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Abstract 

This paper presents the Scenario Application Domain Extension (Scenario ADE) for CityGML 2.0 and the rationale behind its 

development. CityGML 2.0 and its ADEs are primarily designed to represent one coherent state of an urban environment. No 

concurrent hypothetical alternatives are supported, nor are simulation results connected to the precise city-model state, engine, 

settings and boundary conditions that produced them. In this work, scenario information is decomposed into three pillars: Context, 

Strategy and Configuration. These pillars are translated into design principles and used to evaluate the proposed data model for the 

Scenario ADE. The Scenario ADE is available in two encodings: XML and SQL, the latter for the 3DCityDB relational database. 

Results show that the current version can represent parallel scenario branches in a unified approach, avoid unnecessary duplication of 

data, preserve object and attribute lineage, and bind simulation outputs to their originating features and configurations. Our findings, 

based on energy simulations carried out in Rotterdam, show confirm that the Scenario ADE can act as a domain-agnostic scenario-

management and lightweight provenance layer for CityGML 2.0, although its treatment of context, attribute semantics and non-

simulation provenance requires further refinement. 

 

1. Introduction 

Global urbanisation and climate-change mitigation are 

increasing the need for precise urban energy planning. Cities 

already account for a substantial share of worldwide energy use 

and greenhouse-gas emissions, while electricity demand is 

expected to grow further because of electrification and 

increasing cooling needs. Urban areas must evaluate not only 

how buildings perform today, but how the same building stock 

may perform under warmer climates, refurbishment 

programmes, photovoltaic adoption or additional urban 

vegetation. 

 

Semantic 3D city models are increasingly adopted as 

information hubs that support such analyses. The CityGML 

standard allows the representation of buildings, vegetation, 

transportation objects and other urban entities through a 

modular conceptual model. Domain-specific extensions can be 

introduced through Application Domain Extensions (ADEs). 

The Energy ADE (Agugiaro and Padsala, 2025), for example, 

adds energy-related concepts such as thermal zones, 

construction properties, schedules and time series. The 

combination of CityGML and the Energy ADE describes what 

an urban environment is and which energy-related properties it 

contains. However, it cannot describe multiple alternative 

futures of that same environment. As a matter of fact, planning 

questions are comparative by nature: A decision maker may 

need to compare a present-day neighbourhood with a future-

climate case, a refurbishment case, a photovoltaic case or an 

urban-greening case. If each alternative is stored as an 

independent city model, the baseline data (geometry and 

attributes) are duplicated. The relationship among alternatives 

becomes implicit, and the inputs and assumptions behind 

individual results are easily lost. The challenge is therefore not 

only to represent changes, but also to preserve the reason for 

that change and the computational process that produced a 

result. For example, a heating-demand value has limited 

interpretive value if the user cannot identify the building to 

which it belongs, the model state that was simulated, the 

weather file, the radiation model, the simulation engine and the 

settings used. The Scenario ADE is intended to provide this 

missing management layer. It should allow multiple urban 

futures to coexist within one dataset and should connect each 

scenario to its assumptions, interventions, configurations and 

outputs. 

 

1.1 Defining a scenario 

The term “scenario” is used across several traditions and does 

not have one universally accepted definition. Scenario practice 

developed in military planning and later in corporate strategic 

planning. The literature commonly distinguishes the Intuitive 

Logics school, the French “La Prospective” school (Godet, 

1986) and the Probabilistic Modified Trends school (Amer et 

al., 2018). The traditions differ in their emphasis on narrative 

plausibility, preferred futures, quantitative trends and 

probability. Urban planning similarly uses predictive, normative 

and exploratory scenarios, often in hybrid combinations 

(Bradfield et al., 2005). Spaniol and Rowland (2019) synthesise 

recurring characteristics from the Intuitive Logics literature. 

Scenarios a) concern a future purview shaped by external 

contextual factors, b) should form plausible and internally 

consistent narratives, and c) gain meaning as a differentiated set 

rather than as isolated descriptions. This synthesis is useful but 

cannot be applied too rigidly to urban modelling. Forecasts, 

back casting studies and baseline states may not satisfy every 

strict criterion, yet they remain operationally necessary when 

planners construct and compare alternatives. 

