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Summary. A significant progress has been recently reached in a long-range forecast of such 

dangerous atmospheric events as catastrophic and violent tornadoes EF3-EF5 level. Eppelbaum 

2013 elaborated non-stochastic long-term prediction method using pattern recognition theory and 

Fourier analysis. He detected a close correlation tie of the total tornado numbers per annum with 

the gravity system of the Earth – Moon – Sun producing the tide forces. However, physical mean-

ing of this effect leaves undisclosed. In present work, we propose a physical-mathematical model 

which elucidates the process of violent tornado initiation. It occurs in two main stages. At first, the 

gravitational forces and the hurricane winds in the upper troposphere form the long tide non-linear 

waves in the lower troposphere. The gale-force winds in the top troposphere arise at intrusion of 

air cold masses into the warm areas and are usually connected to the fast synoptic cyclones bearing 

thundery cloudiness and rains. The arisen gravitational non-linear waves rush at the speed of tide 

waves   2
1

gHV   along the subcloud inversion. After this, gravitational waves fall on (and it is 

absorbed into) thunderstorm supercells which are already formed inside the cold atmospheric 

front. In the result of the meteorological field adaption, a pressure inside the thunderstorm super-

cells decreases, wind rotation becomes stronger and generates a violent tornado. Various environ-

mental examples illustrate an applicability of the developed approach. The theoretical results show 

a good agreement with the field observations. The proposed new physical-mathematical methodol-

ogy can be conceptually applied to analysis of other environmental phenomena. 

 
© 2019 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
1. Introduction 

Dangerous atmospheric events produce annual 

damage of many dozens billion US $ only in the 

USA (Smith and Katz, 2013; Eppelbaum and Isakov, 

2015). Tornadoes are the natural processes of the 

highest possible intensity in the atmosphere. Veloci-

ty of wind in the violent tornadoes exceeds           

516 km/hour; therefore they generate great destruc-

tive forces. In scientific literature (e.g., Nalivkin, 

1969) are given many examples of the total destruc-

tion of small towns by tornado. Therefore, the prob-

lem of their analysis is high actual (e.g., Doswell 

and Burgess, 1993; Arsen'yev et al., 2000, 2001, 

2004; 2010; Marshall, 2002; Drton et al., 2003; 

Hirth et al., 2008; Garner, 2012; Naylor and Gil-

more, 2012; Wurman et al., 2012; Eppelbaum, 2013; 

Eppelbaum and Isakov, 2015; Markowski and Rich-

ardson, 2014; Laing, 2015; Huang et al., 2016; 

Paulikas and Schmidlin, 2017). 

An influence of solar activity and Moon and 

Sun gravity fields on many Earth's processes is well-

known (e.g., Chizevsky, 1976; Arsen'yev, 1995, 

1998; Gadirov, 2001; Sidorenkov, 2002; Belyakov 

et al., 2008; Scafetta and West, 2008; Gray et al., 

2012; Alizadeh et al., 2017) and is studied by physi-

cal, statistical, probabilistic and analytical approach-

es. The Moon-Sun gravity fields, besides atmospher-

ic phenomena, influence to the spread of epidemics 

and the productivity of many crops (e.g., Chizevsky, 

1976), mud volcanism (e.g., Alizadeh et al., 2017), 
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earthquake triggering (e.g., Tanaka et al., 2004), 

driving plate tectonics (e.g., Riguzzi et al., 2010) and 

to many other analyzed and do not investigated yet 

effects. 

The most popular methodology for modelling 

the catastrophic weather phenomena (tornado, hurri-

canes, strong wind) are: (a) the statistical approach 

based on the probability density function, and (b) the 

deterministic approach, basing on the numerical so-

lution the differential equations of the atmospheres-

ocean dynamics. Representation about modern sta-

tistical methods of the tornado forecast can be ob-

tained from articles: Eppelbaum (2013), Eppelbaum 

and Isakov (2015) where reviews of the basic works 

development in the given direction were presented. 

In particular, Eppelbaum (2013) has developed a 

method for the forecast of number of tornado per 

year, using the historical data of tornado observation 

in the USA during 63 years, from 1950 to 2012. In 

the analysis of these data he revealed the maxima 

(initial harmonics) in spectra of tornado which coin-

cide with the factors describing the tidal gravity 

forces of the Moon and Sun (a simplified scheme of 

the Earth-Moon-Sun interaction is presented in Fig-

ure 1). The maximum of 2.9 years coincides with the 

Moon’s resonance period. It is the minimal period 

which can be caught in a spectrum because Nyquist-

Kotelnikov's period (Nyquist, 1928; Kotelnikov, 

1933) in our case is equal to two years, and the peri-

od of digitization is equal to one year. The maxi-

mum of 18.6 years corresponds to the Moon’s nodal 

period. A spectrum of number of tornado per year 

has also a second harmonic of the Moon’s nodal pe-

riod of 9.3 years. The maximum of 63 years is near 

to the maximum of 64 years which corresponds to 

the long-period part of the Moon’s gravity field var-

iations. In the tornado spectra there is also a peak 4.2 

years which corresponds to the Sun activity. It de-

termines the duration of the rise from the minimum 

to maximum number of sunspots during of Sun ac-

tivity (e.g., de Jager, 1959; Landscheidt, 1995, 

2013). Thus, time changes in gravity fields of the 

Sun – Moon – Earth system is connected with the 

interannual variability of tornado series. Statistical 

methods though allow predicting number of tornado 

per year; however do not describe the physical 

mechanism of the tornado activity relative to the 

gravity fields of the celestial bodies. To clarify “how 

it works”, we should attract the models of tornado 

based on solutions of the equations of geophysical 

hydrodynamics. 

