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NEO CLOSE APPROACHES IN THE MEDIA
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FREQUENCY OF A CLOSE APPROACH

• Given the close approach of an NEO to the Earth at distance dCA, what is the 

frequency (or the period) of such event?

• A similar question has been responded in the past: the one associated to the NEO 

impact frequency 

• Impact frequency has been extensively discussed in the literature in the last 50 yr

• The frequency is dependent on the NEO population distribution

Why not extending such concept to the close approaches?
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IMPACT FREQUENCY VS POPULATION MODEL

Source: Harris, PDC-2019

There is a direct relation 

between a given population of 

NEOs and the impact frequency 

with Earth:

We need a function         that 

allows the extension of the 

concept to any close approach 

conditions.

𝑓0 = 𝑘 𝑁

𝑓𝐶𝐴
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VARIABILITY WITH THE DISTANCE TO EARTH

• Assuming that the flux of NEOs is roughly uniform in the proximity of the Earth, the 

number of close approaches with the Earth will increase quadratically with the 

distance:

• Taking into account the gravitational focusing due to the Earth:

𝑓𝐶𝐴 𝑁, 𝑏 = 𝑓0 𝑁
𝑏

𝑏0

2
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𝑏 is the b-plane impact 

parameter

𝑑 is the CA distance

𝑣∞ is the infinite CA velocity

𝑣𝑒𝑠𝑐 is the Earth escape vel.
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NEO POPULATION DISTRIBUTION MODEL

• Several NEO population models have been proposed in the last 25 years

• For our computations we decided to select:

• The Granvik model (2018) for

• A log-linear extrapolation of that model for 

• Another log-linear extrapolation with a slope better fitted to smaller asteroid 

fluxes for 

𝐻 ≤ 25

25 < 𝐻 ≤ 28.5

𝑁 ≤ 𝐻 = 802,404× 10 0.6434 𝐻−25

𝐻 > 28.5

𝑁 ≤ 𝐻 = 143,315,474× 10 0.5151 𝐻−28.5
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NEO POPULATION DISTRIBUTION MODEL
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THE IMPACT FREQUENCY CONSTANT

• Proposed values:

• Shoemaker (1979):

• Brown (2002): 

• Tricarico (2017): 

• NASA (2017): 

• NEOPOP (2020): 

• We decided to use                                       , as it was computed over a much larger 

propagation time (tens of thousands of years)

𝑘 = ~2.5 × 10−9 𝑦𝑟−1

𝑘 = 2 × 10−9 𝑦𝑟−1

𝑘 = 4 − 6 × 10−9 𝑦𝑟−1

𝑘 = 1.66 × 10−9 𝑦𝑟−1

𝑘 = 1.89 × 10−9 𝑦𝑟−1

𝑘 = 1.66 × 10−9 𝑦𝑟−1
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THE CLOSE APPROACH INDEX

• In order to render the final values more manageable:

𝐶𝐴𝐼 = log10 𝑓𝐶𝐴 𝑁, 𝑑, 𝑣∞

Very frequent event

Frequent event

Infrequent event

Rare event

Very rare eventCAI ≤ -2

-2 < CAI ≤ -1

-1 < CAI ≤ 0

0 < CAI ≤ 1

CAI > 1 Frequency larger than once per month

Frequency larger than once per year

Frequency larger than once per 10 years

Frequency larger than once per 100 years

Frequency smaller than once per 100 years
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EXAMPLE: NEOCC CLOSE APPROACHES

• Evaluation of close approaches in the last month and in the next year, as provided 

in NEOCC’s close approach list: https://neo.ssa.esa.int/close-approaches

Object designation Absolute 

magnitude 

Close 
approach 

date 

CA 
distance 

(au) 

Infinite 
v elocity 

(km/s) 

CA 
frequency  

(y
-1
) 