 

For the purposes of the Scenario ADE, a scenario is treated as a 

structured description of a possible urban state and the 

conditions, actions and configurations associated with it. The 

emphasis lies on what must be stored so that scenarios can be 

compared and reproduced. We adopt the distinction made in 
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Exploratory Scenario Planning (XSP) (Börjeson et al., 2006) 

between the contextual environment, over which planners have 

little direct control, and the transactional environment, in which 

actors can intervene. This distinction separates external 

assumptions from deliberate strategies. 

 

In this work, we extend that two-part distinction with a third 

pillar: Configuration. Scenario-planning literature primarily 

concerns the logic and narrative of alternatives, but 

computational urban scenarios also depend on technical 

settings. A model run must therefore preserve not only the 

external context and the selected intervention, but also the 

software engine, calculation standard, input parameters and 

output results. 

 

1.2 Problem definition 

Our research addresses two structural limitations in multi-

temporal urban-energy data management. The first one 

corresponds to the absence of robust scenario management in 

the CityGML 2.0 ecosystem as a dataset represents only one 

city state. It does not natively express parallel hypothetical 

alternatives or the lineage among them. In practice, variants are 

stored as separate files. This makes comparisons scattered and 

leads to substantial data duplication, even when two alternatives 

differ only in one weather parameter or a small group of 

changed attributes. The second limitation is the inadequate 

provenance for simulation outputs. For example, energy-related 

values may be attached to buildings or surfaces, but the data 

model does not necessarily bind them to the exact engine, 

version, settings and input conditions that produced them. When 

the same building participates in several scenarios, values stored 

directly on the building accumulate without a reliable indication 

of which scenario or run settings they belong to. These 

limitations lead to three challenges: 

• How can the lifecycle of real-world and hypothetical city 

objects be recorded over time? 

• How can parallel alternatives of the same city be kept 

consistent in one dataset without duplicating the complete 

model? 

• How can each result be linked to the specific feature, model 

state, engine and parameters that produced it? 

The three questions reduce to one underlying requirement: a 

mechanism that tracks not only what has changed, but why it 

has changed and under which assumptions or processes. 

 

2. Related work 

A first, preliminary version of the Scenario ADE was developed 

at the Austrian Institute of Technology (Agugiaro, 2018). 

Subsequent developments took place within the European 

DigiTwins4PEDs project1. Still, the Scenario ADE which 

served as starting point for the development of the version 

presented in this paper was still rather in its early stages, in that 

it did not allow to reliably distinguish inputs from outputs or 

bind a result to the simulation settings that produced it. The 

assessment of the starting point version motivated a more 

general architecture, explicit separation of scenarios and 

simulations, better lineage, feature- and attribute-level change 

mechanisms, and a dedicated result structure. 

 

2.1 CityGML 3.0 

CityGML 3.0 has introduced mechanisms that are highly 

relevant to scenario management. Its Versioning module 

 
1 https://digitwins4peds.eu 

formalises versions, version transitions and transactions. The 

Dynamizer module addresses attributes that vary through time. 

These concepts provide important vocabulary, but neither 

mechanism alone closes the scenario and provenance gap. For 

better understanding and visual reference, the reader is 

encouraged to download the corresponding UML diagrams 

from the OGC's GitHub repository2. 