Arsen’yev et al. (2010) were done a review of 

the modern numerical models allowing to calculat-

ing the structure of tornado. A lot of models repro-

ducing existential evolution and internal structure of 

the weak (EF0-EF1) and strong (EF2-EF3) torna-

does was developed. Their common shortcoming is 

the simplified description of the turbulence effect 

with two scales utilization. The basic scale corre-

sponds to an average wind velocity in tornado. Other 

stochastic, minor scale describes the small-scale tur-

bulence. It provides the energy dissipation and re-

duces average velocity of a wind in tornado. 

 

 

 
 

Figure 1. A simplified scheme (not to scale) of the Sun-Moon-

Earth interaction with their masses (M) and distances (R) be-

tween the Sun and Earth and Moon and Earth and radiuses (r). 

Subscripts S, E and M denote Sun, Earth and Moon, respectively 

(after Eppelbaum, 2019) 

 

However, Lorenz (1953) has shown on an ex-

ample of two-dimensional model that the basic aver-

age current is stable, if all lengths of waves of the 

turbulent disturbances in a flow are less than the 

length of a wave of the basic current (i.e., a spectrum 

of the basic current and small-scale turbulence are 

not overlap). Nevertheless, if in turbulent current 

there are longer components, for example, convec-

tive jets and cells, thermic bubbles, vortical rollers, 

internal waves, coherent and other eddies, then spec-

trum of the basic and turbulent current have the 

common zone, which is filled by mesoscale eddies. 

In this case the basic current may be unstable and it 

can increase in time, due to the nonlinear interaction 

with the mesoscale eddies (Kardashov and Ep-

pelbaum, 2008). The theory of the mesoscale turbu-

lence stated in Arsen’yev et al. (2010) and Nikolaev-

skiy (2003) allows taking into account in an explicit 

form the presence of the third intermediate 

mesoscale in a spectrum of atmospheric currents. 

Application of this theory to problems of calculation 

of tornado and tropical hurricanes has allowed to 

obtain the violent tornadoes (EF4-EF5) and super 

typhoons due to amplification of the average wind 

getting energy from the mesoscale eddies (Ar-

sen’yev et al., 2004, 2010). Classification of the 

mesoscale eddies is presented in Arsen’yev et al. 

(2010). These eddies fill thunderstorm supercell 

generating tornado, or arise from the superheated 

ocean surface producing tropical hurricanes. Insta-

bility and growth of the average current arise from 
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performance of the special conditions which are es-

tablished by the theory of the mesoscale turbulence. 

The energy and angular velocity of the mesoscale 

eddies should be sufficiently large. 

Different mechanism for amplification of the 

weak rotatory tornadogenesis thunderstorm supercell 

is the superposition of an average wind inside this 

supercell and the long tidal gravitational wave in the 

troposphere attacking the supercell. 

This investigation is an evaluation of some basis 

ideas on the tornado mathematical modeling pre-

sented earlier in Arsen’yev (2011). 

 

2. Long non-linear tide waves in troposphere 

Kardashov et al. (2000) and Eppelbaum and 

Kardashov (2001) have shown that the majority of 

geological, geophysical and environmental processes 

in the Earth are characterized by nonlinear behavior. 

Let us consider the typical distribution of the tem-

perature T in the Earth's troposphere (Figure 2). 

A characteristic feature of the squall storms is 

the presence of clouds which have a thin inversion 

layer at the bottom boundary. Within this inversion, 

the temperature increases with altitude, but above 

and below this phenomenon the temperature de-

creases (Figure 2). An inversion arises at a conden-

sation level, slightly above the bottom boundary of 

the clouds, because inside the cloud the temperature 

increases due to emission of the latent heat of vapor-

ization (obviously, this process has a nonlinear char-

acter). It is essential that the inversion has disabling 

features which make it stable. The volume of air as-

cending from below the inversion is colder than the 

surrounding air and is pushed downward by the Ar-

chimedes forces. Similarly, warmer air, which enters 

the inversion from the top, is pushed upward. This 

allows us to simulate the inversion by a streamline 

 yx,  surface. Here, horizontal wind velocities u 

and v may exist, and the vertical velocity w satisfies 

to the impermeability condition: 

 

.,when
y

v
x

u
t

wz













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
                (1) 

 

In addition, the vertical turbulent stresses in the in-

version must be continuous  

 

.,,when 00
y

z
yx

z
x

z               (2) 

 

Here z

x
  and z

y
  are the turbulent tensions at the 

lower boundary layer of atmosphere (LBLA), 0

x
  and 

0

y
  are the turbulent tensions at the lower boundary 

of the middle troposphere (MT),  is the disturbance 

level of the inversion surface, z-axis is directed 

downward from the unperturbed level of z = 0, Earth's 

surface (ES) is at the level of z = H (Figure 2).  

