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Abstract. A Specific Magnitude Budget for the Detection of 44 Nuclear

Earthquakes near Large Urban Areas subject to a Natural Seismic Hazard
was crucial for finding the typical parameters of the Nuclear Earthquakes :

5.9 − 7.9 Mw, from 1st January 1960 to 15th September 2023, Ri < 160 km

with the index i spanning the 1230 largest cities and having a maximal hori-
zontal shaking ratio 10Mw,i/R2

i for each specific city i satisfying these typical

parameters. Therefore, it allows to build a filter FZ and to filter out a total of

189 earthquakes around 372 cities with a relatively low background of Natural
Earthquakes with respect to the Nuclear ones. By including the 189 filtered

earthquakes around these 372 cities, there is a total of 393 cities having enough

seismic data, with respect to a sufficiently large background of the recent
smaller earthquakes around these same cities (Mw ≥ Mw,0 = 4.0, 1980-2022,

Ri < Rmax = 160 km, Gutenberg-Richter law and ∆Ni ≥ 105.9−4.0 > 79 in

the case of an absence of filtered earthquakes with the filter FZ), in order to
derive the Probability Estimation of having a such maximal horizontal shaking

ratio. Finally, there is a 8.4-σ anomaly from a statistical excess of the maximal
horizontal shaking ratio of the filtered earthquakes with the filter FZ and with

a Probability Estimation Cutoff of < 0.43 (There is an artifact close to 1 aris-

ing from an exponential behavior inside the Probability Estimation formula of
having a such maximal horizontal shaking ratio). Of course, by taking some

random positions for the 1230 largest cities, it vanishes completely that 8.4-σ

anomaly.

A Specific Magnitude Budget for the Detection of 44 Nuclear Earthquakes near
Large Urban Areas subject to a Natural Seismic Hazard was crucial for finding the
typical parameters of the Nuclear Earthquakes : 5.9 − 7.9 Mw, from 1st January
1960 to 15th September 2023, Ri < 160 km with the index i spanning the 1230
largest cities and having a maximal horizontal shaking ratio 10Mw,i/R2

i for each
specific city i satisfying these typical parameters. Therefore, it allows to build a
filter FZ and to filter out a total of 189 earthquakes around 372 cities with a rela-
tively low background of Natural Earthquakes with respect to the Nuclear ones. By
including the 189 filtered earthquakes around these 372 cities, there is a total of 393
cities having enough seismic data, with respect to a sufficiently large background of
the recent smaller earthquakes around these same cities (Mw ≥ Mw,0 = 4.0, 1980-
2022, Ri < Rmax = 160 km, Gutenberg-Richter law and ∆Ni ≥ 105.9−4.0 > 79 in
the case of an absence of filtered earthquakes with the filter FZ), in order to derive
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the Probability Estimation of having a such maximal horizontal shaking ratio. Fi-
nally, there is a 8.4-σ anomaly from a statistical excess of the maximal horizontal
shaking ratio of the filtered earthquakes with the filter FZ and with a Probabil-
ity Estimation Cutoff of < 0.43 (There is an artifact close to 1 arising from an
exponential behavior inside the Probability Estimation formula of having a such
maximal horizontal shaking ratio). Of course, by taking some random positions for
the 1230 largest cities, it vanishes completely that 8.4-σ anomaly.

The Probability Estimation of having a such maximal horizontal shaking ratio at
a specific city i is the following :
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With the following values for the parameter of the filter FZ :

Pi = 1− e−T/τi with T = 63.7043 years(3)

Mmin
w = 5.9 , Mmax

w = 7.9 , Mw,0 = 4.0

Rmax = 160 km

∆Ti = 2023− 1980

−∆T̃ (8 years exclusion encompassing the X ′is aftershock sequence)

∆Ti = ‖ [1980, 2023] / [Ti, Ti + 8] ‖
(4)

Where ∆Ni is the background number of the recent smaller earthquakes around a
specific city i with Mw ≥ Mw,0, Ri < Rmax = 160 km, from 1980 − 01 − 01T00 :
00 : 00.00 to 2023 − 01 − 01T00 : 00 : 00.00 with an exclusion period of 8 years
encompassing the earthquake Xi’s aftershock sequence and starting just before it.
Xi is the powerful earthquake making the maximal horizontal shaking ratio at the
specific city i within the above mentioned filtering ranges from the filter FZ . 837
cities have zero filtered earthquakes and do NOT have enough seismic data with
respect to a sufficiently large background of the recent smaller earthquakes around
them (∆Ni < 10(Mw,min−Mw,0) = 105.9−4.0 < 80).