 

In the Versioning module, a CityGML 3.0 Version is a named 

snapshot of features. A VersionTransition links a predecessor 

and successor Version and carries transactions that convert one 

state into another. Transactions can insert, delete or replace 

features. Transition types can represent planned, realised or 

historical succession, as well as forks and merges. The module 

is inspired by version-control systems and supports branching 

alternatives in addition to linear change. CityGML 3.0 also 

distinguishes database time from real-world validity through 

lifecycle attributes. Stable object identity is maintained through 

identifiers that persist across object versions. This makes the 

module appropriate for both historical change and alternative 

planning states. However, the versioning module does not 

identify the simulation or analytical process responsible for a 

change or a result. It tracks states and transitions but does not 

bind them to an engine, parameter set or boundary condition. It 

also focuses mainly on feature-level transactions. Urban-energy 

scenarios frequently require attribute-level modifications, such 

as changing just one wall U-value or adding a calculated 

demand value without replacing an entire object. The Scenario 

ADE therefore adopts the structural vocabulary of the 

versioning module but extends it with scenario metadata and 

provenance. As the operational ecosystem is based on CityGML 

2.0, the relevant versioning concepts are backported rather than 

used directly in CityGML 3.0. 

 

The CityGML 3.0's Dynamizer module represents how a 

property changes over time. It references an attribute, defines a 

temporal interval and stores Atomic or Composite Timeseries. It 

can also connect to external sensors, making it suitable for 

observations and live urban data. This module does not 

represent branching alternatives. A time-varying property 

remains attached to one feature and one temporal signal. It 

cannot independently represent multiple hypothetical 

trajectories for the same property, nor does it organise scenario-

specific results and their provenance. It is therefore 

complementary to, but not a replacement for, the Scenario ADE. 

 

2.2 Other versioning approaches 

Outside CityGML, distributed version-control approaches such 

as GeoGig (Wieland et al., 2017) and Git-based CityJSON 

workflows treat geospatial datasets as evolving content (Idris et 

al., 2024; Vitalis et al., 2019). Their non-linear histories can 

represent branches and deltas effectively. Idris et al. state that 

CityJSON’s flatter and more compact structure may simplify 

version tracking compared with the hierarchical XML structure 

of CityGML which is more verbose but offers better control 

over individual semantic surfaces. These works remain largely 

agnostic to the semantic structure of a scenario. They do not 

inherently distinguish context from strategy, store a simulation 

configuration or bind a result to a specific urban feature and 

model run. Similarly, provenance standards address a related 

but different problem. ISO 19115 metadata norm lineage 

records sources, processing steps, software, algorithms and 

outputs. W3C PROV (Belhajjame et al., 2013) uses entities, 

activities and agents to describe how information was 

 
2 https://github.com/opengeospatial/CityGML-3.0CM/releases 
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generated. Metadata ADE approaches (e.g. Labetski et al., 

2018) have already brought lineage concepts into CityGML. 

These standards demonstrate that structured provenance in 

semantic city models is feasible. However, existing 

implementations mainly describe how input datasets were 

created. They do not organise multiple hypothetical city states 

and their internal results as a comparable scenario set. The gap 

is therefore not a lack of versioning or provenance standards 

individually, but the absence of a practical binding among urban 

changes, scenario reasoning, simulation configurations and 

outputs. 

 

3. Method 

3.1 Scenario definition 

The process consists of four phases. First, in the context of 

Urban Building Energy Modelling (UBEM) we derive empirical 

requirements from urban-energy simulations. SimStadt3 

workflows are examined to identify user-supplied inputs, 

internal libraries, derived values, output resolutions and run 

metadata. Baseline and exploratory runs vary selected 

parameters while holding others constant. The aim is not 

primarily to optimise the energy model, but to observe which 

information a scenario-management schema must preserve. In 

the second phase, we convert scenario theory and empirical 

findings into a set of design principles. In the third phase, we 

then evaluate successive Scenario ADE versions against these 

principles and against four concrete scenarios. Eventually, in the 

fourth and last step, we translate the UML-based conceptual 

model into two target encodings: XML (and its XSD file) and 

SQL, the latter specifically for the CityGML 3D City Database 

4.x, after which practical encodings are generated and tested. 

Exploratory runs establish four schema implications. First, 

simulation inputs must be stored and linked because a small 

configuration choice can alter outputs. Second, enrichment data 

must be linked to the exact features it describes. Third, each 

result must be traceable to its feature, model version and run. 

Fourth, results must be stored at their native resolution, whether 

building, surface or time-series level. 

 

3.2 Scenario pillars 

The scenario definition framework translates planning theory 

into the storable components presented in Figure 1. 

