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„All models are wrong, but some are useful.“
George Box

Source: Anylogic
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Hybrid Simulation Models for high-performance and versatile 
airport simulations: Integrating System Dynamics and Agent-
Based Approaches

 A-CDM Milestone Simulation
 Network

 State Charts

 System Dynamics

 Mapping the milestones in the simulation

 Output used as a forecast

 Example: De-icing

 First Results and discussion of What-if Forecast Example 

 Conclusion & Outlook
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Introduction
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 Modern airports provide a complex infrastructure and many 
different players are active at the airport.

 An airport is viewed as a holistic system with various 
operational areas and stakeholders.

 Airports face a variety of challenges including growing flight 
movements and passenger demand, stringent security 
regulations, unpredictable disruptions (e.g. severe weather or 
even a pandemic), and immanent interdependencies between 
infrastructure, staff and operations.

 Against the backdrop of the intensifying climate crisis, the 
transformation process in aviation is gaining more attention.

 In order to capture these complexities, simulation modelling 
has become integral to strategic and operational decision-
making.

Source: DLR



Airport Collaborative Decision Making (A-CDM) I/III 
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 In our Milestone-Simulation Network, we use 
A-CDM as operating principle.

 Aim of A-CDM is to increase operational 
efficiency of airports by making aircraft 
turnaround processes faster and more 
predictable.

 This is achieved by the stakeholders at the 
airport (airport operators, airlines, ground 
handlers and air traffic control) and the 
network manager working together 
transparently and cooperatively in 
operations and exchanging relevant, 
accurate and timely information. 

Source: Eurocontrol



Airport Collaborative Decision Making II/III
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 The A-CDM Milestone approach to the 
turnaround process tracks the progress 
of a flight through a continuous sequence 
of different events, called milestones. 

 Rules are set for updating downstream 
information and the accuracy of 
estimates. 

 Different Airport-CDM partners can be 
responsible for different milestones, with 
the aim of integrating all milestones into 
a common seamless process for each 
flight.

 Main objective of the milestone approach 
is to further improve the common 
situational awareness of all partners 
during the approach and turnaround 
phases of the flight. 

Source: Eurocontrol - Airport CDM Implementation Manual



A-CDM III/III  Milestones  Examples Off-Block-Time
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ACTUALTARGETESTIMATEDCALCULATEDSCHEDULED

Actual Off-Block 
Time
Time the aircraft pushes 
back / vacates the parking 
position

Target Off-Block 
Time
The time that an Aircraft 
Operator or Ground Handler 
estimates that an aircraft will 
be ready, all doors closed, 
boarding bridge removed, 
push back vehicle available 
and ready to start up / push 
back immediately upon 
reception of clearance from 
the TWR

Estimated Off-Block 
Time
The estimated time at which 
the aircraft will start 
movement associated with 
departure (ICAO)

Scheduled Off-
Block Time
The time that an aircraft is 
scheduled to depart from its 
parking position

Availability Accuracy

Source: own illustration based on Eurocontrol



Agent based (network) Simulation of A-CDM milestones I/IV

 Generic network model
„Airport in a nutshell.“

 Simulation without 
geographical representation

 Interactions between the 
simulation agents (aircrafts) 
implemented via resources 
and their capacities

 Characteristics of the airport 
are described via database

 Initialization of the model 
takes place when the 
simulation is started
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4 Runway Configurations
(not explicitly physical runways  Operating direction)

Runway Taxi Gate/Stand Taxi Runway

4 Runway Configurations
(not explicitly physical runways  Operating direction)

Source: DLR



Agent-based simulation of A-CDM Milestones II/IV 
Turnaround

10 Florian Rudolph, INAIR 2025, 14th International Conference on Air Transport, 28. -29. October 2025, Paola, Malta

Gate/Stand

Meilensteine in Simulationsminuten

Source: DLR

Source: Airbus



Agent based (state chart) Simulation of A-CDM milestones III/IV
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 The aircraft milestone simulation provides a 
forecast of A-CDM milestones and maps 
them with modelling methods from software 
engineering, in this case as a state chart 
diagram as part of the Unified Modelling 
Language. 

