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Research Title: Apalysis and Models. of Crititcal Frequency. (foF2), Maximum Peak

Height of F2 Layer (hmF2) and. Spread F.in_the Equatorial lonospheric Anomaly Region
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Faculty: Engineering. . Department: Telecommunications Engineering

ABSTRACT

In this work, we“analtyze the critical frequencyef F2.layer (foF2) and the
maximum botternside F2 [ayerheight (hiF2)at-three stationsin the Equatorial
lonospherig’/Anomaly (EIA) redionin-Southeast Asia, that is,.Chiangmai, Chumphon,
both in Fhailandsard Kototabane, Indonesia. Thedata aré during from 2004-2007,
the periods oftow solar daiteity.. The analyzeobservational'data.are tthen
compared,with the [prediction from thellRI'2007 thodetitis foundthat the IRl
model gives a similartrend\to the opsenvation. Amone-the threé stations, the
model is-elosest to-the Kototabang station, Oveérall-it-averestimates the data
obtained;at Chumphon.station, but underestimates thosé obtained:from Chiangmai
station: Inaddition, during daytime, the fof2valtes at-Chumphon-station are lower
than those at.the two other stationssdue to thejr félative locatiors the EIA region.

But for nightitme; the valldes are:all thrée\stations are at the similar devels.

Keywords : criticalMfrequency, of F2 layer, maximarh‘botiofnside F2 layer height,

equatorial ionospherictanomaly, IRl model
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Comparison of 1onosphere characteristic parameters obtained
by ionosonde with IRI-2007 model over Southeast Asia

N. Wichaipanich ®, P. Supnithi ™*, T. Tsugawa®, T. Maruyama®, T. Nagatsuma ®

* Faculty of Engineering, King Mongkut's Tistitute of Technology. Ladkrabang, Bangkok | 0520, Thailand
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Abstract

In this work, the foF2fand hmF2 paramcilers at the’ conjugate points near the magnetie gquator of Southeast Asia are studied and
compared with the Intemnational Reférence loffosphére (IR 1) /mudel, Thiee fonesondes-are installed nearly along the magnetic meridian
of 100°E; one at the magnetic equator, namely ChumpHer (10,725N 99379, dip dnglé 3.0°NYand the other two at the magnetic con-
jugate points, namely/ Chiang M4 (18:76°N. 98 93°E, dip angle) 12.7°N) and Kototabang (0.2°S, T00.30°E, dip angle 10.1°S). The
monthly hourly medians of the foF?2 aund hink 2\ parameters-are calculated and compared with the predictions obtained from the IR]-
2007 model from January2004, 1o Febriary 2007, Ourirésulis shoty thalt the variations-of fo F2 und hmF2 predicted by the IR1-2007
model generally show the similar fearnre tothe observed data Both parameters generally show better agreement with the [RI predictions
during daytime than during nighttiple!Fés FoF2, most of e résults 'show that thettRiIrmodel overestimates the observed foF2 at the
magnetic equator (Chumphan), underestimates b e harthern crest(Chiang Muai)“and isselose To' the"fMeasured ones at the southern
crest of the EIA (Kototabang). For hmF2 thewpredidted hmF? valigstare close totha hmFZ{M}(}OOF%Bg) during daytime. During
nighttime, the IRI model gives the_underestimationsal the magneticl equatdr and the averestimationat both EIA crests. The results
are important for the futte improvements of the IR niodel forifoF2 andhmF2 over Southeast Asiawregion.
© 2012 COSPAR. Published by Elsevier Lid, All righls:reserved.

Keywords: Conjugate poitsifoF2 hmF2; 1RI-mbdel: Selar, aotyity

1. Introduction HF  cammunisation systems. Both parameters are
manuallyscaled [rom'the bottomside ionograms recorded
The F2 layer is the uppermostlayenof the fondspliete by the FM/GW jofiosonde and are used for developments
which is the most effective layer for Yeng “distance radio and improvements of the empirical ionospheric models.
communication in HF band. However, the Variations of Lheseodels are essential tools for estimation and/or pre-
the F2-layer near the magnetic equator result from a com- diction of ionospheric parameters, which are used for many
plex physical system. Therefore, the study of the equatorial research, engineering and educational efforts. The Interna-
F2-layer variability plays a very important role for HF tional Reference Ionosphere (IR1) is one of the most widely
radio propagation. The F2-layer critical frequency (foF2) used empirical ionospheric models. It describes the
and the peak height (hmF2) are used for managing and monthly median values of the clectron density, electron
designating the maximum usable frequency (MUF) of lemperature, ion temperature and jon composition at the
altitude approximately from 50 km to 1500 km, for a given
location, time and sunspot number. IRI is updated yearly
o Corrgsponding author. Tel.: +6(32 329 8000; fax: +66 2 329 {554. during special IRI workshops. For more details of the
E'-mm.'. .(.'rfa’resses.‘ lt'SL‘jporm?@kmnI.uc.lh, sIGﬁOOBS@knp:I.ac.Fh IRI model, see Bilitza (1990 2001). Many authors have
(P. Supnithi), lsugawa@nict.go.jp (T. Tsugawa), tmaru@nict.go.jp ’ ! 7
(T. Maruyama), thagatsu@nict.go.jp (T. Nagatsuma), reported results of the comparisons between observed
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and IRI predicted foF2 and hmF2 values, such as Adeniyi
et al. (2003), Obrou et al. (2003), Batista and Abdu (2004),
Zhang et al. (2004, 2007), Bertoni et al. (2006), Abdu et al.
(2006), Lee and Reinisch (2006), Chuo and Lee, (2008),
Ratovsky et al., (2009), Wichaipanich et al, (2010) and
others. In this work, we compare the values of foF2 and
hmF2, which are manually scaled from the bottomside ion-
ograms recorded by the FM/CW ionosonde from South-
east Asia at Chumphon, Chiang Mai and Kototabang,
with the IR1-2007 model predictions (Bilitza and Reinisch,
2008). This is a continuity of the previous study (Wichaipa-
nich et al., 2010) on foF2 measurements at the equatorial
latitude station in Thailand. The data and analysis method
is described in Section 2 followed by results and discussions
in Section 3. Finally, in Section 4. the conclusions™ate
made.

