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TYPICAL COMPARATIVE STUDIES ON IMPORTANT 
IONOSPHERIC PARAMETERS MEASURED WITH IONOSONDE 

AND PREDICTED USING IRI – 2007 MODEL AT JAPANESE 
LONGITUDE SECTOR DURING LOW SOLAR ACTIVITY YEARS 

 

4.1 INTRODUCTION 

The studies on ionospheric trends have mainly focussed on F-layer parameters 

including critical frequency of the F2- layer (foF2), the virtual height of the F2 layer 

(hmF2), and virtual height of the F-layer (h’F). It is the region that has the potential to 

affect the trans-ionospheric radio wave propagation leading to significant ranging 

errors and time delays in the satellite based navigation systems. The irregularities 

generated in the ionosphere introduce radio wave fading both on its amplitude and 

phase leading to frequent disruption in satellite communication system. The height 

and ionization density of the ionospheric F-region vary tremendously with time of the 

day (diurnal variation), the average ambient temperature (seasonal variation) besides 

on the geomagnetic activity. When the F2 layer is observed at different observatories 

at different times its behavior is found to be complex and is difficult to summarize. 

Any summary will over simplify the facts and will not cover some of the most 

striking peculiarities. It is useful to describe the overall behavior of the F2 layer and 

how it differs from that of a hypothetical Chapman layer. The variation of F-region 

parameters (foF2, h’F, and hmF2) is studied as a function of the time of the day in this 

chapter.  

The spatial and temporal variations of parameters characterizing the ionospheric 

structure and dynamics  often show periodic and irregular structures. Due to the 

varying ionization production, ionization loss and transport processes, the changes 

that take place are different at different heights in the ionosphere. Due to the changes 

in the solar extreme ultraviolet (EUV) and X-ray radiations, electron density profile at 

a specified location experience systematic day-to-day, seasonal and solar cycle 

changes. 

The photochemical phenomena that manage the production and decay of the 

ionospheric plasma are reasonably well understood (Rishebeth and Garriott, 1969; 

Banks and Kockarts, 1973).The observed features of the peak electron density (NmF2) 

and other F-layer properties successfully match because of the development of 
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theoretical models of the thermosphere-ionosphere system. From simple models that 

included recombination, production, and diffusion, there followed models of the F2 

layer effects of thermospheric winds and electrical fields (Moffett, 1979). 

Ground-based remote sensing techniques such as Ionosonde and Incoherent 

Scatter Radar (ISR) were proved to be the most powerful tools for the study of the 

ionospheric processes and the extensive data of these two techniques has enabled to 

examine the spatial and temporal variations of important ionospheric parameters such 

as h’F (virtual height) and foF2 (critical frequency) of the F-layer. Knowledge of the 

ionospheric F2 peak electron density (NmF2), electron density profile (Ne(h)) and its 

peak height (hmF2) is of importance of forecasting the ionosphere and studies of 

ionospheric propagation (Yuen and Roelfs1967; Moffett, 1979; Rishbeth et al., 2000; 

Ma et al., 2003; Yu et al., 2004). One of the important features in the diurnal variation 

of the equatorial F-region parameters is the characteristic diurnal variation of h’F, 

showing a marked enhancement soon after sunset (Osborne., 1952, Hirono and 

Maeda., 1954). The occurrence of enhancement is confined to a belt of ±200 magnetic 

latitude, while at higher latitudes h’F shows a gradual rise up to midnight (Appleton, 

1960). Abdu et al. (1993) reported that on two locations of Brazilian sector, negative 

height gradient is seen in vertical plasma drift measured from ionosonde vertical 

drifts. Sastri et al., (1995) reported in the evening F - region a small positive height 

gradient vertical drifts are observed using simultaneous data from Kodaikanal and 

Trivandrum. 

The critical frequency of the F2-layer is another very important parameter, 

which is a direct measure of the number density of the electrons that is of vital 

importance in the radio wave communication. Several studies on the diurnal 

variability of foF2 (critical frequency of F2 layer) and hmF2 (F2 layer peak height) 

revealed that foF2 variations are more important than hmF2 variations in affecting the 

HF communications (Rush et al., 1974). This parameter is measured continuously 

from several locations spread over the globe and global ionospheric maps of foF2 are 

made available for the purpose of effective ground based radio wave communication 

(Kane., 1976, Lakshmi et al., 1979). The day-to-day variability of foF2 is observed to 

be particularly large at low latitudes during nighttime in winter and in equinoctial 

months and in low solar activity years (Aggarwal et al., 1979). The extent of 
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variability of foF2 is also found to be larger during the decaying phase of the solar 

cycle (Aggarwal, 1985). 

The radio wave communication systems are often subjected to remarkable 

changes in their performance owing to the variations in the ionosphere. During the 

past few decades, to explain the ionospheric behavior a variety of models including 

empirical models have been developed. In 1968, the International reference 

ionosphere (IRI), a permanent scientific project of the committee on space research 

(COSPAR) and the international union of radio science (URSI), came into the 

existence. Since 1999, it is the international standard for the terrestrial ionosphere. 

The goal of the IRI model is to predict the variety of various ionospheric parameters 

measured by ground and space-based methods based on reliable on measured data. To 

explain the global topside ionospheric behavior and variation up to several kilometers 

(~1500 km), the IRI model (Rawer et al., 1978) is one of the most important empirical 

models. This model steadily enhanced with original data and with better mathematical 

descriptions of temporal and spatial variation pattern since its inception (Bilitza et al., 

2008). Being a data based model, the accuracy of the IRI model in a specific time 

period and specific region, which depends on the availability of reliable data for 

specific time and region (Bilitza et al., 2008). Further, the IRI model explains the 

general behavior of h’F and foF2 at lower ionosphere only, which implies that to 

better characterize the general behavior of topside electron density profile the IRI 

model should be updated (Potula et al., 2011). 