 With this variant, the dependencies between 
the milestones can be mapped very 
specifically.

 Acting as a simulation agent, each aircraft 
has certain initialization parameters and 
individual control of the state chart diagram 
model for the aircraft's A-CDM milestones.

 The individual states of the aircraft are 
controlled via messages. If the aircraft 
reaches a certain process in the network 
simulation, a message is sent to the 
simulation agent. 

Source: DLR



Agent-based simulation of A-CDM Milestones IV/IV
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 Status changes are triggered by the network simulation via messages. When an aircraft reaches 
a certain node in the network, it receives the message for the status change.

 If a milestone is reached as a status, it is stored in a database and can be made available to the 
management system.

 The network model provides the geographical path-time interrelations as well as the queue 
processing at the corresponding neuralgic points where only sequential processing of aircraft is 
possible. 

 This combination of state charts and network simulation thus provides a digital twin for 
determining the A-CDM milestones. 

sobtcallsign_dcallsign_atyperegistrationidsimtime

06:54AIZ212AIZ211bothLZEAD497435

ardtasbtacgtaibtaldtatotsibt

06:3906:2006:0105:5605:4204:1205:56

dur_taxdelayatotaeztacztaobtasat

15407:1300:0000:0006:5806:57



Energy flow Simulation in System-Dynamics I/II
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Using the paradigm of system dynamics simulation

 System Dynamics (SD) is a methodology for 
modelling and simulating complex systems, 
particularly in the context of energy consumption. 

 SD was developed in the 1950s by J.W. Forrester.

 Among other things, Forrester's methods formed the 
basis of the Club of Rome's 1972 book The Limits to 
Growth - A published study on the future of the 
global economy.

 It uses and visualizes stocks, flows, internal 
feedback loops, table functions and time delays to 
model a system. 

Source: Anylogic
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Energy flow Simulation in System-Dynamics II/II
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 The simulation provides a 
holistic view of the airport by 
considering interconnected 
components, feedback loops, 
and dynamic behavior of all 
airport parts and stakeholders to 
visualize causal relationships. 

 Focus on a first simulation 
prototype to examine the 
technical feasibility, possibilities 
and limitations in the 
combination between agent-
based network simulation and 
system dynamics. 
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Simulation output  Example Milestone evaluation I/III
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time_diff between ALDT and ATOT



Resource Pool De-icing / Example Scenario II/III

 Sub-Model „de-icing“

 Resource pool for capacity control

 Example scenario
 Flight plan based on an international airport 

in Germany (approx. 120,000 flight 
movements in 2023)

 Deicing in the simulation 
approx. from 8:45 - 12:30

 Effects on milestones of the affected flights
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Source: DLR
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Milestones / De-icing Scenario III/III
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First Results and discussion of What-if Forecast Example I/VI
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 Integration of the 
forecast simulation into 
a What-if management 
platform

 easy to enter actions 
for the simulation 
directly

 results from these 
simulations are directly 
analysed and 
displayed in an 
aggregated form

Source: DLR



First Results and discussion of What-if Forecast Example II/VI
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 utilisation of the arrival runway

 the flow is shown as a pink graph of the simulation result

 the schedule_demand (blue) represents the utilisation of the runway based on the planned flight schedule

 the actual accumulated demand (violett) is calculated by comparing unhandled arrivals from the schedule_demand with the 
simulated flow

 the light blue graph shows the runway's actual capacity, which is 22 arrivals per hour in this case.

Example scenario
• Origin Flight plan based on an 

international airport in Germany 
(approx. 120,000 flight movements 
in 2023)

• Based on a predicted air traffic 
development in Europe for the year 
2050 a future flight plan for the 
airport in question was applied. 

• In total, our air traffic scenario runs 
a full day of operations from 0:00 to 
23:59 and comprises a total of 527 
flights 
(263 arrivals and 264 departures).