 

 
 

Figure 2. System of coordinates and temperature of air in the 

lower boundary layer of atmosphere (LBLA) and in the middle 

troposphere (MT). Position of the inversion layer is denoted by 

line  , letters SE designate the surface of the Earth (SE) 

 

If the inversion in any area is destroyed by 

powerful movement upward, then condition (1) does 

not hold and the air gathers to the spots forming 

powerful thunderstorm Cb clouds (Snow, 1984). 

However, if the vertical motions are insufficient to 

break the inversion and condition (1) takes place, 

then and gravity waves arise on the inversion sur-

face. The problem of studying these waves on the 

surface with different temperatures and velocities for 

the first time was set in the 19th century by Kelvin 

and Helmholtz (Lamb, 1945). The complete solution 

of this problem, which takes into account the com-

pressibility of air and temperature variability, was 

obtained by D.L.Laikhman in 1947 (Khrgian, 1978). 

This solution describes internal waves in the tropo-

sphere. However, the fundamental mode, corre-

sponding to gravity waves in the atmosphere with a 

uniform density, is omitted in this solution. This 

mode appears in the analysis of the Laplace tidal 

equations in atmosphere (Dikiy, 1969). It should be 

noted that a consideration of the movements in the 

lower atmospheric boundary layer associated with 

this mode is practically important. In present paper, 

this problem is solved for the long gravity waves, for 

which takes place the static condition         

                      

.
z

p
gp






                               (3) 
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For these waves the wavelength  much greater than 

the thickness  .HH   Thus, we use the theory of 

shallow water, which is created in geophysical hy-

drodynamics for analysis of long waves in particular 

tides (Gill, 1982; Pedlosky, 1992). 

The density  and pressure of air p which are 

included in Eq. (3) change with the altitude. To de-

termine these changes, we use the following equa-

tion 

,TRp
c
                               (4) 

 

where Rс = 287 м2/c2 and 0K is the specific gas con-

stant of the dry air.  

The effects of humidity are not important in 

the LBLA at altitudes below the level of condensa-

tion, which practically coincides with the level of z = 

0 (Figure 2). Since we are interested in the move-

ment within the LBLA at z    , an influence of 

humidity can be neglected. Let us take the logarithm 

of Eq. (4) and take the derivative of the result with 

respect to z. We obtain  

 

.
111

zd

Td

Tzd

d

zd

pd

p






                      (5) 

 

Substituting pressure p in Eq. (5) from Eq. (4) and 

the gradient dp/dz from Eq. (3), we find 

 

.
11

zd

Td

Tzd

d

c
RT

g






  

 

Thus, we find the law defining the change of density 

with altitude 

,
0

11






  



 Tzd

d                         (6) 

 

where C/m1042.3 and o2

0


c

R

g

dz

dT
 is a con-

stant. It is temperature gradient in a uniform density 

atmosphere, because on assumption .0,
0







z


   

If 
0
  , then the air density increases with alti-

tude since .0dzd This situation is practically ra-

re. It may occur during intense heating of the LBLA 

in the day time in the summer and corresponds to an 

unstable state of atmosphere, because the heavy air 

is at the top, the light air is at the bottom, and 

,
0 a

   where a = 10-2 0C/m is the dry-adiabatic 

temperature gradient. Upon cooling of the lower at-

mospheric boundary layer in the stormy weather, we 

have the condition   0, which corresponds to a 

uniform density atmosphere. The case ,
0
   where 

the air density decreases with altitude is the most 

frequent one (conventional) and is observed above 

the LBLA in the middle troposphere (MT). This cor-

responds to the stable stratification where heavy air 

is on the bottom (Arsen'yev, 2011). Thus, we will 

consider the case ,
0
  in which the stratification 

inside the LBLA is unstable (0 > a). This means 

that the air inside the LBLA is mixed by turbulent 

convection and turbulence generated by the vertical 

shear of the mean wind velocity.  

The condition  = const allows us to vertically 

integrate Eq. (3) from z =  до z and to obtain the 

law of the air pressure changing versus height inside 

the LBLA 
 

 ,
0

  zgpp                       (7) 

 

where p0 is the pressure at the level of z = .  

Let us direct the x-axis along the wind current at 

the lower boundary of the middle troposphere MT 

and denote the wind velocity at this boundary by the 

letter W. Strong winds within the middle troposphere 

MT tend to quadratic law of resistance in the inver-

sion. That is, if z =   
 

,2
0

WC
g

x                               (8) 

 

where Сg is the coefficient of a resistance.  

In Eqs. (2) and (8) the tangential wind stress is 

divided by the air density ( = 1.3 kg/m3). This 

means that we consider the kinematic (referred to 

the average density of air) tangential wind stress. 

