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CityGML (XML)

CityJSON (JSON)
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MongoDB = NoSQL/document database PostgreSQL = Relational database
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Use case 
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Research
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How suitable are MongoDB and PostgreSQL for the storage 
and querying of CityJSON using GraphQL?
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Methodology
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Entity-relationship model

• Dependent/ independent 
entities

• Many-to-many relationship
• Geometry challenge 
• Semantics challenge 
• JSON
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Document schema

• Dependent/ independent 
entities

• Many-to-many relationship
• Geometry challenge 
• Semantics challenge 
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Relational schema

• Dependent/ independent 
entities

• Many-to-many relationship
• Geometry challenge 
• Semantics challenge 
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[Kolbe, 2019]
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3DCityDB

• Inheritance relationship
• Generic attributes
• Geometries 
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Selection process
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Geometry with the highest LoD

[Blut et al., 2019]

7 queries
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The 7 queries
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Data
Denhaag 2.6 MB EPSG:4715 parent-child relationship

Delfshaven 1.4 MB EPSG: 28992

Potsdam 15.7 MB EPSG: 25833 multiple LoDs presentLoDs
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Software
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CityJSON in PostgreSQL CityGML in PostgreSQL 
with 3DCityDB
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City object table

Building 
table

Bridge table Thematic 
surface table

{ cityobjects {
building {

id
}}}

{ cityobjects {
id

}}
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CityJSON in PostgreSQL CityJSON in MongoDB

one city object – one documentone city object – multiple tables

no reference transformationsreference transformations

Maximum document size = 16MBMaximum field size = 1GB
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Experiments
• Retrieval times
• Request and response sizes
• Over-fetching

18



2

Results
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Results

• More queries lead to higher retrieval times 
• Possible due to ORM/ODM à not using joins 

• More overfetching for MongoDB and 3DCityDB than PostgreSQL 
• Possible due to ORM/ODM à not selecting fields 
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How suitable are MongoDB and PostgreSQL for the storage and 
querying of CityJSON using GraphQL?

• No real signs yet that MongoDB and PostgreSQL are not suitable
• Vertices list 
• Attribute presentLoDs
• reference transformations

• Integration of JSON
• Attributes are mapped more flexibly à less tables à less queries/joins à lower retrieval 

times 
• Support for fields with varying data types

• + support to map the hierarchy of arrays 
• - GraphQL is less flexible 

• Querying a JSON attribute -à higher retrieval times = not investigated 
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Recommendations 

• Implement the SQL/MQL queries as efficient as possible without being connected 
to GraphQL first
• + better understanding database performance 
• + better understanding abilities GraphQL

• A more general understanding of the suitability for all use cases could be provided 
with a framework that tests more types of queries.

- Aggregate queries
- Queries on GeoJSON objects in MongoDB
- Queries on JSON attributes in PostgreSQL and MongoDB 
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Recommendations 
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Three datasets together Zürich
Size (MB) 19.7 292.8
number of objects 6258 198699
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Questions?
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Spatial queries per implementation 
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Use one city 
model 
instead of 
multiple

Store convex 
hull as 
GeoJSON
object