First Results and discussion of What-if Forecast Example III/VI
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 a bad weather event makes it necessary to increase the distance between approaching aircraft, thereby 
reducing the overall capacity

 the capacity is reduced to 12 landings between 12:00 and 15:00

 the flow adapts to this restriction and then remains close to the actual capacity limit of the runway until 
around 21:00

 the demand continues to build up due to the unhandled flights and then only adapts to the flow around 21:00

Example scenario
• Origin Flight plan based on an 

international airport in Germany 
(approx. 120,000 flight movements 
in 2023)

• Based on a predicted air traffic 
development in Europe for the year 
2050 a future flight plan for the 
airport in question was applied. 

• In total, our air traffic scenario runs 
a full day of operations from 0:00 to 
23:59 and comprises a total of 527 
flights 
(263 arrivals and 264 departures).



First Results and and discussion of What-if Forecast Example IV/VI
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 5 flights per hour are diverted in the above-mentioned time period

 the demand does not build up to the same extent as it would have done without this measure

 although it is slightly above the capacity limit, the impact on the demand is less significant than before

 from 18:00 the demand is already back to the level before the event, and the simulated flow is also reduced

 rerouting 5 flights in the 3 hours would be sufficient in this case to return to normal operations as quickly as possible

Example scenario
• Origin Flight plan based on an 

international airport in Germany 
(approx. 120,000 flight movements 
in 2023)

• Based on a predicted air traffic 
development in Europe for the year 
2050 a future flight plan for the 
airport in question was applied. 

• In total, our air traffic scenario runs 
a full day of operations from 0:00 to 
23:59 and comprises a total of 527 
flights 
(263 arrivals and 264 departures).



First Results and discussion of What-if Forecast Example V/VI
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 the system-dynamics simulation model also examines how the number of passengers in the terminal 
changes over time

 the blue curve represents the simulated values 

 the black curve represents the planned values for the number of passengers in the terminal at the 
corresponding times

Example scenario
• Origin Flight plan based on an 

international airport in Germany 
(approx. 120,000 flight movements 
in 2023)

• Based on a predicted air traffic 
development in Europe for the year 
2050 a future flight plan for the 
airport in question was applied. 

• In total, our air traffic scenario runs 
a full day of operations from 0:00 to 
23:59 and comprises a total of 527 
flights 
(263 arrivals and 264 departures).



First Results and discussion of What-if Forecast Example VI/VI
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 the simulation results differ from 14:00 onwards

 fewer aircraft will be able to land from 12:00 because of the reduction in arrival capacity, meaning that later 
take-offs will also be delayed  more passengers have to wait in the terminal

 around 700 more passengers are expected in the terminal at 14:00, bringing the total to 3,500 instead of 2,800

 even if the graph does not differ significantly from the scheduled values, an increase of more than 500 
passengers at the airport terminal can have a significant impact on the airport processes

Example scenario
• Origin Flight plan based on an 

international airport in Germany 
(approx. 120,315 flight movements 
in 2023)

• Based on a predicted air traffic 
development in Europe for the year 
2050 a future flight plan based on 
the above airport was applied for 
this year. 

• In total, our air traffic scenario runs 
a total day of operation from 0:00 to 
23:59 and comprises a total of 527 
flights (263 arrivals and 264 
departures).

Flights postponed, passengers angry
XXL queue at Cologne/Bonn Airport: 
criticism after chaos in the terminal

Source: express.de



 Investigation of the combination of several simulation models to support the airport operator

 Hybrid simulation useful for ad-hoc forecasts and What-if
 enabling a quick response to unforeseeable disruptions (e.g. severe weather) and inherent 

interdependencies between infrastructure, personnel and operations.
 quickly determine the impact of events (De-Icing) and decisions
 all in one solution (sim_time < 5 sec.)

 Integration in management platform
 for event evaluation
 Human in the loop – Trials (planned Dec. 25)

 KPI Integration
 e.g. delays, cancellations, ecological footprint, costs

 What-if studies (online - planned Nov. 25)

 energy consumption

Hybrid Simulation Models for high-performance and versatile 
airport simulations: Integrating System Dynamics and Agent-
Based Approaches
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Conclusion
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Outlook

Source: DLR
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Thanks for your attention …
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