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Long-term forecasts of space debris environment associated
with space weather activities
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Space debris is the collection of defunct objects made by human being in space. One of the causes of space
debris source/sink is space weather (for example, solar flare, solar energetic particle, geomagnetic storm)
effect on space debris. To evaluate the effects of long term space weather activities on space debris
environmental changes, this study conducts some simulations under different space weather activities using
NEODEEM, a Near-Earth Orbital Debris Environment Evolutionary Model. F10.7 and Kp indexes are used
as space weather related parameters. As a result, it is found that space debris environment would become
significantly worse because of collision cascading even with no launches in the case of low solar activity, like
as solar cycle 24.
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Long-term forecasts of space debris environment associated with space weather activities

Shuji Abe[1], OToshiya Hanadal[1], Akimasa Yoshikawal1l, Takayuki Hirail2], Satomi Kawamoto[2]
[1] Kyushu University, [2] Japan Aerospace Exploration Agency )

1.Introduction

B What is Space Debris?
Space debris is the collection of defunct objects
made by human activity in space(Payload, Rockets-
body, Mission-related debris, Fragmentation debris).
More than 170 million debris smaller than 1 mm,
about 670,000 debris 1 cm, and around 29,000
larger debris are in orbit at July 2013(ESA).

NASA, 2012.

B What is Space Weather?

Space weather is environmental changes
around the Sun-Earth system. It includes

solar wind, geomagnetic storm, and so on.

M Example of Satellite trouble caused by Space weather

1989/03/17 Trouble on CS-3b satellite

1994/01/20  Anik E1, Anik E2 (Canada) stabilizing momentum wheel trouble by solar activity

1997/01/11  Telstar 401(USA) was broken Sremaining in GEO

1997/04/11 Tempo 2(USA) repeater trouble

2000/04/09  BRAZILISAT-A2 trouble

2000/07/17  Astro-D attitude control trouble because of atmospheric expansion by solar flare, and
atmospheric reentry at 2001/03/02

2003/10/24  ADEOS-II power failure(one possible cause is charging by geomagnetic activity)

2003/10/28 Mars Odyssey(USA) MARIE radiation experiment damaged by solar energetic particle

2003/10/28 DRTSgoes to safe mode because of solar energetic particle

2006/12/06  GPS receiver trouble because of radio burst by solar flare

2010/04/05  Galaxy15(USA) was out-of-control because of charge by auroral activity(back to normal
mode 9 month later)

2012/03/07  Venus Express (ESA) star tracker trouble because of solar energetic ||aart|cle

2012/03/07  SkyTerral(USA) goes to safe mode because of solar energetic particle

various phenomena, solar energetic particles,

Space weather can affect human activity. For
example, Solar energetic particles penetrate

and break satellite electronics. Space Features:
weather survey of existing conditions and « Covers all orbit around the Earth(GEO, GTO,
forecast is important for space utilization. LEO,MEOQ)

2.Motivation

Solar activity has a cycle of the nearly periodic 11-year. Every solar cycle have
different activities. For example, current cycle (solar cycle 24) is known as the

period of relatively low solar activity. To evaluate the effects of long-term and
various space weather activities on space debris environmental changes, this study
conducts some simulations under different space weather activities using NEODEEM,
a Near-Earth Orbital Debris Environment Evolutionary Model.

3.NEODEEM

NEODEEM(Near-Earth Orbital Debris Environment
Evolutionary Model) is developed by Kyushu
University and JAXA.

« Many simulation scenario(Historical, Future,
Target, Removal, Prop)

« Consider many disturbing forces(for example,
gravitational potential, atmospheric drag, solar
radiation)

NEODEEM uses F10.7 solar flux and Kp indexes as
space weather related parameters.

NEODEEM flowchart
(Ariyoshi, 2012)

| 4.2 Evaluation of contributions of space weather

4.3 Evaluation of contributions of space weather

4.Simulations and Results
4.1 Evaluation of contributions of space weather

disturbances as solar flux parameter parameter

VWinput parameters Vinput parameters

Future scenario

disturbances as solar flux and geomagnetic activity

disturbances as time series geomagnetlc actlwty parameter

Vinput parameters Input F10.7 solar radio flux

Input F10.7 solar radio flux

Future scenario

With Collision, no Launch,
Explosion, PMD and ADR
Jacchia-Roberts is used as
atmospheric total density
model

Three input parameter F10.7
Long term high solar activity
Long term low solar activity
Long term middle solar activity
Constant Kp value =4
Simulation period
100years(2013/01/01-
2112/12/31)

50 times Monte Carlo method

Input F10.7 solar rado flux
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Jacchia-Roberts is used as
atmospheric total density model
Three input parameter F10.7
Long term high solar activity
Long term low solar activity
Long term middle solar activity
Low and high KP value =1 or 4
Simulation period
100years(2013/01/01-
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50 times Monte Carlo method
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* Future scenario

* With Collision, no Launch,
Explosion, PMD and ADR
Jacchia-Roberts is used as
atmospheric total density model

* Long term middle solar activity
Semi-annual geomagnetic activity
* Simulation time
100years(2013/01/01-2112/12/31)
50 times Monte Carlo method
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Space debris environment would become significantly worse
because of collision cascading even with no launches in the case of
low solar activity, like as solar cycle 24.
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Space debris environment would become worse under low
geomagnetic activity. Joule heating associated with the
geomagnetic field is small under low geomagnetic activity. It
causes low atmospheric drag effect to space debris.

For long-term space debris environmental changes, the average of
geomagnetic activity is dominant.

5.Conclution

* To evaluate the effects of long term space weather activities on space debris environmental changes, this study conducts some simulations under different space weather
activities using NEODEEM, a Near-Earth Orbital Debris Environment Evolutionary Model. F10.7 and Kp indexes are used as space weather related parameters.
* Asaresult, it is found that space debris environment would become significantly worse because of collision cascading even with no launches in the case of low solar activity,

like as solar cycle 24.

» Concerning geomagnetic activity, space debris environment would become worse under low geomagnetic activity caused by low atmospheric drag effect.
* We will update the atmospheric model on NEODEEM for more accurate space debris environment forecasts associated with solar and geomagnetic activities.
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