. 
 
The indicators suggested in the EIB use case were also related to Eurostat / ESPON / other 
datasets; the results are presented in Table 7.  
 

Indicators suggested by 
EIB 

Proxy indicator: source  Proxy indicator: spatial level (+ 
version)  

EIB 1 - Availability of 
suitable workforce 

- Eurostat UA 2011: data on number of residents 
with ISCED level 0,1,2 / 3,4 / 5,6 
 
- Eurostat UA 2011: data on economically active 
population 

LUZ (2012) 

EIB 2 - accessibility ESPON db2: Air, Multimodal, Road and Rail 
Accessibility 

NUTS 3 (2006) 

EIB 3 - energy costs Eurostat t_nrg_price: Gas / Electricity prices by type 
of user (ten00118 / ten00117) 

NUTS 0 

EIB 4 - no of universities 
in 50 km radius 

OpenStreetMap  
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EIB 5 - no of graduates in 
past 10 years 

Eurostat UA 2009 / 2011: (number of residents 
(aged 15-64) with ISCED level 5 or 6 as the highest 
level of education 2011) - (number of residents 
(aged 15-64) with ISCED level 5 or 6 as the highest 
level of education 2001) 

LUZ (2004) / LUZ (2012) 

EIB 6 - office space costs 
per m2 

(No proxy indicator found)  
 

EIB 7 - demographic 
challenges 

Eurostat UA 2009 / 2011: data on resident 
population age bands 1999 - 2011 

LUZ (2004) / LUZ (2012) 

EIB 8 - economic 
challenges 

Eurostat UA 2009 / 2011: e.g. Employment (jobs) in 
various sectors / GDP 1999 - 2011 

LUZ (2004) / LUZ (2012) 

EIB 9 - social 
disparities/polarisation 

Eurostat UA 2011: e.g. Individuals reliant on social 
security benefits (>50%) / Persons unemployed / 
Number of jobless households with / without children 

LUZ (2012) 

EIB 10 - urban sprawl Eurostat UA 2011: Total land area (km2) according 
to cadastral register 2009 - 2011 

LUZ (2012) 

EIB 11 - greenhouse gas 
emissions 

European Environment Agency (EEA): E-PRTR_-
_Non-
industrial_combustion_diffuse_air_maps_v1.0_raster 
=> e.g. Residential_CO2 

5x5km² 

Table 7.- Eurostat / ESPON / other indicators as pr oxy for EIB indicators. 
 
Table 7 reveals several EIB proxy indicator availability issues. 
 

• Several indicators assume the usage of data from different years, in order to detect 
changes. However, this means that data from two different Urban Audits, based upon 
different LUZ versions, will have to be used. As the size of a particular LUZ might differ 
between the two versions, this may lead to inconsistencies in the data (MAUP). 

• One of the indicators may be approximated by gridded data available from the 
European Environmental Agency (EEA). 

• Some of the EIB indicators do not have equivalent LUZ level proxy indicators; instead, 
comparable indicators are only available at other regional levels (NUTS 0/3).  

• Availability of energy costs at NUTS 0 (= national) level might not be problematic, as 
energy prices tend to be the same anywhere within in a particular country. 

• For one of the EIB indicators, no proxy indicator was found at all; for another the 
assumption was made that OpenStreetMap data might be useful. 

 
As can be derived from Table 5, the ESPON use case contains a remark on the added value of 
“…presenting cities as parts of cross border and transnational functional areas”. This is an 
interesting topic to be raised, and one which might be worth exploring in the course of the 
project. 
 
The EIB use case stresses the importance of being able to update the selected indicators and in 
doing so, maintain a constant quality level. By relying mainly on Eurostat, ESPON and EEA 
data, all of high quality and updated once every couple of years, it should be possible to achieve 
this goal.  