The main objective of the present study is to explore the temporal and seasonal 

variations of h’F and foF2 of the ionosphere based on the ionosonde data over four 

different locations in the Japanese sector during low sunspot years 2007 and 2008. 

Further, a comparative study between ionosonde retrieved and the IRI model 

predicted F-region parameters have been carried out and the results are presented. The 

results of this research are discussed in light of available literature. 

 

4.2 REVIEWS ON EARLIER STUDIES OF h’F, hmF2, AND foF2 

Ramanamurty and Sethi (1988) observed the values of hmF2 over Delhi and 

Ahmedabad, predicted by the version of IRI during 1985–1986. They observed that in 

the sub-peak region typically lower (by day) than those given by the model, but 

higher below about 200 km.  
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Batista et al. (1996) studied the comparison made for the F-region parameter 

hmF2 and for true height profiles using Digisonde database over Cachoeira Paulista 

(22.50S, 450W) and reported that the F-layer peak density obtained using the CCIR-89 

coefficients during high solar activity periods are underestimated for most of the 

nighttime hours during equinox and summer months, and during low solar activity 

periods are overestimated for most of the time. 

A study conducted by Abdu et al. (1996) on foF2 (critical frequency of the F2-

layer), hmF2 (the height of F2 layer), for the Brazilian longitude sector Fortaleza, near 

the magnetic equator and Cachoeira Paulista near the equatorial anomaly crest and 

compared with those of Asian and Indian longitude sectors and compared with IRI 

model. They reported that seasonal and solar activity dependent persistent trends of 

discrepancies have been found with respect to hmF2 and modifications are needed for 

improving the capability of the IRI for the equatorial and low latitude ionosphere. 

A study conducted by Pandey et al. (2003) for the years 1974–1977 and 1989–

1990 in Arecibo (18.40 N, 66.70W, dip 500) using incoherent scatter radar to study the 

control of solar activity on the F2 peak height (hmF2). They reported that the diurnal 

variations of hmF2 are maximum around midnight and the minimum around sunrise 

during low as well as high solar activity period and considerable day to day variability 

in hmF2. Comparison of measured hmF2 with IRI data reveals that IRI model 

overestimates hmF2 during low solar activity period and underestimates during high 

solar activity period. 

Batista et al. (2004) studied the monthly mean of the parameters ƒoF2 and hmF2  

over two stations, one at the magnetic equator and the other nearer to the southern 

crest of the equatorial ionization anomaly in Brazilian sector, during low and high 

solar activity periods and the results are compared with the IRI model. They reported 

that on post-sunset and nighttime values of ƒoF2 and hmF2 parameters over the 

equatorial station São Luís (2.60S, 44.20W, dip angle: −0.50) the highest discrepancies 

are observed. They revealed that the IRI model underestimates the observed values on 

the effects of post-sunset enhancement of the F-region vertical drift and the resulting 

intensification of the equatorial ionization anomaly.  
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Zhang et al. (2004) studied the diurnal and seasonal variation of foF2, hmF2 

derived from ionograms recorded by DPS-4 digisonde at the low latitude station 

Hainan, China for the time period of March–August 2002 and compared with IRI-

2000 model. They reported that for foF2, the IRI model produced reasonably good 

result during daytime hours, but they underestimated foF2 values during afternoon and 

night time hours. For the peak height hmF2, IRI model results are in a poor agreement 

with observations, especially during hours spanning from afternoon to pre-sunrise. 

Further, IRI model results are in a poor agreement with observations, especially 

during hours spanning from afternoon to pre-sunrise and also such as the three peaks 

occurring in the pre-sunrise, near local noon and in the evening hours. They reported 

that the three peaks occurring in pre-sunrise, near local noon and in the evening hours. 

Bertoni et al. (2006) studied the critical frequency (foF2) and peak height 

(hmF2) on the F-region, measured by digital ionosondes.  At Palmas (10.170S, 

48.200W, dip 10.800) and São José dos Campos (23.200S, 45.860W, dip 38.410), two 

low-latitude Brazilian stations. São José dos Campos station depicts quite agreement 

for foF2 and hmF2 parameters. Palmas station exhibits a better agreement for hmF2 

than for foF2. 

Critical frequency foF2, and F2 layer peak height hmF2, are measured and 

compared with IRI 2001 predictions for Tucumán during quiet days in 2003 by Rios 

et al. (2007). They reveal that the comparisons between experimental and predicted 

diurnal curves for different seasons show a strong dependence on local time and 

season. In equatorial anomaly location, major departures are observed in autumn for 

foF2 and hmF2 parameters. 

Zhang et al. (2007) studied the diurnal and seasonal variations of foF2, hmF2 

parameters, obtained by DPS-4 digisonde observations at Hainan (19.40N, 109.00E) 

during March 2002 to February 2005. They reported that foF2 IRI predictions 

underestimate the observed results during most of the day and during the few hours of 

pre-sunrise overestimates the observational foF2. They also studied the diurnal 

variation of hmF2 and reported that the pre-sunrise and post-sunset peaks are 

observed and they are in better agreement with the IRI-2001 model. 

