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J. Estevez-Delgado
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This work focuses on knowing the physical, environmental and population effects from the impact of an asteroid occurring in the Mexican
territory. The work consists of the adaptation of routines product of previous works in the literature to generate a numerical code written
in PyThon that allowed modeling this kind of phenomenon. Firstly, a map of the superficial densities of the Mexican territory has been
developed with a resolution of0.5◦ of longitude by0.5◦ of latitude of the Earth. The map allows us to find the value of surface density in a
specific geological area of the country. Once the surface density value was obtained, it is established as the value of the impact site (target).
The model requires using fixed parameters, such as the diameter of the body, its density or mass, the angle of incidence and the density value
at the impact site. The output, provides the impact velocity, as well as the energy released, diameter and depth of the crater, the magnitude
of the earthquake as well as the damage on the surface. We studied the Chicxulub asteroid event in two hypothetical scenarios. Firstly, the
atmospheric density profile was modified, allowing the calculation of a new value for the impact velocity. Secondly, we assume that the
object hits with a fraction of the initial mass, and with this the impact velocity and its effects were recalculated for three different targets.
They were used to calculate the infrastructure damage they would cause if the impact could occur today. Finally, the results obtained by our
model were compared with the literature, showing that they are consistent with the observational data. Models such as this one contribute to
having tools for the attention towards the prevention of this kind of event that in the context of the study risks from the space are necessary
in Mexico.

Keywords: Asteroids impact; Chicxulub impact event; numerical model for asteroids’ impacts; environmental and infrastructural damage
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1. Introduction

There are several theories that try to explain the solar system
formation. One of the most acceptable so far proposes that
the formation and evolution of the solar system began 4,500
million years ago with the gravitational collapse of a small
part of a giant molecular cloud [1]. Most of the collapsing
material clumped together in the center, forming a proto-Sun,
while the rest flattened into a protoplanetary disk from which
the planets were formed [2]. The bodies that could not form a
planet as simply trapped wandering bodies because of grav-
itational interaction in orbits around the Sun. These bodies
were called asteroids or comets, and many of these collided
with the Earth when it was forming; see for instance [3]. The
attention of this work is focused on this class of wandering
body, in particular Near Earth Objects (NEO), which trace
an orbit close to the Earth. In other words, because of the
implications of their proximity or possible collision, is con-

sidered to have generated substantial changes in the history
of the planet, such as in the configuration of geological and
biological history [4].

Modeling the impact of asteroids on a specific territory,
such as Mexican territory, involves various factors and con-
siderations. It is well known that there are several studies
related to the impact of an NEO on the Earth’s surface. For
example, [5] used a hydrocode to estimate the impact effects
of a rocky, non-variable-mass NEO. On the other hand, [6]
employed an equation that describes the change in mass at
the impact of porous bodies. There is also work on the mor-
phology of craters formed by debris pile objects or binary
objects [7, 8], respectively. In relation to the latter, there are
laboratory simulations that recreate the impacts of NEOs on
the Earth’s surface, using various materials that act as im-
pactors and as targets, to obtain results on the size of the
craters [9, 10]. Additionally, there are also works that are
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related to the impact of bodies in the ocean [11] and its reper-
cussions in coastal areas, as well as the magnitude of the
earthquake (measured on the Richter scale) that this impact
would cause.

In this work we present a numerical model for the impact
of an NEO in Mexican territory, based firstly on the calcu-
lations made by [12] but to which the following equations
have been added: one equation to calculate the impact veloc-
ity, which is a modification of the one proposed by [13]; and
another to calculate the final mass based on the initial mass,
composition and the morphology of the object [14–16]. Our
model uses this equation when the value of the density of
the body is unknown. We also added another equation to
calculate the magnitude of the earthquake caused by the im-
pact and finally one equation to calculate the area affected
by overpressure, as well as a routine that allows calculating
the percentage of the environment seriously affected. In this
context, we have specifically focused on asteroid characteri-
zation, blast and crater formation and finally the damage as-
sessment, adapted from [12].

