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Abstract. The ionospheric F2 layer parameters were calculated by the Upper Atmosphere Model (UAM) for the 
period of April 15-20, 2002 including the geomagnetically disturbed days. The calculations have been performed in 
four versions with the same initial conditions: 1) with the NRLMSISE-00 neutral composition and temperature data 
and the theoretically calculated neutral wind velocities; 2) with the NRLMSISE-00 neutral composition and 
temperature data and the horizontal neutral wind velocities calculated by the empirical model HWM-93; 3) with the  
neutral composition, temperature and wind velocities calculated by the UAM fully self-consistently; 4) with the 
theoretically calculated neutral composition and temperature, but with the horizontal neutral wind velocities 
calculated by the HWM-93. The modelling results were compared with the observation data obtained by seven 
incoherent scatter radars located at high, middle and low latitudes of the Northern Hemisphere.  The comparisons 
showed that using of the HWM-93 winds did not improve the agreement between the model results and 
measurements, only several details of the F2-layer behaviour may be attributed to the influence of the winds 
calculated in the UAM. 
 
Introduction 

We continue to investigate the ionosphere 
behaviour during the great magnetic storms of April 
2002 using the method of mathematical modelling. 
The disturbed period of April 2002 included several 
successive magnetic storms. The storms were 
predicted in advance and that allowed to organize  
ionospheric parameters observations by seven 
incoherent scatter radars (ISR) situated at low, middle 
and high latitudes of the Northern Hemisphere. The 
radars operated jointly not only during the storm time, 
but also in the preceding quite days.  

We compared the model results obtained by the 
global numerical Upper Atmosphere Model (UAM) 
(Namgaladze et.al., 1998) for the April 2002 period 
with the observation data and the International 
Reference Ionosphere (Bilitza et.al., 2004) values in 
the previous papers (Namgaladze et.al., 2003, 2005). 
It was shown that as a whole the UAM reproduced the 
ionospheric parameters behaviour more or less 
satisfactorily for the quiet days and the disturbed 
conditions. But the model-observation agreement 
needs to be improved for some time moments, for 
example, nighttime hours of April 16 and 17, 2002 
over Millstone Hill, when the UAM strongly 
underestimates the ISR electron density. 

In this paper we investigate the influence 
produced by thermospheric wind calculation method 
on the ionosphere parameters calculated by the UAM 
for the April, 2002 magnetic storms period. 

 
Model calculations 

The global numerical Upper Atmosphere Model 
(UAM) was initially developed in the West 
Department of IZMIRAN (Namgaladze et.al., 1988) 
and later modified in the Polar Geophysical Institute 

and the Murmansk State Technical University 
(Namgaladze et.al., 1998). The model calculates the 
time-dependent global three-dimensional distributions 
of the temperatures, vector velocities and densities of 
neutral components (O2, N2, O), atomic (O+, H+) and 
molecular (N2

+, O2
+, NO+) ions and electrons and the 

electric field potential. The UAM has been described 
in more details in Namgaladze et.al., (1988, 1998). 
One of the main features of the UAM is the ability to 
use the empirical models NRLMSISE-00 (Picone J. 
M. et.al., 2002), HWM-93 (Hedin et.al., 1996) and 
IRI-2001 for the neutral composition and temperature, 
thermospheric wind velocity, ionospheric parameters 
calculation correspondingly in various combinations 
with theoretical equations solving. 

The ionospheric parameters behaviour during 
April 15-18, 2002 was calculated by the UAM in the 
following four versions: 1) with the NRLMSISE-00 
neutral composition and temperature and theoretically 
calculated neutral wind velocity (marked as MSISE); 
2) with the NRLMSISE-00 neutral composition and 
temperature, but with the HWM-93 neutral wind 
velocity (marked as MSISE-HWM); 3) with the fully 
self-consistent theoretical calculation of neutral 
composition, temperature and wind velocity (marked 
as TM); 4) with the theoretical calculation of neutral 
composition and temperature, but with the HWM-93 
neutral wind velocity (marked as TM-HWM). All 
versions started from the same initial parameters – the 
distributions of thermospheric, ionospheric and 
electric field parameters for 24 UT April 14, 2002 
calculated by the UAM. The input parameters were 
also the same for all versions: the energetic electron 
precipitation parameters and the electric potentials 
drop across the polar cap were taken according the 
DMSP data (Zubova et.al., 2003). The loss rate of O+ 



Yu.V. Zubova et al. 

203 

in the reactions with the vibrationally excited 
molecules N2 was taken from Pavlov (1988). 

 
Model results 

The time variations of the model electron density 
and northward wind velocity during April 15-18 are 
shown in Figures 1-3 for Irkutsk, Kharkov and 
Millstone Hill for the height of ∼350 km. The model 
results obtained by the described four versions of the 
UAM calculations are comparing with the 
measurements (ISR data). The horizontal neutral wind 
velocity obtained in the Millstone Hill observatory 
was calculated from the radar measured values of the 
electric field and ion drift velocity. 