• The Context (External Context): This pillar strictly defines the 

future boundary conditions and external environment that are 

outside of the planner's direct control. This includes climate 

conditions (e.g. future weather files or temperature 

projections), socio-economic factors (e.g. occupancy 

schedules), and macro-scale grid constraints. 

• The Strategy (Interventions): This pillar represents the 

deliberate physical or technical responses tested against the 

external context. Strategies comprise envelope modifications 

(e.g. altering thermal properties like insulation or window-to-

wall ratios), system upgrades (e.g. integrating renewable 

energy sources like photovoltaic panels), and morphological 

changes (e.g. such as building demolition or reconstruction). 

• The Configuration (Technical Settings): This final pillar 

documents the technical metadata to ensure the scenario's 

simulation is methodologically reproducible. It includes the 

simulation engine utilized (e.g. SimStadt), the temporal 

resolution of the inputs and results, and the algorithmic 

assumptions or calculation standards employed by the physics 

engines. Without the configuration, two simulation runs 

 
3 https://simstadt.hft-stuttgart.de 

producing different numbers for the same city model cannot 

be compared meaningfully. It is required to record how the 

result was produced, supporting reproducibility as well as 

improving transparency and comparison. This allows 

differences across scenarios to be attributed to the 

context/strategy changes rather than hidden in configuration 

differences. 

 

 

Figure 1. Conceptual pillars of a scenario 

3.3 Scenario basic operations 

Each scenario can consist of a combination of nine basic 

operations. These operations cover three levels of changes. 

For a top-level feature, the operations are: 

1) Insert, 2) delete or 3) replace a top-level feature 

For a child feature, the operations are: 

4) Insert, 4) delete, 6) replace a child feature; 

For any feature attribute, the operations are: 

7) Insert, 8) delete or 9) replace an attribute value. 

 

A top-level feature is an independent city-model object such as 

a building or tree. A child feature is attached to an existing 

parent, such as a solar panel associated with a roof. Attribute 

operations represent changes such as introducing a new U-

value, removing an obsolete value or replacing the window-to-

wall ratio of a wall. 

 

3.4 Design principles 

Three main design principles are considered when 

designing/improving the Scenario ADE. Domain agnosticism 

requires that the Scenario ADE operate above any CityGML 

module or future domain ADE. Scenario-set coherence requires 

support for related alternatives that share a baseline, because a 

scenario gains value through comparison. Forward 

compatibility requires that CityGML 2.0 implementation 

choices do not prevent later migration to CityGML 3.0. 

 

The Context pillar requires that boundary conditions and 

interventions remain independently retrievable; that narratives 

and temporal horizons travel with their parameters; and that 

parameters indicate whether they are inputs, outputs or other 

values. The Strategy pillar require that physical interventions be 

represented without duplicating baseline geometry and that 

attribute-level changes point unambiguously to their targets. 

The Configuration pillar requires reusable simulation settings, 

results that are traceable to both their feature and run, and 

structural distinction among multiple result types belonging to 

the same object. 

4. Scenario ADE data model 

The current version of the Scenario ADE 1.0 (beta 6) data 

model is organised into four separated but interconnected 

components: 

• The Core module supplies common identity, lifecycle, and 

library infrastructure. 
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• The Versioning module defines city-model states and the 

feature- or attribute-level deltas between them. 

• The Simulation module defines reusable engines, settings, and 

parameters referenced by scenario results. 

• The Scenario module gives a state and transition scenario-

level meaning and stores results within the appropriate 

alternative. 

