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Abstract

Monthly median values of foF2, hmF2 and M(3000)F2 parameters, with hourly time interval resolution for the diurnal variation,
obtained with DPS-4 digisonde observations at Hainan (19.4°N, 109.0°E) are used to study the low latitude ionospheric variation behav-
ior. The observational results are compared with the International Reference Ionospheric Model (IRI) predictions. The time period cov-
erage of the data used for the present study is from March 2002 to February 2005. Our present study showed that: (1) In general, IRI
predictions using CCIR and URSI coefficients follow well the diurnal and seasonal variation patterns of the experimental values of foF2.
However, CCIR foF2 and URSI foF2 IRI predictions systematically underestimate the observed results during most time period of the
day, with the percentage difference AfoF2 (%) values changing between about —5% and —25%, whereas for a few hours around pre-sun-
rise, the IRI predictions generally overestimate the observational ones with AfoF2 (%) sometimes reaching as large as ~30%. The agree-
ment between the IRI results and the observational ones is better for the year 2002 than for the other years. The best agreement between
the IRI results and the observational ones is obtained in summer when using URSI coefficients, with the seasonal average values of
AfoF2 (%) being within the limits of +10%. (2) In general, the IRI predicted hmF2 values using CCIR M(3000)F2 option shows a poor
agreement with the observational results. However, when using the measured M(3000)F2 as input, the diurnal variation pattern of hmF2
given by IRI2001 has a much better agreement with the observational one with the detailed fine structures including the pre-sunrise and
post-sunset peaks reproduced reasonably well. The agreement between the IRI predicted hmF2 values using CCIR M(30,000)F2 option
and the observational ones is worst for the afternoon to post-midnight hours for the high solar activity year 2002. During daytime hours
the agreement between the hmF2 values obtained with CCIR M(30,000)F2 option and the observational ones is best for summer season.
The discrepancy between the observational hmF2 and that obtained with CCIR M(30,000)F2 option stem from the CCIR M(3000)F2
model, which does not produce the small scale structures observed in the measured M(3000)F2.
© 2007 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction URSI. Since its first release in 1978, many improvements

had been made to this model (Rawer et al., 1978; Bilitza,

The International Reference lonosphere (IRI) is a model
that has many practical applications, e.g., in satellite
designing and operation. IRI was developed, and is updat-
ed periodically, by a joint working group of COSPAR and
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1990, 1997, 2001; Radicella et al., 1998; Bilitza et al.,
2000). IRI uses an analytic formula (Ramakrishnan and
Rawer, 1972) to calculate the F2 layer electron density pro-
file based on four important parameters: foF2, hmF2, B0
and Bl. The F2 peak parameters (foF2 and hmF2) are
two key parameters when producing the electron density
profile using IRI model. Their accuracy affects the accuracy
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of the profiles produced. The IRI model uses either CCIR
or URSI coefficients to predict the foF2 and hmF2/
M3000(F2) based on the 12-month running average sun-
spot number Rz12. However, since the ionospheric data
from the Chinese continent were not used when producing
both CCIR and URSI coefficients, a validation study of the
model compared with observational results from this
continent is a necessity. In this paper, data from Hainan
(19.4°N, 109.0°E), China is used to study the low latitude
ionospheric variation behavior and comparisons with IRI
model results are made. The IRI model used in the present
study is IRI2001 (Bilitza, 2001). This is a continuation
work of a previous paper (Zhang et al., 2004) in which ion-
ospheric characteristic parameters including foF2 and
hmF2 for Hainan were used to make a comparison study
with IRI2000. However, the data used in that paper
covered only 6 months, March—-August 2002, a time period
with available data when the work was reported at the 34th
COSPAR Assembly in 2002. Data used for the present
study are based on a database with much longer time
period coverage (3 years).

2. Data used

Data used for the present study are monthly median val-
ues of foF2, hmF2 and M(3000)F2 parameters, with hourly
time interval resolution for the diurnal variation. These
monthly median values are calculated from the daily hour-
ly values scaled from the ionograms recorded routinely by
the DPS-4 digisonde at Hainan (19.4°N, 109.0°E), China.
When calculating the monthly median values of each
parameter, all days of the month with available data are
used. All recorded ionograms used for the present study
were manually edited using the SAO-explorer software
(Sao Explorer, Interactive lonogram Scaling Technologies,
http://ulcar.uml.edu/SAO-X/SAO-X.html; Reinisch et al.,
2004) developed by the University of Lowell Massachu-
setts, Center for Atmospheric Research for quality control
before obtaining the daily hourly data from ionograms.
The time period coverage of the data used is from March
2002 to February 2005 (yearly average values of
Rz12 =102, 64, 40 and 30, respectively). In some cases
data are divided into groups according to seasons: the win-
ter season includes January, February, November and
December, the equinox season includes March, April,
September and October, the summer season includes
May—-August.

3. Results
3.1. foF2

Fig. 1 shows the contour plot of the observational
monthly median values of foF2 parameter versus universal
time (UT) and month during the period from March 2002
to February 2005 for Hainan. Notice that the local time of
Hainan is LT = UT + 109/15 ~UT + 7.3 h. From Fig. 1, it
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Fig. 1. Contour plot of the monthly median foF2 observed at Hainan
during March 2002—February 2005.

can be seen that foF2 parameter shows a diurnal variation
pattern with highest values occurring at daytime hours and
lowest values occurring at pre-sunrise hours. For the
daytime values, it has an evident semi-annual seasonal
variation pattern with highest peaks occurring in equinox
and lowest peaks occurring in summer. However, for the
pre-sunrise hour low values, an annual variation pattern
is observed, with the minimum values occurring in
equinox—winter and maximum values in summer. Fig. 1
also shows that foF2 has an evident solar activity
dependence with its value decreasing from the higher solar
activity year 2002 to the lower solar activity year 2005.

The results obtained by IRI model using both CCIR and
URSI options, foF2ccir and foF2ursi (plots not shown
here), showed very similar diurnal and seasonal variation
patterns and solar activity dependence to the observational
ones. However, the magnitudes of foF2 values produced by
IRI model with CCIR and URSI options have some differ-
ences with the observed ones. Fig. 2 shows the diurnal and
seasonal variations of the difference between the observa-
tional foF2 value (foF2obs) and that produced by IRI mod-
el (foF2iri). The difference AfoF2 and AfoF2 (%) are defined
as: AfoF2 = foF2iri — foF2obs and AfoF2 (%) = [(foF2iri
— foF2o0bs)/foF20bs] x 100%, where foF2iri = foF2ccir
for CCIR option and foF2iri = foF2ursi for URSI one. It
can be seen that during most time period of the day, both
foF2ccir and foF2ursi underestimate the observational
foF2 values with AfoF2 (%) values changing between about
—5% and —25%, whereas during a few hours around pre-
sunrise, the IRI predictions generally overestimate the
observational ones with AfoF2 (%) sometimes reaching as
large as ~30%. However, there was an exception for the
spring—summer period of the year 2002. During this period
there was no evident overestimation in the IRI results for
the daytime hours. The IRI predictions had a better agree-
ment with the observational ones during this period than
during the other periods.

Fig. 3 shows the seasonal averages of AfoF2 and AfoF2
(%). It can be seen that (1) for CCIR option, during day-
time hours there seems no big seasonal difference in AfoF2
and AfoF2 (%), with the seasonal average of AfoF2 (%)
changing between about —8% and —15%. However, at
nighttime there are some seasonal differences, the worst
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