Flows within the LBLA that emerge under the influ-

ence of the wind W are also directed along the х-

axis, since we neglect the Coriolis force due to not 

large thickness of the LBLA. Therefore, cross cur-

rents along the y-axis are irrelevant, and we may 

write the equations of motion and continuity in the 

form of 

,
1

2

2

x

u

L
A

z

z
x

x

p

t

u






















            (9) 

0









z

w

z

u  
,                                    (10) 

 

where AL is the coefficient of the horizontal shear 

turbulent viscosity.  

Eqs. (9) and (10) contain the turbulent tensions 

and vertical velocities w inside the LBLA. We can 

eliminate these factors by the vertical integration 

from z =   to z = H. As a result, Eq. (10) will have 

the following form: 
 

,
x

S

t 






                            (11) 

where 
H

udzS


 is the total vertical flow.  
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In deriving Eq. (11) we take into account the 

boundary conditions (1), (2) and condition at the 

Earth’s surface ES 
 

          when  z = H,             .0 wu           (12) 
 

It is easy to exclude the pressure p from Eq. (9) 

using the law (7) 
 

.
11 0

x
g

x

p

x

p













 


              (13)

 

 

It is convenient to present the level of inversion 

 as the sum of the statical s and the dynamical d 

components:  = s + d. Then, if the statical tilts of 

the inversion level are balanced by pressure gradi-

ents on the inversion  

 

,
1 0

x
g

x

p S








 



 

 

then Eq. (13) may be written as 
 

.
1

x
g

x

p d




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

                       (14) 

 

Substituting Eq. (14) into Eq. (9) and omitting 

the index d (hereinafter we consider only the dynam-

ics tilts of the level d) we find 
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Let us integrate Eq. (15) by z in the LBLA. We 

obtain 

.
2

2
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x

S
A

x
gH

t

S
Lx

H
x




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A system of Eqs. (16) and (11) is closed one 

with regard to the unknown parameters S and  , if 

the turbulent stresses are known on the upper and 

lower boundaries of the LBLA or their relationship 

with S or .  

 

3. Problem solution  

Let us find the solution of Eqs. (11) and (16) in 

the form of a progressive wave traveling with ve-

locity V:  .VtxFS   Then Eq. (11) gives the alge-

braic relationship between S and . Denoting 

,Vtx  we get (index  with F denotes derivative 

by )  
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Integrating over time t, we obtain 

 

,VS                               (17) 

 

because the integration constant is equal to zero 

(when S = 0 and  = 0). Eq. (17) allows us to elimi-

nate the level   from Eq. (16): 
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For the friction stress at the lower boundary of 

the LBLA, we may use the law that is well known in 

the theory of long waves (Gill, 1988; Arsen'yev, 

1989) 

.S
f

H
x

                          (19) 

 

Here f  is the frequency of friction which may be 

estimated with the help of following formula (Ar-

sen'yev, 1989) 

 
,

1

3
22 nH

A
f


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(20)

 

 

where ,0

H
z

n   z0 is the height of the roughness on 

the Earth's surface and А is the coefficient of the ver-

tical shear turbulent viscosity. On the other hand, the 

frictional stress at the upper boundary of LBLA is 

determined by Eq. (8). In this formula, the following 

relation may connect the wind velocity W at the 

lower boundary MT with the wind velocity at the 

upper boundary u0 of the LBLA  

 

                          ,0 kWu                                (21) 

 

where k is the wind coefficient. If the jump on a pas-

sage of the wind velocity through the inversion is 

absent, then k = 1. Otherwise, 0 < k < 1, because the 

wind velocity decreases with the altitude decreasing.  

 The total flow S may be expresses through the 

wind velocity ,0u  if we use the shallow water theo-

ry, which well describes long waves (Gill, 1982; 

Pedlosky, 1992). In this theory all parts of long wave 

are moving with the same velocity ,0 uu   except for 

a thin near-ground atmospheric boundary layer with 

a thickness approximately 10 m, where the wind ve-

locity decreases rapidly to zero. In this case the fric-

tion is concentrated near the level z = H and the rela-

tion (19) has a place. For the model of long wave S = 

uH, and Eq. (8) may be written in the following 

form 
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Substituting  Eqs. (22) and (19) to Eq. (18) we ob-

tain an equation for the parameter S 
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where .
22Hk

C
g

   

 At the same time, we should underline that we 

find a solution in the form of progressing wave 
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takes the form 
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The studied tidal gravitational waves propagate 

with the Lagrange velocity     .
2/1

gHV   Hence Eq. 

(24) may be transformed as  
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Eq. (25) is easy to solve by F multiplication. In this 

case 
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From here, by integrating, we find 
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where .
2

3




f
w

  The constant of integration is equal 

to zero, because 0,0 


FF  if .  

In Eq. (27) variables are separated 
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Hence, again integrating, we obtain 
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The identity xx 22 hsec1tanh   is true. Conse-

quently, 
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is the wide of solitons (29) – (32).  

It should be noted that importance of applica-

tions of such mathematical models as solitons in the 

applied and environmental geophysics was under-

lined in Kardashov et al. (2000). 

