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https://www.espon.eu/Sustainable-Urbanisation
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SUBDENSE project, ORA7, 2023-2025
TU Dortmund, IOER Dresden, Univ Liverpool, IGN

Observe densification on the ground on 6 cities
(Dortmund, Frankfurt, Strasbourg, Toulouse, Liverpool, Bristol)

Understand stakeholders interests
Support public action
with Open Science (incl. reproducibility to other cities) 
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© Hartman



 URBAN DENSIFICATION 
ambiguous concepts, 

conflicting perspectives,
observed through complex sets 

of indicators.
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©AvenirBois

©AFP

Need for a model : “models act as pieces of machineries that 
relate theories to observation” Clark 



Change and time is a complex 
reality to grasp and relate to 
observations
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DOLCE, (Gangemi et al. 2002) 
(Borgo et al. 2023)



Shared maps of 
buildings evolutions

on cities region areas
over past decades

SUBDENSE 
DASHBOARD
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OBSERVATIONS
AND DATA

THEORIES AND 
DISCUSSIONS

Surveyed 
Buildings at 

different 
timestamps

other data



Which building data source to use?
on cities in Uk, Fr, De, and past decades

+ homogeneous API
+ ‘open’ licence

- completeness when going back 
decades ago 

- relation between data evolutions 
and real world evolutions 
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No unique source, select best source to 
derive building evolution 

on decades, reproducible way,
and then harmonise building evolution 

- heterogeneous API
- not always ‘open’ 

+ completeness when going back decades 
ago 

+ relation between data evolutions and real 
world evolutions is documented at the 
level of product 
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Expert on (local) 
densification : 
critical reading, 
scope new map 
(what changes)

Engage 
DIFFERENT EXPERTS 
in the production of 

BUILDING EVOLUTION 
MAPS

GIS Expert : 
produce Building Evolution Data 
using advanced GIS tools 

Expert of 
local/national data : 

analyse 
documentation 
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Building 
evolutions

SUBDENSE 
DASHBOARD

OBSERVATIONS
AND DATA

DENSIFICATION 
DISCUSSIONS

Building



- Building data not natively adapted to diachronic analysis
- Many objects to process on city region areas, need to model changes
- Need to identify product evolutions and heterogeneities 

that bias the analysis 
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FR : BDTopo                 DE : ATKIS        UK : OS MasterMap



https://geoservices.ign.fr/documentation/donnees/vecteur/bdtopo Map 
specification

• BD TOPO® - Descriptif de contenu
Ce document décrit en termes de contenu, de caractéristiques 
générales, de précision géométrique et de qualité sémantique, le 
produit BD TOPO®.
• BD TOPO® édition 2008 - Descriptif de contenu
Ce document décrit en termes de contenu, de caractéristiques 
générales, de précision géométrique et de qualité sémantique, le 
produit BD TOPO® édition 2008.
• BD TOPO® Suivi des évolutions depuis la v3.0
Ce document présente les évolutions du produit et de la 
documentation à partir de la version 3.0 (mars 2019).
• BD TOPO® Suivi des évolutions de la v1.0 à la v3.0
Ce document présente les évolutions du produit et de la 
documentation de la version 3.0 (mars 2019) à la version 1.0 
(septembre 1994).
• BD TOPO® - Métadonnées au format .xml
Ce document présente les métadonnées produit de la BD TOPO® au 
format .xml.
• BD TOPO® - Métadonnées simplifiées au format .csv
Ce document présente les métadonnées simplifiées pour les formats 
SQL et Shapefile.
• BD TOPO® - Métadonnées complémentaires - 

MD_COMMUNE/MD_DEPARTEMENT
Les métadonnées complémentaires fournissent des informations 
supplémentaires à la commune (concernant le bâti) et au 
département (concernant le réseau routier, les adresses, le bâti, …).

