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Brief history of the MEO

Only NASA meteoroid program since 1970, when 
the meteoroid group at Johnson Space Center was 
disbanded.
MSFC was point of contact and locus of knowledge 
for USG efforts to mitigate risks of the 1998-2002 
Leonid meteor storms.
Studies conducted after Columbia determined 
NASA had lost practically all of its meteoroid 
expertise.
Established by NASA Headquarters Office of Safety 
and Mission Assurance (OSMA) at beginning of 
FY05 as the NASA organization responsible for 
meteoroid environments pertaining to spacecraft 
engineering and operations.



From the NASA Meteoroid Handbook 
(https://ntrs.nasa.gov/api/citations/20200000049/downloads/20200000049.pdf)

Space debris poses the greatest hazard to humans 
or vehicles once they are in space!

Damage potential

https://ntrs.nasa.gov/api/citations/20200000049/downloads/20200000049.pdf


“Impact” upon spacecraft operations



Environment Overview



Terminology

NASA/JPL

Meteoroids

• Chunks of rock and ice 
out in space. 

• About the size of a 
boulder or smaller (1 
meter upper limit).

Meteorites

• What is left of the 
meteoroid/asteroid if it 
survives the trip through 
the atmosphere and hits 
the Earth.

• Made of silicate 
minerals and/or iron-
nickel.

Meteors

• Streaks of light that 
you see as a meteoroid 
ablates, or burns up, in the 
Earth’s atmosphere. 

• Commonly called a 
‘shooting star’ or ‘falling 
star’.



NASA MEO

Fireballs	or	Bolides

• Bright meteors.

• Peak magnitude brighter 
than Venus, mapp =   -4.

Superbolides

• VERY bright meteors.

• Peak magnitude brighter 
than the full Moon, mapp = -17.

• Detectable by ground and 
space-based sensors.



Sources of meteoroids

Comets (>90%)

C/2001 Q4 (NEAT)

Meteoroids can also come from the Moon or other planets, but this is VERY rare.

Asteroids

Ida/Dactyl



Shower and sporadic meteoroids





The sources can be dynamically linked to specific classes of objects.







Meteor shower terminology

Meteor shower – short-term enhancement of meteor rates generated by 
encounter with particles produced by specific comets/asteroids. Named for 
constellation in which radiant is located.

Meteor outburst – any instance of a meteor shower exhibiting greater than 
“normal” activity.

Meteor storm – shower in which hourly rate > 1000.

ZHR - the number of meteors a single observer would see in an hour of peak 
activity if the radiant is at the zenith, assuming the conditions are excellent and 
the observer has perfect vision (never occurs in reality).



Robert Sodano, GSFC

Meteor showers occur when the Earth encounters debris trails of a comet or asteroid.



Some annual meteor showers

Shower (3 letter code) Activity Peak Radiant ZHR
α δ (meteors/hr)

Quadrantids (QUA) Dec 28 - Jan 12 Jan 04 230° +49° 120
Lyrids (LYR) Apr 16 - Apr 25 Apr 22 271° +34° 18

η-Aquariids (ETA) Apr 19 - May 28 May 06 338° -01° 70*
June Bootids (JBO) Jun 22 - Jul 02 Jun 27 224° +48° Var

South. δ-Aquariids (SDA) Jul 12 - Aug 23 Jul 30 340° -16° 16
α-Capricornids (CAP) Jul 03 - Aug 15 Jul 30 307° -10° 5

Perseids (PER) Jul 17 - Aug 24 Aug 13 48° +58° 100
Draconids (DRA) Oct 06 - Oct 10 Oct 08 262° +54° Var

Southern Taurids (STA) Sep 10 - Nov 20 Oct 10 32° +09° 5
Orionids (ORI) Oct 02 - Nov 07 Oct 21 95° +16° 25*

Northern Taurids (NTA) Oct 20 - Dec 10 Nov 12 58° +22° 5
Leonids (LEO) Nov 06 - Nov 30 Nov 18 152° +22° 20+*

Monocerotids (MON) Nov 27 - Dec 17 Dec 09 100° +08° 2
σ-Hydrids (HYD) Dec 03 - Dec 15 Dec 12 127° +02° 3
Geminids (GEM) Dec 07 - Dec 17 Dec 14 112° +33° 120

Dec. Leonis Minorids (DLM) Dec 05 - Feb 04 Dec 20 161° +30° 5
Ursids (URS) Dec 17 - Dec 26 Dec 23 217° +76° 10

2023

2033
Worth viewing



Models



























Working on this now

















Some spacecraft in elliptical orbits can fly 
through regions of intense gravitational 
focusing, increasing shower flux by factors of a 
few.

Code also calculates the aberrated shower 
radiants caused by spacecraft motion.









Shower summary



Meteoroid/Orbital Debris comparison 



Comparison of penetrating flux

1 mm thick Al

A. Moorhead, MEO