Close 
approach 

index 

Close approach 

ranking 

2021 DM 26.1 2021-02-28 0.0327 10.2 1.82E+03 3.26 Very frequent event 

2021 ET1 24.6 2021-02-28 0.0457 9.0 3.00E+02 2.48 Very frequent event 

2021 EH2 26.2 2021-02-28 0.0456 5.8 1.92E+03 3.28 Very frequent event 

2011 DW 22.7 2021-03-01 0.0361 13.6 3.05E+01 1.48 Very frequent event 

2021 EU3 27.1 2021-03-01 0.0122 4.7 3.77E+02 2.58 Very frequent event 

2021 EE 25.8 2021-03-02 0.0119 16.9 2.36E+02 2.37 Very frequent event 

2011 EH17 24.9 2021-03-02 0.0342 16.6 4.90E+02 2.69 Very frequent event 

2021 EE1 26.0 2021-03-02 0.0473 9.1 2.88E+03 3.46 Very frequent event 

2021 EC 27.8 2021-03-02 0.0044 8.7 3.37E+02 2.53 Very frequent event 

2021 EA 28.0 2021-03-02 0.0006 9.9 1.17E+01 1.07 Very frequent event 

1999 RM45 19.8 2021-03-02 0.0196 20.0 1.58E+00 0.20 Frequent event 

2016 DV1 24.8 2021-03-03 0.0053 18.3 1.06E+01 1.03 Very frequent event 

2020 SP 27.2 2021-03-03 0.0470 3.9 4.61E+03 3.66 Very frequent event 

2021 EB2 28.4 2021-03-03 0.0059 10.5 1.86E+03 3.27 Very frequent event 

2021 DE1 27.5 2021-03-03 0.0113 3.0 2.67E+02 2.43 Very frequent event 

2021 EP 26.1 2021-03-03 0.0267 7.1 7.72E+02 2.89 Very frequent event 

 

And many more lines in the table…

https://neo.ssa.esa.int/close-approaches
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EXAMPLE: NEOCC CLOSE APPROACHES

• Summary of results (cut-off on 2021-03-29):

Evaluation Recent CAs Upcoming CAs 

Very frequent event 124 129 

Frequent event 7 10 

Infrequent event 1 5 

Rare event 0 1 

Very rare event 0 0 

Total 132 145 
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EXAMPLE: NEOCC CLOSE APPROACHES

• Summary of results (cut-off on 2021-03-29):

Object designation H Close 
approach 

date 

CA 
distance 

(au) 

Infinite 
velocity 
(km/s) 

CA 
frequency  

(y
-1
) 

Close 
approach 

index 

Close approach 
ranking 

(231937) 2001 FO32 17.6 2021-03-21 0.0135 34.4 1.29E-01 -0.89 Infrequent event 

2016 AJ193 18.7 2021-08-21 0.0229 26.2 9.53E-01 -0.02 Infrequent event 

2019 XS 23.8 2021-11-09 0.0038 10.7 8.45E-01 -0.07 Infrequent event 

(4660) Nereus 18.3 2021-12-11 0.0263 6.6 2.64E-01 -0.58 Infrequent event 

(163899) 2003 SD220 17.7 2021-12-17 0.0363 5.6 2.26E-01 -0.65 Infrequent event 

(7482) 1994 PC1 16.6 2022-01-18 0.0132 19.6 6.23E-02 -1.21 Rare event 

(138971) 2001 CB21 18.4 2022-03-04 0.0328 12.0 9.34E-01 -0.03 Infrequent event 

Apophis 18.9 2029-04-13 0.000254 7.42 7.03E-05 -4.15 Very rare event 
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SUMMARY

• We are proposing to the community to use an objective index to evaluate 

the relative importance of a given close approach

• Such index is based on the current NEO population models

• It expands from the concept of impact frequency with the Earth

• Uses the H of the object and the close approach data

• It yields 5 infrequent events and 1 rare event in one year

• Apophis close approach in 2029 will be a very rare event

• We plan to include the evaluation of this index in NEOCC’s CA page
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THANK YOU!
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ERROR ANALYSIS

• Error in H / ΔH = +0.1 magnitudes implies:

• ΔCAI = +0.031 for H = 20

• ΔCAI = +0.064 for H = 25

• ΔCAI = +0.0515 for H = 30

• Error in N:

• ΔN = +10% implies ΔCAI = +0.041

• ΔN = +50% implies ΔCAI = +0.176

• Error in CA distance / ΔdCA = +50% implies:

• ΔCAI = +0.299 for a dCA = 0.0001 au

• ΔCAI = +0.345 for a dCA = 0.001 au 

• ΔCAI = +0.351 for a dCA = 0.01 au