The recent smaller earthquakes are less detected and are less reported than the
stronger earthquakes. Therefore, an additional empirical factor is needed to be
included in the above formula :



The Analytic Integral result from the Probability Estimation of
having a such maximal horizontal shaking ratio is the following
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α (4.0, 5.9, 7.9) = 1.68(7)

By taking some random positions for the 1230 largest cities, with the latitude rang-
ing between 25◦ and 55◦, we can find precisely the empirical detection factor
α
(
Mw,0,M

min
w ,Mmax

w

)
= 1.68 with the constraint of a flat distribution for the

Probability Estimation of having a such maximal horizontal shaking ratio.

The standard parameters of the 1230 largest cities are automatically imported with
Mathematica. The 1st largest city is Shanghai with 24 870 895 inhabitants and
the 1230th largest city is Skopje with 506 926. The 1977 Vrancea earthquake is
156.928 km away of Bucharest in Romania. The number of independent variables is
not the 1230 largest cities since a single very powerful earthquake around a cluster
of cities can make a maximal horizontal shaking for multiple cities. Moreover, a
vast majority of cities (837 over 1230) do not have enough seismic data with respect
to a sufficiently large background of the recent smaller earthquakes around the 1230
cities or do not have any filtered earthquakes with the filter FZ .

In the case of no earthquakes Xi is found for the maximal horizontal shaking ratio
with the above mentioned filtering ranges from the the filter FZ and in the case
of a NOT sufficiently large background number of the recent smaller earthquakes

(Ni < 10(Mmin
w −4.0) < 80), the seismic data are not enough and the median value

of 1/2 is chosen for the Probability Estimation of having a such maximal horizontal
shaking ratio. 837 cities over the 1230 cities are in that case.

In the case of no earthquakes Xi is found for the maximal horizontal shaking
with the above mentioned filtering ranges from the filter FZ and in the case of
a sufficiently large background number of the recent smaller earthquakes (Ni ≥
10(Mmin

w −M0
w) = 105.9−4.0 > 79), we can derive a lower bound for the Probability

Estimation of having a such maximal horizontal shaking ratio at that specific city i



(21 cities over a total of 1230 in that combined case). Therefore, in that combined
case, the corresponding average Probability Estimation is the following :
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α (4.0, 5.9, 7.9) = 1.68

Only 21 cities over the 1230 cities are in that previous above case.

There is a 8.4-σ anomaly from a statistical excess of the maximal horizontal shaking
ratio of the filtered earthquakes with the filter FZ and with a Probability Estima-
tion Cutoff of < 0.43. Among the 1230 largest cities, that statistical excess give the
following interval range for the total number of Nuclear Earthquakes around the 93
large cities having enough seismic data AND satisfying the Probability Estimation
Cutoff of < 0.43 (393 cities involved without that Probability Estimation Cutoff) :
[24, 73] with a median value of 48.

If we significantly relax the criteria for having enough seismic data with respect
to a sufficiently large background of the recent smaller earthquakes (Ni ≥ 0.5 ×
10(Mmin

w −4.0) > 39), there is a small anomaly reduction down to 6.5-σ from a sta-
tistical excess of the maximal horizontal shaking ratio of the filtered earthquakes
with the filter FZ and with a Probability Estimation Cutoff of < 0.43. In that case,
with the same filter FZ , we can still filter out a total of 189 earthquakes around 372
cities with a relatively low background of Nuclear Earthquakes. Including these 189
filtered earthquakes around the 372 corresponding cities, there is a total of 421 cities
having enough seismic data (instead of a previous total of 393 cities) with respect to
a sufficiently large background of the recent smaller earthquakes around these same
cities (Mw ≥Mw,0 = 4.0, 1980-2022, Ri < Rmax = 160 km, Gutenberg-Richter law
and ∆Ni ≥ 0.5 × 105.9−4.0 > 39 in the case of an absence of filtered earthquakes
with the filter FZ). Finally, by taking some random positions for the 1230 largest
cities, with the latitude ranging between 25◦ and 55◦, and with the empirical de-
tection factor α

(
Mw,0,M

min
w ,Mmax

w

)
= 1.68, we still have a flat distribution for

the probability Estimation but there is an unwanted anomaly enlargement up to
1.6-σ.