 

 
 
Figure 1. Time variation of the electron density and 
northward wind velocity during April 15-18 at h=346 
km calculated by the UAM for Irkutsk and observed 
by the IS radar 

 
 

 
 
Figure 2. Time variation of the electron density and 
northward wind velocity during April 15-18 at h = 354 
km calculated by the UAM for Kharkov and observed 
by the IS radar 

 

 
Figure 3. Time variation of the electron density and 
northward wind velocity during April 15-18 at h = 345 
km calculated by the UAM for Millstone Hill and 
observed by the IS radar 

 
As our calculations show, the influence of the 

wind calculation method on electron density values is 
the strongest for the middle latitudes. This fact can be 
explained by the vertical plasma transport by the 
thermospheric wind. The effect of such transport is the 
greatest at the middle latitudes where the angle 
between the geomagnetic lines and the horizontal 
wind vector is about 45 degrees. 

The model results for April 19-20 are not 
presented in the figures because the electron density 
behaviour on these days is very similar to the April 18 
one. 

Figures 1-3 show that the northward wind 
velocities calculated by different UAM versions and 
the empirical model HWM-93 for all ISR locations 
have the same order during the day hours. The 
velocity values are about 20-100 m/s at that time. 
During the short night-time intervals (of about 3-4 
hours) the difference between wind velocities 
becomes greater and can reach ∼200-250 m/s. The 
HWM-93 gives the lowest values of the wind velocity 
(about 100-150 m/s) and the UAM winds can reach 
300-400 m/s.  

The electron density values of the versions 
MSISE and MSISE-HWM differ less than those of the 
versions with the “theoretical thermosphere”. The 
thermosphere wind  influences on the electron density 
only by ion drag in the calculations with the empirical 
neutral composition and temperature taken from the 
NRLMSISE. In the calculations with “theoretical 
thermosphere” the thermosphere wind influences on 
the electron density not only directly by momentum 
transfer via ion-neutral collisions, but also changing 
neutral composition and temperature.  

In Figure 1 we can see that the Ne values 
calculated for Irkutsk in the versions with the HWM-
93 winds differ from each other to a lesser degree than 
Ne of the versions with theoretically calculated winds. 
The TM version gives the largest negative storm 
effect, but the storm effect in the TM-HWM 
calculation is like the one in the MSISE calculations. 
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The best agreement with the observations takes place 
in the versions with the NRLMSISE-00. The electron 
density of the MSISE-HWM differs from the MSISE 
version values not significantly excepting the night 
values of April 15. 

The Figure 2 shows that the difference between 
the Ne values of the versions MSISE and TM does not 
become less with using the HWM winds except the 
day hours on April 18. The electron density of the 
TM-HWM differs from the TM Ne especially 
significantly on April 15 and 18. Using empirical 
thermosphere winds with the “theoretical 
thermosphere” leads to a less negative storm effect in 
Ne than reproduced by the TM version. As in the case 
of Irkutsk the versions with empirical neutral 
composition and temperature have the best agreement 
with the Ne radar observations. 

The Figure 3 shows that the daytime Ne values 
calculated by the versions with empirical winds for 
Millstone Hill differ from each other even in a greater 
degree than the values modeled with theoretical 
thermospheric winds. But the night-time density 
values modeled with the HWM-93 are very similar. 
Using the HWM winds increases the nighttime Ne 
values calculated for April 16 and 17 and thus 
improves the agreement of the model results with the 
observation data especially for April 17. The only 
MSISE-HWM version gives a small increase in the Ne 
daytime values on April 18 comparing with April 17. 
Similar but greater Ne increase was represented in the 
observations. The versions with the NRLMSISE-00 
give a better agreement with the electron density 
observed in Millstone Hill than the versions with the 
theoretical neutral composition and temperature. The 
Figure 3 shows that the HWM-93 gives the 
thermospheric winds values which are very similar to 
the calculated in Millstone Hill for April 15-16, i.e. for 
the quiet period. The UAM reproduces better the large 
morning values of the northward wind during the 
storms on April 18. 

 
Conclusions 

The thermosphere wind velocities calculated by 
the theoretical and empirical models differ 
dramatically (up to 250 m/s) only during the short 
night-time intervals when the HWM-93 gives the 
lowest wind velocity values. 

Using HWM-93 thermospheric winds makes the 
model electron density results calculated for Irkutsk 
by the versions with the NRLMSISE-00 and 
“theoretical thermosphere” closer to each other. For 
Kharkov and Millstone Hill this statement is true for 
only night hours. As a whole using the empirical 
winds does not improve the agreement of the model 
Ne values with the observations over the stations 
excepting Millstone Hill at some time moments.  
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