This article is presented as follows: in Sec. 2, we describe
the mathematical model on which our work is based, contain-
ing all the components necessary for describing the possible
behaviour in the Mexican territory. In Sec. 3 we describe the
environmental effects of body impact, focusing on the dam-
aged population and the area affected by overpressure. Sec-
tion 4 introduces the case study of the Chicxulub event, in
which we show the behavior of the impact parameters such
as velocity, the energy released, diameter and depth of the
crater as well as the magnitude of the earthquake. In addition,
we recreate the Chicxulub event for three different target val-
ues and a mass loss factor. With these data and information
from the website [17], we present the possible infrastructural
damage (in three different geographical sites) that the impact
would generate. Finally, in Sec. 5, we discuss our results.

2. Model

The impact of an asteroid on the Earth surface requires
specifically focusing on the asteroid characterization, blast
and crater formation and the damage assessment, among
other variables. It is important to mention that mathemat-
ical modeling has been developed for its application in the
Mexican territory, taking into account elements of the work
of [12], and others that allowed obtaining the equations that
describe the impact energy,Ei, the diameter and depth of the
crater,Dtc anddtc, respectively, and the radius of the fireball,
Rf . In the following sections, we will present the additional
components of this model.

2.1. Terminal velocity

Parameters such as the impact velocity are necessary to quan-
tify the spatial scales when an asteroid collides with the
Earth’s surface. In our model, we have used the kinetic en-
ergy equation provided by [13,18] which we modified by tak-

ing into account an atmospheric density profile for a height
h = 0. This modification is consistent with that proposed
by [19], which establishes that for spherical objects that im-
pact the Earth’s surface, the terminal velocity of the body
with respect to its initial velocity is between2/3 to4/5 times,
while considering a mass loss of between30% to 60% due to
ablation process due the pass through the atmosphere. In this
context, the terminal velocity can be obtained as follows:

Vi =

√
4ρidg

3Cdρa(h)h=0
, (1)

whereρi and d are the density and diameter of the mete-
oroid, respectively,g is the gravitational acceleration con-
stant,Cd = 0.5 is the drag coefficient [13] andρa(h)h=0

is the atmospheric density evaluated on the ground. The
mathematical expression suitable for Eq. (1) has to be like
ρa(h) = αeδ1h + βeδ2h, with α + β > 0 andδ1, δ2 ∈ R. A
similar deduction for the Eq. (1), which does not contemplate
an atmospheric density profile, is shown in Ref. [20].

2.2. Intensity of earthquake

Our model considers a module to evaluate the fraction of
kinetic energy transformed into seismic wave energy, if an
impact were to occur. This module calculates the magni-
tude of the earthquake; the value of this fraction ranges from
10−5 − 10−3 [21]. In the energy-magnitude relationship for
an earthquake, [22] used it to calculate the intensity of the
earthquake but with the Richter scale.

In 2012, the International Seismological Association de-
cided to no longer use the Richter scale to measure earth-
quakes because it is not longer representative of the energy
that is released by an earthquake or the intensity of earth-
quakes. In this context, we decided to use the calculations
made by [23], which are the basis of our model by adding
the new scale, in comparison with [12]. In this way, in our
model the magnitude of an earthquake is related to the energy
radiated,E in Joules (J) [24] as:

HKs =
log10(2× 104Ei)− 9.05

1.5
. (2)

Furthermore, [25] used the concept of seismic energy flux
density defined as10−5 times the total kinetic energy,Eac to
calculate the seismic effects caused by the shock wave pro-
duced by the rupture of a meteoroid.

