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Background: the space debris domain
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Image source: European Space Agency, Analysis and prediction, available at esa.int/ Space_Safety /Space_Debris /Analysis_and_prediction (Accessed: May 2026)
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Quote: R. T. Clemen, ‘Combining forecasts: A review and annotated bibliography’, International journal of forecasting, vol. 5, no. 4, pp. 559–583, 1989.

Multi-ModelsMulti-Models

“In combining the results of these two methods, one can 
obtain a result whose probability law of error will be more 

rapidly decreasing.”
(Laplace, 1818)
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Quote: R. T. Clemen, ‘Combining forecasts: A review and annotated bibliography’, International journal of forecasting, vol. 5, no. 4, pp. 559–583, 1989.
Perturbed-Physics scheme: adapted from S. A. Murray, ‘The Importance of Ensemble Techniques for Operational Space Weather Forecasting’, Space Weather, vol. 16, no. 7, pp. 777–783, Jul. 2018, doi: 10.1029/2018SW001861.
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Scheme re-adapted from G. Henning et al., ‘ADEPT: Calculating the Infinite Multiverse of Future Space Environments’, in Second International Orbital Debris Conference, 2023.

Propagation
From t0 to tf

Initial
Pop.

Future 
launches 
module

Gen. 0Gen. 0

Distribution of explosions
For each object

Distribution of collisions
For each OTC event

IMPACT
Fragm. sampling

Universe 1Universe 1

Propagation
From tfragm. to tf

Gen. i

D
istribution of 
explosions

D
istribution of 

collisions

Stop
Condition?

End

Initial Study SetupInitial Study Setup

IMPACT
Fragm. sampling

Universe 2Universe 2

Propagation
From tfragm. to tf

Gen. i

D
istribution of 
explosions

D
istribution of 

collisions

Stop
Condition?

End



Background: the Aerospace Debris Environment Project Tool

Department of Aerospace Science and Technology 9

Scheme re-adapted from G. Henning et al., ‘ADEPT: Calculating the Infinite Multiverse of Future Space Environments’, in Second International Orbital Debris Conference, 2023.
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Scheme re-adapted from G. Henning et al., ‘ADEPT: Calculating the Infinite Multiverse of Future Space Environments’, in Second International Orbital Debris Conference, 2023.
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Ensemble and Surrogate Modelling for Debris Environment Long-Term 
Simulation

Department of Aerospace Science and Technology 11

European Space AgencyEuropean Space Agency

Politecnico di MilanoPolitecnico di Milano

GMV ……..GMV …….. TelespazioTelespazio



SW1 – Scientific backend SW2 - Frontend

Products of the Project
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Products of the Project
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SW1 – Scientific backend SW2 - Frontend

Ensemble aspectsEnsemble aspects Surrogate aspectsSurrogate aspects



Level-based structure
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Scenario Definition Level: Input parameter space exploration
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Simulation inputs

Mandatory baseline General input
Do not depend on the specific 
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Depend on the specific species

Model settings

The same for all the simulations Change for every simulation

Replaceable input
Have a default but can change
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Simulation inputs
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Population Evolution Level: Efficient and re-usable orbital displacement
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Densities are propagated with
the continuity equation
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Multi-model philosophy: combine different modelling
assumptions to enhance precision or computational
speed. This could include:

▪ Solar activity models

▪ Atmosphere models

▪ Perturbation complexity

Different propagation techniques Different models exploitation

Densities are propagated with
the continuity equation

Propagate single distinct

objects separately and

convert to densities when
needed

Use lookup tables to

compute the propagation

process of the different
elements



Stochastic Events Level: explosions and collisions effects
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Sequential approach
Legacy option, requires several
Monte Carlo simulations to become
statistically relevant
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Sequential approach
Legacy option, requires several
Monte Carlo simulations to become
statistically relevant

Layered approach
New approach, allow the
exploration of relevant cases and
their effects based on the creation
of layers that could possibly be
combined with branching strategy
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Branch & Bound

Statistic Branching
• A wide set of scenarios is explored.

• The father-child processes relationship is maintained so it
is always possible to link the cause and the effect.

• Requires a strict bounding condition to avoid the
combinatory explosion of the number of cases.
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Branch & Bound Statistic Branching

• A wide set of scenarios is explored.

• The father-child processes relationship is maintained so it
is always possible to link the cause and the effect.

• Requires a strict bounding condition to avoid the
combinatory explosion of the number of cases.

• Designed to fight the curse of dimensionality: from the
number of performed simulations, only three cases are kept
(average and standard deviations).

• Statistical relevance of the kept cases.

• Loss of information on the relations between the effects.
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ScenarioScenarioInput

Creation of a simulations register
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Objectives
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Which inputs affect the long-term 
evolution the most?

How would the environment 
change if stricter policies are 

enabled?

How long do we need to wait to 
see the effects of the changes?

How do constellations shape the 
evolution of the trends?

Which is the confidence on the 
results we obtain?



Thank You for your attention
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