Chuo et al. (2008) studied the diurnal and seasonal variation of the F-region 

critical frequency (foF2) and peak height (hmF2) for a period from 1994 to 1999 at 
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northern crest of equatorial ionization anomaly (EIA) area station, namely Chung-Li 

(24.90N, 121.10E, dip 350). They observed largest discrepancies during nighttime for 

hmF2 and foF2. They reported that the foF2 values show a good agreement during 

daytime and underestimating during noon time for high solar activity when compared 

with values of the IRI-2001 model. The underestimation at noontime is due to the 

fountain effect from the equator. The peak height hmF2 during the equinox and winter 

seasons shows a larger variability around the midnight than daytime and reversed 

during the summer. The monthly median values of observed hmF2 values 

underestimates those predicted by IRI model, at night time during all the seasons 

except the period of 0400–0600 LT and reverse at daytime during summer. 

The diurnal and seasonal variations of F2 layer characteristics (critical 

frequency, peak height) over Irkutsk, Russia (52.30N and 104.30E) are studied by 

Ratovsky et al. (2009) using the method of running medians in the low solar activity 

period 2003-2006 and compared to the IRI-2001 model results. They summarized that 

the results are showing close agreements, although  a minute difference is found 

between predictions and observations.. 

The ionospheric F2-layer critical frequency (foF2) values over a mid-latitude 

station, Grahamstown, (geographic coordinates: 33.30S, 26.50E), South Africa studied 

by Adewale et al. (2010). These results are compared with IRI-2001 model during 

four geomagnetically disturbed days in the year 2000 (April 5, May 23, August 10 

and September 15). They reported that observed foF2 values show good agreement 

with IRI model data during geomagnetic storm days. 

Karami et al. (2011) studied the height of the F2 layer (hmF2) over the Tehran 

region in a low solar activity period from July 2006 to June 2007 and compared with 

the predictions of the International Reference Ionosphere models (IRI-2001 and IRI-

2007). They reported the results of both IRI models successfully predict the hmF2 

values. Further, the monthly average of the percentage deviation between the IRI 

model predictions and the values of hmF2 is 21%. 

The variability of the maximum height of the ionospheric F2 layer, hmF2, with 

hour, season and latitude and dependence on solar and magnetic activity are studied 

by Mbambo et al. (2011) over three South African stations Madimbo (22.40S, 26.50E), 
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Grahamstown (33.30S, 26.50E) and Louisvale (28.50S, 21.20E). They reported that for 

all seasons, hmF2 shows a larger variability around midnight than during daytime. 

The variations of the seasonal median values of the height of the peak electron 

density of the F2-layer (hmF2) at a mid-latitude station in Rome (ROM) (41.80N, 

12.50E) is studied by Olaniyi et al. (2012) during the high and low solar activity 

periods of 2001-2002 and 2007-2008 respectively and compared with the predicted 

IRI model. They reported that the model overestimates and underestimates hmF2 at 

different times of the day for both solar activity periods and in all seasons considered. 

Oyeyemi et al. (2013) studied the ability of the IRI-2007 model over two low 

latitude stations: Vanimo (2.70S, 141.30E, 12.30S, 212.500E) and Darwin (12.450S, 

130.950E, 22.90S, 202.70E) to predict foF2 parameter during geomagnetic storm 

periods during nine storms that occurred in 2000 (Rz12 = 119), 2001(Rz12 = 111) and 

2003 (Rz12 = 64), results are compared with IRI-2007 storm model. They reveal that 

during the main and the recovery phase of storm periods percentage difference 

between observational and IRI predicted foF2 values as high as 100%.  Also reported 

that it is necessary to improve the performance of IRI model. 

 

 

4.3 NEED OF THE STUDY 

In view of the application purposes such as satellite based navigation and radio 

communications, forecasting or now-casting, understanding of the parameters like 

electron density and irregularities in the ionosphere have gained much importance. In 

recent times, it has become essential that the precise modeling of the ionospheric 

electron density and related parameters in assessing the range delays in navigation 

system and satellite based communication applications.  

 

 

4.4 DATA AND METHODOLOGY 

The hourly ionogram data from different stations in the Japanese sector, namely 

Okinawa (26.40N, 128.10E), Yamagawa (31.20N, 130.370E), Kokubunji (35.40N, 

139.290E) and Wakkanai (45.20N, 141.10E) during the years 2007 and 2008 are 

considered in the present study. These ionograms are obtained from National Institute 

of Information and Communication Technology (NICT) website 



109 
 

http://wdc.nict.go.jp/IONO/HP2009/ISDJ/index-E.html and the important ionospheric 

F-region parameters h’F and foF2 are retrieved from these ionograms manually. The 

IRI model derived h’F and foF2 are obtained from the website http://ccmc.gsfc. 

nasa.gov/modelweb/models/iri_vitmo.php. A comparative study between the 

experimental and model derived F-region parameters has been carried out on a 

seasonal basis by dividing each year into four seasons namely vernal equinox (March, 

April), and summer (May, June, July, August), autumn equinox (September, October) 

and  winter (November, December, January, February) respectively. 

 

 

4.5 RESULTS  

4.5.1 Variation of h’F over a typical low latitude station (Okinawa) 

The diurnal and seasonal variations of h’F at Okinawa measured from 

Ionosonde for the years 2007 and 2008 are presented in Figures 4.1(a) and 4.1(b). The 

mean values of h’F are shown with red thick lines. It is clear from Fig.4.1 (a) that the 

h’F values vary from a minimum of about 200 km to a maximum of about 400 km in 

both vernal and autumn equinoxes and also in winter season. During summer the 

value of h’F varies from a minimum of about 200 km to a maximum of about 600 km. 