2. Data and methodology

The data used in this wogk are collected ay three jono-
sonde stations in Southéast Asia,_ineluding (Wo stations
in Thailand, namely Chumphon (10429N, 99.37°E, dip
angle: 3.0°N) and Chiang Mai= (I8 769N 98:93°E/ . dip
angle: 12.7°N), and dné siatfon in Indonesja namely Koto
Tabang (0.2°S, 100.82°E, dip adgle: [6: I%8). Chumphon is
located close to the magnetic equator, bt Chiang-Mai and
Kototabang are clase 1o%tHhe northern and-southein crests
of the equatorial ionizatioh anomaly (ETA) region, respec-
tively. These are 3 of thé’ SoutheastTASI Low-l4titide
Tonospheric Network (SEALION).ion osondes (Mariyama
et al.,, 2007) installed by the Natiodal Mnstitute of'Informa-
tion and Communicatiofis Technology (NICTY, Japan.
SEALION is an 10n0Sphetie observaling network. haying
the Conjugate Point Equatérial, Expefimént (COPEX) in
Southest Asia. It includes the@orthern and souttsefn hemi-
spheres and around the magnetic equator, The pParameters
for SEALION jonosonda stations) are SsuMmmanzed~n
Table 1. The FM/CW (frequency modulated-contintious
wave) ionosonde routinely records. the 1onograms every
5 min to observe the ionosphere at'Sotitheast Asian region.

In this study, the monthly hourly mediins of foEfoF2
and M(3000)F2 obtained from manually scaled 100grams
during the low solar activity period, January 2008w
February 2007, are used to derive the hmF?2 parameter
using the Bilitza (1990) empirical formulation and then to
compare with the IRI-2007 model predictions. For com-

Table |
Parameter for SEALION ionosonde stations
Station Geographic location Dip latitude Country

_— 7
Latitude Longitude
Chiang Maj 18.76° 98.93° 12:7% Thailand

Chumphon 10.72¢ 99.37° 3.0° Thailand
Kototabang == (52 100.3° —-10.1° Indonesia
Phu Thuy 21.03¢° 105.96° 15.6° Vietnam
Bac Lieu 9.30° 105.71° 1.52 Vietnam

Cebu 10.35° 123.91° 3.09° Philippines
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parison between the observation and the model, both the
URSI and CCIR options of the IRI-2007 model are used
to predict the foF2 values while only the CCIR option is
used for the hmF2 values. The values from the IR1-2007
model can be downloaded from the site: hup://
ccmc.gsfc.nasa.gov/mode]web/models/iri_vitmo.php. The
previous study (Wichaipanich et al., 2010) shows that the
CCIR option produces a smaller range of the deviation
than the URSI option at Chumphon. Therefore, in this
work only the comparison with the CCIR option for the
foF2 and hmF2 parameters are shown.

The percentage deviation of foF2 (AfoF2(%)) between
the observations and the IR] prediction are defined as

- =2 :
ATEF2i%) = fO—F%ZF‘JL% % 100%, (1)
"£0BS

where foF2n; = foF2¢ &g for CCIR option and [oF2 g is
e ToF2 —observations Obtained from the ionosonde
stations.

The percentage deviation &f hmFE(AhmF?.{‘H))) between
observations and UeFRE mode] predictions are computed
frem

' . 2 Do
Ah mF?_(%) A hmFZIRI l”“r~(M300[)F..ou5)

100%.
hmE2(M3000F 35, ) & B

(2)

where /hmBE2jpr= hmB2cq, for |GCIR option and
hm FAM3000R20pg)3s-the hm 2 values derived (rom the
M{3000)E2 values bysusing the Bilitza (1990) formula.

