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Abstract 
This study presents an analytical model for estimating the ionospheric vertical 
drift velocity. This model is based on the time derivative of a proposed formula 
for solar radiation power, which yields an “ionization production velocity”. A 
key model parameter, the “production factor” (k), is calibrated against pub-
lished radar data from Jicamarca and IRI-2020 model outputs to generate di-
urnal drift profiles for specific equatorial locations. Thus, referring to the 
evening peak of the radar data from Jicamarca, the model by the production 
speed shows that 1) for the same latitude, the higher the production factor, the 
greater the drift or production speed and 2) for two geographical positions of 
different latitudes and: a) For the same drift or production speed, the further 
one moves away from the equator, the more the production factor decreases. 
b) For the same production factor, the further one moves away from the equa-
tor, the greater the production or drift speed. With IRI 2020 we arrive at the 
same conclusions across the two cities of Conakry and Sikasso. Sikasso, being 
further from the equator than Conakry presents a smaller production factor 
236.19 against 240.69 with a drift speed of 31.89 m·s−1 for the 6 H peak and 
27.11 m·s−1 for the 14 H peak while Conakry presents respectively 30.02 m·s−1 
and 25.52 m·s−1. As for the average speed, Conakry presents an average speed 
from 0 H to 24 H of 15.90 m·s−1 while Sikasso is 16.99 m·s−1. IRI 2020 offers 
almost the same peak drift speeds but at noon with however discrepancies for 
the morning peaks. However, there are other estimation methods. Finally, the 
production method is important because it allows for different modeling. 
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1. Introduction 

The ionosphere is the ionizable part of the atmosphere extending from 60 km to 
more than 650 km. During the day, depending on the electron density, the iono-
sphere will be subdivided into four sub-layers: the D, E, F1 and F2 sub-layers. At 
night, of the four sub-layers observed during the day, only the E and F2 sub-layers 
will remain, which will be characterized on the one hand by low electron densities 
and on the other hand by observation altitudes of these ionization maxima even 
higher than those observed during the day. The ionosphere, thus described suc-
cinctly, still presents differential characteristics depending on the latitudes. For 
example, 1) the northern and southern lights are characteristic of the polar regions 
or those close to the poles, also called high latitudes. During its auroras, the iono-
sphere in these parts lights up in different colors due to the interactions of parti-
cles from the sun called solar wind with the plasma of the ionosphere. These par-
ticles, due to the protective magnetosphere, end up penetrating into the upper 
ionosphere of the poles through the North and South polar horns, which result 
from the opening in these parts of the Earth’s magnetic field lines. Also, 2) at low 
latitudes centered on the geographic equator the ionosphere is characterized by a 
particular daytime structure called Equatorial Ionization Anomaly (EIA) [1] or 
Appleton anomaly [2]. Indeed, during the day and at latitudes from 20˚N to 20˚S 
we will observe a gutter structure in the NmF2 ionization density maxima and a 
dome structure of the observation altitudes of these HmF2 ionization maxima 
centered on the equator. The plausible explanation for many authors to justify this 
Anomaly would be due to the upward vertical drift called Hall drift [3] of the ion-
ized plasma from the lower layers of the equator to the upper layers or subse-
quently this ionized plasma will diffuse through the Earth’s magnetic field lines to 
descend deeper and deeper from the equator to the latitudes of the maximum 
density peaks. The transport mechanism responsible for this Equatorial Ionization 
Anomaly is the velocity V  which results from the vector product of the Earth’s 
magnetic field B  which is horizontal to the equator and oriented towards the 
North with the electric field E  generated by the ionospheric currents which will 
be called equatorial electrojet (EEJ) [4] circulating towards the East in the sub-
layer E. Also the fluctuations of the component of the Earth’s magnetic field will 
often cause an inversion of the ionospheric current which will be called Counter-
electrojet (CEJ) [5] which will be predominant in the afternoons and observable 
by a peak in the critical frequencies foF2. Thus an explanation for the profile B in 
the diurnal variability of the critical frequencies foF2 which presents an ionization 
peak in the morning and in the afternoon separated by a trough around noon is 
found. The morning peak is due to an electrojet (EJ) that of the evening to a coun-
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ter-electrojet (CEJ) and the trough to the vertical drift. 
Thus the equatorial ionosphere will be investigated by many measuring instru-

