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Goal: estimate how bolides impact the Earth across latitudes

Application: validate theoretical calculations
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GLM bolide detection problems & biases

® Non-global FOV

® Angle of incidence of light into sensor

angle of
incidence

® Data show that more massive and faster

bolides (—brighter) are easier to detect

® [Possible other biases??? | .
Oxygen line

Narrowband filter

transmission efficiency

777.4nm wavelength



Modeling rates: Poisson Distribution
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Observed number of bolides in a Inhmgn ous rate function
The In period of time T
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Observed number of bolides in a Inhmgn ous rate function

The /Inp iod of time T /L atitude
Model (A T ~ Poisson (/ / d,l,t dd dl dt)

Distance from nadir
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Nonparametric version!

L b(d) = exp(fy(d)); fiol@) ~ GP(m(x), k(z, 7))
wmte - As(l) = exp(fs(1)); fs(z) ~ GP(m(x), k(x,z"))



Scatter data — discretized count data

1. Split bolides according to satellite

2. Por a satellite, randomly split the GLM FOV into small polygons

Uniformly random points Voronoi diagram Clip to FOV

to get polygons



Scatter data — discretized count data

3. Split bolides into different showers and the background rate

based on time.

4. Collect polygon data

Count: number of bolides within polygon

Area: area of polygon

Duration: Normalized GLM observing time

Latitude: Latitude of centroid

Nadir distance: Centroid’s distance from satellite’s nadir:

Source: what shower this data is for

5. Re-combine data for all showers

and both satellites
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Overview
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Data-generating
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Markov chain Monte-Carlo to obtain posteriors

wwwww

N\
Q
O

00
/

fov.dist



Bolide rate
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Bolide rate dependent on distance from nadir
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Normalized bolide flux
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Normalized bolide flux
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Normalized bolide flux
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Conclusion

- Successfully estimated GLM detection bias due to angle of incidence
- Distribution across latitudes consistent with GLM being biased towards fast objects

- Can separate out meteor showers from background rate
Further study:

- Study other, less intense meteor showers
- Nonparametrics and model comparison
- De-biasing according to velocity

- Computing and studying velocities, trajectories, and orbits in the stereo region



bdf = BolideDataFrame(source="'usg')

[7]: bdf
PythOIl paCkage (7] GLM bolide detections from neo-bolide.ndc.nasa gov, developed and operated by NASA's Asteroid Thre:
Assessment Project thanks to funding from NASA's Planetary Defense Coordination Office.
datetime longitude latitude source detectedBy confidenceRating lightcurveStructure energy_g:
a

bOI |des g S22 966  -185 website GLM-16,GLM-17 medium very good 2.284910e-
- - 1 20220718 49945 280 website GLM-16,GLM-17 medium good 3.084814e-

A package to analyze bolide data in Python. 15:22:59
docs [passing]| @ launch [binder) 2 20220118 408 42 websie GLM-16 low minimal ~ 3.184802e-

bolides.readthedocs.io

2021

Perseids
Leonids

. omisciry I ol a

+ GLM-16
GLM-17

2021

Date (month in 2020)



Interactive Bolide Data Visualizer
bolides.seti.org

[Belect a data source

USG data at cneos.jpl.nasa.gov/fireballs/

GLM data at neo-bolide.ndc.nasa.gov/

Global Meteor Network data at globalmeteornetwork.org/data/

Meteor shower data at www.ta3.sk/IAUC22DB/MDC2007/
USG data with computed orbits

Date filters: |start date yyyy-mm-dd  |end date yyyy-mm-dd |

Meteor shower filter: | Select meteor shower(s)
Field-of-view options:
[Jgoes [Jgoes-e [Jgoes-w [Jgoes-w-ni []goes-w-i [Jfyda [Jfyda-n [fyda-s D gmn-25km [Jgmn-70km [Jgmn-100km
[ Filter by FOV [JIntersection

Sensor observation filters: [J1gim16 [J1glm17 [Jintersection



[l Interactive Bolide Data Visualizer
bolides. Seti,org
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