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Abstract. Once a nuclear weapon explodes, its power will be devastating. In this paper, we analyze
the current situation of nuclear weapons in the world, and firstly, we analyze the relationship between
the number of nuclear-armed countries and the year using linear regression to find out the prediction
model, from which we get that in 2123, the number of nuclear-armed countries in the world will reach
9. Then, this paper analyzes the Pearson correlation between the number of nuclear weapons of
each country and the year and uses lasso regression to model the change in the number of nuclear
weapons of each country with the year. Special attention is paid to the fact that the number of nuclear
weapons in South Africa in the next 100 years is 0, indicating that the number of nuclear-armed
countries will be reduced to 9 in 2123, which is consistent with the prediction of the number of
nuclear-armed countries through linear regression. In 2123, the total number of nuclear weapons in
the world will reach 29,293. To derive a limited total number of nuclear weapons in the world, a
nuclear bomb detonation location destructive force model is developed in this paper to derive the
maximum destructive range of nuclear bombs. Combined with the current number of nuclear bombs
in the world, the calculation results show that the current number of nuclear bombs in the world is
not enough to destroy the earth, and the total number of nuclear bombs in the world should be limited
to 44,563.
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1. Introduction

Nuclear weapons are hugely lethal weapons associated with nuclear reactions, including hydrogen
bombs, atomic bombs, neutron bombs, etc. It is one of the most powerful weapons in the history of
mankind. The instantaneous explosion temperature of an atomic bomb can reach tens of millions of
degrees. The explosive yield of a nuclear bomb is about tens to hundreds of thousands of tons of TNT
equivalent. The explosion of an atomic bomb and its radiation range can destroy a city. Because of
the terrible power of the atomic bomb, many countries wanted to use it to deter other countries and
protect themselves from foreign invasion. After World War 11, countries around the world began
frantically researching and manufacturing atomic bombs, even creating destructive weapons such as
the “Big Ivan”.

In this paper, by analyzing the number of nuclear weapons possessed by each country and using
lasso regression models to predict the number of nuclear weapons in each country in the next 100
years, and by combining the destructive power of nuclear weapons, we calculate the number of
nuclear weapons that the world should limit at present in order not to destroy the earth.

2. Prediction of the number of nuclear-armed countries based on the linear
regression model

According to statistics, ten countries have ever possessed nuclear weapons, namely China, France,
India, Israel, North Korea, Pakistan, Russia, South Africa, the United Kingdom, and the United States.
The next predicts the countries that will have nuclear weapons in the next 100 years.
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2.1. Model Building

Linear regression is a statistical analysis method that uses regression analysis in mathematical
statistics to determine the quantitative relationship between two or more variables. The expression is
y = w'x + e, with e being the mean value of the error obeying a normal distribution.

In regression analysis, only one independent variable and one dependent variable are included, and
the relationship between the two can be approximated by a straight line. This type of regression
analysis is called univariate linear regression analysis. If the regression analysis includes two or more
independent variables and there is a linear relationship between the dependent and independent
variables, it is called a multiple linear regression analysis [1].

In general, linear regression can be obtained by least squares or gradient descent methods to obtain
its equation, which can be calculated as a straight line for y = bx + a. Taking the least squares
method as an example, in general, there is more than one factor affecting y. Assuming that there are
X1, X2, ..., X, K factors, the following linear relationship can be considered.

Yy =PBo+Bix1 +Px+ -+ Brx + € 1)
The n sets of observations (x; , x,, ..., x;,) are obtained from n independent y and x4, x5, ..., x,

obtained from simultaneous observations with t=1,2,...,n(n>k+ 1) . They satisfy the
following relations:

y=PB+ .B1xt1+32xt2+"'+ﬁkxtk+€t (2)

Where the uncorrelated ones are random variables with the same distribution. To represent the
above equation in terms of a matrix, let

Y=Xf+¢ (3
Using least squares to obtain a solution.
p=X"X)"X"Y 4)

Among them, (XTX)~1XT is called the pseudo-inverse.
The slope b is calculated as follows.