 

4.1 Core module 

The Core module (Figure 2) defines the common abstract 

classes and shared infrastructure used throughout the ADE. It 

provides lifecycle information, identifiers, and library 

containers without introducing concepts tied to a particular 

application domain. AbstractADEFeature is the common 

abstract parent for Scenario ADE feature types that require 

basic lifecycle metadata. The creationDate and terminationDate 

attributes describe the lifecycle of the encoded representation 

rather than necessarily the period during which the represented 

object is valid in the real world. AbstractFeatureWithLifeSpan 

extends AbstractADEFeature with identity and validity 

information. As in CityGML 3.0, the separation between 

creation or termination dates and validity (validFrom, validTo) 

dates supports bitemporal reasoning: an implementation can 

distinguish when information was stored from when the 

represented state is intended to apply. The Core module adds 

lifecycle properties to CityGML city objects through the ADE 

hook. Existing buildings, vegetation objects, etc. can therefore 

participate in scenario versions. AbstractLibrary is the abstract 

parent for reusable collections of scenario-related resources. 

4.2 Versioning module 

The Versioning module (Figure 3) is for the largest part a 

backport of it homologous for CityGML 3.0, despite some 

minor changes and additions. It represents city-model states and 

the changes between them. It separates the definition of a state 

from the operations that transform one state into another. This 

supports linear histories as well as branches of alternative future 

states. Version represents a coherent structural state of the city 

model. It contains references to the features that belong to that 

state and it defines what exists in a state, but it does not describe 

the operations that produced that state. Features, referenced 

through XLinks, can participate in multiple versions without 

being duplicated. VersionTransition represents the directed 

relationship between 2 Versions: a predecessor and a successor. 

When its attribute ClonePredecessor is set as True, the target 

state inherits unchanged source members, and the transition 

only needs to encode the delta. Several transitions may originate 

from the same version, thereby forming parallel scenario 

branches. FeatureTransaction represents an insertion, deletion, 

or replacement involving a whole feature. It is applicable to top-

level features, such as buildings and trees, and to child features, 

such as surfaces or photovoltaic objects. For insertion, property 

newFeature identifies the introduced feature. For deletion, 

property oldFeature identifies the removed feature. 

Replacement uses both elements. Property parentFeature 

preserves hierarchical placement: for example, it can identify 

the roof or building to which a photovoltaic feature must be 

attached. 

 

AbstractGML

«FeatureType»
feature::AbstractFeature

«featureType»
AbstractADEFeature

+ creationDate: DateTime [0..1]
+ terminationDate: DateTime [0..1]

«featureType»
AbstractFeatureWithLifeSpan

+ identifier: Code [0..1]
+ validFrom: DateTime [0..1]
+ validTo: DateTime [0..1]

«featureType»
Core::_CityObject

«ADEElement»
_CityObject

+ identifier: Code [0..1]
+ validFrom: DateTime [0..1]
+ validTo: DateTime [0..1]
+ referencePoint: GM_Point [0..1]

«featureType»
AbstractVersion

«featureType»
AbstractVersionTransition

«featureType»
Core::CityModel

«ADEElement»
CityModel

«featureType»
AbstractScenario

«featureType»
AbstractLibrary

+ type: Code [0..1]

«union»
AttributeValue

+ string: CharacterString
+ integer: Integer
+ real: Real
+ measure: Measure
+ boolean: Boolean
+ time: Time
+ date: Date
+ timestamp: DateTime
+ uri: URI
+ integerList: integerList
+ realList: doubleList
+ measureList: MeasureList

+versionMember 0..*

«ADE»

«ADE»

+versionTransitionMember 0..*

 

Figure 2. UML diagram of the Core module of the Scenario ADE 1.0 (beta 6). 
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AbstractADEFeature

«featureType»
Core::AbstractFeatureWithLifeSpan

«featureType»
Core::AbstractVersion

«featureType»
Core::AbstractVersionTransition

«featureType»
Version

+ tag: CharacterString [0..*]

«featureType»
VersionTransition

+ reason: CharacterString [0..1]
+ clonePredecessor: Boolean
+ type: TransitionTypeValue [0..1]

«featureType»
FeatureTransaction

+ type: TransactionTypeValue

AbstractGML

«FeatureType»
feature::AbstractFeature byReference

byReference

«codeList»
TransitionTypeValue

+ planned
+ realized
+ historicalSuccession
+ fork
+ merge

«codeList»
TransactionTypeValue

+ insert
+ delete
+ replace

byReference

byReference

inLine

«featureType»
AttributeTransaction

+ type: TransactionTypeValue
+ attributeType: AttributeTypeValue
+ attributeName: CharacterString [0..1]
+ value: AttributeValue [0..1]

