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Executive Summary 

With regard to transportation and mobility, the quantification of energy efficiency potentials of modal 

shifts and reduced transport volumes by changed and reduced movement of goods and persons 

requires a likewise quantitative database of current geographical properties of settlements and their 

spatial relationships. An investigation on available datasets did not identify a dataset, which 

characterises towns and cities Europe-wide and allows the application of elasticities, showing the 

impact of a changed built environment on travel behaviour, in terms of travelled distances or modal 

split (shares). Therefore, a comprehensive dataset had to be developed, which can be used in the 

project by project partners for the estimation of the transport related energy efficiency potentials 

using literature review supported elasticities and trends.  

Based on the approach of Urban Morphological Zones, a novel method was devised, which delineates 

individual settlements. From small villages to large metropolitan areas, a total number of about 

150,000 urban areas were mapped across Europe. The result are consistent and coherent datasets of 

settlements based on CORINE Land Cover data, which were calculated for five time steps from 1990 to 

2018, however only the latest data set was used here. To the urban areas of the latest time step (2018), 

place names and central point locations were added from OpenStreetMap. Moreover, these so-called 

Urban Areas were enriched with attributes containing population, population densities, topographical 

properties such as slope, and climatic variables such as temperature and precipitation. Several among 

these aspects are thought to describe quantitatively the context which influences the relevance and 

the impact of policy measures and spatial solutions for energy efficiency improvements in the 

transport sector.  

Urban Areas were characterised by their population size, and grouped in five classes, for the definition 

of a hierarchy between these Urban Areas. For the assessment of energy efficiency potentials 

regarding the transport volumes in inter-urban transportation between settlements, the distances 

from each Urban Area to its nearest higher-order settlements were calculated. In this way, hierarchical 

relationships were established for all Urban Areas, so that for each settlement, smaller and larger 

neighbour settlements and their proximity are known. For studies on urban transport, intra-urban 

distances were modelled by means of population weighted distances from populated areas to the 

identified urban centres. For the analysis of temporal developments of urban mobility, data for the 

years 1990, 2000 and 2015 were generated, which include population, populated area as well as intra-

urban distances for all Urban Areas. 

The resulting dataset will allow transport studies within the sEEnergies project at an extraordinary 

geographical scale and with a very detailed data base of Urban Areas, and their connections within a 

European transport system. 

  



D5.2 Documentation and dataset from the analysis and mapping of cities with similar topography and 
demography and the relation to energy efficient transport and mobility 

© 2020 sEEnergies |  Horizon 2020 – LC-SC3-EE-14-2018-2019-2020 |  846463 

5 

Contents 

Executive Summary ................................................................................................................................ 4 

1 Introduction ................................................................................................................................... 8 

1.1 Objective ................................................................................................................................ 8 

1.2 Scope ...................................................................................................................................... 8 

1.3 Structure ................................................................................................................................. 9 

1.4 Transfer and Submission ........................................................................................................ 9 

2 The D5.2 dataset .......................................................................................................................... 10 

2.1 Urban Areas .......................................................................................................................... 10 

2.2 Central points within Urban Areas ....................................................................................... 12 

2.3 Demographical conditions .................................................................................................... 13 

2.4 Topographical and climatic conditions ................................................................................. 16 

2.5 Distances .............................................................................................................................. 19 

2.6 Modelling of urban population density and intra-urban distance time series ...................... 24 

3 Conclusions .................................................................................................................................. 26 

References ........................................................................................................................................... 28 

  



D5.2 Documentation and dataset from the analysis and mapping of cities with similar topography and 
demography and the relation to energy efficient transport and mobility 

© 2020 sEEnergies |  Horizon 2020 – LC-SC3-EE-14-2018-2019-2020 |  846463 

6 

Figures 

Figure 1. Example map extract showing central points of Urban Areas ............................................... 13 

Figure 2. Example map extract showing Urban Area population data ................................................. 15 

Figure 3. Example map extract showing Urban Area slope data .......................................................... 17 

Figure 4. Example map extract showing Urban Area precipitation data .............................................. 19 

Figure 5. Example map extract showing inter-urban distances ............................................................ 21 

Figure 6. Inter-urban distances on the map ......................................................................................... 21 

Figure 7: Processing steps of the calculation of intra-urban distances ................................................. 22 

Figure 8. Example map extract showing intra-urban distances ............................................................ 23 

 

 

Tables 

Table 1. Input data for Urban Areas and their centres ......................................................................... 12 

Table 2. Content overview of centre point layer .................................................................................. 13 

Table 3. Input data for demographical information generation ........................................................... 14 

Table 4. Population and city size classification ..................................................................................... 14 

Table 5. Content overview of layer with demographical information .................................................. 15 

Table 6. Input data for topographical and climatic information generation ........................................ 16 

Table 7. Content overview of layer with slope ..................................................................................... 17 

Table 8. Slope classification .................................................................................................................. 17 

Table 9. Climate data classification ...................................................................................................... 18 

Table 10. Content overview of layer with climate data ........................................................................ 18 

Table 11. Content overview of layer with inter-urban distances .......................................................... 20 

Table 12. Content overview of layer with intra-urban distance ........................................................... 23 

Table 13. Input data for the time series ............................................................................................... 24 

