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Introduction: Out of a total over 50,000 meteorites currently known to science, only 25 were recorded instru-

mentally with the potential to derive their atmospheric trajectories and pre-impact Solar System orbits. The same is 

true for the observations of meteors, which bring thousands of new registrations per month to existing databases, but 

rarely, if not exceptionally, do they add to the meteorite recovery records. Thus, these unique cases deserve a thor-

ough examination by different techniques – not only to ensure that we are able to match the model with the observa-

tions, but also to enable the best possible interpretation scenario and facilitate the robust extraction of key character-

istics of a meteoroid based on the available data. The reconstructed atmospheric trajectory is also a required for dark 

flight simulations which enables us to follow any surviving meteorite fragments all the way down to the ground. 

A solution to the inverse problem of matching the atmospheric trajectory: The change in main fragment’s 

mass and height can be approximated as functions of velocity using the following dependencies [1]: 

𝒎 = 𝐞𝐱𝐩(𝛃(𝟏 − 𝒗𝟐) (𝝁 − 𝟏)⁄ )       (1) 

𝒚 = 𝐥𝐧(𝟐𝛂) + 𝛃 − 𝐥𝐧(�̅�𝒊(𝛃) − �̅�𝒊(𝛃𝒗𝟐))     (2) 

Detailed naming conventions and basic definitions for all variables and parameters used, and the description of the 

special function �̅�𝒊(𝑥) is provided e.g. in [1-4]. As a rule, we use capital letters for the dimensional variables (e.g. M 

for the mass in kg) and small letters for the dimensionless variables (e.g. m for the mass ranging between 0 and 1, 

referring to the mass M normalized by its pre-atmospheric value 𝑀𝑒). The equations (1)–(2) rely on three dimension-

less quantities α, β, and µ, which are unique for the subgroup of meteor events with similar aerodynamic and fria-

bility properties. These parameters are introduced within a dimensional analysis concept [5]. The ballistic coeffi-

cient, α, describes the drag properties of the meteoroid. It is proportional to the mass of the atmospheric column a 

meteoroid has to penetrate to reach the ground, to the pre-atmospheric meteoroid mass, Me. The parameter β corre-

sponds to the mass loss rate and can also be linked to the ablation coefficient. The shape change coefficient, µ, may 

be estimated through light curve analysis [2, 3]. It reflects the meteoroid’s rotation rate and it takes into account the 

changes in the meteoroid’s shape along its trajectory. The inverse problem of finding the (α, β) pair, that corre-

sponds to the particular case, can be solved by the least-squares method by matching Eq. (2) to the set of (yi, vi) 

values obtained at n trajectory points along the observed visual path of the fireball, as previously described in [1] 

where this method was also applied to a number of observations. Moreno-Ibáñez et al. [6] provide a grounded justi-

fication of the method by calculating terminal height values and comparing them to the observations. In addition, it 

is possible to use the method with appropriate modifications under condition of arbitrary atmosphere model [4]. 

General statistics and possible impact consequences: The developed model is suitable to estimate a number of 

crucial unknown values including the pre-atmospheric mass, ablation rate, and surviving meteorite mass. It is also 

applicable in the prediction of the terminal height of the luminous portion of flight and therefore, the duration of the 

fireball [6]. Besides the model description, we demonstrate its application using the wide range of observational data 

from meteorite-producing fireballs appearing annually (such as the Annama, Košice and Neuschwanstein fireballs) 

to larger scale impacts (such as the Chelyabinsk, Sikhote-Alin and Tunguska events). We show that the proposed 

physical parametrization is adequate to classify the possible consequences of meteoroid impacts. In the (lnα, lnβ) 

plane the obtained results evidently group together (i) larger events, resulting in crater formation, (ii) meteorite-

producing fireballs, and (iii) fully ablated meteor events with no surviving terminal mass. These results support 

corresponding criteria derived in analytical way [7]. In particular, it is easy to explain why no craters and no meteor-

ites were found in case of Tunguska. This approach enabled us to reliably identify and promptly recover the Annama 

meteorite fall which was observed from 3 stations of the Finnish Fireball Network on 19 April 2014 [8-10]. 
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