ments both on the ground [6] and in the air [7] (coherent and incoherent scatter-
ing radars, ionosondes and magnetometers) in order to have good estimates on 
the vertical drift speed of the ionized plasma. The very first precursor radar de-
ployed for this purpose was the incoherent scattering radar of Jicamarca in 1968 
[8], which measured the vertical drift speeds of the plasma of the F sub-layer of 
the equatorial ionosphere between 200 and 800 km with a temporal resolution of 
1 to 5 mn and latitudinal resolution of 15 to 25 km. From these data, several stud-
ies or works have been the subject of publications such as those of [9]. Later, other 
models [10] using data from the JULIA radar which experimented with a meas-
urement system using the Doppler effect or others such as COSMIC or ROCSAT-
1 (Taiwan Region’s Satellite) were used for measurements of the vertical drift 
speed. Thus, in the same dynamic of contributing to a better understanding of the 
vertical drift, we propose in this article to provide another approach to estimating 
the vertical drift which is that of the ionization production speed. Indeed, if the 
vertical drift testifies to a lack or departure of ionization, it would testify in parallel 
to this effect in another vision of a production whose quantity would be inversely 
proportional to that of the derived ionized plasma. By this approach, accompanied 
by formula we could, in reference to radar data from Jicamarca or others like IRI 
2020 found both in times of calm and magnetic disturbance, the ionization pro-
files at all latitudes and longitude sectors. To do this, the article will be structured 
essentially in three parts which are the methodology, the results and the discussion 
part. 

2. Methodology 

The methodology consisted of presenting the ionized part of the ionosphere as a 
rigid block capable of reflecting waves by its densification surface which will be 
located by a position vector. The displacement ( )h t  of this densification surface 
will be proportional to the variation in the power of solar radiation ( )0P t  [11] 
which is the main ionization factor. 

 
( ) ( )

( )

0

0

d
d

2sin cos
12 6

P t
h t k

t

P t t t


=


π π    =        

   (1) 

A downward movement will indicate that the solar radiation is increasing in 
power or pressing and an upward movement will indicate the opposite. Thus, 
knowing the expression of the position vector, its derivative will allow us to obtain 
the speed vector which we will call the production vector ( )PV t  because as 
shown in Figure 1 below its minus sign (−) indicates an increasingly pronounced 
production and the (+) sign indicates a less and less pronounced production. 

By adjusting the production factor, we find the same evening peak speed with 
the Jicamarca radar data and thus obtain the corresponding ionization or drift 
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profile. With the IRI 2020 data and from the cities of Conakry and Sikasso dedi-
cated to the study, we first find the average speed of the day. From this average 
speed we go back to find the ionization factor. From the ionization factor we find 
the drift and production profiles. From these profiles we identify the drift speed 
peaks in each range. 

 

 

Figure 1. Displacement of the densification surface by solar rays. 
 

Thus described the coefficient of proportionality k will be called production 
factor and will be expressed in meters per Watt (m/W). Also because k is also a 
constant then the displacement of the ionization densification surface ( )h t  will 
be the time derivative of a power of solar radiation of the form k. ( )0P t  or 2k  
would be the amplitude. ( )h t  Obtained is of the form:  

 ( ) cos sin sin
6 4 12 6

h t k t t tπ  π π π      = −            
   (2) 

The temporal variation of the power of solar radiation and therefore of the dis-
placement of the densification surface will present the following profile Figure 2. 