«featureType»
Core::_CityObject

+ genericAttribute: AbstractGenericAttribute [0..*]

byReference

«enumeration»
AttributeTypeValue

 simpleAttribute
 cityGMLGenericAttribute

+newFeature

0..1

+featureTransaction 0..*+oldFeature

0..*

+from

0..1

0..*

+versionMember 0..*

+parentFeature

0..1

+to

0..1

+parentFeature1..*

+attributeTransaction0..*

 

Figure 3. UML diagram of the Versioning module of the Scenario ADE 1.0 (beta 6). 

AttributeTransaction represents an insertion, deletion, or 

replacement of an attribute within feature. Multiple 

parentFeature references allow one uniform change to be 

applied to several objects through one transaction. The value is 

encoded using the shared AttributeValue type. The attribute can 

be any attribute defined by CityGML (or an ADE), or a generic 

attribute. The only condition is that the named attribute exist 

and be valid for the referenced feature. 

 

4.3 Simulation module 

The Simulation module (Figure 4) stores computational 

resources independently from individual scenarios. Its classes 

can be referenced repeatedly, enabling configurations and 

engine descriptions to be reused across scenario alternatives. 

SimulationLibrary acts as the top-level container. It contains 

reusable instances of simulation engines and settings. The 

library separates the definition of computational resources from 

the scenario results that use them. 

SimulationEngine identifies the software responsible for a 

simulation or analytical operation. A single engine instance can 

be referenced by several ScenarioResults objects. This avoids 

repeating identical engine metadata and enables queries across 

all scenarios generated with a particular tool or version. 

Settings represents a reusable configuration for a simulation or 

processing workflow. It contains one or more Parameter 

elements and may be referenced by multiple Scenario runs. A 

Settings object can describe, for example, the calculation 

standard, temporal resolution, radiation model, weather-file 

reference, refurbishment criterion, or photovoltaic-system 

assumptions. 

 

4.4 Scenario Module 

The Scenario module (Figure 5) provides the semantic container 

that connects a scenario narrative and temporal horizon to a 

city-model version, the transition that defines its strategy, the 

simulation settings, and the results generated for that alternative. 
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_CityObject

«featureType»
Core::AbstractLibrary

«featureType»
SimulationLibrary

«featureType»
SimulationEngine

+ version: CharacterString [0..1]
+ license: CharacterString [0..1]

«featureType»
Settings

«dataType»
Parameter

+ scope: ScopeValue [0..1]
+ description: CharacterString [0..1]
+ name: CharacterString
+ value: AttributeValue

«enumeration»
ScopeValue

 input
 output
 other

AbstractADEFeature

«featureType»
Core::

AbstractFeatureWithLifeSpan

inLineinLine

+simulationEngine

0..*

+parameter 1..*

+settings

0..*

 

Figure 4. UML diagram of the Simulation module of the Scenario ADE 1.0 (beta 6). 

 

«featureType»
Scenario

+ type: ScenarioTypeValue [0..1]
+ projectName: CharacterString [0..1]

_CityObject

«featureType»
Core::AbstractScenario

AbstractVersion

«featureType»
Versioning::Version

AbstractVersionTransition

«featureType»
Versioning::VersionTransition

byReference byReference

«codeList»
ScenarioTypeValue

AbstractFeatureWithLifeSpan

«featureType»
ScenarioResults

_CityObject

«featureType»
Versioning::FeatureTransaction

The Feature and Attribute Transactions must be used only to ADD/INSERT new elements.

AbstractFeatureWithLifeSpan

«featureType»
Simulation::SimulationEngine

AbstractFeatureWithLifeSpan

«featureType»
Simulation::Settings

byReference

byReference

inLine

_CityObject

«featureType»
Versioning::AttributeTransaction

inLine

+simulationEngine

0..1

+version +scenarioResults 0..*

+newFeatureTransaction

0..*

+versionTransition 0..1

+settings

0..1

+newAttributeTransaction

0..*

 

Figure 5. UML diagram of the Scenario module of the Scenario ADE 1.0 (beta 6). 