2.3. Geological composition

One of the main considerations that we took into account to
represent the physical phenomena related to the impact of an
object over the entire Mexican territory was to know the ge-
ological composition at a deep of 10 m. To resolve this, we
generate a matrix of density values using the GeoMapApp
software [26], which software helps us to know the surface
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FIGURE 1. Map of the surface density of the Mexican territory.
This map has a resolution of0.5◦ longitude per0.5◦ latitude per
10 m in deep.

density of the territory well by generating a matrix of values
over the entire Mexican territory. The grid was divided into
subregions of0.5◦ of latitude by0.5◦ of longitude. The den-
sity matrix (0.5◦ × 0.5◦ × 10 m on average) was stored in
a file that is read by the model developed in the Python pro-
gramming language. Generally, this allows us to represent in
a map of the Mexican region the surface density of the entire
country (see Fig. 1).

It is important to mention that there are several works re-
lated to modeling the density of the Earth as a function of
its radius, suggesting that for the first 100 km of depth, the
average density remains constant with respect to the density
on the surface [27]. In order to analyze the impact of aster-
oids larger than 0.54 m and reproduce their effects well, we
consider that the target density uses this approximation.

3. Environment effects

Another property of interest is the environmental damage
caused by the impact of an NEO in the Mexican territory.
The studies and data from [28] related to the estimation of the
severely affected world population with respect to the energy
released, see Figure in the upper panel 2. Using these data
and a model based on B-Splines and Vandermonde matrices,
the function that relates the energy released to the affected
population was obtained. We used B-Splines to determine
the polynomial expression that relates environmental dam-
age as a function of the energy released, allowing us to use
the smallest number of degrees of freedom, while the use of
Vandermonde matrices served to interpolate the polynomial
that was fitted to the aforementioned data. In particular, it was
possible to determine the energy necessary to significantly
damage the total world population, which is approximately
1.2 × 1024 J. In the same way, the energy released by the
impact of the Chicxulub asteroid is in the order of∼ 1023 J
needed to affect 90% of the environment of Earth. This value
is reached with the aforementioned impact energyEi, a value
consistent with [12,29].

3.1. Surface and infrastructure affected

To know the surface reached(SR) that would be damaged by
the impact of an asteroid, we use the analysis made by [30],
which studies the affected surface (by release of energy) at a
pressure of at least4 PSI or≈ 27579 Pa. With this analysis,
we can establish the area of damage in those places enclosed
by the radiusR where the pressure is exceeded by27579 Pa,
which represents the pressure can break windows as well as
crush cars. The mathematical expression in this case is a
function of the heighth in kilometers at which the energy
release occurs, where the energyE is in units of megatons:

R = 2.1h− 0.5h2E−1/3 + 5.1E1/3. (3)

In our work, we have considered that the impact occurs
at a heighth = 0. With this assumption by using the work
of [31] to know the total area that would be damaged from
the impact, we modified the Eq. (3) as

SR = 25.8πE2/3. (4)

4. Case study analysis

In order to test the model, we applied this to the Chicxu-
lub event that occurred 65 million years ago according to
[32–34]. To recreate the Chicxulub asteroid impact scenario,
we use the next parameters of the literature:di = 11500 m,
ρi = 2750 kg/m3, θ0 = 45◦ andvi = 17 km/s, which are
nominal values are from [35].

From our model, we obtained the following results: in
Fig. 2 the lower panel shows the curve that describes the
behavior of the impact energy as a function of velocity.
In particular, it is observed that given an impact velocity of

FIGURE 2. Upper panel shows the behavior of the Global Percent-
age of the Environment Seriously Affected (GPESA) as a function
of energy released. For a damage of 100% an energy of the order
∼ 1 × 1024 J is required. The lower panel shows the behavior of
the energy as a function of the impact velocity. Forvi = 17 km/s,
the· indicates the value obtained forEi = 3.2× 1023 J value that
matches [36,37].
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FIGURE 3. This plot shows the curve of the radius of the fireball as
a function of the energy released. The· indicates the value obtained
for Rf = 1.3× 105 m.

FIGURE 4. Graphical analysis of the diameter of the crater as a
function of the density of the target as a function of its diame-
ter. The· indicates the value of the diameter of the crater obtained
Dtc = 1.3× 105 m.

vi = 17 km/s, the energy released would beEi = 3.2 ×
1023 J. The horizontal gray band corresponds to the mini-
mum and maximum values of impact velocity [38, 39]. The
vertical gray band corresponds to the minimum and maxi-
mum energy values corresponding to the aforementioned im-
pact velocities.