The half values start to increase from 0700 LT and reaches a maximum peak around 

noon time hours (1200 LT) in all four seasons. This increase in h’F altitudes is due to 

the fact that the solar production that occurs at higher altitudes during the sunrise 

period (Lee et al., 2008). In addition, during both vernal and autumn equinoxes the 

maximum value of h’F reaches 300 km around 1200 LT.  
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Fig.4.1 (a) Diurnal and seasonal variations of h’F measured using digital ionosonde 
(IPS – 42) at Okinawa (Japan) during 2007.  

 
 

 
 

Fig. 4.1 (b): Diurnal and seasonal variations of h’F measured using digital 
ionosonde (IPS – 42) at Okinawa (Japan) during 2008 

 
 

During summer months, the maximum value of h’F attains 380 km around 1200LT 

and during winter the maximum peak value of h’F reaches 250 km around 1200 LT.  
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Fig.4.2 (a): Diurnal and seasonal variations of hmF2 predicted using IRI at Okinawa 

(Japan) during 2007. 
 

 
 

Fig. 4. 2 (b): Diurnal and seasonal variations of hmF2 predicted using IRI at Okinawa 
(Japan) during 2008 

 

The day-to-day variation in the F-layer height is very large during summer 

months, on the other hand during winter it is quite negligible. The diurnal and 

seasonal variations of hmF2 at Okinawa derived from the IRI model for the years 

2007 and 2008 are presented in Figures 4.2(a) and 4.2(b). It can be seen from Figure 

4.2 (a) that the hmF2 values vary from a minimum of about 220 km to a maximum of 
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about 320 km during the vernal equinox and in summer seasons, while during autumn 

equinox and winter seasons the hmF2 values range from a minimum of about 220 km 

to a maximum of about 290 km. The hmF2 values start to enhance from 0700 LT and 

reaches a maximum peak around noon time hours (1200 LT) in all four seasons. 

While comparing with IRI model, the values of hmF2 were less than the values 

measured from ionosonde during pre-noon to evening hours (1000-1800 LT). The 

difference between the ionosonde data and IRI model data of  hmF2 observed during 

vernal, autumn equinox and winter seasons is found to be around 20 km. During 

vernal and autumn equinoxes as well as during winter the IRI model underestimates 

the hmF2 values from 1000 to1800 LT. During summer the model underestimates the 

ionosonde data with a maximum difference of 70 km. The maximum differences are 

observed during summer while the minimum is in the winter season. 

 

4.5.2  Variation of h’F over a moderate mid-latitude station (Yamagawa) 

The diurnal and seasonal variations of h’F at Yamagawa derived from 

Ionosonde during 2007 and 2008 are presented in Figures 4.3 (a) and 4.3(b) 

respectively. It is observed from Figure 4.3 (a) that the half values vary from a 

minimum of about 220 km to a maximum of about 520 km during summer. During 

both equinoxes as well as in the winter season, the h’F values change from a 

minimum of about 220 km to a maximum of about 340 km. The h’F values start to 

enhance from 0700 LT and a maximum peak is noticed at nearly 1200 LT during both 

equinox seasons as well as in summer. During winter, the maximum is noticed at 

1300 LT. The duration of observation of h’F is more during summer months while it 

is noticed for shorter durations during winter months. 
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Fig.4.3 (a) Diurnal and Seasonal variations of h’F measured using digital 

ionosonde (IPS – 42) at Yamagawa (Japan) during 2007 
 

 
 

Fig.4.3 (b): Diurnal and seasonal variations of h’F measured using digital ionosonde 
(IPS – 42) at Yamagawa (Japan) during 2008 

The diurnal and seasonal variations of hmF2 at Yamagawa retrieved from the 

IRI model for the years 2007 and 2008 are presented in Figures 4.4(a) and 4.4(b). It is 

observed from Figure 4.4(a) that the hmF2 values vary from a minimum of about 220 

km to a maximum of about 300 km during the vernal equinox and summer.  
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Fig.4.4 (a) Diurnal and seasonal variations of hmF2 predicted using IRI at Yamagawa 
(Japan) during 2007 

 

 
 

Fig.4.4 (b). Diurnal and seasonal variations of hmF2 predicted using IRI at 
Yamagawa (Japan) during 2008  

 

During autumn equinox and in winter seasons, the hmF2 value ranges from a 

minimum of about 220  km to a maximum of about 260 km. The hmF2 values start to 

enhance from 0700 LT and a maximum peak is noticed at nearly 1200 LT in all four 
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seasons. During vernal equinox and summer seasons the maximum value of hmF2 is 

elevated to 280 km at around 1200 LT. The maximum value of hmF2 reached during 

autumn equinox and also in winter seasons is 260 km around 1200 LT. But in IRI 

model data from 1900LT the values are again enhanced and peak is reached at nearly 

2300 LT. In comparison with the IRI model data, it is noticed that the hmF2 values of 

model data are less than the values retrieved from inside, from pre-noon to evening 

hours (1000-1800 LT) during all four seasons. The difference between ionosonde data 

and IRI model data of hmF2 noticed during the vernal equinox and during winter 

season is around 10 km. During summer the difference in hmF2 value observed is 80 

km and during the winter season the difference of hmF2 observed is 40 km. 

Therefore, the IRI model underestimates hmF2 during vernal equinox as well as in 

winter seasons. 