If we consider the spherical reference frame as shown in Figure 3 below as an 
example or the position of a point M is identified by ( ), ,r θ ϕ  called spherical 
coordinates in reference to the direct orthonormal spherical basis ( ), ,r θ ϕe e e .  

 

 

Figure 2. Variability profile of the displacement of the densification surface. 
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Figure 3. Coordinate systems. 
 
The position vector OM  and that of the speed vector 

0/M RV  will be noted in 
this reference framework ( )0 , , ,rR O θ ϕe e e  by the following expressions: 
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0/M RV  thus obtained, is the sum of a relative speed rV  and a training speed 

eV  what are: 
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   (4) 

In this relationship ϕ  represents the speed of rotation of the Earth and θ  
Co-latitude related to latitude λ  by a relationship that we note: 

 

2 2
24

sin cos
2

T T
ϕ ω

θ λ θ λ

π π = = =
 π = − → =




   (5) 

If we consider a constant latitude λ  given, θ  will also be constant and there-
fore 0θ = . So the speed is reduced to:  

 
0/ cosM R rr r ϕϕ λ= +V e e    (6) 

Returning to our study context where ( )h t r=  then the production speed 
( )PV t  is deduced from the expression: 
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  (7) 

Finally, to show the variation in speed as a function of longitude ϕ  containing 
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0ϕ  we will express the spherical basis vectors as a function of the Cartesian basis 
vectors. We know that: 

 
sin cos sin sin cos

sin cos
r

ϕ

θ ϕ θ ϕ θ
ϕ ϕ

= + +
 = − +

e i j k
e i j

   (8) 

So we obtain the components pxV , pyV , pzV  of production speed with pzV  
the component by which the vertical drift speed could be estimated. 
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  (9) 

The production rate at a given geographical position is the result of the contri-
bution of each of the three components as shown in the example at 6 o’clock in 
Figure 4 below at the Greenwich meridian of latitudes 0˚ and Longitude 0˚. 

 

 

Figure 4. Profile of production speeds Vpx, Vpy and Vpz as a function of geographic latitudes 
k = 1. 

 
The modulus of the Vpz component simulating the vertical drift increases from 

the equator to latitudes of 90˚ while those of the Vpx and Vpy components decrease. 
From then on, we understand that at a latitude λ  and in the same longitude 
sector, the production following the vertical component will be almost symmet-
rical on either side of the two hemispheres and greater than that at the equator. 
The Vpz component, as evidenced by the global ionization volume (Figure 6 be-
low), which also presents the same profile at these latitudes (0˚ to 37˚), is therefore 
the one that describes the equatorial ionization anomaly and not the resulting ve-
locity, which decreases from the equator (Figure 5 below). 

This therefore suggests that the share of solar radiation power received by 
each point is called power density ( )pD t  or solar irradiance ( )I t  in W/m2 
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would be increasing from the equator to the peaks of latitudes of ionization den-
sity maxima, justifying the equatorial ionization anomaly [12]. Which is true 
because even if the power of solar radiation in Watts by its amplitude “2k” is 
maximal at the equator, its distribution across the densification surface (given 
by the product of the coordinates ( )x t  and ( )y t ) at the equator and near lat-
itudes as shown in Figure 6 is equally large but reduces considerably away from 
the equator. 

 

 

Figure 5. Profile of the resulting production rate of Vpx, Vpy and Vpz depending on the lat-
itudes (k = 1). 

 

 

Figure 6. Latitudinal variation of the densification surface and the ionization volume with 
k = 1. 
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  (11) 

However, from a certain geographical latitude (37˚ - 38˚N and 37˚ - 38˚S) the 
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densification surface or the power of solar radiation in Watts has decreased by a 
certain proportion so that an increase in the power density will certainly produce 
ionization but not in sufficient volume or quantity compared to latitudes close to 
the equator, hence the decrease in ionization volume observed. 