4.2.3. Other indicators 
The inception report listed a pre-selection of potential indicators in order to start developing the 
tool. (The final list of indicators is expected to be finalized and presented in the report on 
indicators due in June 2013.) This pre-selection was based on the assumption that NUTS 3 
level data could be used because of the supposed NUTS 3 – LUZ correspondence. 
Unfortunately no such correspondence proves to exist for the current LUZ version, leading to 
the conclusion that NUTS 3 data should be omitted from the indicator list – that is, unless the 
metropolitan region level is somehow integrated into the webtool. If this is the case, the selected 
NUTS 3 data may be aggregated to the metropolitan region level.  
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In addition, the use cases delivered by ESPON CU and by EIB suggested quite a few indicators 
not considered previously, of which several may be derived directly from existing Eurostat / EEA 
datasets. 
 
As it was encouraged by ESPON CU to take new Urban Audit (UA, 2011) indicators into 
consideration, they have been  included as much as possible in the indicator lists. Please note 
that data availability for UA 2011 indicators is currently still (very) low but is expected to 
increase in the course of this year. 
 
The indicators have been grouped into the following themes: 
 

1. Transport (accessibility, connectivity, modes) 
2. Economy 
3. Quality of Life (environment, air quality, climate) 
4. Knowledge / smartness 
5. Demography 
6. Social aspects (employment, poverty) 
7. LUZ morphology 

 
Using these grouped indicators, the performance of one or more cities for each theme (or super 
indicator) can be calculated. 
 
Below is a (revised) overview of the indicators per theme. Please note that: 
 

• a K or EIB code in the Indicator column relates to the RFSC resp. EIB indicators 
specified in the use cases; 

• the number in the Year column indicates the most recent year for which sufficient data 
is available. 

 

Source  Indicator  Spatial level (+ 
version) 

Year Unit / format  Remarks  

ESPON EIB 2: Air, 
Multimodal, Road 
and Rail 
Accessibility 

NUTS 3 (2006) 2006 (change of) 
Standardized 
EU27/ESPON, 
absolute level, 
absolute/relative 
change 

Decide which unit 
to use; to be 
aggregated to 
metropolitan 
region level 

OpenFlights # of in- / outbound 
flights, # of unique 
sources / 
destinations 

N/A 2013 Absolute #  

OpenStreetMap Road and (high 
speed) rail 
connections 

N/A 2013 Absolute # Still to be 
explored 

Eurostat UA 2011 K 7: Percentage of 
journeys to work by 
bicycle / car / foot / 
motor cycle 

LUZ (2012) 2011 % Still to be 
completed (UA 
June 2013?) 

Table 8.- Transport (accessibility, connectivity, m odes) 
 

Source  Indicator  Spatial level (+ 
version) 

Year Unit / format  Remarks  

Eurostat UA 2011 Gross Domestic 
Product of city 

LUZ (2012) 2009 Absolute (€) Still to be 
completed (UA 
June 2013?) 

Eurostat Euro / Purchasing 
power standard per 
inhabitant 

Metropolitan 
region 

2009 Absolute (€) / % of the 
EU average 

Approx. 95% 
complete 
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Eurostat UA 2011 K 6: (Employment 
(jobs) in various 
sectors) / ) / 
(Employment (jobs) 
– employees + 
Employment (jobs) 
– self-employed) x 
100 

LUZ (2012) 2011 % Still to be 
completed (UA 
June 2013?) 

Eurostat UA 2011 EIB 1: data on 
number of residents 
with ISCED level 
0,1,2 / 3,4 / 5,6 / 
economically active 
population 

LUZ (2012) 2011 Absolute # Still to be 
completed (UA 
June 2013?) 

Eurostat EIB 3: Gas / 
Electricity prices by 
type of user 

NUTS 0 2011 € per gigajoule / kWh Data at country 
level 

Eurostat, Eurostat UA 
2011 

EIB 8: Employment 
(jobs) in various 
sectors / GDP 1999 
- 2011 

LUZ (2004) / 
LUZ (2012) 

2011 Absolute # Still to be 
completed (UA 
June 2013?); 
MAUP issues may 
arise when 
combining data 
gathered for LUZ 
2004 and 2012 

Table 9.- Economy 
 

Source  Indicator  Spatial level (+ 
version) 