Table 14. Content overview of the time series layer ............................................................................ 25 

Table 15. Summary of the time series dataset ..................................................................................... 25 

Table 16. Example of Urban Area grouping by population and distance to nearest larger town ......... 26 

Table 17. Example of Urban Area grouping by population, with calculated average intra-urban 

distances .............................................................................................................................................. 27 

 

  



D5.2 Documentation and dataset from the analysis and mapping of cities with similar topography and 
demography and the relation to energy efficient transport and mobility 

© 2020 sEEnergies |  Horizon 2020 – LC-SC3-EE-14-2018-2019-2020 |  846463 

7 

 

Acronyms & Abbreviations 

Term Description 

CLC CORINE Land Cover 

CSO Ireland Central Statistics Office Ireland 

EE Energy efficiency 

EEA European Environment Agency 

ETRS European Terrestrial Reference System, a geodetic datum 

GHS Global Human Settlement layer of the JRC 

JRC Joint Research Centre 

k kilo, prefix for one thousand (103) 

LAEA Lamberts Azimuthal Equal Area, a cartographic projection 

M Mega, prefix for one million (106) 

m, m² metre, square metre 

NUTS Nomenclature of Territorial Units for Statistics 

French: Nomenclature des unités territoriales statistiques 

OSM OpenStreetMap 

UA Urban Area 

UMZ Urban Morphological Zones 

WP Work package 
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1 Introduction 

The title of this deliverable D5.2 is “Documentation and dataset from the analysis and mapping of cities 

with similar topography and demography and the relation to energy efficient transport and mobility” 

and provides in the sEEnergies project a quantitative input data basis for the upcoming work to be 

carried out in work package (WP) 2 – “Comprehensive Energy efficiency potentials in transportation 

and mobility”. 

Halmstad University (HU), work package leader of work package 5 and lead beneficiary of the 

deliverable, is responsible for submitting the deliverable although most of the work was performed by 

Europa-Universität Flensburg (EUF). 

1.1 Objective 

In the transport sector, the relevance and impact of energy efficiency improvements aiming for shifts 

to less energy-intensive modes of transportation (see task 2.2 of work package 2) as well as for a 

reduction of transport volumes by reducing the movement of persons and goods (see task 2.3 of work 

package 2) are highly dependent on the context, which could be characterised by the city size, regional 

settlement patterns, existing transport infrastructures and so-called transport cultures as well as 

climatic and topographical conditions. The main objective of this deliverable is to provide quantitative 

and spatial input data for further use in WP2, in order to address challenges of transport studies with 

regard to context-dependency and limited data availability. The dataset shall comprise the input for 

studies on elasticities of the travel behavior (in terms of modal split and (weekly) travelled distances 

using different means of transportation) as a function of distances and urban characteristics. 

The deliverable consists of two parts: 

1. A dataset with Urban Areas and their location-based properties related to potentials of energy 

efficiency in transportation. 

2. A short report which documents these data and how they were developed. 

1.2 Scope 

“Analysing and mapping of cities with similar topography and demography (e.g. same 

geographical and weather conditions for biking) will be conducted in this task, and the data will 

then be used in WP2 in Tasks 2.2 and 2.3” (see Grant Agreement page 26 of 46). 

In cooperation with the project partners (from NMBU and AAU), who will work on WP2, an approach 

for the geographical delineation of so-called “Urban areas” and their geographical properties such as 

included land use types and central points was developed. Taking into account the needs of the 

sEEnergies work packages, the requirements of the Grant Agreement and the given data availability, 

for these city areas relevant data were identified to be: 

 Demography 

o Current population 

o Current population densities 

 Topography / Geography 

o Derivatives of topography, such as average and maximum slope within urban areas 
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 Distances 

o Population-weighted intra-urban distances from residential areas to the city centre 

o Inter-urban distances to the city centres of higher hierarchy 

 Climate 

o Average annual temperatures 

o Average annual precipitation 

Cities with similar characteristics are grouped in classes (see chapter 2). With exception of the city size 

classification, the classification of the different aspects is not fixed in the dataset, but presented on a 

map. The classes can be adjusted as the project proceeds and empirical data supporting the 

classification have be collected in WP2. These results might show the potentials and limitations in the 

impact of policies and spatial planning depending on the context-describing, quantified characteristics. 

1.3 Structure 

The structure of the report is as follows: The report describes the development of the “Urban Area” 

and their central points in section 2.1 and 2.2. Afterwards, in section 2.3, the demographical conditions 

in terms of population and populated area are analysed. In addition to the city size classification based 

on population (in section 2.3.1), section 2.3.2 explains how the land area sizes can be used for the 

density calculations needed in WP2. In section 2.4, the reader will learn how topographical and climatic 

conditions were associated with the Urban Areas. The calculation of the inter-urban and intra-urban 

distances are documented in section 2.5. Finally, in chapter 3 a conclusion is presented. 