Figure 3 shows the behavior of the fireball radius as a
function of the released energy. It can be seen that the size
of the fireball radius would befR = 1.5× 105 m, which are
data in the order of magnitude proposed by [40,41]. The ver-
tical band corresponds to the minimum and maximum values
of energy released. Similarly, the horizontal gray band in-
dicates the minimum and maximum radius of the fireball in
relation to the aforementioned released energies.

Figure 4 describes the behavior of the crater diameter
caused by the impact, as a function of the target density.
Specifically, it is indicated that for a target density ofρt =
1030 kg/m3 (a value close to the moment of impact [40]),

FIGURE 5. Graphical analysis of the depth of the crater as a func-
tion of the crater diameter. The· indicates the value for the depth
dtc = 4.8× 104 m.

FIGURE 6. Graphical analysis of the earthquake as a function of
the energy by Chicxulub asteroid. The· indicates the value ob-
tained for the magnitude of the earthquakeMw = 12.4.

the diameter would beDc = 9.3 × 104 m. Figure 5 de-
scribes the curve of the depth of the crater as a function of
its aforementioned diameter, obtaining that the depth would
be dtc = 2.6 × 104 m. Our values are consistent with that
reported by [42].

Figure 6 shows the earthquake magnitude curve as a func-
tion of energy, in which it is inferred that the magnitude of
the earthquake would beMw = 12.4, to put this value in
context, the largest recorded earthquake was that of Valdivia
Chile in 1960 with a value ofMw = 9.6 [23]. This value is
in the order of magnitude with that indicated by [37]. Fig-
ure 7 shows the area that is affected by overpressure as a
function of the radiated energy. The affected area would be
SR = 1.49× 107 km2. In all previous graphs, an error bar of
10% has been added to the result obtained.

To contextualize the relevance of the atmospheric density
profile in the impact velocity calculation, the Chicxulub event
was recreated using the [43] profile. From the data in Table I,
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TABLE I. Results obtained implementing two density profiles.

Parameter/Atmospheric density profile [12] [43] Variation

Impact velocity (m/s) 2× 104 1.8× 104 10%

Energy released (J) 4.5× 1023 4.1× 1023 8.8%

Fireball radius (m) 1.5× 105 1.4× 105 < 1%

Diameter crater (m) 1.4× 105 1.3× 105 < 1%

Depth crater (m) 4.9× 104 4.8× 104 < 1%

Earthquake magnitude 12.6 12.5 < 1%

Area affected by overpressure (km2) 1.8× 107 1.7× 107 < 1%

FIGURE 7. Graphical analysis of the surface affected by over-
pressure as a function of the energy by Chicxulub asteroid. The
· indicates the value obtained for the area affected by overpressure
SR = 1.4× 107 km2.

it can be deduced that by using the atmospheric density pro-
file of [43] in our model, we obtain values that better fit what
was proposed by [12, 34]. In this order, the value of the im-
pact velocity differs by one-tenth, and the energy released
and the radius of the fireball are in the same order of magni-
tude. The dimensions of the crater differ by one hundredth,
while the magnitude of the earthquake does so by one-tenth.
Finally, the area affected by overpressure is in the same order
of magnitude.

The methodology used to obtain the damage to the in-
frastructure, related to the impact of the body, consisted of
using the [17] website, specifically theinformation polygons
tool, which yields results of the number of dwellings in a re-
gion well defined by the user. We delimit this region using
the values of the diameter of the crater and the radius of the
fireball. Based on the above, we can infer the possible in-
frastructural damage that the impact of the Chicxulub object
could currently cause. For this we have defined three hypo-
thetical targets; the first will be the place where the Chicxulub
object originally collided,ρt = 1030 kg/m3. To define the
second and third targets, we used the map in Fig.??. We de-
fine the second target at the coordinates 25◦N, 100◦W, which
correspond toρt = 2250 kg/m3. Finally, for the third target,