<gmd:abstract>
<gco:CharacterString> [..] Depuis la 
version 3.0, tous les objets possèdent  
un identifiant unique et stable dans le  
temps.</gco:CharacterString>
</gmd:abstract>
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https://geoservices.ign.fr/documentation/donnees/vecteur/bdtopo
https://geoservices.ign.fr/sites/default/files/2024-02/DC_BDTOPO_3-3_0.pdf
https://geoservices.ign.fr/sites/default/files/2022-11/DC_BDTOPO_2_08.pdf
https://geoservices.ign.fr/sites/default/files/2024-02/SE_BDTOPO_depuis_v3-0_0.pdf
https://geoservices.ign.fr/sites/default/files/2021-07/SE_BDTOPO_avant_v3-0.pdf
https://geoservices.ign.fr/sites/default/files/2023-01/IGNF_BDTOPOr_3-3.xml
https://geoservices.ign.fr/sites/default/files/2023-10/BD%20TOPO-Classes.csv
https://geoservices.ign.fr/sites/default/files/2023-10/BDTOPO_3-3_INFOS_SHP_WGS84G_FRA_2023-09-15.zip
https://geoservices.ign.fr/sites/default/files/2023-10/BDTOPO_3-3_INFOS_SHP_WGS84G_FRA_2023-09-15.zip


COLLABORATIVE 
PRODUCTION OF 

BUILDING EVOLUTION
DATA and METADATA

A quality management 
framework dedicated to the 
maps and sets of maps 

Scope, 
Provenance

Building
Evolution

Scope, 
Usage

Scope, Usage, 
InconsistenciesMapsPatchwork 

Building 
Data Scope, 

Provenance,
Quality criteria

Building
Matching

Links

 
Provenance
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GIS Expert : 
produce Building Evolution 
Data using advanced GIS tools 

Expert of 
local/national data : 

analyse 
documentation 

COLLABORATIVE 
PRODUCTION OF 

BUILDING EVOLUTION
DATA and METADATA
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Expert on (local) 
densification : 
annotate Building 
Evolution Map, scope 
new map



- Many objects to process on city region areas
- Need to identify product evolutions and heterogeneities 

that bias the analysis 
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FR : BDTopo                 DE : ATKIS        UK : OS MasterMap
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Functional Urban Areas



A matching algorithm adapted to polygon geometries, implemented in 
GEOXYGENE (LASTIG platform)
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● Implemented in the geoxygene java library, called from a python script

● Link determinacy computed with surface intersection (several parameters)
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2011 2021 Links and typology of 
changes

Explanation

1-1
Stability

No change, but 
geometric modification 

0-1 
Apparition

New building appeared 

1-m

Split

If area < 50m² then 
causedByProductEvolu
tion

n-m

Recomposition

Change specification of 
the data but not real 
evolution 



The matching algorithm is implemented in a QGIS plugin for replicability 
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1 -  Computing Building Evolution
2 -  Interpreting matching links : 

1 : 1    Stable
0 : 1    Appeared
1 : 0    Disappeared
1 : m      Split      
n : 1        Merged
n : m   Recomposed  

3 - Apply refinement rules:
If the area is less than 50m² and it is in an urban context,
THEN set causedByProductEvolution to Yes
4 - Stylesheet application

BuildingEvolution

+ typeOfEvolution : EvolutionCode 
+ qualityControl : Yes/No/Unknown
+ evolutionProduct : Yes/No/Unknown
+ entitiesEvolution : Yes/No/Unknown
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stable
appeared
disappeared
split
merged
recomposed

● The map, obtained through matching 
for building change detection, allows 
identifying quickly areas of significant 
change between 2011 and 2021.

● Hypothesis can be drawn from 
exploring the map, such as change in 
land use or zoning, which will be later 
investigated through qualitative 
fieldwork.



Reproductible process 
tested on the 3 products 
(BDTopo, OS MasterMap, 
ATKIS) 

BuildingEvolutions
Dortmund
2011-21

Building 
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Building 

Building 

Batiments, 
Strasbg, 

2011

BuildingEvolutions
Liverpool
2011-21

BuildingEvolution, 
Strasbg
2011-21

stable
appeared
disappeared
split
merged
recomposed



Ensure a full reproducibility, tractability and collaboration of the process
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➢ Get back to stakeholders : use maps, clarify concepts, revise maps’ scope 
(possibly introducing evolutions of other entities)

➢ Evaluate quality criteria of building evolution data 

➢ Integrate simulation of possible building evolutions 

SUBDENSE (2023-2025). Some perspectives :
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Thank you for your attention!
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