1.4 Transfer and Submission 

For the transfer of the dataset to the project officer and the other consortium members as well as for 

the dissemination of the dataset, an ArcGIS Hub site will be created and managed. 

https://s-eenergies-open-data-euf.hub.arcgis.com/ or https://tinyurl.com/sEEnergies-Hub 

Here, the dataset components will be visible on a map but also available for download in geospatial 

and tabular form for everyone. The dataset will be published under the Creative Commons CC BY 4.0 

license. Additionally, the dataset can be explored in a browser-based web-app using ArcGIS Online:  

https://tinyurl.com/sEEnergies-D5-2 

The submission to the portal of the European Commission happens by uploading of the documentation 

report at hand. 

  

https://s-eenergies-open-data-euf.hub.arcgis.com/
https://tinyurl.com/sEEnergies-Hub
https://tinyurl.com/sEEnergies-D5-2
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2 The D5.2 dataset 

Researchers from NMBU, responsible for WP2, requested a database of urban areas or settlements 

with a selection of geographical properties, and distance calculations. WP2 and WP5 identified the 

relevant properties and characteristics of such urban areas, and discussed the developed results at 

regular work package meetings.  

Fundamental for the D5.2 dataset is the delineation of what is called “Urban Areas” (UA). These 

settlement areas were enriched with attributes to identify and show similar demographical, climatic 

and topographical conditions available for use in the sEEnergies project. 

Studies of transport demand and modal shift, and the quantification and the location of energy 

efficiency potentials by land use and infrastructure policies and development, leading to behavioural 

changes, require high-resolution information of the geographical conditions for such. Based on 

available literature from research into the influences of urban spatial structures on transportation, 

variables needed and applicable (in terms of data-availability) for the WP2 assessments were identified 

(see section 1.2), data were collected and methods for their association to the urban areas were 

developed. It was agreed between the work groups of WP5 and WP2 that a data base of variables is to 

be based on extensive mapping of “Urban Areas” as the smallest geographical entity for the transport 

studies.  

2.1 Urban Areas 

Urban Areas (UA) are here understood as coherent and contiguous areas with urban land use and with 

population living within. These urban areas need to be mapped by their spatial extent and delineated 

from nearby urban areas and the surrounding rural areas. 

According to the results of this work, in Europe about 150,000 settlements exist, from small villages to 

mega-cities. Currently, there is no coherent and functional mapping of these settlements and their 

topographic and demographic properties available across all of Europe. Therefore, a new approach 

was developed in the present project, which is different from the existing approaches described in the 

following. 

Although administrative maps exist in digital format from several sources, the administrative divisions 

used across Europe are not able to depict the extent of populated places. Neither can point-based 

locations of populated places be used to map densities and the entirety of urban areas. Land use or 

land cover mapping, on the other hand, allows for the characterisation and quantification of what can 

be understood as an urban area, but the delineation of coherent urban areas is not available from land 

use mapping. 

The concept of Urban Morphological Zones (UMZ) uses a classification of land cover types, which are 

representative for urban areas. It identifies those contiguous areas of urban land use, which are less 

than 200m apart. UMZs have been developed by the European Environment Agency (EEA) (European 

Topic Centre on Terrestrial Environment, no date; see: Simón & Leal, 2011) with various data inputs 

and methods, for the years 1990, 2000 and 2006, and represent a state-of-the-art methodology for 

the continuous and comprehensive mapping of urban areas. The latest version is the UMZ 2006 dataset 

(EEA, 2014). 
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The European Environment Agency has developed a similar approach in its Urban Atlas 2012 

(published 2016, see EEA under the framework of the Copernicus programme, 2016a) but only for 

larger urban areas and their surrounding regions, leaving out large parts of rural Europe. 

For the sEEnergies-Project, the UMZ method has been further developed to include smaller 

settlements in order to allow for mapping transport between all rural and urbanised areas. To facilitate 

the use of statistical data, a division into administrative units on the NUTS3 level was made. The original 

UMZ method relies on spatial analysis of both vector and raster layers, and is very computation 

intensive (see: Simón & Leal, 2011). For D5.2, a leaner modelling approach was implemented. It relies 

entirely on raster-based modelling, which has the advantage of simplified, matrix-like geometries, but 

at the cost of exact location.  

The developed approach would facilitate settlement mapping from the past to the present (thanks to 

the availability of CORINE land cover data for several years (see: EEA under the framework of the 

Copernicus programme, 2020)), and the method thus could help establishing a fundamental spatial 

framework for the analysis of settlement development in time. The approach taken is similar to the 

establishment of prospective heat supply districts developed for the Heat Roadmap Europe project, 

however, it uses CORINE Land Cover (CLC) data rather than the European Settlement Map (see: Möller 

et al., 2018; Möller et al., 2019) as its basis for delineating urban areas.  

A step-wise approach was implemented in an ArcGIS Model:  

 Like in the EEA UMZ approach, the following CORINE Land Cover classes were selected to form 

the basis for the UA model: 

 111 – Continuous urban fabric, 

 112 – Discontinuous urban fabric, 

 121 – Industrial or commercial units, and 

 141 – Green urban areas. 

 These CORINE Land Cover classes are reclassified to value “1”, all others to “NoData”.  The result 

is a layer that only shows urban land use in the base year of the CLC dataset.  

 The resulting raster layer is then expanded by one cell and subsequently shrunk by one cell to 

clean boundaries.  

 Hereafter, “NoData” cells were reclassified to the value “0” to allow further processing, as 

“NoData” cells are being neglected in Raster Analysis. 