Using solutions (7) and (31), we find changes in 

pressure in the LBLA 
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In particular, at the Earth’s surface, when z = H 
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From Eqs. (30) and (34) is evident that during 

pass of the solitary tide wave, the pressure decreases 

but the wind velocity increases. Duration of the soli-

tary tide wave may be estimated by the following 

formula 
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(35) 

 

As example, Figures 3 and 4 show calculation 

of oscillations of the surface pressure and the wind 

velocity with utilization of the following parameters: 

Сg = 10-2, k = 0.7, H = 980 m, p0 = 888.4 GPа, g = 

9.8 m/s2,  = 1.3 kg / m3, z0 = 0.05 m (grass, rye),    

A = 129.7 m2 / s, AL = 2.16∙106 m2/s. In this case       

 = 147∙103 m,  = 30380 m2/s,  = 2.08∙10-8. From 

Figures 4 and 5 we see that the maximal wind veloc-

ity reaches 31 m/s, and time of its passage (see Eq. 

(35)) is 25 minutes. The minimal pressure is equal to 

973.76 GPа, and the width of the soliton is 147 km, 

i.e. the solitary tide wave is the mesoscale atmos-

pheric phenomenon that occurs during hurricane 

winds in the middle troposphere. In this case the 

maximum value of W is 44.3 m/s.  

The obtained solution describes a squall storms 

which are observed in the natural conditions. Ac-

cording to (Nalivkin, 1969; Khromov and Mamon-
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tova, 1974), a squall storm is short-term and strong 

increase in the average wind velocity without rota-

tion in the areas of heavy storms or fast cyclones, 

with cloud and rain. Squall storms lead to sea disas-

ters. For example, in March 1878, the British frigate 

“Eurydice” was overturned by a squall storm and 

almost immediately went down along with its crew. 

The same accident has occurred with the Russian 

linear ship "Mermaid" on September 19, 1893, in the 

Baltic Sea, 178 seamen were lost. On the land, the 

squall storms may destroy lightweight buildings and 

cause a windfall in the woods. For example, at re-

gion of Upper Volga River (nearby of the Lake Seli-

ger, Russia) on July 29, 2017, a squall storm with 

the wind velocity up to 35 m/s and duration of 20 

minutes has caused the significant damage to farms. 

Trees were uprooted and roofs were blown away, 

fences were torn down, and panes of windows were 

broken. In San Francisco on November 21, 1910, a 

squall storm has attacked the fortified town houses. 

They remained standing but experienced a strong 

tremor. The duration of the storm was only 2 min, 

but the wind velocity reached 100 km/h. Nalivkin 

(1969, p.148) notes that it was: «As if a huge, long, 

and narrow air wave flew over the city».  

 

 
 
Figure 3. Calculation of the pressure at the ground Р during  the 

time of the squall storm. Minimal and maximal registered pres-

sures were 973.756, and 1013.25 GPa, respectively. Anomalous 

pressure difference was 34.49 GPа 

 
 Figure 5 shows an example of a real squall 

storm. We see as on the background of weak south-

west wind a strong solitary perturbation appears in 

the form of the north-west wind with a maximum 

wind velocity of 31 m/s. The wind soliton is very 

narrow, but during 10 min the wind velocity increas-

es from 3 to 31 m/s, and then during 15 min de-

creases to 2 m/s. The total lifetime of this storm was 

t = 25 min. There was no air rotation that is typical 

for the whirlwinds and tornadoes. The calculated 

theoretical values of the maximal wind velocity and 

time of existence of the solitary tidal wave, excited 

by a gale-force wind in the middle and top tropo-

sphere, coincide with supervision. Thus, the theory 

explains process of the squall storms formation and 

gives us the method for calculation of this phenome-

non. 

 

 
 

Figure 4. Calculation of the wind velocity at the ground on pas-

sage of the squall storm. The maximal wind velocity was 31 m/s 
 

 

 
 
Figure 5. Observations of the wind direction (A) and wind ve-

locity (B) during the time of the squall storm (Nalivkin, 1969, 

Fig. 80). The maximal wind velocity was 31 m/s 

 
4. Tornado appearing  

Squall storms propagate on the subcloud inver-

sion layer. However, such inversions do not exist 

always. For instance, large vertical velocity caused 

by intensive updrafts on a cold atmospheric front, 

destroy theirs. But the vertical airflows generate the 

thunderclouds Cb (Snow, 1984; Arsen’yev et al., 

2010; Laing, 2015). If the several slight thunder-

storms are amalgamating, then one large supercell 

arises which may generate a tornado. Snow (1984) 

mentioned that this effect does not happen in 40% of 

all cases. However, in other cases, tornado arises 

inside a supercell and rapidly propagates down to 

the Earth’s surface (e.g., Wurman et al., 2012).  
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 Process of tornado appearance can be presented 

as capture of a squall storm by the thundery super-

cell. Running on a surface of inversion, the squall 

storm falls into supercell where this inversion is de-

stroyed. And the long wave of a squall storm re-

mains inside a supercell because inversion here is 

absent. Thus, a squall storm soliton should be cap-

tured by the supercell with further adaptation of air 

pressure and wind velocity to each other. This mutu-

al adaptation of the meteorological fields also results 

in appearance of tornado in which the wind velocity 

and the gradient of air pressure can reach greatest 

values. 