we define the coordinates 22◦N, 103◦W that corresponds to
ρt = 2750 kg/m3, obtaining the following results. Based
on the values from the second column of Table I and with
ρt = 1030 kg/m3, in the first instance the impact would gen-
erate a crater ofDtc = 9.28 × 104 m, which would affect
257, 158 houses (i.e. the number of houses that would be
embedded in the crater). Secondly, the radius of the fireball
would beRf = 1.36× 105 m, affecting584, 240 houses (i.e.
the number of houses that would be embedded in the fireball
radius), according to data from [17]. Finally, the affected area
(at least 4 PSI) would beSr = 1.45× 107 km2, which would
include all the houses in the Mexican territory. In fact, this
affected surface is a million times the surface of our planet.

In relation to the targetρt = 2250 kg/m3, in the first
stage, the impact would form a crater with a diameter of
Dtc = 7.15×104 m, which would affect12, 263 houses. Sec-
ondly, the radius of the fireball would beRf = 1.36× 105 m
which would affect1, 764, 068 houses.

In the case of the targetρt = 2750 kg/m3, the impact
would generate a crater with a diameter ofDtc = 6.69 ×
104 m, which would affect39, 153 houses. The radius of the
fireball would beRf = 1.36 × 105 m, which would affect
976, 454 houses. Finally, the affected area for the case of the
targetsρt = 2250 kg/m3 andρt = 2750 kg/m3 would be the
same as forρt = 1030 kg/m3. In fact, these three cases share
the same value of the radiated energy and magnitude of the
earthquake since these values only depend on the mass and
velocity of impact.

There are models used to know the possible final mass of
a body considering its morphology and composition with a
law strength-scaling exponent [14, 15]. Our model assumes
that the impactor is spherical and homogeneous and that it
impacts with a fraction of the initial mass:mf = (1−F )m0,
wheremf is the final mass,F is the percentage of mass loss
0 < F ≤ 0.6 [19, 44] andm0 is the initial mass. From
these assumptions, it can be seen thatdf = (1 − F )1/3d0,
wheredf andd0 are the final and initial diameters, respec-
tively. In an analogous way, it can be determined for a cylin-
derdf = (

√
LfLi(F − 1)d0/Lf ) whereLf andLi are the

final and initial length of the cylinder that surrounds the body,
respectively. For this manuscript,Lf = d in the Eq. (1) to de-
termine the impact velocity and the energy released.

Rev. Mex. Fis.70010701
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TABLE II. Results obtained by implementing three targets withρi = 2750 kg/m3 andF = 0.3. The impact velocity is 19.2 km/s, and the
energy released is2.82× 1023 J.

Target density / Crater Crater Fireball Seismic Area affected

Parameters diameter depth radius magnitude by overpressure

1030 kg/m3 8.91× 104 m 3.15× 104 m

2250 kg/m3 6.87× 104 m 2.43× 104 m 1.31× 105 m 12.4 1.34× 107 km2

2750 kg/m3 6.42× 104 m 2.27× 104 m

TABLE III. Infrastructural effects caused by the effects of the crater diameter and the fireball radius in comparison with data from [17] and
values from Table II.

Target density and geographic situation/ Houses affected in relation Houses affected in relation

Parameter and infrastructural damage to the crater diameter to the fireball radius

1030 kg/m3 (21.3◦N, 89.5◦W) 253, 808 583, 498

2250 kg/m3 (25◦N, 100◦W) 10, 344 1, 754, 280

2750 kg/m3 (22◦N, 103◦W) 30, 198 922, 398

Based on the above we have recreated the three scenarios
for the targetsρt = 1030 kg/m3, ρt = 2250 kg/m3 and
ρt = 2750 kg/m3 with F = 0.3, which are typical value
for bodies withρi = 2750 kg/m3, obtaining results of the
Table II.