 On the resulting layer, the tool “Fill” was applied to fill holes within urban areas. The tool has 

originally been designed for hydrology analysis, and it ensures a clean geometry without insular 

areas of no-data content. Afterwards, the cells with the value “0” are again reclassified to 

“NoData”. 

 The result is then used to form regional groups with the tool “Region Group”. This identifies 

coherent and contiguous areas and gives them a unique ID. The resulting region raster is 

converted to a polygons layer without simplification of the geometry to maintain the 100x100m 

grid structure of the CLC raster. 

 The resulting UA layer is intersected with 2016 NUTS3 region divisions (1:1M). The objective is to 

split very large urban areas such as metropolitan London or the Ruhr District into smaller areas, 

in order to be able to identify local centres within urban agglomerations. For this operation, the 
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NUTS3 layer was rasterized to the extent and the cell location of the CLC raster. Doing so, each 

grid cell of an urban area can be assigned unambiguously to a single NUTS3 district.  

All raster analysis steps used the 2018 CLC data as a snap raster, resulting in a spatially coherent 

mapping result, in which raster cells overlap. Only the Urban Areas, generated from the CLC 2018 raster 

were processed further. Also the time series data described in section 2.6 are based on them as they 

comprise a coherent data base. The time series of Urban Areas might become relevant in the 

development of trends and future scenarios. 

Table 1. Input data for Urban Areas and their centres 

Input data with reference License 

CORINE Land Cover 2018 (EEA under 
the framework of the Copernicus 
programme, 2019) 

Copernicus data and information policy Regulation (EU) No 
1159/2013 of 12 July 2013. 

NUTS3 region boundaries (Eurostat, 
2019) 

© EuroGeographics for the administrative boundaries 

OpenStreetMap place points 
(osmdata.xyz, 2019) 

OpenStreetMap© is open data, licensed under the Open 
Data Commons Open Database License (ODbL) by the 
OpenStreetMap Foundation (OSMF). 

 

As described in the next sections, all Urban Areas, based on CLC2018, successively were enriched with 

additional details (like population, city size class based on population, distances, climate and 

topographical data). The data are provided and displayed in separate feature layers, which use the UA 

ID as a common key.  

Place names are determined from OpenStreetMap (OSM), using the “place” point layer (downloaded 

from osmdata.xyz, 2019). OSM place names contain a hierarchy of populated places: 

1. cities, 

2. towns, 

3. villages and 

4. hamlets. 

UAs with a “place” point having the attribute “city” in their area were named using the city name. In 

absence of city points, “place” points with the attribute “town”, then “village” and finally “hamlet” 

were tried to be identified within the UA and used for place name assignment with the highest possible 

hierarchy. If neither city, town, village or hamlet name points were found within the UA, the nearest 

place name was assigned. It was written into the attribute table whether a place name originates from 

an OSM place point within (name_assignment closest = 0) or outside (name_assignment_closest = 1) 

a UA polygon, because that defines, if the centroid needs to be generated as a centre point or not (see 

next section). 

2.2 Central points within Urban Areas 

Transport to and from Urban Areas (UAs) needs a geographic point of reference, from and to which 

transport distances are calculated. The WP2 preference was the location of the historic centres of the 

Urban Areas, but as historic centres rarely are mapped nor restricted to single points, a proxy to the 

https://opendatacommons.org/licenses/odbl/
https://opendatacommons.org/licenses/odbl/
https://osmfoundation.org/
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historic centres of settlements had to be found. Deliberations on the subject based on available data 

and preferences of WP2 settled in on using OpenStreetMap (OSM) points (see Table 1) for the location 

of central points, where these were inside the mapped UAs. Where these were not available or not 

inside the UAs, the centroids of the UA polygons were determined. For future reference, the IDs and 

the names of the UAs are available in the resulting point layer (see Table 2). The underlying OSM point 

ID and the unique identifier (ID) of the centre point are part of the dataset (see Table 5). 

Table 2. Content overview of centre point layer 

Field / Column name Description 

Urban_Area_ID Unique identifier for each UA 

Placename_assigned Place name assigned to UA using OSM 

centre_point_id Unique identifier for each centre point 

 

 

Figure 1. Example map extract showing central points of Urban Areas 

Source: Own figure 

2.3  Demographical conditions 

 Population and city size 

Each Urban Area (UA) is a demarcation of a settlement, for which the population at a given point in 

time can be summarized. The current population distribution (status quo) is based on the 2016 Global 

Human Settlement (GHS) population grid with 100x100m cell size, as presented by the European 

Commission’s Joint Research Centre (JRC, 2016). This population data is based on the 2011 European 

Census, and has been distributed to built-up areas derived from the European Settlement Map (ESM). 

By summarizing population counts per hectare-cell for each and every Urban Area, the number of 

people who live in settlements can be established, and associated to individual UA.  
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In a previous project, it was found that the GHS population grid does not yield acceptable distributions 

for Ireland. For Ireland, therefore the 2011 census data on the Small Area level was distributed to the 

ESM built-up rate from scratch, resulting in a better population distribution. For the present project, 

in Ireland the GHS grid has been replaced with this population grid. 

