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Abstract- This study presents the variations of the seasonal median values of the height of peak electron density of the F2-layer (hmF2). The 
values were derived from ionosonde measurements at a mid-latitude station in Rome (ROM) (41.8oN, 12.5oE). These values were analyzed 
and compared with the International Reference Ionosphere (IRI-2007) model, using Comite’ Consultatif International des Radio Communica-
tions) (CCIR) and Union Radio-Scientific Internationale (URSI) options. The analysis covered hmF2 values for December Solstices 
(November, December and January), March Equinox (February, March and April), June Solstices (May, June, July) and September Equinox 
(August, September, October) during the high and low solar activity periods of 2001-2002 and 2007-2008 respectively. The IRI-2007 model 
prediction follow fairly well the diurnal and seasonal variation patterns of the observed values of hmF2 at all the three stations. However, the 
model overestimates and underestimates hmF2 at different times of the day for both solar activity periods and in all seasons considered. For 
both solar activity periods considered, the CCIR and URSI options of the IRI-2007 model give hmF2 values close to the ones measured. How-
ever, the CCIR option performed better than the URSI option. 
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Introduction 
Several researchers have examined the prediction ability of the 
International Reference Ionosphere (IRI) model for ionospheric 
parameters [1,14]. IRI is an empirical ionospheric model based on 
experimental observations of the ionospheric plasma either by 
ground or by in-situ measurements. The IRI model provides two 
options for the predictions of height of the maximum electron den-
sity of the F2 layer (hmF2) and the critical frequency of the F2 
layer (foF2). The Comite’ Consultatif International des Radio Com-
munications (CCIR) uses the CCIR coefficient [3] while the Union 
Radio-Scientifique Internationale (URSI) uses the URSI coefficient 
[6,13]. Models like the IRI provide a description of the monthly 
mean conditions. A user also needs an estimate of how far the 
real ionosphere might deviate from this monthly average. 
A number of recent studies have revealed variability in ionospher-
ic parameters (like hmF2 and foF2) between predicted measure-
ments of the two options of the IRI model and the actual observed 

values collected from the Space Physics Interactive Data Re-
sources (SPIDR). These studies take into significance, the latitudi-
nal positions and the solar cycle spread of the data used [5,7] The 
improvement of the quality of telecommunication links is essential-
ly hinged on the accurate knowledge of the ionospheric parame-
ters, features, behaviours and characteristics [8]. The height of the 
peak electron density of the F2-Layer (hmF2) is one of the easiest 
accessible ionospheric parameters. It is a very useful parameter 
for ionospheric radio-wave propagation studies. This parameter is 
used to derive the angle of elevation to meet the antenna require-
ments for point-to-point communication [13]. 
Many researchers have compared the observed hmF2 values with 
the IRI model at equatorial and low latitudes during low and  high 
solar activity periods [2,10,16]. 
The results of their studies have revealed that the IRI models are 
good for low and high solar activities, except for post-sunset con-
ditions for equatorial latitudes during high solar activity when the 
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IRI does not reproduce the post-sunset peak, which is an important 
feature of equatorial regions. For the low latitudes, a few discrep-
ancies have been reported by these researchers. 
This study is therefore conducted to  examine the diurnal and sea-
sonal variations of hmF2 over a middle latitude station in Rome 
(ROM), (41.8N, 12.5E) during different periods of solar activity with 
the view to understand how  the IRI-2007 model predicts hmF2. 
 
Materials and Methods 
The data used for this research were obtained from the Space 
Physics Interactive Data Resources (SPIDR) (http://
spidr.ngdc.noaa.gov), a resource of the World Data Centre in Boul-
der. Hourly median values of hmF2 for December Solstice (DEC 
SOLS) (November, December, January), March Equinox (MAR 
EQUI), (February, March, April), June Solstice (JUN SOLS) (May, 
June, July) and September Equinox (SEP EQUI) (August, Septem-
ber, October), have been used for this study. The International 
Reference Ionosphere (IRI) 2007 model values used for this study 
were obtained from http://ccmc.gsfc.nasa.gov/models/index.php. 
For the clearer observation of the variations of the hmF2 during the 
different levels of solar cycle, data from 2001-2002 (which is close, 
to the peak of the solar cycle), with an average sunspot number Rz 
of 111.0 and 119.0 respectively to represent a period of high solar 
activity (HSA) and 2007-2008 with an average sunspot number Rz 
of 7.5 and 2.9 respectively, to represent a period of low solar activi-
ty (LSA), were obtained for analysis. These observed values of 
hmF2 are compared with values predicted by the IRI 2007 model, 
using the CCIR and URSI coefficients. 
To calculate the differences the hourly mean of the observed val-
ues and the predicted values, the equation below was used: 
 d = (x – y)2  (1) 
Where x  = observed values and y = predicted (CCIR or URSI) 
values. 
The root mean square (rms) error between the IRI-2007 (CCIR and 
URSI) models results and the observed values of the hmF2 was 
also analyzed, according to the following equation.            

 RMS   error   =             
Where di represents differences of the observed and predicted 

values and means summation.  
 