Usually, the thundery supercell is weakly-

rotating due to, e.g., the shear eddy instability (Ar-

sen’yev et al., 2000, 2010). Air rotation inside a 

supercell is described by the cyclostrophic balance 
 

,
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r

v

x

p




                             
(36)

 

 

where r is the radial coordinate oriented outside 

from the rotation center.  

Capture of a storm by the thundery supercell re-

sults in pressure drop within a supercell that causes 

amplification of the wind rotation and produces of 

tornado. To find the wind velocity in tornado devel-

opment, it is necessary to change   in Eq. (34) to r, 

then to differentiate Eq. (34) with respect to r, and 

substitute the result into Eq. (36). Resolving the re-

sulting equation with respect to the azimuthal veloci-

ty v, we derive the formula for the wind velocity in a 

developing tornado  
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The surface air pressure inside the tornado is defined 

by the functional relation in Eq. (34).  

 

5. The proposed theory verification 

Physical-environmental model of tornado may 

be presented as a strongly rotating air column that 

originated in a cumulo-nimbus thundercloud and 

reaches the Earth’s surface (Doswell and Burgess, 

1993; Arsen'yev et al., 2010; Markowski and Rich-

ardson, 2014). Hurricane winds, which are typical 

for tornado cause serious damages. Therefore, mov-

ing tornado usually contains many different frag-

ments of buildings, cars, trees, clods of spoil, water, 

and dust. This creates essential difficulties with the 

measurements of the physical quantities. Bluestein 

(1999) described the basic methods for the field 

study of tornadoes in the United States. He suggest-

ed that the remote metrology of wind velocity and 

direction with the Doppler radars (including those 

mounted on cars) is the most effective methodology. 

Another method is measurements of the wind veloci-

ty and wind direction, air temperature and pressure, 

humidity and electromagnetic fields with the help of 

self-contained portable equipment complexes 

mounted in the expected trajectories of the torna-

does. Figure 6 shows the air pressure measured in-

side a tornado on July 8, 1995 near Allison town 

(Texas) by scientists from the Langmuir’s Laborato-

ry at New Mexico, USA (Winn et al., 1999). The 

measurements were carried out with the use of a 

small device called a “tortoise” which was buried on 

the way of the tornado. It can be seen from Figure 2 

that the air pressure is strongly fluctuated near the 

earth’s surface inside a tornado, especially near the 

center. It can relate to many meso-eddies inside tor-

nado (Arsen’yev et al., 2010). Nevertheless, the 

pressure monotonously decreases to the tornado’s 

center after averaging these fluctuations (see squares 

in Figure 7). The maximal drop of the air pressure in 

the tornado is not large, about 50 hectoPascal. How-

ever, in according to Eq. (36), the wind velocity in-

side tornado is determined by the radial gradients of 

the pressure (but not by the pressure itself). Thus, 

sharp spatial variations of the air pressure inside tor-

nado can induce a strong wind.     
 

 
 

Figure 6. Metering data of the air pressure in a large tornado 

(after Winn et al., 1999) 

 

 The solid curve in Figure 7 shows the air pres-

sure calculated by Eq. (34) with following parame-

ters: Н = 980 m, g = 9.8 m/s2, V = 98 m/s,               

p0 = 785.15 hectoPascal;  = 1.3 kg/m3, A = 1.7 

m/s2, AL = 67.3 m/s2, Сg = 0.02, k =1, z0 = 0.05 m 

(grass, rye). The values of  and  are equal to 384.6 

m2/s and 7101.8 m, respectively. For convenience, 

we introduce the evaluation time t = T* – 3636 sec-

onds, where T* is the current measured time in sec 

shown in Figure 6. Thus, the origin of the coordi-

nates is shifted to the point T* = 3636 seconds = 1.01 

hour along the time axis, and the image shown in 
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Figure 7 is symmetrical relative to this origin. The 

coincidence of the theoretical curve with the meas-

urements results (Figure 7) confirms our theory. 

 

 
 
Figure 7. Theoretical computation of the air pressure in a large 

tornado are presented by blue solid curve. Small red squares 

show the averaged pressure corresponding to the observations 

drawn in Figure 5 

                   
To verify Eq. (37) we use the data of the Dop-

pler radar measurements of wind velocity inside a 

tornado (Wurman and Gill, 2000). These data are 

shown in Figure 8 by squares. The solid curve in 

Figure 8 shows the theoretical calculations using Eq. 