Year Uni t / format  Remarks  

EEA: CORINE K 17: (Green urban 
areas) / (other land 
use) 

100x100m  2006 % green vs built up Convert to 
proportion of LUZ 

European 
Environment Agency 

K 15 / K18 / EIB 11: 
Residential CO2 / 
PM10 

5x5km 2008 # of tons per grid / for 
CO2: # of kilotons per 
grid 

Convert to # of 
(kilo)tons per LUZ 

Eurostat Registered cars LUZ 2009 # per 1000 inhabitants Approx. 65% 
complete 

European Climate 
assessment 

Climate: 
temperature / 
rainfall / sunshine 

0.25x0.25deg. 2012 Various Registration 
mandatory; 
dataset is in 
netCDF format 

ESPON ReRisk Climate: Mean 
minimum January / 
maximum July 
temperature 

NUTS 2 (2006) 2010 Deg. Celsius Data at NUTS 2 
level 

Table 10.- Quality of Life (environment, air qualit y, climate) 
 

Source  Indicator  Spatial level (+ 
version) 

Year Unit / format  Remarks  

Eurostat 
 
 
 
-or- 
ESPON 

K 3: Households 
with broadband 
access by NUTS 2 
regions 
-or- 
K 3: IP addresses / 
IP addresses 
change 

NUTS 2 (2010) 
 
 
 
-or- 
NUTS 3 (2006) 

2011 
 
 
 
-or- 
2009 

% 
 
 
 
-or- 
Absolute # / absolute 
difference 

Data at NUTS 2 
level 
 
 
 
97% complete; to 
be aggregated to 
metropolitan 
region level 
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Eurostat K 2: Patent 
applications to the 
EPO... (various) 

Metropolitan 
region 

2009 # per million of 
inhabitants 

Approx. 99% 
complete 

Eurostat UA 2011 K 10: (Number of 
residents (aged 25-
64) with ISCED 
level 5 or 6 as the 
highest level of 
education) / Total 
Resident Population 
20-64) x 100 

LUZ (2012) 2011 % Still to be 
completed (UA 
June 2013?) 

Eurostat K 16: Share of 
renewable energy in 
gross final energy 
consumption 

NUTS 0 2011 % Data at country 
level 

OpenStreetMap EIB 4: no of 
universities in 50 km 
radius 

50km radius 
around LUZ 
center 

2013 Absolute #  

Eurostat, Eurostat UA 
2011 

EIB 5: (number of 
residents (aged 15-
64) with ISCED 
level 5 or 6 as the 
highest level of 
education 2011) - 
(number of 
residents (aged 15-
64) with ISCED 
level 5 or 6 as the 
highest level of 
education 2001) 

LUZ (2004) / 
LUZ (2012) 

2011 Absolute # Still to be 
completed (UA 
June 2013?); 
MAUP issues may 
arise when 
combining data 
gathered for LUZ 
2004 and 2012  

ESPON Potential PV power NUTS2 (2006) 2005  Data at NUTS 2 
level; to be 
explored (assess 
by constructed 
area?) 

Harvested from social 
media *: 

City buzz Various All # of news items for a 
city / social media 
posts (twitter) 

Using keywords 

VGI (twitter) # of tweets in city / # 
of tweets containing 
name of city 

N/A real 
time 

Absolute / relative to 
population 

 

Publication 
repositories 

# of publications Various All  Possible to 
discriminate per 
field 

Table 11.- Knowledge / smartness 
 
* further research and testing is needed to evaluate the idea to use crowd sourced information 
(harvested from the twitter API in order to calculate the so called city buzz. Which includes 
number of twits within a city and/or twits about a city and or specific on some keywords (content 
analysis). 
 

Source  Indicator  Spatial level (+ 
version) 

Year Unit / format  Remarks  

Eurostat UA 2011 K 1: (Total Resident 
Population 2012 - 
Total Resident 
Population 2009) / 
(Total Resident 
Population 2009) 

LUZ (2012) 2011 Absolute # Still to be 
completed (UA 
June 2013?) 