Results and Disscussion 
Diurnal and seasonal variation of hmF2 
The diurnal and seasonal variations of hmF2 values during high 
solar activity (HSA) (2001-2002) and low solar activity (LSA) for 
ROM (41.8oN, 12.5oE) are presented in Figure 1a and b. The result 
shows that the monthly median values of hmF2 are higher during 
HSA period for all seasons. This is because temperature variations 
cause hmF2 to increase with increasing solar activity (Stubbe, 
1964). Also, the height of F2 peak depends on the temperature 
profile in the thermosphere and increasing solar activity raises 
thermospheric temperature, thus causing thermal expansion which 
lifts the pressure level at which hmF2 is situated (Rishbeth, 1993). 
For all the months considered for this study, hmF2 has lower val-
ues during daytime compared with night time values. This might be 

caused by the meridional winds, because they produced a strong 
upward drift at night and a downward drift during the day (Rishbeth 
and Garriot, 1969).Diurnal variation of hmF2 is well explained in 
terms of the following: ion production rate, temperature variations, 
thermospheric neutral winds and electromagnetic drifts (Fejer, 
1997). The hmF2 values decrease during 0300-1200 UT after 
which it starts to increase gradually until it reaches its maximum 
value around midnight, during 0100-0300 UT, Figures 1a and b. 
The midday minimum is observed between 1100 and 1300UT. The 
diurnal pattern of the observed median hmF2 values has peaks 
occurring characteristically between 2400 and 0100 UT.  The hmF2 
has minimum around midday. This is seen for both HSA (2001-
2002) and LSA (2007-2008) period. 

Fig. 1- Diurnal variations of observed median values of hmF2 dur-
ing high solar activity (a) and low solar activity (b) periods for 

Rome. 
 
Comparisons with IRI-2007 
Figures 2a and b and c and d show the comparison of the ob-
served hmF2 with those of the IRI-2007, using both CCIR and 
URSI coefficients. There is a reasonable agreement between the 
observed hmF2 and the predicted values during HSA and LSA 
periods. During the HSA period (2001-2002), the observed pre-
noon minimum occurs between 0600 and 0800 UT. For the LSA 
period (2007-2008), the observed pre-noon minimum values oc-
curred between 0800 and 1200UT. The height of the F2 peak falls 
because of the rapid production of ionization in the lower F region, 
and reaches minimum before noon (Rishbeth and Garriott, 1969). 
The CCIR and URSI coefficients predicted accurately the observed 
pre-noon minimum at Rome. The two coefficients predicted accu-
rately the observed midnight maximum at 0100UT at ROM for DEC 
SOLS, MAR EQUI and JUN SOLS, the observed pre-noon mini-
mum lies between 0700 and 0100UT and the predicted values are 
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between 0600 and 0100UT. The midnight maximum for MAR 
EQUI, JUN SOLS and SEP EQUI occurred at 0000 and 0200UT, 
except during DEC SOLS where it occurred at 0100UT. The pre-
dicted values show that the midnight maximum lies between 0000 
and 0200UT in all the seasons. For all the seasons’ simulations in 
ROM the observed pre-noon minimum occurred between 0600 
and 1000UT and the predicted values occurred between 0700 and 
1000UT. Also, the observed midnight maximum occurs between 
0000 and 0100UT and the predicted values show that the mid-
night maximum lies between 0000 and 0100UT. 

Fig. 2- a, b, c and d 

Fig. 3- a, b, c and d 
 
Seasonal Predictions Errors 
Tables 1a and b show the calculated percentage errors in the 
predicted values to the observed one. Apart from the inaccuracies 
observed in the predictions of maximum and minimum hourly 
values, errors can also be observed in the variations of the hmF2. 
JUN SOLS, though had low errors, like 10.93% (CCIR)/10.4% 
(URSI) for ROM (2001-2002). SEP EQUI predictions also had 
high errors: 73.8% (CCIR)/73.7% (URSI) for ROM (2001-2002). 
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However, DEC SOLS predictions errors are fairly low. 
 

Table 1(a)- Percentage errors in the predicted values of hmF2 
during high solar periods to the observed values for Rome 

  
 
 
 
 
 

Table 1(b)- Percentage errors in the predicted values of hmF2 
during high solar periods to the observed values for Rome 

 
 
 
 
 
 
Conclusion 
This study had examined the variations in observed and predicted 
values of the hmF2. It was achieved by analyzing the diurnal and 
seasonal averages of HSA (2001-2002) and LSA (2007-2008) 
hmF2 values for Rome (ROM) (41.8oN, 12.5oE) in comparison 
with those predicted in the IRI-2007 models. There is a very close 
similarity in the pattern of the daily maximum and minimum val-
ues. There were few exceptions to this pattern. However, there 
are discrepancies between observed values and the IRI-2007 
predictions using CCIR and URSI coefficients. IRI model underes-
timates and overestimates the values of hmF2 at different times of 
the day for all the seasons, during the different solar activity peri-
ods considered. There are great variations between the observed 
values and the IRI-2007 model predictions, for low solar activity. 
Both the CCIR and URSI options of the IRI-2007 model gave 
hmF2 values close to the ones measured, the CCIR gave more 
accurate predictions than the URSI results. 
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ROME 2001-2002 %CCIR %URSI 

DECEMBER SOLSTICES: 2001-2002 30.0531 23.23693 
MARCH EQUINOXES:2001-2002 18.24151 23.71028 
JUNE SOLSTICES:2001-2002 10.93297 10.42343 
SEPTEMBER EQUINOXES:2001-2002 73.84079 73.67035 

ROME 2007-2008 %CCIR %URSI 

DECEMBER SOLSTICES:2007-2008 19.68279 17.98511 
MARCH EQUINOXES:2007-2008 21.34433 21.43144 
JUNE SOLSTICES:2007-2008 33.21126 33.48874 
SEPTEMBER EQUINOXES:2007-2008 27.44654 30.0558 