The fundamental physical statement that “the power of solar radiation is greater 
the further one moves away from the equator” is true for surface power density, 
i.e. in Watts per m2, because this power density or irradiance is the quotient of the 
variation in the power of solar radiation on the surface of densification produced 
by the coordinates ( )x t  and ( )y t . 

Finally the average diurnal production rates found are of the form: 

 ( ) 2, 36.70 10 sinpz moyV k kλ λ−= ×    (10) 

With 36.70 × 10−2 the average daytime speed of h  from 0 h to 24 h. So for a 
speed ( ),pz moyV kλ  constant the production factor “k” is decreasing as a function 
of latitudes (same profile as the module as the resulting speed) and for the same 
latitude the production factor is increasing linearly as a function of speeds. 

3. Results 

The temporal variability of the power of solar radiation being known, then the 
variable to be found or estimated is the coefficient of proportionality “k” and this 
in order to properly estimate the time profile of the vertical “drift” speed. To this 
end, let us consider as an example the profiles shown in Figure 7, obtained for 
latitudes of 5˚ and 10˚, where the velocity values are multiples of the factor k. For 
example on the graph the production speed 0.05 would actually represent 0.05 k. 

 

 

Figure 7. Velocity profiles of production for latitudes of 5˚ and 10˚ following k. 
 

The obtained production speed profile shows that the movement of the HmF2 
ionization densification surface is rectilinear and uniformly varied at all times of 
the day. Only the movement is: 1) Sometimes downwards for negative displace-
ment speeds marking an increasingly pronounced production by photoionization. 
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Sometimes upwards marking an increasingly less pronounced production by pho-
toionization for positive displacement speeds and this is due to the fact that the 
positive direction of the basic vector “ k ” of the Cartesian frame of reference is 
oriented upwards. We note that: 

 ( ) ( )Pz pzt V t=V k    (12) 

Thus a) For a positive production rate ( )1 0pzV t >  its maximum ionization 

density ( )( )12 pzNmF V t  is lower than that ( )( )22 pzNmF V t  of a negative pro-

duction rate ( )2 0pzV t <  most often for very close times due to the decrease in 
the power of the solar radiation. We will then note that: 

 
( ) ( )

( )( ) ( )( )
1 2

2 1
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2 2
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pz pz

V t V t

NmF V t NmF V t

 > <


>
   (13) 

b) Also if: 

 

( ) ( )
( ) ( )

( )( ) ( )( )

1 2

1 2

1 2

0; 0

and

2 2

pz pz

pz pz

pz pz

V t V t

V t V t

NmF V t NmF V t

 > >
 >


<

   (14) 

c) Finally if: 
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1 2
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pz pz
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V t V t

V t V t

NmF V t NmF V t

 < <
 >


>

   (15) 

2) Thus described the plasma appears initially in the state ( )0 0,P V . a) A nega-
tive production rate will make it pass to the state ( )1 1,P V  even denser because 
the pressure 1P  is higher than that of 0P  and the volume 1V  lower than that 
of 0V  

 

 
 

b) A positive production rate will make it pass to the state ( )2 2,P V  even less 
dense because the pressure 2P  is lower than that of 0P  and the volume 2V  
higher than that of 0V  
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3) Positive speeds reflect less densification, so positive production speeds are 
those that describe vertical drift. 4) However, vertical drift speeds do not reflect 
an absence of production but rather production speeds inversely proportional to 
the vertical drift speed. 