4.5.3 Variation of h’F over a typical mid latitude station (Kokubunji) 

The diurnal and seasonal variations of h’F at Kokubunji retrieved from 

Ionosonde for the years 2007 and 2008 are presented in Figures 4.5 (a) and 4.5 (b).  It 

is observed from the Figure 4.5 (a) that the hmF2 values range from a minimum of 

about 220 km to a maximum of about 360 km in both vernal equinox and autumnal 

equinox seasons. During summer, the value of h’F changes from a minimum of 220 

km to a maximum of around 500 km. The maximum value of h’F reached during 

winter season is 280 km.  

The h’F values start to enhance from 0700 LT and reach a maximum peak 

around 1200LT during vernal equinox season (270 km), during both summer and 

autumn equinox seasons at 1300 LT of about 360 km, 280 km respectively. During 

winter a small dip is noticed at 1100 LT and maximum peak is reached at around 

1300 LT about 240 km. During both vernal and equinox seasons, the maximum value 

of h’F is nearly equal and is around 280 km. During the summer season the maximum 

value of h’F attained is 360 km and in winter season the maximum value of h’F is 240 

km. The highest mean values of the experimental h’F are noticed during the summer 

and lowest values during winter season. 
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Fig.4.5 (a) Diurnal and seasonal variations of h’F measured using digital ionosonde 

(IPS – 42) at Kokubunji (Japan) during 2007 
 

 
 

Fig.4.5 (b). Diurnal and Seasonal variations of h’F measured using digital ionosonde 
(IPS – 42) at Kokubunji (Japan) during 2008 

 
Figures 4.6 (a) and 4.6 (b) show the diurnal and seasonal average variations of 

hmF2 retrieved from IRI model at Kokubunji during 2007 and 2008. It is observed 

from figure that the hmF2 values change from a minimum of about 220 km to a 

maximum of about 280 km during vernal equinox season. During the autumn equinox 

season hmF2 value ranges from a minimum of about 220 km to a maximum of about 
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250 km. During summer, the values of hmF2 vary from 220 km to a maximum of 

about 260 km. The maximum value of hmF2 reached during winter season is 230 km. 

The hmF2 values start to enhance from 0700 LT and reach to maximum peak at 

around 1200 LT during vernal equinox season (280 km), in summer and autumn 

equinox seasons at 1300 LT of about 260 km and 250 km respectively.  

 

 
Fig.4.6 (a).  Diurnal and seasonal variations of hmF2 predicted using IRI at 

Kokubunji (Japan) during 2007 
 

 
 

Fig.4.6 (b). Diurnal and seasonal variations of hmF2 predicted using IRI at Kokubunji  
(Japan) during 2008 
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The hmF2 values show a maximum of 280 km in vernal equinox season, 260 km 

during summer, 250 km during autumn equinox and 230 km during winter seasons. 

The highest mean values of  hmF2 are observed during summer season and lowest 

during winter season. While in comparison with the IRI model data, it is noticed that 

the hmF2 values of IRI model are lesser than the values measured from ionosonde 

data. The IRI model overestimates the hmF2 values from prenoon to evening hours 

(1000–1800 LT) during the vernal equinox season. During summer,autumn equinox 

and winter seasons the IRI model underestimates with a maximum difference of 

100km, and during  autumn equinox season with a less difference of 30 km. 

4.5.4 Variation of h’F over a typical high-latitude station (Wakkanai) 

Figures 4.7 (a) and 4.7 (b) represent the seasonal average plots of the diurnal 

variations of hmF2 retrieved from ionosonde at Wakkanai during 2007 and 2008 

respectively.  It is observed from Figure 4.7(a) that the half values show a maximum 

of 340 km during the vernal equinox, 540 km during summer, 400km during autumn 

equinox and 360 km during winter seasons. The h’F values are enhancing from 

0600LT in both equinox seasons and attain a maximum value at about 1200 LT (280 

km) . During the summer two peaks are noticed. The first peak is at 0600LT at about 

320km and then decreases at 0900 LT (300 km) and again reaches to a maximum 

value of about 380 km at around1300 LT.  

 
Fig.4.7 (a) Diurnal and seasonal variations of h’F measured using digital ionosonde 

(IPS – 42) (Japan) at Wakkanai during 2007 



119 
 

 

 
 

Fig.4.7 (b). Diurnal and Seasonal variations of h’F measured using digital ionosonde 
(IPS – 42) at Wakkanai (Japan) during 2008 

 
During winter, almost similar value is noticed during 0800 -1400 LT and 

maximum peak is noticed around 1100 LT at about 230 km.  During the summer two 

peaks are observed, but the maximum value is around 1300 LT of about 380 km. 

During winter season the maximum value of h’F attained is 230 km at around 1100 

LT. The highest mean values of h’F are noticed during summer and lower during 

winter season. Figures 4.8(a) and 4.8(b) show the seasonal average plots of the diurnal 

variations of hmF2 retrieved from IRI at Wakkanai during 2007 and 2008.  It is 

observed from the Figure 4.8(a) that the hmF2 values change from a minimum of 220 

km to a maximum of 260 km during the vernal equinox and summer seasons. During 

autumn equinox and also in winter seasons, the hmF2 value ranges from 220 km to 

240 km. The hmF2 values start enhancing nearly from 0800 LT during the vernal 

equinox and during summer seasons attain a maximum value at about 1200 LT (260 

km). During autumn equinox and in winter seasons, hmF2 start rising from 0800LT 

attains a maximum at 1200 LT at about 240 km. During vernal equinox as well as in 

summer seasons the maximum value of hmF2 is nearly equal (260 km). During 

autumn equinox and winter seasons the maximum value of hmF2   attained is 240 km 

around 1200 LT. The highest mean values of hmF2 are noticed during summer and 

lower during winter season. Where as in comparison with the IRI model data, it is 

noticed that the value of hmF2 taken from IRI model from pre-noon to evening hours 
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(1000-1800 LT) Japan standard time (JST) = UT+0900 hrs were lesser than the values 

of h’F measured from ionosonde during all four seasons. On the other hand, the IRI 

model underestimates the ionosonde data during all the four seasons.  