_ o
ub) = =—— ()
Then the intercept a is as follows.
2
U(a) = Ub) |EL (6)

2.2. Model Testing
Table 1. Linear regression model test analysis table

Linear regression analysis results n=31
non-normalized  standardized

coefficients coefficient i P VIE R2 Adjust;nent E
standard R
B Beta
error
- - - Eak o —
constant g, o 10.497 8.36 0.000 0744 0735 P568046(1)L1<*
Year 0.048  0.005 0.862 9.1740.000*** 1 '

dependent variable: Possession
Rk ** O * represents the significance level of 1%, 5%. 10% respectively.

The analysis of the F-test results showed that the significant P-value of 0.000 **** was significant
at the level, rejecting the null hypothesis that the regression coefficient was 0, so the model met the
requirements. Meanwhile, the VIF is less than 10, so the model does not have multiple co-problems
and the model is well constructed.
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The final prediction model is as follows.
y=-87.755 + 0.048*year (7)

Fig. 1 Fitting effect diagram
We rounded the predictions to get nine nuclear weapon states in 2123.

3. Forecasting the number of nuclear weapons based on the lasso regression
model

3.1. Pearson Correlation Analysis

To test whether there is a statistically significant relationship between the number of nuclear
weapons possessed by each country and the year in the next 100 years, we used Pearson correlation
analysis to correlate the number of nuclear weapons possessed by each country and the year.

The Pearson correlation coefficient is defined as follows [3].

NN xiyi—SN, i S i
Pxy = i=1 i=1Xidi=1 (8)
IV X x02 NS, -G v

When pyy = 0, X and Y do not have a linear correlation; when pyy > 0, X and Y have a positive
linear correlation; when pyy < 0, X and Y have a negative linear correlation; when pyy is closer to
+1, the higher the correlation.

Table 2. Correlation coefficients

. . North . . South United United

Country China France India Israe Pakistan Russia . i
Korea Africa | Kingdom States
Correlation 0.931 0.782 0.749 0.973 0.483 0.756 0.163 0.037 0.301 -0.189
Significance | 0.000*** | 0.000*** | 0.000*** | 0.000*** | 0.000*** | 0.000*** | 0.155 0.749 | 0.007*** | 0.097*

Note: * * * * * * * represent 1 %, 5 %, 10 % significance levels, respectively.

From the above table, it can be seen that in the correlation analysis between the number of nuclear
weapons and the year of the same country, China and Israel have a strong correlation with the year.
France, India, and Pakistan have a strong correlation with year; South Korea and the UK have an
average correlation with year; Russia and South Africa have a weak correlation; and the US has a
negative correlation with year.

3.2. Model Building

Lasso regression is a compressive estimation method that replaces the least squares method. Its
basic idea is to build an L1 regularization model. In the process of building the model, some
coefficients are compressed and some coefficients are set to zero. When the model training is
completed, these parameters with weights equal to zero can be discarded, which can make the model
simpler and effectively prevent model overfitting. It is widely used for fitting multicollinearity data
and variable selection [2].
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Assuming the data { X;,Y;},X; = {X;,...,X; } and Y; are the explanatory and corresponding
variables corresponding to the ith observation, respectively. Consider a linear regression model as
follows.

m
Yi =q; + z 1,8jxij + &y €i~(0,0'2) (9)
]:

In the usual regression structure, it is assumed that the observations are independent of each other,
or that when the observations are given, Y; is independent, i.e., Y; is independent of the X;

condition, and x;; is normalized, i.e., %z Xij = O%Z x% =1.
J j
(@ p) = argmun {Z YVi—a —Z Bixi)N2
13

st Zj|ﬁ,-| <1 (10)

Here t > 0, it is a harmonic parameter. At this point, for all t, @ = y. Without loss of generality,
it is assumed that o is omitted. The control of the harmonic parameter t makes the total regression

coefficient smaller. If t° = Z |B;
Jj

, t <t° is made, it will cause some regression coefficients to
shrink and converge to 0, and some coefficients to even equal 0.