 

Table 3. Input data for demographical information generation 

Input data with reference License 

GHS population grid (JRC, 2016) Copyright: European Union, 1995-2019. Reuse 
authorised by Commission Decision of 12 December 
2011 on the reuse of Commission documents 
(2011/833/EU) 

Census 2011 Small Area Population 
Statistics (SAPS) (CSO Ireland, no date) 

Copyright: The Government of Ireland, licensed under CC 
BY 4.0 

European Settlement Map (ESM) 2012 
- Release 2017, 100m resolution  (JRC, 
2017) 

Access to data is based on a principle of full, open and 
free access as established by the Copernicus data and 
information policy Regulation (EU) No 1159/2013 of 12 
July 2013. 

 

Data taken from other past year and future population grids can be aggregated and added to the UAs, 

which were developed for the past and which might be developed for the future scenarios. For the 

past, however, no data with equally high geographical resolution exist. Here, existing data available at 

lower resolution, like the population distributions of the Global Human Settlement Layer (GHSL) (JRC, 

2020), will be used, after being disaggregated from 250m cell size to 100m cell size, see chapter 2.6. 

Future population would need to be distributed using regional population forecasts e.g. available from 

Eurostat (for instance EUROPOP2013). 

In order to develop a hierarchy of the status quo UAs by population size, a typology of settlements was 

developed (see Table 4). 

Table 4. Population and city size classification 

Population size Denomination 

< 1,000 Villages 

1,000  - <10,000 Small towns 

10,000 - <100, 000 Larger towns 

100,000 – <1,000,000 Cities 

>= 1,000,000 Mega-cities 

The resulting hierarchy of settlements by population size can be used for various purposes, most 

notably for the calculations of transport scenarios by settlement size. 
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Figure 2. Example map extract showing Urban Area population data 

Source: Own figure 

 

Table 5. Content overview of layer with demographical information 

Field / Column name Description Unit 

NUTS_ID NUTS3 region ID  

LEVL_CODE NUTS level (always 3)  

CNTR_CODE Two digit country code  

NUTS_NAME Name of NUTS3 region  

NAME_ENGL Country name in English  

EU28 EU28 member (yes = 1, no =0)  

Urban_Area_ID Unique identifier for each UA  

Placename_assigned Place name assigned to UA using OSM  

Name_assignment_closest see section 2.1  

osm_id_centre_point OSM point ID of centre point, if centre point is a OSM 
place point and not a centroid 

 

Area_km2 Area size km² 

pop2016 Population (see above)  

Area_populated2016_km2 see section 2.3.2 km² 

pop2016_class  see  Table 4  

centre_point_id Unique identifier for each centre point  
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 Populated area in km² and population densities 

Among the variables interesting for WP2 are the following densities: 
- the population density of residential areas, which is the net density of residents per urban area 

with predominantly residential land use, 
- the overall or gross density, which is the population of the city by the total city area, and 
- the job density as a measure of the numbers of employees per area unit. 

The population density of residential areas can be calculated as an average for every UA using the data 

provided by the D5.2 dataset. The aggregated population grid data (available from column pop2016, 

see Table 5) can be divided by the area size of the populated part of the Urban Area (available from 

column Area_populated2016_km2, see also Table 5).  The latter was derived as the area sum of 

populated cells within the Urban Areas by the cell count for each UA, as one cell represents one hectare 

land area. Likewise, the overall density is the sum of population per UA extent divided by the total 

areas size of the UA (available from column Area_km2, see Table 5). Because currently there is no data 

available across all of Europe on the location of jobs and employees within urban areas, the job density 

cannot be calculated on this level.  

The accuracy of the density calculation is limited by the 1 hectare resolution of the gridded data, which 

results in a certain error especially for smaller Urban Areas. 

2.4 Topographical and climatic conditions 

Local climate and topography may be relevant to assess for EE measures in several sectors. 

Consequently, data describing the topographic and climatic conditions have be selected (see Table 6) 

and assigned to the Urban Areas (see section 2.4.1 and 2.4.2). 

Table 6. Input data for topographical and climatic information generation 

Input data with reference License 

ClimateEU data (Hamann, no date) 
generated with the ClimateEU v4.63 
softwarepackage, available at 
http://tinyurl.com/ClimateEU, based on 
methodology described by Wang et al. 
(2016). 

Permission given. 

Expected license: 
Creative Commons Attribution 4.0 International 
license (CC BY 4.0) 

Slope (EEA under the framework of the 
Copernicus programme, 2016b) 

Access to data is based on a principle of full, open 
and free access as established by the Copernicus 
data and information policy Regulation (EU) No 
1159/2013 of 12 July 2013. 