Class Scenario represents one interpretable alternative within a 

related scenario set. As mentioned before, the Version identifies 

what the city model contains under the scenario. The 

VersionTransition identifies the strategy or sequence of changes 

that leads to it.  

Class ScenarioResults is the scenario-specific container for 

computational outputs. It keeps results inside the scenario 

boundary while linking each result back to its target feature and 

generating configuration. For example, an annual heating-

demand value can be represented by an AttributeTransaction 

whose parentFeature points to a building. A roof-level 

photovoltaic result can point to the corresponding roof surface. 

A richer time-series object may instead be carried through a 

FeatureTransaction. Because each ScenarioResults instance 

belongs to a scenario, outputs from several alternatives remain 

distinguishable even when they refer to the same building or 

surface. A related set of scenarios is formed through shared and 

connected Version and VersionTransition instances. A baseline 

version can lead to a future-climate version, from which, for 

example,  refurbishment, photovoltaic, and greening alternatives 
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branch. The resulting directed structure constitutes a so-called 

"scenario multiverse": a set of comparable alternatives with 

explicit lineage and a common origin. The structure of the 

Scenario ADE modules connects scenario meaning, model state, 

intervention, computational configuration, and output 

provenance without requiring duplication of the baseline city 

model. 

 

4.5 Implementation 

The Scenario ADE 2.0 has been developed following a well-

known and established approach, which has already been 

described and published by van den Brink et al. (2013) and 

already used in other ADEs For this reason, it will be only 

briefly summarised here. The conceptual model has been 

designed in UML using Enterprise Architect. The resulting 

UML diagrams were exported using ShapeChange4 to a XSD 

file, which has been used also for the creation of the DDL 

scripts for the 3DCityDB schema using the 3DCityDB ADE 

Manager (Yao et al., 2018). 

 

5. Tests with real-world data 

Tests with real-world datasets have been conducted in the 

districts Feyenoord and Prinsenland in Rotterdam within the 

DigiTwins4PEDs project (Gao et al., 2025). The CityGML 

LoD2 models contain the buildings of the study area which 

were enriched with Dutch open data like the energy 

performance certificate, the basic registry of buildings and 

addresses and the measured window-to-wall ratios for building 

and thematic surfaces supplied by the Municipality of 

Rotterdam. The baseline dataset is based on the collected data 

and the building archetypes defined by the TABULA project5 

for the Netherlands. 

 

The first scenario corresponds to the variation of the solar 

irradiance algorithm used for the energy simulations in 

SimStadt. The second scenario is based on the detailed window-

to-wall ratio of the thematic surfaces. The third scenario 

corresponds to the forecasting weather from the Royal 

Meteorological institute of the Netherlands for 2050. The final 

scenario consists in tree planting as a natural-based solution to 

reduce the energy demand of buildings for cooling (Rahmawati, 

2025). Due to space limits, these scenarios are not presented and 

discussed in detail here, however more information and many 

concrete examples are provided in (Auer, 2026). The XML 

implementation demonstrates that the conceptual model is 

serializable and schema valid. It also reveals tooling constraints. 

The successive, successful import of these datasets into the 

3DCityDB confirms that the Scenario ADE is not limited to 

small XML examples. It can operate as a scenario-management 

layer in a persistent city-model database and can support lineage 

reconstruction, provenance queries and comparison also at 

neighbourhood scale. 