Although the impact velocity is greater than the nomi-
nal, the products of this parameter decrease with respect to
the scenarios in whichvi = 17 km/s was assumed since the
radius of the fireball, the magnitude of the earthquake, and
the area affected depend on the energy of the impact. This is
diminished by the decrease in the diameter itself.

To contextualize the results of Table II, we again used
the website from [17] and created Table III, which shows the
number of houses affected in relation to the diameter of the
crater and the fireball radius, target density and geographic
location. From these data, it can be determined that the
largest number of damaged homes would be caused by the
fireball radius and would be found at25◦N, 100◦W (located
approximately 110 km from the city of Monterrey in the state
of Nuevo Leon). This same geographical site would have the
lowest number of damaged homes, which seems to contrast
with what is intuitive. The authors infer that this situation
is due to the demographic phenomenon of gentrification that
Monterrey presents.

It is a complex task to determine the infrastructure or vul-
nerability of the population that would be affected by the im-
pact of the body on our planet. Scenarios using extreme val-
ues are commonly proposed to calculate the possible effects
of this type of event. For instance, [45] used the sigmoid
logistic function to fit data related to the physical effects of
a body’s impact on our planet and population vulnerability,
while [46] models the physical effects on the coastal areas
limiting impacts to shallow water only.

5. Discussion and conclusions

The work presented here provides a useful tool for calculat-
ing the impact of an asteroid on Mexican territory and its ob-
servational effects. Mexico covers an area of approximately
1,973 million km2, which is why studying the interaction
and impact of asteroids becomes relevant. From Laborato-
rio de Ciencias Geoespaciales (LACIGE) from Universidad
Nacional Aut́onoma de Ḿexico has been making an effort
to paying due attention to this phenomenon. These efforts
are focused on the development of numerical models like the
one presented in this work, as well as the work developed
by [47]. We consider that the Eq. (1) for calculate one of the
crucial values for the operation of our model, is based on the
calculations of [13] and adapted by us to admit any profile
of atmospheric density. In addition to this, the equation in-
volves the parameter of the diameter of the body, which can
vary depending on the percentage of mass loss because of the
drag force that the body experiences.

We have implemented a numerical model that allows us to
know the physical effects when an impact of an asteroid oc-
curs over the Mexican territory from initial conditions such
as velocity and angle of entry. Additionally, based on data
found in the literature (MPI-NASA database), newer param-
eters were adapted and incorporated for a possible study in
the particular context of our study. These parameters are the
calculation of the impact velocity, the percentage of the envi-
ronment seriously affected, the magnitude of the earthquake
produced by the impact, and the surface affected by the over-
pressure; we found that they depended only on the energy
released by the impact. All of these parameters were incor-
porated into the model to calculate the diameter and the crater
depth as well as the fireball radius, as presented in the work
of [12], but by considering the Mexican geological conditions
in a more realistically.
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In this work, we also focus on the Chicxulub asteroid im-
pact, which was recreated and studied using existing input
data in the literature. For this case, an analysis was performed
regarding on the physical and social effects that this impact
would cause in our country if a similar event currently oc-
curred, which obtained specific information about the energy
released, the radius of the fireball, the diameter and depth
of the crater, the magnitude of the earthquake produced, and
surface affected by the overpressure. For this same event, we
considered an atmospheric density profile modified, which
made it possible to calculate a new impact velocity and with
it new values for the effects caused by the impact itself.

Two other hypothetical scenarios were modeled by vary-
ing the target density for the Chicxulub impact case, namely
ρt = 2, 250 and 2,750 kg/m3, which corresponds to interme-
diate and maximum geological densities known over Mex-
ican territory, respectively. To calculate the damage to the
infrastructure, we used the [17] website: the toolinformation
polygons, which allowed us to know the number of existing
houses in a well-defined polygonal region. To create this re-
gion, we set a geographic coordinate and input the crater di-
ameter and fireball radius values obtained with our model,
generating the desired information. These data allowed to es-
timating the affected infrastructure close to the impact point.
It is important to mention that the model assumes that the im-
pact by the asteroid occurs with a fraction of its initial mass.
In addition, our model is a tool that will allow us to make
better predictions about the physical phenomena related to
the impact of an asteroid in our territory. This model works
in a complementary way with [47].