ESPON 2013 30

Eurostat K 11: Life 
expectancy at birth 
by sex and NUTS 2 
regions 

NUTS 2 (2010) 2010 / 
2011 

# of years Data at NUTS 2 
level 

ESPON 
 

Total population 
 

LUZ (2012) 
 

1990 - 
2011 
 

Absolute # 
 

from OLAP Cube 
 
 

Eurostat, Eurostat UA 
2011 

EIB 7: data on 
resident population 
age bands 1999 - 
2011 

LUZ (2004) / 
LUZ (2012) 

2011 / 
2012 

Absolute # Still to be 
completed (UA 
June 2013?); 
MAUP issues may 
arise 

ESPON [Population density] LUZ  # per km2 from OLAP Cube 

Table 12.- Demography 
 

Source  Indicator  Spatial level (+ 
version) 

Year Unit / format  Remarks  

ESPON 
 

Employment 
 

LUZ (2012) 
 

2006 
 

Absolute # 
 

from OLAP Cube 
 
 

ESPON 
 

Unemployment 
 

LUZ (2012) 
 

2006 
 

Absolute # 
 

from OLAP Cube 
 
 

Eurostat UA 2011 K 5: (Persons 
employed, 20-64, 
female / male) / 
(Female / Male 
Resident Population 
20-64) x 100 

LUZ (2012) 2011 % Still to be 
completed (UA 
June 2013?) 

Eurostat UA 2011 K 9: (Students 
leaving compulsory 
education without 
having a diploma) / 
(Total students 
registered for final 
year of compulsory 
education) x 100 

LUZ (2012) 2011 % Still to be 
completed (UA 
June 2013?) 

Eurostat UA 2011 K 12: Number of 
overcrowded 
households (>1 
persons/room) 

LUZ (2012) 2011 Absolute # Still to be 
completed (UA 
June 2013?) 

Eurostat K 13: People at risk 
of poverty or social 
exclusion by NUTS 
2 regions 

NUTS 2 (2010) / 
NUTS 0 

2010 / 
2011 

% For several 
countries data is 
only available at 
NUTS 0 level 

Eurostat UA 2011 EIB 9: e.g. 
Individuals reliant 
on social security 
benefits (>50%) / 
Persons 
unemployed / 
Number of jobless 
households with / 
without children 

LUZ (2012) 2011 Absolute # Still to be 
completed (UA 
June 2013?) 

Table 13.- Social aspects (employment, poverty) 
 

Source  Indicator  Spatial level (+ 
version) 

Year Unit / format  Remarks  
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European 
Environment Agency 

K 19: 
mosaic_100m_seali
ng_v2.tif 

100x100m 2006 % of continuous soil 
sealing 

 

ESPON EIB 10: Total land 
area (km2)  

LUZ 2012 2011 Absolute # (km2) OLAP cube 

Table 14.- LUZ morphology 
 
Please note that in particular for economic and smartness indicators, the search is ongoing. 
Indicators on e.g. skills, innovation, enterprise births and deaths, competition and R&D 
expenditure might prove very useful in determining the economic and “smart” potential of an 
area. The UK Office for National Statistics, in their article “Regional economic indicators”, use 
such indicators to compare UK regions at NUTS 1 level.  
 
Unfortunately, neither ESPON nor Eurostat database provides data on this at a more detailed 
(NUTS 3, LUZ) level. Therefore, other sources will still have to be explored. Final results from 
this exploration will be available on the upcoming cityBench deliverable: Report on Indicaotrs 
(June 2013). 
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5. The CityBench Data & Services Layer 
Based on the previous analysis, the CityBench webtool will deploy its Data layer and Services 
layer as described in the following tasks list: 

5.1. Setting up a functional server 
Setting up a server accessible and visible for the project partners and deploying at the project 
server initial mock services according to the ‘ESPON architecture’ document to start testing the 
first client side prototype. 

5.2. Functional analysis  
Having into account the ESPON required scenarios, this task will analyze individual use cases 
to identify required data and functional requirements. 