 Slope 

Steepness of terrain is believed to be a parameter to be considered, when modelling the shift to 

bicycles as means of transport. While it is not exactly known, how terrain may affect the willingness to 

bike, WP5 has chosen to calculate minimum, maximum, mean and range of slope in degrees per Urban 

Area (see also Table 7). In a first step, slope data with a grid resolution of 25m, provided by the 

European Environmental Agency (EEA under the framework of the Copernicus programme, 2016b), 

were aggregated to a grid resolution of 100m by selecting the maximum. To decode the data, a data 

conversion according to the conversion table was essential (EEA under the framework of the 

Copernicus programme, no date). 
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Table 7. Content overview of layer with slope 

Field / Column name Description Unit 

Urban_Area_ID Unique identifier for each UA  

Placename_assigned Place name assigned to UA  

Slope_Min Minimum slope in UA degree 

Slope_Max Maximum slope in UA degree 

Slope_range Slope Range in UA degree 

Slope_mean Average slope in UA degree 

 

 

Figure 3. Example map extract showing Urban Area slope data 

Source: Own figure 

Exemplarily, the Urban Areas were classified regarding their slope range in classes displayed in Table 

8. This classification is shown on the map, see Figure 3. 

Table 8. Slope classification 

Slope range (in °) 

≤ 2 

>2 - 5 

>5 - 10 

>10 - 20 

>20 - 50 

>50 



D5.2 Documentation and dataset from the analysis and mapping of cities with similar topography and 
demography and the relation to energy efficient transport and mobility 

© 2020 sEEnergies |  Horizon 2020 – LC-SC3-EE-14-2018-2019-2020 |  846463 

18 

 Mean annual temperature and mean annual precipitation 

The selected bioclimatic variables were derived using data from the ClimateEU site operated by 

Andreas Hamann (no date) working at the University of Alberta, Canada (see also  Table 6) and assigned 

to each Urban Area (UA). The 2.5 km raster data was converted to point data, and the climate data 

from the nearest point was assigned to each UA. Before more is known in WP5 about the actual 

importance of climate for the choice of transport mode, the mean annual temperature and mean 

annual precipitation are included as variables (see Table 10). They were classified (according to Table 

9) and added to the map (see also Figure 4). 

Table 9. Climate data classification 

Temperature (°C) Precipitation (mm) 

-5 to 5 220 to 550 

>5 to 10 >550 to 650 

>10 to 15 >650 to 800 

>15 to 20 >800 to 2740 

 

Table 10. Content overview of layer with climate data 

Field / Column name Description Unit 

Urban_Area_ID Unique identifier for each UA  

Placename_assigned Place name assigned to UA  

MeanAnnualPrecip_mm Mean annual precipitation millimetre 

MeanAnnualTemp_degC Mean annual temperature degree centigrade 
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Figure 4. Example map extract showing Urban Area precipitation data 

Source: Own figure 

2.5 Distances 

The following aspects are useful for the assessment of EE potentials within the transportation sector 
and were discussed between WP2 and WP5: 

a. Inter-urban distances to the next, larger urban areas 
b. Intra-urban distance from residential areas to city centre 
c. Intra-urban distance from workplace neighbourhood to city centre 
d. (Historical) city centres point data 
e. Characterisation of urban areas into polycentric or monocentric areas 

The location of city centre points (aspect d.) was already described in section 2.2. Point a. and point b. 

will be discussed in the following sections. Like the workplace density mentioned in section 2.3.2, the 

average distance from workplaces to the city centre could not be calculated for the Urban Areas, 

because of lacking data. The characterisation of urban areas into polycentric or monocentric areas can 

be done based on the neighbourhood and distance relations described. 

 Distances to next larger Urban Area (inter-urban) 

The distance from each settlement to the next greater or higher-order one influences the transport 

volumes as well as the transport behaviour and determines the feasibility of certain means of transport 

relative to others. In rural areas, UAs of higher order serve as service centres, for which accessibility is 

an important metric. For urbanised areas, the distance between centres is relevant for estimating 

commuting and competitiveness such as attractiveness and visitor or shopping traffic.  

In order to help quantifying this, the distances from each UA centre point to the centre of the nearest 

larger UA were calculated using the Near function in ArcGIS. Population size classes were used to 

identify higher-order settlements. The calculated distances are straight-line, flight of the crow 

distances, which may require an adjustment to actual transport distances determined by road and 

other transport networks, as well as local topography, e.g. for islands. Combined with population 

counts the transport distances allow for the quantification of transport demand for each UA. 
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The resulting distances were written into the attribute table, see Table 11, and can be explored on the 

map, see Figure 5.  

Table 11. Content overview of layer with inter-urban distances 

Field / Column name Description Unit 

Urban_Area_ID Unique identifier for each UA  

Placename_assigned Place name assigned to UA  

pop2016_class  see  Table 4  

nearest_UA_1k_10k_ID Unique identifier for the nearest 
UA with a population of 1,000 to 
10,000  

 

nearest_UA_1k_10k_distance Distance to the nearest UA with 
a population of 1,000 to 10,000 

metre 

nearest_UA_1k_10k_name Name of the nearest UA with a 
population of 1,000 to 10,000 

 

nearest_UA_10k_100k_ID Unique identifier for the nearest 
UA with a population of 10,000 
to 100,000 

 

nearest_UA_10k_100k_distance Distance to the nearest UA with 
a population of 10,000 to 
100,000 

metre 

nearest_UA_10k_100k_name Name of the nearest UA with a 
population of 10,000 to 100,000 

 

nearest_UA_100k_1M_ID Unique identifier for the nearest 
UA with a population of 100,000 
to 1,000,000 

 

nearest_UA_100k_1M_distance Distance to the nearest UA with 
a population of 100,000 to 
1,000,000 

metre 

nearest_UA_100k_1M_name Name of the nearest UA with a 
population of 100,000 to 
1000,000 