 

 
 

Fig.4.8 (a) Diurnal and seasonal variations of hmF2 predicted using IRI at Wakkanai 
(Japan) during 2007. 

 

 
 
Fig.4.8 (b). Diurnal and seasonal variations of hmF2 predicted using IRI at Wakkanai 

(Japan) during 2008 
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The h’F values represent a maximum difference of 120 km during summer, 20 km 

during both vernal and equinox seasons, and 10 km in winter season. From this study, 

the highest values of h’F are noticed during summer season and lowest values during 

winter season in all the four places. From this comparative study between ionosonde 

retrieved and IRI model derived h’F values, it is noticed that during low sunspot 

activity years the IRI-2007 model underestimates the observational values during all 

four seasons.  

4.5.5  Variation of foF2 over a typical low latitude station (Okinawa) 

The diurnal and seasonal variations of foF2 at Okinawa retrieved from 

Ionosonde for the years 2007 and 2008 are represented in Figures 4.9(a) and 4.9(b). 

During both vernal and autumn equinoxes the foF2 values show higher values than 

the foF2 values during the summer and winter seasons. The monthly mean values of 

foF2 show maximum values during daytime compared to those values during 

nighttime hours in all four seasons. The foF2 values start to enhance gradually from 

0600 LT onwards for all the four seasons and diurnal peak is observed around 1500-

1700 LT during summer and winter seasons 1300-1500 LT during both equinoctial 

seasons. The average variations of foF2 during four different seasons are separately 

represented in Figure 4.9 (a). The mean seasonal variation of foF2 shows maximum 

values during daytime hours in both vernal and autumnal equinox seasons when 

compared with summer and winter seasons.  

 
Fig.4.9 (a). Diurnal and seasonal variations of foF2 measured using digital ionosonde 

(IPS – 42) at Okinawa (Japan) during 2007.  
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Fig.4.9 (b). Diurnal and seasonal variations of foF2 measured using digital ionosonde 

(IPS – 42) at Okinawa (Japan) during 2008 

In summer and also in autumn equinox seasons, a spread is noticed from 0800-

1800 LT. A double peak is noticed in the diurnal variation of foF2 during summer 

months at around 0800 LT and 2000 LT. 

Figures 4.10 (a) and 4.10 (b) show the seasonal average plots of the diurnal 

variations of foF2 retrieved from IRI at Okinawa during 2007 and 2008 respectively. 

During both vernal and autumnal equinox seasons the foF2 values show higher than 

the foF2 values during the summer and winter seasons. The monthly mean values of 

foF2 show higher values during daytime compared to those values during nighttime 

hours during all four seasons. The foF2 values start to enhance gradually from 0600 

LT for all four seasons and diurnal peak is reached to be centered at 1400  LT during 

all four seasons. It is known very well that the foF2 values at the equator are 

associated with slightly lower magnitude and increase with increasing latitude. It is 

also known that relatively higher values will present at equatorial anomaly stations 

(Bilitza et al., 2004) and comparisons between day and nighttime foF2 values have 

been carried-out by various researchers (Bilitza et al., 2004; Akala et al., 2011). The 

mean seasonal variation of foF2 shows maximum values during daytime hours during 

both vernal and autumnal equinox seasons when compared with those values during 

the summer and winter seasons. The ionosonde data are compared with IRI model 

data, not much variation is noticed. During the vernal equinox season, the maximum 

value of foF2 at 1400 LT is 11 MHz; during the autumn equinox season the maximum 
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value reached is 9 MHz. During the summer as well as in winter seasons the foF2 

values reached are 8 MHz. Most of the cases show that the IRI model predicts the 

observed values reasonably well.  

 

 
 

Fig.4.10 (a). Diurnal and Seasonal variations of foF2 predicted using IRI at Okinawa 
(Japan) during 2007 

 
 

 
 

Fig.4.10(b) Diurnal and seasonal variations of foF2 predicted using IRI at 
Okinawa (Japan) during 2008 
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4.5.6 Variation of foF2 over a typical modern mid-latitude station (Yamagawa) 

Figures 4.11 (a) and 4.11(b) show the seasonal average plots of the diurnal 

variations of foF2 retrieved from Yamagawa Ionosonde during 2007 and 2008. The 

average variation of foF2 varies from a minimum of 2 MHz to a maximum of 10 

MHz. The monthly mean values of foF2 show maximum values during vernal 

equinox season during day time, low foF2 values of 6 MHz during winter season. The 

foF2 values enhance gradually from around 0500 LT onwards during both equinox 

and summer seasons. During winter the foF2 values start enhancing from 0600LT 

onwards. During vernal equinox, the maximum is noticed at 1300 LT (8 MHz), during 

autumn equinox the maximum peak attained is at 1400 LT (7 MHz), and during 

winter at 1400 LT (6.5 MHz). During summer the delayed maximum is reached at 

1900 LT (7 MHz). The mean seasonal variation of foF2 shows maximum values 

during daytime in both autumn and vernal equinox seasons of about 8MHz when 

compared to summer and winter seasons. During winter low values of foF2 are 

observed at about 6 MHz. During summer and autumn equinox seasons a spread is 

noticed from 0800-1800 LT but in summer the spread extends up to 2000 LT. During 

the summer, two maximum peaks at 0800 LT and 2000 LT are noticed.  