5.2.1. Functional analysis of the use cases 
From the initially proposed webtool analysis and together with the use cases, in this task the 
project should arise some natural language to perform the functional analysis in order to be able 
to run the use cases and fit users’ requirements, such as: 
 

• I want to find my city. Where can I specify its name? Can I click on the map? 
• I’m not sure about the correct spelling of a certain city. Can I try with some letters? 

Does the webtool provide auto-complete functionality [Can I click on the map?] 
• I would like to compare (select) cities sharing some characteristics: size (area), 

administrative level (capital, second tier city…), zone (Eastern Europe…), population 
(inhabitants, density...), unemployment, and other indicators (to study) 

• I would like to compare (select) cities within a distance/ time from my city. 
• To which cities does it make sense to compare a given city? 
• Which are the data available for a (list of) city/ies? 
• Can I download these data? 
• Can I see only a set of indicators/themes (being the themes a pre-selected set of 

indicators)? 
• What is the performance [position/interval in the list] of a given (list of) city/ies for each 

indicator? This is, can I see the position in the list instead of the value for the given 
indicator? Can I rank indicators by best performance [position in the list] (if one city)? 

• Can I select number and type of intervals to divide an indicator to allocate my city in? 
• When comparing several cities, can I choose a way of ordering indicators? [Best to 

worse performance, most to least populated data, grouped by themes… for each city] 
• What is the quality/information we have about these data? 
• What is the value of a certain indicator for a year (timeframe) in all/a set of cities? Can I 

have the top X cities? Can I see the temporal evolution? 
• Can I see the position in the list instead of the value for the given indicator? 
• … 

5.2.2. Services needed 
Previous natural language questions will be translated into some services definition which will 
take a parameter defining the question and return an answer to that question, such as: 
 

• City-suggest service  
This service will provide autocompletion of citynames in a search field in the client. E.g. 
‘ams’ will return [“Amstelveen”,”Amsterdam”] 

- takes: string  
- returns: a list citynames starting with the given s tring  

• City-search (map)service  
This service will provide a fuzzy placename search, resulting in a list of possible cities, 
including their IDs. 
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- takes: string  
- returns: a list citynames and cityIDs 

• City-filter (map)service  
This service will allow the client to set some generic filters, e.g. only capitals or only cities 
from Western Europe (to be defined) 

- takes: filter key/value pairs  
- returns: a list cityNames 

• City-shared-indicator (map)service  
This service will return for a given city (and a list of cities) the ‘distance’ of each city (in the 
list) to the given city in ‘indicator-space’. Meaning the number of indicators they share data 
with. This is different from finding cities which are similar in the value of indicators. It is a bit 
of an odd-ball in these kind of systems, but necessary to visualize which cities can be 
compared at all, due to the general sparseness of the data. 

- takes: cityID, ([cityID]) 
- returns: a list of cities and their ‘distance’ to t he main city 

• City service  
This service will give all relevant information from the database(s) about a (list of) city(ies). 
Both meta-information like its location, country, and possibly alternative names (e.g. den 
haag and the hague) and the values for all the (available) indicators 

- takes: [cityID] 
- returns: per city key-value pairs for all indicator s and metainfo 

like alternative names, location, etc 

• City-filtered-indicators service  
This service will give all relevant information from the database(s) about a (list of) city(ies). 
Both meta-information like its location, country, and possibly alternative names (e.g. den 
haag and the hague) and the values for a set of the (available) indicators 

- takes: [cityID], [indicatorID] 
- returns: per city key-value pairs for all indicator s and metainfo 

like alternative names, location, etc 

(This service includes the previous one if we select all indicators…) 

• City-rank service  
This service will give all relevant information from the database(s) about a (list of) city(ies). 
Both meta-information like its location, country, and possibly alternative names (e.g. den 
haag and the hague) and the position in the list for all/a set of the (available) indicators 

- takes: [cityID], [indicatorID] 
- returns: per city position in the list pairs for al l indicators and 

metainfo like alternative names, location, etc 

(Like the previous ones, we could split this service into two different services, for all 
indicators and for a set of indicators) 

• City-indicators service  
This service will return, for a given list of cities, information on the indicators. Like the data’s 
origin, the percentage of the given cities with data per indicator 

- takes: [cityID], [indicatorID] 
- returns: a list of indicators with metainformation per indicator 

like origin data, percentage of cities with data, p ossibly a 
description 

• Indicator (map)service  
This service will give all values for an indicator in all (or a list of, or the X with highest/lowest 
value) cities, for all the timeframe or for a specific year (timeframe). 

