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The results of the effects of the three dimensional plasma transport processes using the high-
latitude ionospheric model in Euler's approach taking into account the offset between the 
geographical and geomagnetic poles are presented. It has been shown that three-dimensional 
plasma transport  processes lead to the formation of the electron and ion temperatures peaks in the 
morning and evening sectors, as well as to the general temperature increasing of the polar 
ionosphere. 

 
1. Introduction  

The high-energy particles precipitation from the 
magnetosphere and the electric fields of 
magnetospheric origin are the main features of the 
high-latitude ionosphere. They lead to the sharp 
gradients of both the density and the temperature 
distributions, as well as to the horizontal ionospheric 
plasma drift. If in the case of the middle-latitude 
ionosphere modelling is possible to use only one-
dimensional approach which takes into account only 
vertical moving processes in the case of the high-
latitude  ionosphere it is necessary to take into 
account not only vertical but horizontal velocity 
components i.e. the three dimensional transport 
processes should be considered. 

In the present work in order to determine the 
three-dimensional transport processes influence on 
the high-latitude ionospheric parameters the three-
dimensional high-latitude ionospheric modelling has 
been carried out in Euler's approach taking into 
account the offset between the geographical and the 
geomagnetic poles [1]. 

 
2. Model 

In the calculations the electric field of 
magnetospheric origin values have been given by the 
analytical model [2] based on Hepner's empirical 
data [3]. In order to transfer the components of the 
electric field from the geomagnetic to the geographic 
coordinate system  the formula proposed in [4] have 
been used. The magnetospheric convection picture is 
shown in Figure 1. At the 18-00 UT the convection 
region is partly located in the sun side of the 
ionosphere. It can be seen that in the polar cap 
region the charged particles transferred to the night 
side by the convection and followed by the turning 
to the sun side in the morning and evening sectors at 
lower latitudes. As a result the convection picture 
takes the structure with morning and evening cells.  

 
 

 
Figure1. Spatial distribution of the magnetospheric 

convection velocity vectors in the geographical coordinate 
system. The numbers out of the big circle are local time 
(LT), the numbers in the brackets are the geographical 
longitudes (degree), the dashed line is the terminator at 
χ=90o zenith angle, the bar dotted circle is the boundary 
of the convection.   

 
3. Results 

 In Figure 2 the results of the numerical 
simulations for winter solstice, high solar activity 
(F10,7=150) and moderate geomagnetic (Kp=3) 
conditions are shown. For one-dimensional case as a 
result of neglecting of horizontal moving processes 
the polar ionosphere ionization and heating is 
implemented only by particles precipitation source. 
In the auroral oval region it can be seen that the 
peaks of the ion density n(O+) reach values about 
1,7·106 cm-3 (Figure 2) as well as the electron Te and 
the ion temperatures Ti  are increased up to about 
1100 K. In the latitudes of the polar region above 80o 
the ion density takes values below 104 cm-3. At the  
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Figure 2. The simulated ion density (a,d) (in 104 cm-3), the electron temperature (b,e) and the ion temperature (c,f) 

distributions  for 18 UT at the height 300 km for the one-dimensional (a,b,c) and the three-dimensional (d,e,f) cases. 
The equatorial boundary corresponds to the 40o northern latitude.  
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Figure 3. The latitudinal distribution of the ion density, the electron and the ion temperatures for 18 UT at the height 

300 km for the one-dimensional (dotted lines) and the three-dimensional (solid lines) cases.  
 

 
isolines of the electron and ion temperatures (Figure 
2 b and 2 c) the reduced values of Te and Ti were 
discovered which agree with regions of the low 
values of n(O+). 

In the case of the taking into account of the three-
dimensional transport processes the magnetospheric 
convection leads to the increasing of the polar region 
ionosphere density, to the smoothing of the 
ionization peaks and to the formation  of the 
"ionization tongue" [5] (Figure 2 d and 3). In the 
night sector the main ionospheric trough coinciding 
with the "the full shadow" region is formed. In 
Figure 2 it can be seen that the taking into account 
the three-dimensional transport processes leads to 
the electron temperature peaks formation where Te ~ 
2200 K in the both morning and evening sectors 
which are in a qualitative agreement with the results 
of [7]. In the high-energy particles precipitation 
region where Te are about 2600 K the regions with 
low values of the Te  and Ti are disappeared (Figure 
2 e and 2 f). Thus in the three-dimensional case the 
electron and ion temperatures in the convection zone 
are higher than in the one-dimensional case (Figure 
2 and 3). 

 
 

4. Conclusion  
Our results showed that the numerical 

simulations based on the three-dimensional 
magnetohydrodynamic equations in Euler's approach 
give great opportunities for the further development 
of the high-latitude ionosphere modelling . 
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