 

 
 

Fig.4.11 (a) Diurnal and Seasonal variations of foF2 measured using digital 
Ionosonde (IPS – 42) at Yamagawa (Japan) during 2007 
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Fig.4.11 (b). Diurnal and seasonal variations of foF2 measured using digital 

ionosonde (IPS – 42) at Yamagawa (Japan) during 2008 

Figures 4.12 (a) and 4.12 (b) show the seasonal average plots of the diurnal 

variations of foF2 retrieved from IRI model data at Yamagawa during 2007 and 2008. 

From Figure 4.12 (a) it is noticed that the foF2 values start to increase from 0500 LT 

in all four seasons. During both equinox seasons, the maximum values reached 9 

MHz around 1400 LT. The maximum value of foF2 noticed during summer as well as 

in winter seasons is 7 MHz at around 1500 LT in summer and 1300 LT during winter 

season.  

 
Fig.4.12 (a) Diurnal and seasonal variations of foF2 predicted using IRI at Yamagawa 

(Japan) during 2007 
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Fig. 4.12 (b)  Diurnal and seasonal variations of foF2 predicted using IRI at 
Yamagawa (Japan) during 2008 

 
The mean seasonal variation of foF2 shows maximum values during daytime in 

both equinox seasons, which is nearly 9 MHz. During summer and winter months, 

low values of about 7 MHz are noticed. When comparison with IRI model data during 

both vernal and autumnal equinox seasons and in winter season, the IRI model data 

overestimates the observational data. During summer the model is in good agreement 

with the experimental data. The foF2 values are ranging from a minimum of 2 MHz to 

a maximum of 9 MHz during both equinox seasons. The foF2 values range from 2 

MHz to 8 MHz during summer and winter seasons. 

 

4.5.7  Variation of foF2 over a typical mid-latitude station (Kokubunji) 

Figures 4.13 (a) and 4.13 (b) show the seasonal average plots of the diurnal 

variations of foF2 measured from ionosonde at Kokubunji during 2007 and 2008. The 

values of foF2 start to enhance from 0500 LT during both equinox seasons. During 

summer and winter seasons, the foF2 values range from 0600 LT onwards. The foF2 

values increase from a minimum of 2 MHz to a maximum of 8 MHz during summer 

and winter seasons.  
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Fig.4.13 (a) Diurnal and seasonal variations of foF2 measured using Digital 
Ionosonde (IPS – 42) at Kokubunji (Japan) during 2007 

 

 
 

Fig.4.13 (b). Diurnal and seasonal variations of foF2 measured using digital 
ionosonde (IPS – 42) at Kokubunji (Japan) during 2008 

The mean seasonal variation of foF2 show maximum values during daytime 

hours during the vernal equinox and summer seasons. During summer, a spread is 

noticed from 0800 to 1800 LT and autumn equinox season spread is observed from 

0700 to 1700 LT. Two maximum peaks at 0800 LT and 2000 LT are observed during 

summer. 
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Fig.4.14 (a). Diurnal and seasonal variations of foF2 predicted using IRI at Kokubunji 
(Japan) during 2007 

 

 
 

Fig.4.14 (b). Diurnal and seasonal variations of foF2 predicted using IRI at 
Kokubunji (Japan) during 2008 

 
Figures 4.14 (a) and 4.14 (b) show the seasonal average plots of the diurnal 

variations of foF2 retrieved from IRI model at Kokubunji during 2007 and 2008. The 

value of foF2 starts to enhance from 0500 LT during all the four seasons. The foF2 

values range from a minimum of 2 MHz to a maximum of 8 MHz during both vernal 
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and autumnal equinox seasons. During summer the foF2 value changes from 2 MHz 

to 6 MHz. During winter the foF2 value ranges from 2 MHz to a maximum of 7 MHz. 

The monthly mean values of foF2 show maximum values (8 MHz) during both 

equinox seasons. Low value of foF2 (6 MHz) is noticed during summer. The 

maximum peak is noticed at around 1300 LT. The mean seasonal variation of foF2 

show maximum values during daytime hours during both vernal and autumnal 

equinox seasons, lower values of foF2 during winter season. The spread is noticed 

during summer and also in autumn equinox seasons from 0800 to 1800LT. When 

comparison with IRI model data during the vernal equinox season the model 

underestimates the ionosonde data. During summer the IRI model is in good 

agreement with observational data. In contrast, during autumn equinox as well as in 

winter seasons the IRI model overestimates the experimental data. In IRI model data 

also it is noticed the spread during the summer and autumn equinox seasons. 

4.5.8 Variation of foF2 over a typical high-latitude station (Wakkanai) 

Figures 4.15(a) and 4.15(b) show the seasonal average plots of the diurnal 

variations of foF2 derived from ionosonde at Wakkanai during 2007 and 2008. The 

value of foF2 starts to enhance from 0500 LT during both equinox and summer 

seasons. During winter season foF2 value starts to rise from 0600 LT. The foF2 value 

starts to enhance from 2 MHz to 7 MHz in all four seasons. The monthly mean values 

of foF2 show higher values during both vernal and autumnal equinox and during the 

winter seasons. During summer, the foF2 represents lower values of about 5 MHz. 