- takes: indicatorID, [cityID], [year] 
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- returns: per city indicator-value pairs for all (or  a list of) 
cities and timeframes and metainfo like alternative  names, location, 
etc 

• Indicator-rank service  
This service will give the position in the list for an indicator in all (or a list of) cities, for all the 
timeframe or for a specific year (timeframe). 

- takes: indicatorID, [cityID], [year] 
- returns: per city position in the list pairs for al l (or a list of) 

cities and timeframes and metainfo like alternative  names, location, 
etc 

• … 

5.2.3. Data needed 
From the initially proposed webtool analysis of scenarios and the use cases we have identified 
a set of derived questions and functionality that provided as a set of services require the 
availability of certain data. This task will identify these data, such as: 
 

• CityID 
• CityName 
• AlternativeName 
• IndicatorID 
• IndicatorName 
• SourceName 
• NumberOfIndicators 
• Completeness 
• ThemeName 
• Year 
• Value 
• RelationCityIndicator 
• Distance 
• Performance 
• IntervalNumber 
• IntervalType 
• … 

5.2.4. Choosing technology 
Services 
 
In order to decide how and where to program, store, deploy and run the services, we will 
analyze: 
 

• Complexity (simple process in the portal, complex process in the server -might be 
slower but cleaner-) 

• Algorithm (mathematic, statistic, geometric…) 
• Technology (Java…) 
• Tools (GeoKettle, arcMap, gvSIG…) 
• Servers (Geoserver…) 
• Format (JSON, REST, INSPIRE WMS and WFS, ESRI MapService and 

FeatureService…) 
• Rendering (styles, where -service side (geoserver) or portal-) 
• … 

 
All decisions will take into account balance between complexity and functionality, and 
sustainability and maintenance cost. 
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The functional and system design will allow for modularity in implementation so that it is easy to 
expand in the future. This will add an added value to other stakeholders such as SMEs and 
public administration allowing them to build a business layer on top of it exploiting and 
extending its functionality. 
 
Data 
 
In order to decide how and where to store the data needed, we will analyze: 
 

• Sources (Eurostats, Urban Audit, ESPON database…) 
• Formats (XLS, CSV, SHP…) 
• Ways of access data (downloading, APIs, standard services –WMS, WFS…-…) 
• … 

5.3. Analysis of proposed indicators 
From previous studies and research on other indicator based initiatives, the ‘Indicator Scoping’ 
document was created and a set of initial indicators was proposed. For these first selected 
indicators and for the final list, we will to analyze: 
 

• Way of accessing data needed to calculate indicator 
• Integrating indicator data in related processes 
• Storing data when necessary 
• Program the calculation of indicators (some cases indicators are extracted from 

available raw data, others a process must be programmed) This task will result in the 
programming of project services (see 3.2.2) 

5.4. Database  
From all data and information analyzed in previous tasks, the project database will be modeled 
and decisions about technology to set it up will be taken. 

5.4.1. Data Model 
In the first place we need to identify relevant entities and relations; this task will result in an 
entity-relationship diagram. This diagram will be used to implement the data model resulting in 
the creation of a list of tables, attributes and relations in the database, next an example: 
 

• LUZ_2012 (CityID, CityName, AltName, the_geom(polygons), …) 
• CITIES_2012 (CityID, CityName, AltName, the_geom(points), …) 
• INDICATORS (IndicatorID, IndicatorName, Source, Theme, Year, Completeness…) 
• SOURCES (SourceID, SourceName, NumberOfIndicators, Completeness?, …) 
• THEMES (ThemeID, ThemeName, …) 
• YEARS (…) 
• VALUES (ValueID, IndicatorID, cityID, Value, …) 
• CITY_INDICATOR (RelationID, CityID, IndicatorID, …) 
• DISTANCES (DistanceID, CityID1, CityID2, Distance, …) 
• … 

 
Views from these tables will be created to suit particular functions as needed by requesting web 
services. 