3.3. Predicted results for the number of nuclear weapons

The variables selected by the model are determined by A and the regression coefficient plot. The
choice of the parameter A determines the degree to which the regression coefficients are compressed,
and different 4 may produce different results. The variables with zero standardized coefficients can
be considered to be excluded from the Lasso regression model. The value of A is determined by
cross-validation to minimize the mean square error of the Lasso model.

(@) China (b) France (c) India
(d) Isreal (e) North Korea (f) Pakistan
(9) Russia (h) South Africa (i) United Kingdom

() United States
Fig. 2 Prediction curve chart
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Figure 2 shows the predicted curves for each country compared to the true values, where the true
values are in blue and the predicted values are in green. It can be found that the number of nuclear
weapons in South Africa in the next 100 years is 0, which means that the number of nuclear states in
2123 is 9, which is consistent with the previous prediction.

Table 3. Analysis of prediction results

North South United United

Country China | France | India | Israe Pakistan | Russia . .
Korea Africa | Kingdom | States
Predicted results | 800 1077 | 241 242 21 263 24456 0 519 1673
R? 0.867 | 0.611 | 0.555 | 0.946 | 0.003 0.565 | 0.026 0 0.076 0.036

The table shows that Russia will have the most nuclear weapons in the next 100 years, with 24,456;
North Korea will have the least, with 21, except for South Africa, which will become a non-nuclear
country. Thus, the number of nuclear weapons in the world will reach 29,293 by the year 2123.

4. The destructive power of nuclear weapons

Shock waves and optical radiation from nuclear explosions are the main destructive factors [5].
They both act as destructive factors within seconds to seconds after the explosion, which is also
known as a transient destructive factor. The maximum range of shock waves and optical radiation
does not exceed 20 km [4]. Assuming that the range of shock waves and light radiation equivalent to
all nuclear weapons is 20 km and that the energy released by the nuclear explosion is not absorbed
and reflected by the ground, an expression for the distance h from the explosion point to the ground
in the range of influence S of the nuclear explosion can be obtained.

§=(202—12)’ xnm (km®) (11)

Thus, when h = 0, the maximum area of impact of a nuclear explosion is S = 20m.
The surface area E of the Earth is 5.11 x 108km? and the number of bombs required to destroy
the Earth is assumed to be N.

8
N =% =22 = 2550000 (12)

20

As of 2022, there are 9440 nuclear weapons in the world, assuming an impact of s when all of
them explode.

Smax = 9440 X 20 = 188S,,,, = 9940 X 207 = 1888007 < 5.11 X 1087 (13)

So there are not enough nuclear bombs in the world to destroy the Earth.

Nuclear weapons detonated in desert areas can reduce the impact on humans and the environment.
The area S, of the world's deserts (including semi-deserts) is about 28 million square kilometers or
1/5 of the world's land area. therefore, the total number of nuclear bombs limiting world A should
be as follows.

6
A =50 _2810 44563 (14)
S 201

Therefore, the total number of nuclear weapons in the world should be limited to 44,563.

5. Conclusions

In this paper, a linear regression model is built based on the current nuclear possession of countries
in the world and predicts that there will be 9 countries possessing nuclear weapons in the next 100
years, and the model is well constructed as the p-value is much less than 0.05 and there is no multiple
co-linearity problems after testing. Meanwhile, the lasso regression model established in the latter
paper predicts that the number of nuclear weapons owned by South Africa in the next 100 years is 0,
i.e., the number of nuclear-armed countries is reduced to 9, which is consistent with the results of

269



Highlights in Science, Engineering and Technology SDPIT 2023
Volume 44 (2023)

linear regression and corroborates each other. Finally, this paper establishes a model of the destructive
power of nuclear bomb detonation location and concludes that the current nuclear weapons in the
world are not enough to destroy the earth, and the total number of nuclear weapons in the world must
be limited to 44,563 in the future in order not to destroy the earth.
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