(37) with the following parameters: Н = 980 m,       

g = 9.8 m/s2, A = 300 m/s2, AL = 3.96 m/s2,          Сg 

= 0.02, k = 1, z0 = 0.05 m; hence  = 67,500 m2/s 

and  = 130 m. An agreement of the theoretical cal-

culations with measurements turned out to be worse 

in this case than for the air pressure calculation. Ad-

ditional secondary maxima on the curve of measured 

wind velocity are seen in Figure 4 (at r  300m, r  

650 m, r  780 m, r  -500 m, and r  -780 m). They 

are evidently connected with the large mesoscale 

turbulent eddies that fill the tornado. Thus, the tor-

nado was measured at a time close to the moment of 

its origin, and therefore turned out to be multi-eddy. 

Due to this fact, the wind velocity abates much more 

slowly when moving away from the tornado center 

than it is predicted from the theory.  

As is shown in (Arsen’yev et al., 2010), the 

mesoscale eddies inside tornado can transfer the ener-

gy to the average flow and, consequently, they de-

crease in size, kinetic energy, and angular momentum 

with a time. Therefore, we calculated the wind veloci-

ty for one more, a large powerful tornado that is close 

to the mature stage. The circles in Figure 9 show wind 

velocity measured with a Doppler radar at the height 

of 100 m in the F5-class tornado (Monastersky, 1999; 

Burgess et al., 2002). This violent tornado attacked 

Oklahoma City (USA) on May 3, 1999, damaged 

more than 4000 houses and 47 business buildings,    

48 people died, many people received wounds of var-

ying severities. According to Monastersky (1999), the 

maximum wind velocity was 144 m/s (512 km/h or 

318 ml/h). Figure 9 also shows the 10% relative error. 

This is unavoidable, because the measurements were 

carried out in uncontrollable field conditions. Figure 9 

shows also the theoretical curve calculated with applica-

tion of Eq. (37) under following values of parameters:     

t = 0,  = r,  Н = 980 m, g = 9.8 m/s2,  A = 355, 55 

m/s2, AL = 19,591.84 m/s2, Сg = 0.02, k =1, z0 = 0.05 

m, so that  = 80,000 m2/s and  = 8,400 m. Figure 9 

indicates that the theoretical calculations and field 

measurements coincide within 10% accuracy.  

 

 
 
Figure 8. Comparison of the theoretical computation of the 

angular wind velocity v in tornado (green solid curve) and phys-

ical observations of the wind velocity in tornado (red curve with 

white points) (last curve after Wurman and Gill, 2000) 
 

 
 

Figure  9. Comparison of theoretical computation of the angular 

wind velocity v in tornado (blue solid line) with observations in 

EF5 tornado on 03 May 1999 (red circles)  

 

6. Analysis of obtained results and brief  

discussion 

A good compliance between the theoretical and 

measurement data indicates the applicability of Eqs. 

(34)-(37) for calculation of the real tornadoes. Be-

sides the surface air pressure and wind velocity, 

there are other important parameters. Figure 10 

demonstrates the radial distribution of vorticity in 
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the F5 tornado, which corresponds to Figure 9. The 

calculations were done using the following expres-

sion 

r

v

r

v
v

z





 rot

  ,                    
(38)

 

 

Here v is determined by Eq. (37).  

 

 
 
Figure 10. The radial distribution of a vorticity for the violent 

tornado EF5 (see Figure 8) 

 

As it is clearly seen from Figure 10, the vortici-

ty is maximal in the tornado center; for an EF5 tor-

nado, it attains to a very high value of 15 Hz. For 

comparison, we must note that in tropical hurricanes 

and typhoons   10-3 Hz (Arsen’yev et al., 2010).    

Figure 11 shows the eddy force calculated for 

the EF5 tornado 

 

.
2

]rot[
22

r

vv

r
vvvF

E





















          
(39) 

 

This is a sum of the dynamical thrust and the 

centrifugal force, which is associated with a pressure 

by Eq. (36) 
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Figure 11. Computation of the vortex force for the violent tor-

nado (Figure 8) realized by Eq. (40) 

The eddy force enters into the Gromeka-Lamb 

vectorial equation 
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which follow from the Naiver-Stokes equation 

(Lamb, 1945; Vasil’yev, 1958). 

If the eddy force is absent (FE = 0), then Eq. 

(39) implies the equation 
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This solution is the law of hyperbolic wind-velocity 

abatement ,0

0
r

r
vv   which corresponds to the 

Ranque eddy in an ideal fluid without friction (Va-

sil’yev, 1958; Saffman, 2000). We can see from Fig-

ure 11 that FE  0, i.e., the Ranque eddy does not occur 

in our case, because the air motion in tornado passes 

under the presence of turbulent friction. The maximum 

value of FE-max = 740 m/s2 is attainable at the inner 

boundary of the “wall of the hurricane”. Multiplying 

FE-max by  = 1.3 kg/m3 we find   962 n/m3. On the 

house with a volume 103 m3 tornado acts with a 

force 962  103 n. This force is equal to weight of a 

mass 98 metric tons. To reduce this wind force 

building(s) should have the streamline aerodynamic 

form. Damage to buildings could be totally avoided 

if the buildings were located underground. 

 It is necessary to underline that the presented 

methodology may be flexibly modified for inves-

tigation of other atmospheric and solid Earth phe-

nomena. 