5.4.2. Technology 
Once the data model is decided we have to choose the data formats and the database 
technology including where to store data, run processes and deploy services. 
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5.4.3. Populating the Database 
From previous analysis about data needed, sources, formats and technologies, an ETL (Extract, 
Transform and Load) tool will be studied for both the pre-delivery loading and the futures 
updates after delivering the tool to ESPON. 
 
This tool can be from quite simple to really complex. We propose to define one or two 
transformations from standard ESPON excel sheets and make a document describing how new 
data from other ESPON projects should be submitted. 

5.5. Demos 
After the analysis and design of the database and applications, implementation process will 
begin. Demos will be prepared to show project evolution and test states of implementation. For 
doing so, we will follow an iteration approach, i.e we do not need to have all data and services 
defined and implemented, but we can start once part of the analysis is done to have the project 
started and show a prototype as soon as possible. Next tasks will be performed: 
 

• Create an initial database based on the previous analysis 
• Importing sample data into the database 
• Implementing and deploying sample services  

5.6. Analysis of feedback 
Receiving, commenting and analyzing all stakeholders’ feedback (partners, users…) is key to 
better define data, services and database model. 
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5.7. Schedules, Persons-month and Deliverables 
 

 
Table 15.- Schedules 
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6. The CityBench Application Layer 
This layer implements the client application to access the functionality provided by the 
CityBench system. 
 
From the existing functional requirements and discussion of the previous wire-frames (see 
inception report), a proposal for the User Interface has been defined. 
 
Figure 3 presents the proposal for the User interface. This is a functional proposal. 
Adjustments to the look and feel to adapt it to the ESPON corporate identity can be 
incorporated. Note on the right side of the user interface that the user can select a certain 
indicator and the LUZ will be ranked based on the indicators, if an additional indicator is 
selected, the rank will change to represent an integration of the 2 indicators (simple average). 
The composite rank is based on a standardized version of the indicators (between 0 and 1). 
The default composit uses a simple average, the user can change the importance to each 
indicator to enable a weighted average. For example giving more weight to “number of 
universities” in searching for smart cities. In the rank, a selection window is possible that will 
to only show on the map the selected cities (for example top 10, or a certain number of cities 
around a particular city, therefore uncovering similar cities to the particular city). 
 

 
Figure 3.- User interface of the main screen. 

 
Then from the subselected cities (by using the selection bar in the rank graph), the user can 
further explore the selected cities by clicking on them in the map. This action subselects the 
clicked cities which shows widows for the cities showing the data of the percentile of the data 
indicators, see Figure 4. The clicked cities can then be compared in the compare window. 
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Figure 4.- Map comparison 

 
The compare window, available by following the compare button (lower right), will then show 
the selected cities and compare them on graphs for the selected indicators. This view can be 
exported as a PDF report of published to social media and email tools. Note that 
benchmarking to the European average, country average (and maybe typology or cross 
border region are being considered). 
 

 
Figure 5.- Comparison dashboard 
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By cliking on the radial button ( )in the top left, insteaf of a map view, we will access the 
radial view where the first selected city is in the middle of the graph and the other cities are 
distribute around it. Closeness, represents similarity (based on the weighted average defined 
in the indicators). This view allows to discover the most similar cities who might face similar 
opportunities and risks. This view is also a direct response to the use cases defined by the 
stakeholders where it was important to indentify similar cities (either for liability studies of the 
EIB, or to discover similar cities for partnerships). If a city askes for an investment based on 
certain indicators (e.g. unemployment rate, GDP, etc) it will be then possible to uncover which 
other cities have similar performance and could also be eligible for the considered investment. 
 
 

 
Figure 6.- Radial comparison 
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