 
( ) ( ) ( )
( ) ( )

0if 0

if 0 0

d pz
d

d pz

CV t V t
V t

V t V t

 ≠ → =

 = → =

  (16) 

Thus the graph in Figure 7 above shows us: 1) During the day, a production 
trough centered around 2 p.m. is separated by two production peaks which are 
much more steep for latitudes further and further from the equator than those 
closer and closer. The production trough marks a drop in production speed by 
photoionization, thus justifying the vertical drift. The two production peaks, one 
in the morning around 10 a.m. and the other in the afternoon around 6 p.m., jus-
tifying the interpretation of an electrojet in the morning and a counter-electrojet 
in the evening, which are, however, inflection points marking production peaks 
due to the effect of the Earth’s rotation. This vertical drift centered around 2 p.m. 
is also more pronounced at latitudes further away than those closer to the equator. 
2) At night, corspuscular ionization by energetic particles and recombination 
mechanisms supplement photoionization. Corspuscular ionization becomes pre-
dominant from 6 p.m. to 10 p.m. and from 2 a.m. to 6 a.m. in the high altitude 
layers and recombinations in the lower layers. From 10 p.m. to 2 a.m., recombi-
nations now become predominant in the high layers and corspuscular ionization 
in the lower layers, thus allowing a night peak to be obtained in this time range. 
Finally, through the variability in modulus or intensity of drift and production 
velocities as shown in Figure 8 below, an estimate of the profile of the variability 
of foF2 frequencies can be established, further materializing the vertical drift. 

Of the different peaks, those of 6 H and 18 H have the highest velocity ampli-
tudes preceded by the other peaks which have the same amplitudes. However, as 
the peak of 6 H is a drift, its ionization density and consequently its critical fre-
quency foF2 will be the lowest, unlike that of 18 H which corresponds to a pro-
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duction which will have the highest critical frequency. Of the other drift peaks 14 
H and 22 H, that of 14 H will have a more raised amplitude of foF2 than that of 
22 H because this drift occurred during the day. However, the peak of 14 H will 
be less raised in foF2 than that of 10 H because it is a production but more raised 
than the production peak of 2 H taking place during the night. The peak of 2 H 
will be more raised than that of 22 H because it is a production. Finally, of two 
drift peaks occurring at the same time, the one with the lowest amplitude will have 
the highest critical frequency foF2. On the other hand, of two production peaks 
occurring at the same time, the one with the highest speed will also have the high-
est critical frequency foF2. From these different peaks or observation points, an 
estimate of the profiles can be established, as shown in the Figure 9 below. How-
ever, with regard to ionospheric dynamics, we will speak more of a propensity to 
observe peaks at such a time. Thus, we will have a greater propensity to observe 
the 6 a.m. peak between 5 a.m. and 7 a.m., the 10 a.m. peak between 9 a.m. and 11 
a.m., the 2 p.m. peak between 1 p.m. and 3 p.m., the 6 p.m. peak between 5 p.m. 
and 7 p.m., the 10 p.m. peak between 9 p.m. and 11 p.m., and finally the 2 a.m. 
peak between 1 a.m. and 3 a.m. 

 

 

Figure 8. Temporal variability in modulus of drift and production speeds. 
 

 

Figure 9. Estimation of diurnal profiles of foF2 variability (MHz) showing drifts and 
productions. 
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4. Discussion  
4.1. Estimation of Production Factor and Average Speed by Radar  

Data: Jicamarca Radar 

From radar data for example from Jicamarca (the precursor) located at latitude 
10˚S and taking as reference the evening peak due to its very large fluctuation as 
shown in Figure 10 below modeled by [9] we can give an estimate of the speed 
factor as well as the average production speed. 

 

 

Figure 10. Scherliess and Fejer model of vertical drift using Jicamarca radar data. 
 

For example: 1) For Latitudes of 3˚ as shown in Figure 11 below and a) for an 
evening peak at 40 m·s−1 the production factor found in the models is approxi-
mately 1320 and the estimated average diurnal speed is 25.20 m·s−1 (0 H to 24 H). 
b) On the other hand, for an evening peak at 60 m·s−1 the factor is at 1980 and the 
estimated average speed is 37.79 m·s−1. 

c) Thus the vertical drift in the afternoon from 12 H to 16 H centered at 14 H 
at latitude of 3˚ as shown in Figure 11 below has a speed peak at 14 H of 60 m·s−1 
and of 40 m·s−1 respectively for production factors 1980k ≅  and 1320. (d) On 
the other hand, for the morning vertical drift from 4 a.m. to 8 a.m. at latitude 3˚ 
as shown in Figure 11 below, we would observe a peak drift speed at 6 a.m. 71 
m·s−1 and of 47 m·s−1 respectively for production factors 1980k ≅  and 1320.  