The results obtained from our model are consistent in
comparison with other works, such as [12,43]. Table I shows
for example that the impact velocity obtained by us differed
by 10% or the energy released differed only by 8% with the
works before mentioned. Although the model is limited by
the average geological density at a depth of 10 meters, it
can give us a good approximation for the size of the crater
if the object does not exceed an energy released between
9.4 × 109 − 3.3 × 1010 J or with a diameter between0.35
to 0.54 m. In the case of Chicxulub impact, the model pro-
vides an upper limits in the values of size of the crater, the af-
fectation that it could produce if this event occurred in other
latitudes and longitudes, and even in the depth of the crater,
however, it is evident that the number of buildings affected
depends on the size of the object and the density of the colli-
sion site, but this information is variable over time caused by
the dynamics of population growth itself.

In all the scenarios analyzed in this work, the impact ve-
locity obtained by our model is within the accepted limits for
this event, which is 13-21 km/s. The model shows that the
impact energy released, the values of the diameter and the
depth of the crater, as well as the fireball radius, are all con-
sistent with what was reported by [12,34]. We have observed
that, for example, the depth of the crater exceeds the values
reported by [12]. This difference could be explained if we
consider that an important factor in the model is the density

of the target, which in our case is assumed to be that of the
site at a depth of 10 m. If a stratification of the target is as-
sumed, however the actual depth may probably be below this
value.

Regarding the environmental consequences, our model
is consistent with the validity of the data on the magnitude
of the earthquake, and radius of the fireball has a maximum
range of 1500 km [12, 24, 30]. We use the values of the den-
sity for three different targets in order to know the size and
depth of the crater that the impact would cause in each of
them. As a result of the implementation of this numerical
model, it would be possible to predict scenarios of body im-
pacts on our planet, in particular, effects on the environment
in the Mexican territory.

In addition, the intense heat generated by the asteroid’s
entry into the atmosphere can lead to significant heating and
expansion of the surrounding air. This heating can cause lo-
calized changes in the density and temperature of the iono-
sphere, see for instance, [48]. Mexico there is also evidence
that suggests this can occur. Its break-up and burst have dis-
turbed the intermediate layers of the atmosphere and also the
ionosphere. These disturbances have been detected by satel-
lites and probes as unusual behaviors in the total electron
content (TEC) and analyzed by [49]. To calculate the ef-
fects on the atmosphere produced by the impact of a body
with the Earth’s surface, the concept of shock wave energy
can also be used. The high temperatures and pressures as-
sociated with the asteroid impact can cause ionization of the
atmospheric gases, leading to the formation of plasma. It is
important to mention that the impact of an asteroid can gen-
erate electromagnetic pulses (EMPs) that propagate through
the atmosphere and ionosphere. All of these effects will be
incorporated in a next version of our model.

As an example, the work of [25] determined that the re-
lation between the energy of shock waves and the total en-
ergy released isEsw/Ei ≈ 0.002. In the work of [50]
proposed that the Chelyabinsk meteoroid released an energy
Esw = 9.4 × 1012 J. On the other hand, [51] suggested that
the Kamchatka meteoroid releasedEsw = 1.5 × 1012 J,
in both cases these objects caused a low to medium iono-
spheric disturbance. In the work of [49], the Morelian mete-
oroid releasedEi = 5.1 × 1010 J i.e., Esw = 1.08 × 108 J,
causing a very low ionospheric disturbance. For the Chicx-
ulub event, the energy released in shock waves would be
Esw = 6.4 × 1020 J, from which it can be inferred that the
ionospheric disturbance would be high.

Finally for our model, the initial values required by this
can be adapted and obtained from the final values reported in
the work of [47]: these two models works as modules cou-
pled with each other to make a more complete description of
the phenomenon in studying the fall of asteroids in the Mex-
ican territory.
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