 

nearest_UA_greater_1M_ID Unique identifier for the nearest 
UA with a population of more 
than 1,000,000 

 

nearest_UA_greater_1M_distance Distance to the nearest UA with 
a population of more than 
1,000,000 

metre 

nearest_UA_greater_1M_name Name of the nearest UA with a 
population of more than 
1,000,000 
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Figure 5. Example map extract showing inter-urban distances 

Source: Own figure 

 

As it is difficult to classify the distance-based spatial relationship between urban areas, the visualisation 

in the web app is restricted to the city size class (by population size). The true value lies in the data 

themselves, and the quantitative analyses carried out by means of them. Figure 6 shows, the inter-

urban distances between each urban area centre point and the centre point of the nearest point of 

the next hierarchy level. Not shown are the distance connectors between urban areas and all other 

points of higher hierarchy. 

 

Figure 6. Inter-urban distances on the map 

Source: Own figure 
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 Distances from residential areas to city centres (intra-urban) 

The distance from the locations of residences to the city centres is an important determinant for the 

choice of inner-city transport mode and the quantification of transport demand. The mapping of these 

distances implied the location of residential areas relative to or in proximity to the location of the city 

centres.  

A gravity approach was chosen, which calculated the straight line distance from the UA centre point 

to each population grid cell centre within the UA, using the population grid (100x100m) described in 

section 2.3.1.  The distance calculation used barriers, which were derived via Voronoi diagrams of the 

UAs, implemented via a Euclidean Allocation in ArcGIS, see Figure 7. This ensures that the distance 

calculation happens to the centre point of each UA, and not the nearest centre point of any other UA. 

Afterwards, the distance value for each grid cell was multiplied with the cell’s population figure to 

arrive at the fictive metric of person-kilometres for each cell. Finally, the sum of all population-

weighted grid cell distances to the city centre of each UA was divided by the population per UA to get 

the average residential distance to the city centre. The results are available in the attribute table (see 

Table 12) and on the map (see Figure 8). 

The developed method assumes that the location points of the settlement in OSM correctly identify 

the centres, which for European cities usually are the locations of the historic centres, but in OSM 

mainly have been selected for cartographic reasons. Furthermore, the location of the residences of the 

population is based on a spatial disaggregation of small scale statistics and census data on urban 

structures mapped by remote sensing. Usually, that results in acceptable population distributions, but 

has previously shown to be error-prone. Finally, the differences of real transport distances and the 

straight line distances calculated here are obvious.  

 

 

Figure 7: Processing steps of the calculation of intra-urban distances 

By means of Euclidean Allocation, Voronoi diagrams around all UAs were created (left). The outlines of those 
were used as barriers in the calculation of intra-urban distances of the UAs (right).  

Source: Own figure 
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Table 12. Content overview of layer with intra-urban distance 

Field / Column name Description Unit 

Urban_Area_ID Unique identifier for each UA  

Placename_assigned Place name assigned to UA  

Dist_to_centre_pop_weighted_m Population-weighted average 
intra-urban distance for each UA 

metre 

 

 

 

Figure 8. Example map extract showing intra-urban distances 

Source: Own figure 
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2.6  Modelling of urban population density and intra-urban distance time series 

The objective was to generate time series for the population, its density and average transport distance 

from residential areas to urban centres for the analyses made in WP2 and the upcoming tasks in WP5 

Input data for this undertaking were the Urban Area polygons modelled on the basis of 2018 CORINE 

Land Cover (CLC) data (see chapter 2.1) and the temporal population grids of the Global Human 

Settlement layer, GHS, of the European Commission’s Joint Research Centre (JRC) (see Table 13). Urban 

centre points are the same as for the current distance calculation, see chapter 2.2, because they 

represent the historical city centers. 

 

Table 13. Input data for the time series 

Input data with reference License 

GHS population grid for 1990, 2000, 2015, 
250m resolution, 
(GHS_POP_MT_GLOBE_R2019A) (JRC, 2019) 

Copyright: European Union, 1995-2019. Reuse 
authorised by Commission Decision of 12 December 
2011 on the reuse of Commission documents 
(2011/833/EU) 

 

The GHS population raster data is available in a 250m resolution, world-wide, tiled dataset in 

Mollweide projection. The tiles were merged and transformed to a population raster of 100m 

resolution by means of nearest neighbour sampling in the ETRS 89 (European Terrestrial Reference 

System of 1989), LAEA (Lambert Azimuth Equal Area) reference system, snapped to the CLC 100m grid. 

Cells with a population of zero were set to NoData values. The population value of the 250m cells was 

divided by 6.25 (250²/100²) to maintain the approximate overall population count. The modifications 

render the resulting population grids less reliable for absolute population figures, while they are state 

of the art for mapping relative changes of population in time. 