Not losing sight of the fact that the production speed is inversely proportional 
to the drift speed, then the production will be increasingly increasing from the 
vertical drift peaks to the production peaks (6 a.m. to 10 a.m. and 2 p.m. to 6 p.m. 
and from 10 p.m. to 2 a.m.) and will be increasingly decreasing from the produc-
tion peaks to the vertical drift peaks (2 a.m. to 6 a.m., 10 a.m. to 2 p.m. and from 
6 p.m. to 10 p.m.).  
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Figure 11. Modeling of production at latitudes 3˚. 
 

2) For latitudes of 5˚ we obtain the same ionization profiles with the same pro-
duction and drift rates. Only the production factor changes. Thus: a) For an even-
ing peak at 40 m·s−1 the factor is now at 790 and the estimated average speed is 
25.21 m·s−1; b) For an evening peak at 60 m·s−1 the factor is now at 1185 and the 
estimated average production speed 37.83 m·s−1. 

 

 
https://www.researchgate.net/publication/337141182/figure/fig1/AS:114312812505
48529@1717926787980/Map-of-South-America-showing-the-location-of-the-Sao-
Luis-site-where-the-MELISSA-radar.png (Source). 

Figure 12. Jicamarca is located at geographic latitude 10˚ and magnetic equator 0˚. 
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Finally, if we consider the city of Jicamarca itself located at the geographical 
latitude of 10˚S as shown in Figure 12 above, we will see that the production factor 
will be lower: 

a) And for an evening peak at 40 m·s−1 the factor is 397 and the estimated aver-
age speed is 25.19 m·s−1. 

b) For an evening peak at 60 m·s−1 the factor is at 596 and the estimated average 
production speed is 37.83 m·s−1. 

4.2. Estimation of Production Factor and Average Speed with IRI  
2020 

If the proposed model has made it possible to find the temporal profile of ion-
ization by adjusting the production factor using radar data, what will happen 
with the data from the IRI-2020 model? Indeed, IRI is an international refer-
ence model for ionospheric issues. Several versions have been developed and 
used in modeling as an approximate model of the reality given by the results of 
in situ measurements. IRI can therefore provide the estimated profile of the 
vertical drift for any geographical position. However, for the present case, the 
cities of Conakry and Sikasso are dedicated to it, taking into account recent 
work published [13] on the vertical drift of ionization of these two cities using 
the differential method developed by [14]. The dates of the quiet days are 
19/02/1993 (AIEE International Year of Equatorial Electrojet magnetic field 
measurement campaign) [15] for Sikasso and 20/08/2008 (AMBER African 
Magnetic B-field Education and Research magnetic field measurement cam-
paign) for Conakry. These two cities are located at the following geographical 
positions in Table 1 below:  

 
Table 1. Geographic position. 

Name of station Geo.Lat Geo.Long 

Conakry 10.5˚N 5.706˚W 

Sikasso 11.344˚N 13.71˚W 

 
After validation with IRI 2020 we obtain the following graphs giving the vertical 

drift profiles in m·s−1 respectively for Conakry (Figure 13) and Sikasso (Figure 14). 
 

 

Figure 13. Profile of the vertical drift IRI-2020 Conakry on 08/20/2013 on a day of mag-
netic calm. 
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Figure 14. Profile of the vertical drift IRI-2020 Sikasso on 02/19/1993 on a day of magnetic 
calm. 