The largest cities of the following six former USSR countries in central Asia have
experienced only 3 maximal horizontal shaking ratios despite there are a lot of seis-
mic faults and a lot of mountain formations due to the Himalaya’s neighborhood
: Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan and Mongolia.
Moreover, the 3 maximal horizontal shaking ratios are all below the 63th position
over a total of 189.



The abscissa of the two histograms is the Probability Estima-
tion of having a such maximal horizontal shaking ratio for the
393 cities (the ones having enough seismic data for the Probabil-
ity Estimation of having a such maximal horizontal shaking ratio
or having a filtered earthquake with the filter FZ), among the
1230 largest cities. It is derived from the 179 independent filtered
earthquakes with the filter FZ and from the absence of the fil-
tered earthquakes at 21 specific cities with respect to a sufficiently
large background of the recent smaller earthquakes around these
same cities (Mw ≥ Mw,0 = 4.0, 1980-2022, Ri < Rmax = 160 km
and Gutenberg-Richter law). The artifact close to 1 arises from
an exponential behavior inside the Probability Estimation for-
mula of having a such maximal horizontal shaking ratio. The sec-
ond histogram is made by taking random positions for the 1230
largest cities for comparison. The empirical detection factor is
α
(
Mw,0,M

min
w ,Mmax

w

)
= 1.68.



The abscissa of the two histograms is the Probability Estima-
tion of having a such maximal horizontal shaking ratio for the
393 cities (the ones having enough seismic data for the Proba-
bility Estimation of the the maximal horizontal shaking ratio or
having a filtered earthquake with the filter FZ), among the 1230
largest cities. It is derived from the 179 independent filtered earth-
quakes with the filter FZ and from the absence of the filtered
earthquakes at 21 specific cities with respect to a sufficiently large
background of the recent smaller earthquakes around these same
cities (Mw ≥ Mw,0 = 4.0, 1980-2022, Ri < Rmax = 160 km and
Gutenberg-Richter law). The artifact close to 1 arises from an
exponential behavior inside the Probability Estimation formula of
having a such maximal horizontal shaking ratio. The empirical de-
tection factor are α

(
Mw,0,M

min
w ,Mmax

w

)
= 1.00, 1.17, 1.34, 1.51.

Note, the first bar of the first histogram has a height of 31.

Cuba has experienced zero maximal horizontal shaking ratio while Haiti has expe-
rienced two maximal horizontal shaking ratio among the top ones.

The Korean peninsula has experienced zero maximal horizontal shaking ratio while
Japan, near the Korean peninsula, has experienced 28 maximal horizontal shaking
ratios among the top ones. For comparison, the Italian Peninsula has experienced
3 maximal horizontal shaking ratios while it is very far from the Ring of Fire unlike
the Korean peninsula.

Despite it is the largest country of the world, Russia has experienced only 3 maxi-
mal horizontal shaking ratios among the smallest ones except for a relatively large
one (48th position over a total of 189) in te Russian Republic of Dagestan, the most
populated by Muslims in Russia.



The grid of filtered earthquake with the filter FZ having a rela-
tively low background of Natural Earthquake with respect to the
Nuclear ones. The grid has been sorted with respect to the ratio
of the Probability Estimation of having a such maximal horizontal
shaking ratio to the value of that maximal horizontal shaking ratio.

The grid of filtered earthquake with the filter FZ having a rela-
tively low background of Natural Earthquake with respect to the
Nuclear ones. The grid has been sorted with respect to the ratio
of the Probability Estimation of having a such maximal horizontal
shaking ratio to the value of that maximal horizontal shaking ratio.

Azerbaijan under the Turkey influence has experienced a maximal horizontal shak-
ing ratio 15x larger than the one experienced by the neighboring country Armenia
under the Russia influence.

USSR has developed very much and very early : heavy machinery, automated guid-
ance of satellites, nuclear submarines and gyrotron → automated and autonomous
guidance of Nuclear-Powered subterrenes carrying a dozen of nuclear warheads →
44 Nuclear Earthquakes near Large Urban Areas subject to a Natural Seismic Haz-
ard. These nuclear warheads should have an underground spatial configuration
that minimizes the seismic P-waves with destructive interferences.