 

Conclusions 

In this work, a novel physical-mathematical 

model of creating the violent tornadoes in tropo-

sphere (as result of the tidal gravity wave influence), 

has been developed. In the years of increasing gravi-

ty activity within the Earth-Moon-Sun system, is 

necessary to expect an increment of number and in-

tensity of the squall storms which represent strong 

tidal nonlinear waves in troposphere. Therefore, at 

that time an increased number of the violent torna-

does should be observed. The present investigation 

enabled to establish an analytical connection be-

tween the numbers of tornadoes per year with the 

tidal forces, which was found earlier as result of sta-

tistical analysis of the observed data. It should be 

noted that this approach may be effectively applied 

to studying other environmental effects associated 

with the Moon-Sun activity. 
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Резюме. В последнее время достигнут значительный прогресс в долгосрочном прогнозе таких опасных атмосферных явле-

ний, как катастрофические и сильные торнадо уровень EF3-EF5. Л. Эппельбаумом в 2013 году разработан нестохастический 

долговременный метод предсказания на основе использования метода долгосрочного прогнозирования с использованием тео-

рии распознавания образов и Фурье-анализа. Им выявлена тесная корреляция между общим количеством торнадо в год и пара-

метрами гравитационной системы, продуцирующей приливные эффекты. Однако физический смысл этой связи оставался не-

раскрытым. В представленной работе предлагается новая физико-математическая модель, объясняющая процесс возникнове-

ния мощных торнадо. Модель включает два главных этапа. Вначале гравитационные силы и ураганные ветры в верхней тропо-

сфере образуют нелинейные длинные волны в нижней тропосфере. Затем возникают штормовые ветры в верхней тропосфере 

(при проникновении холодных масс  воздуха в теплых районах), связанные обычно с быстрыми синоптическими циклонами, 

несущими грозовую облачность и дожди. Возникающие гравитационные нелинейные волны устремляются со скоростью при-

ливных волн   2
1

gHV   вдоль инверсии субоблака. После этого гравитационные волны падают (и поглощаются) суперячейкой 

грозы, которая уже сформировалась внутри холодного атмосферного фронта. В результате адаптации метеорологического поля 

давление внутри грозовой суперячейки уменьшается, вращение ветра усиливается, что порождает сильный торнадо. Различные 

примеры иллюстрируют применимость разработанного подхода, причем теоретические результаты хорошо согласуются с 

практическими наблюдениями. Предложенная новая физико-математическая методология может быть концептуально приме-

нена для анализа других явлений, происходящих в атмосфере Земли. 

Ключевые слова: торнадо, длинные приливные гравитационные волны, гравитационная система Земля-Луна-Солнце, 

солитон, опасные атмосферные феномены  
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Xülasə. Son vaxtlar fəlakətli və güclü tornadolar (səviyyə EF3-EF5) kimi təhlükəli  atmosfer hadisələrinin uzunmüddətli proqno-

zunda mühüm irəliləyişə nail olunmuşdur. Simaların tapılması nəzəriyyəsindən və Furye analizdən istifadə etməklə uzunmüddətli 

proqnozlaşdırma üsulundan istifadə əsasında L.V.Eppelbaum (2013) geyri-stoxastik uzunmüddətli öncədən xəbərvermə üsulunu işlə-

mişdir. O, il ərzində tornadonun ümumi miqdarı və qabarma effektləri yaradan qravitasiya sisteminin  parametrləri əsasında  sıx kor-

relyasiya aşkar etmişdir. Lakin bu əlaqənin fiziki mənası açılmamış qalmışdır. Təqdim olunan işdə biz güclü tornadoların yaranması-

nı izah edən yeni fiziki-riyazi model təklif edirik. Təqdim olunan model iki başlıca etapdan ibarətdir. Başlanğıcda yuxarı troposferdə 

qravitasiya qüvvələri və çox güclü küləklər aşağı troposferdə, adətən tufanlı dumanlıq və yağış daşıyan sürətli sinoptik siklonlarla 

bağlı olan, qeyri-xətti uzun dalğalar əmələ gətirir. Sonra, yuxarı troposferdə fırtına küləkləri yaranır (isti rayonlarda havanın soyuq 

kütlələri soxulanda).  Yaranan qravitasiya qeyri-xətti dalğaları subdumanlığın inversiyası boyunca qabarma dalğalarının sürəti ilə 

V=(gH)1⁄2 cumur (hücum edir). Bundan sonra qravitasiya dalğaları soyuq atmosfer cəbhəsinin daxilində formalaşan tufanın superözə-

yi ilə udulur. Meteoroloji sahənin adaptasiyası nəticəsində tufan superözəyinin daxilində təzyiq azalır, küləyin fırlanması şiddətlənir 

və bu da güclü tornado yaradır. Müxtəlif nümunələr işlənilmiş yanaşmanın tətbiq edilməsini əks etdirir, həm də nəzəri nəticələr prak-

tiki müşahidələrlə yaxşı uzlaşır. Təklif olunan yeni fiziki-riyazi metodologiya Yer atmosferində baş verən digər hadisələrin təhlili 

üçün konseptual tətbiq oluna bilər. 
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