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Int roduct ion

• To compare the resul t s of  d i f f erent  models f or  a 
common reference scenar io

– SDM 3.0 (developed f or  ESA at  ISTI/ CNR in Italy)

– DELTA 2.0 (developed for  ESA at  Qinet iQ in the UK)

– LEGEND (developed at  NASA/ JSC in the USA)

• Inter - Agency Space Debr is Co- ordinat ion 
Commit tee

– Ef for t  in i t iated several  years ago to compare the resul t s 
of  evolut ion m odels avai lab le in member  organisat ions

– To achieve this a comm on set  of  input  data and a 
common simulat ion scenar io w as ident i f ied  and agreed



Study Descr ip t ion

• Project ion per iod 100 years (2002 – 2102)

• Payload operat ional  l i f et ime 7 years

• Rocket  body operat ional  l i f et ime 0 years

• In i t ial  environm ent  ≥ 1 cm Snapshot  1- Jan- 02

• Projected launch t raf f ic 8 year  cycle

• Projected explosion t raf f ic 8 year  cycle

• Explosion prevent ion Complete prevent ion 
f rom 2012

• Non- f ragmentat ion sources Ignored

• Projected solar  act ivi t y F10.7 data

• Minimum col l ision target  mass 50 k g; ≥ 10 cm in LEGEND

• Alt i tude resolut ion 50 k m (200 – 2,000 
km )

IADC Basel ine 
2002



Compar ing the Models

• Each model  has an implementat ion of  the NASA 
Break - up Model  f or  explosions and col l isions
– A recent  IADC com par ison show s good agreement  between 

models

• Dif f erent  col l ision predict ion algor i thms
– LEGEND uses pair - w ise col l ision predict ion, t reat ing each 

ob ject  ind ividual ly

– DELTA only m odels catast rophic col l isions

• Dif f erent  orb i t  propagators

• SDM uses mass as main physical  quant i t y, ob ject  
size /  area is der ived f or  repor t ing purposes in this 
study



Catast rophic Col l isions

• Good agreement

– In the absolute number  of  
catast rophic col l isions

– In the t rend of  the 
cumulat ive number  of  
catast rophic col l isions

• Dist r ibut ion of  catast rophic 
col l isions w i th al t i t ude also 
show s a good compar ison

– Most  col l isions occur  at  
~  800 km and ~  1,000 km

– Smal ler  number  (~  2 – 3) 
occur
at  ~  1,400 km

—  DELTA
—  SDM
—  LEGEND

Cumulative Number of Catastrophic Collisions (inc. Standard Deviations)
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Number of Objects > 10 cm in LEO (inc. Standard Deviations)
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Number  of  Objects in LEO

• DELTA is predict ing f ew er  ob jects ≥ 1 cm
– On average ~  40 – 45% few er  than LEGEND & SDM af ter  

100 yrs

– But , DELTA is predict ing an equivalent  number  of  
catast rophic col l isions (source of  ob jects af ter  2012)

– At t r ibutable to col l ision pred ict ion algor i thm

• DELTA does not  model “damaging”  col l isions

• DELTA is not  predict ing col l isions between large intact  objects

• Bet ter  agreement  in the number  of  objects ≥ 10 cm
– Dif f erences due to the d i f f erent  masses of  ob jects 

involved in col l isions in each of  the models



Spatial Density of Objects > 1 cm in LEO (2102)

0.0E+00

5.0E-07

1.0E-06

1.5E-06

2.0E-06

2.5E-06

3.0E-06

3.5E-06

4.0E-06

200 400 600 800 1000 1200 1400 1600 1800 2000

Altitude (km)

DELTA

SDM

LEGEND

Spat ial  Densi t y v. Al t i t ude ≥ 1 cm  

—  DELTA    —  SDM    —  LEGEND

In year  2052 In year  21021.4 x 10 - 6 4.0 x 10 - 6
Spatial Density of Objects > 1 cm in LEO (2052)

0.0E+00

2.0E-07

4.0E-07

6.0E-07

8.0E-07

1.0E-06

1.2E-06

1.4E-06

200 400 600 800 1000 1200 1400 1600 1800 2000

Altitude (km)

DELTA

SDM

LEGEND

Alt i t ude (km)

Sp
at

ia
l 

D
e

n
si

ty
 (

k
m

-
3
)

Al t i t ude (km)
Sp

at
ia

l 
D

e
n

si
ty

 (
k

m
-

3
)



Spat ial  Densi t y v. Al t i t ude ≥ 10 cm

—  DELTA    —  SDM    —  LEGEND

In year  2052 In year  21025.0 x 10 - 8 1.2 x 10 - 7
Spatial Density of Objects > 10 cm in LEO (2052)
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Spatial Density of Objects > 10 cm in LEO (2102)
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Spat ial  Densi t y of  Objects in LEO

• Spat ial  densi t y peaks cor respond to the al t i t udes 
of  predicted col l ision events

• Der ivat ion of  ob ject  size f rom mass in SDM
– Objects “ l ighter ”  than those of  equivalent  size in other  

models

– Therefore, expect  SDM spat ial  densi ty levels to be 
reduced at  al t i t udes w here atmospher ic drag is impor tant

• Low  DELTA spat ial  densi t ies f or  objects ≥ 1 cm 
cor responds to the low er  number  of  cent imet re-
sized objects predicted



Spat ial  Densi t y of  Objects in LEO

• SDM show s no peak  in the spat ial  densi t y of  
objects 
≥ 1 cm at  800 km al t i t ude
– Not  due to the number  of  predicted col l isions at  th is 

al t i tude

• SDM predicts a simi lar  number  of  events to the other  models

– Not  a resul t  only of  the der ivat ion of  ob ject  size f rom 
mass f or  repor t ing purposes

– At t r ibutable par t ly to atmospher ic drag model

• Peaks in the spat ial  densi t y of  objects ≥ 10 cm 
show  good cor respondence betw een al l  t he models



Summary

• Compar ison made betw een SDM 3.0, DELTA 2.0 and 
LEGEND for  a common reference scenar io
– Compar ison betw een models, not  agreed predict ion of  

f uture evolut ion of  debr is environm ent

• Overal l , very good agreement  betw een model  
predict ions

• Dif f erences observed considered to be pr incipal ly 
due to
– Col l ision predict ion algor i thms

– Orbi t  propagat ion