The maximum peak is noticed at 1100 LT in vernal, autumn equinox and during the 

winter seasons.  
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Fig.4.15 (a). Diurnal and seasonal variations of foF2 measured using digital 
ionosonde (IPS – 42) at Wakkanai (Japan) during 2007 

 

 
 

Fig.4.15 (b). Diurnal and seasonal variations of foF2 measured using digital 
ionosonde (IPS – 42) at Wakkanai (Japan) during 2008 

During summer, a delayed peak is noticed around 2000 LT. The average 

seasonal variation of foF2 shows higher values in all four seasons of about 6MHz. 

During summer a spread is noticed between 0400-1800 LT and during the autumn 

equinox season a spread is noticed between 0600-1800 LT.  
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Fig.4.16 (a) Diurnal and seasonal variations of foF2 predicted using IRI at Wakkanai 

(Japan) during 2007 
 

 
 
Fig.4.16 (b). Diurnal and seasonal variations of foF2 predicted using IRI at Wakkanai 

(Japan) during 2008 
 

Figures 4.16 (a) and 4.16 (b) show the seasonal average plots of the diurnal 

variations of foF2 retrieved from the IRI model at Wakkanai during 2007. The value 

of foF2 starts to enhance from 0500LT during all four seasons. The foF2 value starts 

to increase from 3 MHz and reaches to a maximum of 6 MHz during both vernal and 

autumnal equinox and also in winter seasons. During summer, the foF2 value starts to 
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increase from 4 MHz and attains a maximum to 5 MHz. The average seasonal 

variation of foF2 shows maximum values during both vernal and autumn equinoxes as 

well as in the winter season at about 6 MHz. During summer a spread is noticed from 

0400-1800 LT and during the autumn equinox season a spread is noticed between 

0600-1800 LT. A two peak behavior for summer is observed at 0800 LT and at 2000 

LT. In IRI model data, it is noticed the spread during the summer and autumn equinox 

seasons. Abdu et al. (2004) raised that there was a good agreement between IRI 

predictions and observed foF2 during daytime. The maximum values of foF2 are 

observed during equinox seasons and lowest values are noticed during summer and 

winter seasons in Okinawa, Yamagawa, and Wakkanai, but in Kokubunji highest 

values are noticed during the summer and lowest values during winter season. 

Comparison of foF2 values with IRI-2007 model data reveals that IRI predicted 

values show better agreement with foF2 values as compared to h’F values. 

4.6 SUMMARY 

Several important features have been noticed from the present study, including 

underestimation of IRI predicted h’F values in all four seasons in all four different 

locations in the Japanese region, including Okinawa, Yamagawa, Kokubunji, and 

Wakkanai during low sunspot activity years 2007 and 2008 when compared to that 

retrieved with ionosonde h’F during pre-noon to post-noon hours. 

Earlier studies have shown that, over the South African region IRI-2001 

predictions of foF2 are more accurate. Although both CCIR and URSI IRI-2001 

options generated almost similar results for foF2, the CCIR option performed slightly 

better than the URSI options for foF2. 

1. The h’F values range from a minimum of about 200 km to a maximum of 

about 400 km in both vernal and autumn equinoxes as well as in the winter 

season. During summer the value of h’F values ranges from a minimum of 

about 200 km to a maximum of about 600 km around 1200 LT in all four 

seasons. 

2. The day-to-day variation in the F-layer height is very large during summer 

months and during the winter it is quite negligible. 

3. The duration of observation of h’F is more during summer while it is noticed 

for shorter durations during winter months. 
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4. During both vernal and autumnal equinox seasons as well as during winter the 

IRI model underestimates the hmF2 values from 1000 to 1800 LT. During 

summer the IRI model underestimates the experimental data with a maximum 

difference of 70 km. 

5. The highest mean values of the experimental h’F are noticed  during summer 

and lower during winter season in all the four places. 

6. During low sunspot activity years 2007 and 2008 the IRI-2007 model 

underestimates the experimental values of h’F during all four seasons.  

7. The mean seasonal variation of foF2 shows higher values during daytime 

hours in both vernal and autumnal equinox seasons when compared with 

summer and winter seasons. 

8. In both summer and autumn equinox seasons, a spread is noticed from 0800-

1800 LT. A double peaking is observed in the diurnal variation of foF2 during 

summer months at 0800 LT and 2000 LT. 

9. The foF2 values start to enhance gradually from 0600 LT for all four seasons 

and diurnal peak is noticed to be centered on 1400 LT during all four seasons. 

10. The foF2 values range from a minimum of 2 MHz to a maximum of 8 MHz 

during summer and winter seasons. During both equinox seasons, the foF2 

values range from 2 MHz to 9 MHz. 

11. In Yamagawa during summer the delayed maximum is reached at around 1900 

LT (7 MHz). 

12. The spread is noticed during summer from 0400-1800LT as well as in autumn 

equinox seasons from 0800 to 1800 LT. 

13. In Kokubunji during the vernal equinox season the IRI model underestimates 

the ionosonde data and during summer the model is in good agreement with 

observational data. In contrast, during autumn equinox as well as in winter 

seasons the IRI model overestimates the experimental data. 

14. The highest values of foF2 are noticed during equinox seasons and lowest 

values are during summer and winter seasons in Okinawa, Yamagawa, and 

Wakkanai, but in Kokubunji highest values are observed during the summer 

and lowest values are during winter and equinox seasons. 
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15. Comparison of foF2 values with IRI-2007 model data reveals that IRI 

predicted values exhibit better agreement with foF2 values as compared to h’F 

values. 

 

 

 

 

 

 