 
These types of profiles show that during the magnetic calm day, the drift will 

have a dome structure with a peak centered at local noon (12:00). This contrasts 
somewhat with the proposed model because the ionization a priori presents two 
production peaks, one in the morning and the other in the afternoon, a little more 
prominent, and two drift peaks also in the early morning and in the afternoon. 
The dome profile can only appear during periods or time slots of vertical drift. 

Thus, for this modeling purpose, using the proposed model, knowing the aver-
age vertical drift speed from the IRI 2020 data, the production factors for each city 
can be calculated. Once this is done, we could go back and find the profile of both 
the vertical drift and the production. The production factor is given as a reminder 
by the formula: 
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( ),p moyV kλ  being the average daily speed from 0 H to 24 H obtained by trans-
forming all negative values into positive values. Negative speeds only indicate the 
return or opposite movement to the direction taken as positive of the chosen ref-
erence frame. Thus: 

a) The average speed found for the city of Conakry is 15.90 m·s−1 the calculated 
production factor of 240.69. 

b) The average speed found for the city of Sikasso is 16.99 m·s−1 the calculated 
production factor of 236.19. 

Thus the morning drift of the two cities is presented in the following form Fig-
ure 15 below indicating the maximum speeds of the morning drift centered at 6 
a.m. respectively of 30.02 m·s−1 for the city of Conakry and 31.89 m·s−1 for that of 
Sikasso.  

The afternoon vertical drift presents the following profile in Figure 16 below 
indicating the maximum speeds of the drift in the afternoon centered at 2 p.m. 
respectively 25.52 m·s−1 for the city Conakry and of 27.11 m·s−1 for that of Si-
kasso.  

Finally, there are other methods for estimating the speed of drifts such as the 
rate of variation of the maximum ionization density height HmF2 [16] and [17] 
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or the virtual height h’F2 [18] and [19] or simply with ionosonde data [20] and 
[21] and also the differential method which is based on magnetometer data. 

 

 

Figure 15. Morning drift for the cities of Conakry and Sikasso. 
 

 

Figure 16. Afternoon drift for the cities of Conakry and Sikasso. 

4.3. Importance 

The model proposed by the ionization production speed simulates reality very 
well. By this model are highlighted: 1) The day the trough as well as the two peaks 
of production. 2) The night peaks. 3) The fluctuations of the height of maximum 
ionization HmF2 as well as the density of the maximum ionization NmF2. 4) By 
this model and through the different peaks one can also estimate the profile of the 
variability of the critical frequencies foF2. Thus for days of magnetic calm by re-
ferring to radar data from Jicamarca or any other by the peak speed at the begin-
ning of the night one can find the profile of ionization production, vertical drift, 
the production factor as well as the average diurnal speed from 0 H to 24 H and 
day from 4 H to 20 H at each latitude. Also, with IRI 2020 knowing the average 
speed of the vertical drift, we can find the production factor of any location and 
then go back to find the profile of both the drift and the production. Also, the 
proposed method indicates the time ranges of vertical drift and those of produc-
tion. Finally, using the production factor, we can also proceed to modeling ac-
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cording to seasons, phases of the solar cycle, etc. As a perspective, we propose to 
analyze ionization according to longitudes. 

5. Conclusion 

At the end of this article, it is clear that the production rate is proportional to the 
variability of the power of solar radiation. This coefficient of proportionality will 
be called the power or production factor and for the same ionization, it is lower 
and lower the further one moves away from the equator. This thus shows that the 
power density of solar radiation is greater the further one moves away from the 
equator and that a small variability in this power density of this solar radiation 
will have the same effect, if not more than a large temporal variability at latitudes 
even closer to the equator. The production rate results from the contribution of 
the three components and the one capable of showing or simulating the vertical 
drift is the Vpz component. The modeling of the production rate by referring to 
the incoherent scattering radar data from Jicamarca and by IRI 2020 was quite 
satisfactory. By this modeling we show that by the proposed model, we can find 
the ionization profile, the factor as well as the average production rate at each 
latitude. 
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