 

6. Conclusions 

This paper has provided an overview of the current version of 

the Scenario ADE (beta 6) for CityGML 2.0 and the rationale 

behind its development. The Scenario ADE stems from the 

impossibility of CityGML 2.0 to support concurrent 

hypothetical alternatives, in that simulation results are not 

connected to precise city-model state, engine, settings and 

boundary conditions that produced them. In this work, scenario 

 
4 https://github.com/ShapeChange 
5 https://episcope.eu 

information is decomposed into three main conceptual pillars: 

Context, Strategy and Configuration. The Context pillar 

contains external assumptions, the Strategy pillar contains 

deliberate changes, and the Configuration pillar contains the 

simulation apparatus and outputs. These pillars are translated 

into design principles for the proposed data model of the 

Scenario ADE as they allow to convert scenario theory into 

entities and relations that can be evaluated in a data model. 

After reviewing existing literature to reach a clear definition of 

what a scenario is, and the analysis of alternative modelling 

approaches – including the new conceptual modules added by 

CityGML 3.0 to deal with "slow" and "quick" changes within a 

city (i.e. the Versioning and Dynamizer modules) – the current 

version backports CityGML 3.0's Versioning module, 

eventually building upon it and extending it. 

 

The current version of the Scenario ADE can represent object 

lifecycles and alternative branches, store only the delta from a 

shared predecessor, avoid duplication for attribute-level 

changes, identify the parent of inserted child features, reuse 

simulation configurations and connect each output to its feature 

and run. In other words, it can track states, time and provenance 

into one layer that links what changed, why it changed and 

which assumptions or processes produced the resulting values. 

Nine basic operations are identified and supported: 

insertion/deletion/replacement of a whole top-level feature, 

insertion/deletion/replacement of a whole child feature, 

insertion/deletion/update of any attribute (including CityGML 

generic attributes) of any feature. 

 

Although the Scenario ADE is developed in an energy context, 

it deliberately avoids dependency on any ADE, e.g. the Energy 

ADE. This decision expands its potential use to other urban 

domains. The Scenario ADE is available in two encodings: 

XML and SQL, the latter for the 3DCityDB relational database. 

In particular, the database implementation shows that scenarios, 

versions, transitions, settings and results can be stored 

persistently and queried together. 

 

Tests and results based on real datasets from case studies in 

Rotterdam (The Netherlands) show that the current version can 

represent parallel scenario branches in a unified approach, avoid 

unnecessary duplication of data, preserve object and attribute 

lineage, and bind simulation outputs to their originating features 

and configurations. The Scenario ADE can act as a domain-

agnostic scenario-management and lightweight provenance 

layer for CityGML 2.0, although its treatment of context, 

attribute semantics and non-simulation provenance requires 

further refinement. 

 

6.1 Limitations and future work 

Although the final model is intentionally agnostic, tests have 

been conducted only within the urban energy domain. 

Therefore, the schema must be evaluated in other domains to 

determine whether the three pillars and transaction model hold. 

A dedicated Context scope for parameters would improve the 

model. The current parameter scopes distinguish input, output 

and other values. Extending the scope vocabulary would allow 

downstream tools to select boundary conditions independently 

from ordinary calculation settings. A dedicated narrative 

element on Scenario would similarly separate the storyline from 

generic descriptive text. These changes are comparatively small 

but would bring the physical schema closer to the theoretical 

decomposition. Another limitation concerns provenance. The 

simulation library provides a lightweight custom provenance 

model for computed results, but deliberate planning actions may 
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not originate from a software engine. A municipality, planner or 

policy document cannot be represented with the same clarity as 

a SimulationEngine and Settings combination. The model 

therefore handles computational provenance more effectively 

than human or institutional decision provenance. 

 

When it comes to future work and planned improvements, 

besides overcoming the afore-mentioned limitations, the first 

priority is the migration to CityGML 3.0. A native 

implementation will remove several CityGML 2.0 

workarounds, align directly with the standard versioning 

module and provide a cleaner path towards other encodings. 

The conceptual distinction between the Scenario ADE and the 

underlying versioning mechanism should however remain: 

CityGML versioning supplies states and transitions, while the 

Scenario ADE supplies scenario meaning, configuration and 

provenance. Additionally, stronger application profiles and 

validation should be defined, e.g. via Codelists, Schematron 

rules or domain profiles that may constrain transaction types, 

permissible target attributes and required parameter metadata 

without removing the domain-agnostic core. 
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