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Modeling the Space Debris Environment - Latest Improvements and
Updates

oCarsten Wiedemann, A. Horstmann (TU Braunschweig), S. Hesselbach (DLR),
V. Braun, H. Krag (ESA), S. Flegel (unaffiliated),
M. Oswald (Airbus Defence & Space), E. Stoll (TU Braunschweig)

The latest improvements and updates in the current European reference model for describing the
space debris environment are presented. The model with the abbreviation MASTER was completed
with a reference epoch from November 2016. It replaces the previous version MASTER-2009. The
new model has the internal version number "8". MASTER is made available by ESA via the Space
Debris User Portal, including all updates. The model takes into account all known sources of space
debris. This includes contributions that can be traced back to individual events, such as fragmentation,
as well as continuous sources in the small particle size-range, such as surface degradation products
or ejecta. The model consideres all objects that are larger than 1 ym. The new population is shown as
an example for objects larger than 10 cm in comparison to the previous model. Spatial density is
chosen as the form of representation. The current modeling results have shown that the spatial density
has increased significantly at an altitude of 800 km compared to the previous version. This is mainly
due to a reevaluation of historical fragmentation events. The main events that led to the significant
increase in fragments are shown. The high-resolution particle flux analysis capability of the model is
discussed using the example of two selected orbits.
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Introduction

» The latest improvements and updates in the current European reference
model for describing the space debris environment are presented.

« The model with the abbreviation MASTER was completed with a reference
epoch from November 2016.

It replaces the previous version MASTER-2009. The new model has the
internal version number "8".

+ MASTER is made available by ESA via the Space Debris User Portal,
including all updates [1].

» The model takes into account all known sources of space debris.

» This includes contributions that can be traced back to individual events, such
as fragmentation, as well as continuous sources in the small particle size-
range, such as surface degradation products or ejecta.

* The model considers all objects that are larger than 1 ym.

[2] ESA/ESOC, Space Debris User Portal, https://sdup.esoc.esa.int
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Sources of Debris and Meteoroids
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Schematic View of the Data Flux in POEM
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Comparison of Fragments: MASTER-2009 and MASTER-8
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Comparison of 10 cm Populations (2009)
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S L B le—7
1077¢ 10— u . .
_ — MASTER-8
“ -8l __ = 1 - MASTER-2009
= . AV
= i 1 =
2 107°F 3 >06F
LR |
()
= 10-10 3 3 T 04F
= : ] © |
? 10-11L — MASTER-8 M4 So02f [
- MASTER-2009 = 1 1
5 L A | s 3 s el T & B
‘ : 0.0 b1
102 10° 104 10° 500 1000 1500 2000
Height [km] Height [km]
:3-5%% E:C:;:ﬁ:: Carsten Wiedemann - Space Debris  15.03.2021 6 E
‘vﬁ,bhc:{ %S Braunschweig

This document is provided by JAXA.



HE [AR—ZFFVT—ray | H#EERME 17

Comparison of 10 cm Populations (2016)
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Distribution of space debris (2016)

2D spatial density distribution vs. altitude
Cumulative contributions 2016-11-01, Objects > 1cm
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Increase of space debris

Significant increase in fragments due to two events:
+ FengYun-1C (2007)
» Cosmos/Iridium (2009)
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Size Distribution LEO

ESA MASTER-8 Model
Cumulative mean flux (11/2015 - 11/2016), objects > 0.1mm
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Size Distribution GEO

ESA MASTER-8 Model
Cumulative mean flux (11/2015 - 11/2016), objects > 0.1mm

W0 Earth-oriented GEO (35,786km), leading front surface
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Impact Velocity Distribution on LEO

ESA MASTER-8 Model
Differential mean flux (11/2015 - 11/2016), objects > 0.1mm
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Impact Velocity Distribution on GEO

ESA MASTER-8 Model
Differential mean flux (11/2015 - 11/2016), objects > 0.1mm
Earth-oriented GEO (35,786km), leading front surface
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Summary

+ The new population is shown as an example for objects larger than 10 cm in
comparison to the previous model.

» Spatial density is chosen as the form of representation.

+ The high-resolution particle flux analysis capability of the model is discussed using the
example of two selected orbits.

* The current modeling results have shown that the spatial density has increased
significantly at an altitude of 800 km compared to the previous version.

» This is mainly due to a reevaluation of historical fragmentation events.
* The main events that led to the significant increase in fragments are explained.
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