Afterwards, the method for the population calculation and populated areas count, described in 

chapter 2.3, was applied using the 2018 Urban Areas and the population grids created for 1990, 2000 

and 2015. As the global GHS population data has been developed using a different method, it is not 

comparable to the native 100m population raster by the JRC (2016) that has been used to generate 

the other population layers in this D5.2. Both the basis for the population count (Gridded Population 

of the World versus Eurostat 2011 Census), and the distribution of population to a grid (simple 

distribution versus machine-learning approach) are different. Therefore, the population, density and 

distance values of the time series dataset cannot be directly compared or used along with the other 

D5.2 layers when it comes to population counts, densities and intra-urban distances. As the 2018 

Urban Area boundaries are used here, it is essential to use the populated area size for the calculation 

of the population density and not the size of the Urban Area itself. 

Using the population grids for 1990, 2000 and 2015, intra-urban distances were calculated within the 

geometries of the 2018 Urban Areas and their centre points. As these distances are population-

weighted, it is taken into account that the Urban Areas in the past were smaller and would have been 

smaller, if the boundaries were based on CORINE Land Cover data of the past.  

The attribute table of the UA time series polygons includes fields as shown in Table 14. 
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Table 14. Content overview of the time series layer 

Field name Description Unit 

NUTS_ID NUTS3 region ID  

LEVL_CODE NUTS level (always 3)  

CNTR_CODE Two digit country code  

NUTS_NAME Name of NUTS3 region  

NAME_ENGL Country name in English  

EU28 EU28 member (yes = 1, no =0)  

Urban_Area_ID Unique identifier for each UA  

Placename_assigned Place name assigned to UA using OSM  

Name_assignment_closest see section 2.1  

osm_id_centre_point OSM point ID of centre point, if centre point is a OSM 
place point and not a centroid 

 

Area_km2 Area size km² 

centre_point_id Unique identifier for each centre point  

pop_[year] 

e.g. pop_1990 

Population (GHS) in the given year Number 
of people 

pop_area_km2_[year] 

e.g. pop_area_km2_1990 

The area of populated grid cells within UAs in the 
given year 

km² 

intraurban_dist_[year] 

e.g. intraurban_dist_1990 

Average, population-weighted straight line distance 
between residential locations and the urban centre 

km 

In Table 15, a brief summary of the data for the three years is presented. It can be seen that the 

population of Urban Areas in Europe has been on a steady increase. The populated area, i.e. the area 

where people reside, has increased even more, resulting in a somewhat lower population density in 

urban areas. As a consequence of this urban sprawl, the average transport distance from residential 

areas to the urban centres has increased. 

Table 15. Summary of the time series dataset 

Year 1990 2000 2015 

Urban population 384,261,469 385,741,975 392,175,743 

Populated area [km²] 180,382 186,647 190,866 

Population density 
[1/km²] 

2,130 2,067 2,055 

Average intra-urban 
distance [km] 

0.338 0.346 0.352 
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3 Conclusions 

A comprehensive dataset was developed for the assessment of transport-related energy efficiency 

potentials regarding transport in-between and within urban areas. A total of more than 150,000 so-

called Urban Areas were mapped for Europe, which include even small villages. A novel form of 

modelling these urban areas was developed, which allows for the area delineation and the consistent 

modelling based on CORINE Land Cover data. Place names have been assigned to the Urban Areas, and 

they were enriched with attributes containing demographical information from different points in 

time, as well as simple topographical and climate data. To estimate the potential changes in inter-

urban and intra-urban transport, the distances to higher-order settlements as well as the population 

weighted distances to urban centres were calculated. This dataset will allow WP2 to carry out transport 

studies at an unprecedented geographical scale, connecting all settlements of Europe in one common 

database. 

Outlook: 

It is assumed that the WP2 analyses can handle a number of settlement groups with similar conditions. 

As suggested in Table 16, the data of the D5.2 dataset can be used to form groups, which for example 

might help to characterize remote villages, sleeping town satellites of big cities and large cities. As 

another example, Table 17 shows the average intra-urban distance from the residential areas to the 

centre grouped by the population-based size of the Urban Areas. 

 

Table 16. Example of Urban Area grouping by population and distance to nearest larger town 

For size classification please refer to Table 4 or Table 17. 

Group Number 
of places 

% of urban 
population 

Average 
distance to 
small town 
[km] 

Average 
distance to 
larger town 
[km] 

Average 
distance to 
city 
[km] 

Average 
distance to 
megacity 
[km] 

small towns, 
distance to 
larger town 
> 20km 

38,874 6% 8.15 32.31 64.50 229.21 

small towns, 
distance to 
larger town 
< 20km 

107,194 23% 5.46 11.40 46.45 176.96 

Urban Areas 
with 
population 
> 10 000 

5,522 71% n/a n/a 42.29 184.23 

Total 151,900 100% 6.24 16.23 50.96 190.63 
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Table 17. Example of Urban Area grouping by population, with calculated average intra-urban distances 

Size classification as defined in Table 4. 

Group Number of 
places 

% of urban 
population 

Average intra-urban 
distance [m] 

villages 
(< 1 000 inhabitants) 

110,102 8% 210 

small towns 
(1 000 - <10 000 inhabitants) 

35,966 21% 520 

larger towns 
(10 000 - <100 000 inhabitants) 

4,950 28% 1,389 

cities 
(100 000 - < 1 000 000 inhabitants) 

542 31% 3,842 

megacities  
(>= 1 000 000 inhabitants) 

30 12% 6,959 

Total 151,590 100%  - 
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