The grid of filtered earthquake with the filter FZ having a rela-
tively low background of Natural Earthquake with respect to the
Nuclear ones. The grid has been sorted with respect to the ratio
of the Probability Estimation of having a such maximal horizontal
shaking ratio to the value of that maximal horizontal shaking ratio.

The grid of filtered earthquake with the filter FZ having a rela-
tively low background of Natural Earthquake with respect to the
Nuclear ones. The grid has been sorted with respect to the ratio
of the Probability Estimation of having a such maximal horizontal
shaking ratio to the value of that maximal horizontal shaking ratio.

Russia may have hundreds of nuclear-powered underground nuclear missiles with
fully automatic and autonomous guidance (measuring wheel, artificial horizon and
compass for 3D guidance). These underground missiles may take between 2 and 15
years to reach their planned underground destination with the following speed :

v = ηG
4Preactor
πR2Hvap

∼= 0.5× 4× 190× 106

π × (15/4)2 × 25× 109
× 3600 ∼= 1.24 m/hour(10)

The underground version of a nuclear submarine would be much longer because
of a large heat dissipation constraint and would be significantly thinner to avoid
an unnecessary energy consuming vaporization of rocks and to avoid a very energy



The grid of filtered earthquake with the filter FZ having a rela-
tively low background of Natural Earthquake with respect to the
Nuclear ones. The grid has been sorted with respect to the ratio
of the Probability Estimation of having a such maximal horizontal
shaking ratio to the value of that maximal horizontal shaking ratio.

consuming vaporization of rocks. The nuclear-powered rear propeller of the un-
derground version of a nuclear submarine would be replaced by a nuclear-powered
forward gyrotron powered by 3 to 8 nuclear reactors about.

To conclude, a reduction of the empirical detection factor α
(
Mw,0,M

min
w ,Mmax

w

)
→

1 creates an anomaly enlargement up to 14.5-σ from a statistical excess of the max-
imal horizontal shaking ratio of the filtered earthquakes with the filter FZ and with
a Probability Estimation Cutoff of < 0.43. Since, the network of seismic stations is
much more dense around cities, the earthquakes are better detected around cities
than around random positions. Therefore, a realistic anomaly is between 8.4-σ
and 14.5-σ from a statistical excess of the maximal horizontal shaking ratio of the
filtered earthquakes with the filter FZ and with a Probability Estimation Cutoff of
< 0.43. In the worst case, if we significantly relax the criteria for having enough
seismic data with respect to a sufficiently large background of the recent smaller

earthquakes (Ni ≥ 0.5 × 10(Mmin
w −4.0) > 39), there is a small anomaly reduction

down to 6.5-σ from a statistical excess of the maximal horizontal shaking ratio of
the filtered earthquakes with the filter FZ and with a Probability Estimation Cut-
off of < 0.43. However, in that worst case, by taking some random positions for
the 1230 largest cities, with the latitude ranging between 25◦ and 55◦, and with



The grid of filtered earthquake with the filter FZ having a rela-
tively low background of Natural Earthquake with respect to the
Nuclear ones. The grid has been sorted with respect to the ratio
of the Probability Estimation of having a such maximal horizontal
shaking ratio to the value of that maximal horizontal shaking ratio.

the empirical detection factor α
(
Mw,0,M

min
w ,Mmax

w

)
= 1.68, we still have a flat

distribution for the Probability Estimation but there is an unwanted anomaly en-
largement up to 1.6-σ.

Remark 01 : A total of 17 671 earthquakes have been considered for the build-
ing of the filter FZ with a low background a Natural Earthquakes with respect to
the Nuclear ones: 5.9 − 7.9 Mw, from 1st January 1960 to 15th September 2023,
Ri < 160 km with the index i spanning the 1230 largest cities and having a maximal
horizontal shaking ratio 10Mw,i/R2

i for each specific city i satisfying these filtering
ranges.

Remark 02 : A total of 440 351 earthquakes have been considered for the back-
ground of the recent smaller earthquakes around the 1230 largest cities (Mw ≥
Mw,0 = 4.0, 1980-2022, Ri < Rmax = 160 km, Gutenberg-Richter law and ∆Ni ≥
105.9−4.0 > 79 in the case of an absence of filtered earthquakes with the filter FZ).
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