To examine the seasenal vamation, the observational
dataiand predictionare grouped mio 4 seasons: September
equinex /(Septembet T and Ogtober), December solstice
(November, December, January /and February), March
equingx (March and April)and June solstice (May, June,
July and/Atgust).

3 Results.and discussions
3.1y Resultssal the equatorial station

Fig. Lsh&Wsthe contour plots of the monthly hourly med-
1an_offoF7 (on the upper side of the figures) and hmF2
(lower panels) values from January 2004 10 February 2007
at Chumphon. The lef panels are the observed data and
the middle panels shows the results from the IRI/CCIR
model. The differences between observations and IRT pre-
dicted parameters are shown on the right panels.

For foF2, both the observed foF2 and the IR] model
predictions show a similar trend in diurnal variation with
the highest values at sunset hours (17:00-19:00 LT) and
the lowest Jevel oceurring at pre-sunrise hours. On the
other hand, a bite-out phenomenon occurs around noon
time hours. For seasonal variation, both the observed
and predicted foF2 values exhibit the same trend and show
the highest peaks during the equinox seasons and the low-
est peaks during the solstice seasons. Moreover, the [oF2

Please cite this arti cle in p;ﬁﬁ‘éé%ﬁjghainalﬁéﬁh, N, etal, Comparison of ionés ph“er‘b’*éﬁg?éét‘ paranieters obtained by ionosonde with TRI-
2007 madel over Southicast Asia JAdv: Space Res (2012), hutp://dx.doi.org/10.1016/,a45.2012.06.018 e R B
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Fig. 1. The monthly hourlymedian values.of fof2 tupper panels) and hmE2 (lower pancls) at Chumphon during January 2004 to February 2007. The lefn
panels refer to the gbservedadaty andathe muddle panels refer 1o the Values from IR/ CCIR-model-In the right, pa

nels the difference between the
observations and IR] modéls plotted.

values show an evidentsolar activity dependenéd with the (M3000F2pg) valuesy with tHe maximum values at daytime
values higher in 2004 and 1owé&: in 2007Phe upper sk~ OLnH\ 16 minimun, ones around the pre-sunrise hours. The
hand side panels of Fag: 1 illustrafe |{R% deviafions o the=~—deviaions of the ¥R model from the observed hmE?2
modeled from the abserved(foF? values (AfoF2 = foF2 11 (A2 =" hmF2e,— hm E2(M3000F205)) are shown on
- foF25ps). In 2004 and 2006, the TR fuodel overestimates the: Iower right<hand side panels of Fig. 1. Generally, the
the observed foF2 for alief the daysiespedially durinig the«" TRIS model gives  the “BmF2’ values close to the
equinox seasons. In 2005showevery—the IR model gives lnan(MBOOOF’ZOBS) during/daytime except around the
the foF2 values close te tHe observed ones (uring day- ngontinie during the gquingk scasons, when the IRI model
time hours, but it giveshan® underestinmdtion “ihe mea- Overestimates the jieasured’ ones. Al nighttime, the IRI
sured from midnight to pre-sunpise” hours.» The largest model underestimates the hmF2(M3000F20gs) during
deviations between the obseryed and/modeled values are 22:00-05:00,1°T" Thelargest deviations between the modeled
+2.6 MHz. and. the'abserved hmFQ(MBOOGFZOBSJ are =100 km.

It can be seen that the hmF2 values frem the IRT/CCIR? The yeanl¥'medlian values of the percentage deviation for
model generally show g similar tréhd,_t6™the._ hmF?2 foF2°indWMF2 parameters at Chumphon are shown on

AfOF2 (%) AhmF2 (%)
30 === 200 932005 (2 S == 2004032005 02
20 == 2005 032006 02 -0

~4=2003 03-2006 07

=k 2006 032007 2 = 3 LY 20006 03-200" 2
1]
L e NN 20
L . .' " hai AEETIRN o, S s 3 I )

o ]
= e 3 e £ e .
Uc; y I L@ T “‘“‘v o S ..&.xjk"'&m‘ﬂ. il
=2 o _ E B ey L) 7
-10 ., ¥
=20 30
=30 230

T80 llllli?l'-\IJI‘HﬁI'IRI(H“EI'_’22? 234585

TR OIS IGITIS 19202091 0 134 5.
Local Time (LT)

Local Time (LT)
Fig. 2. The percentage deviation of foF2 (left panel) and hmF2 (right panel) at Chumphon.
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the left and right panels of Fig. 2, respectively. On the left
panel, the foF2 percentage deviations, AfoF2 (%), for the
three years show a similar feature in that the AfoF?2 (%)
values vary between -2 and +10% from the morning to
midnight hours with the lowest values at 23:00 LT. How-
ever, the difference is evident from midnight to pre-sunrise
hours: the AfoF2 (%) ranges between 0 and +20% in 2004,
between —25 and 0% in 2005, and in the range ol 10 in
2006. On the right panel, the hmF2 percentage deviation,
AhmF2 (%), varies in the range of £ 10% from the morning
to the midnight hours. From midnight to pre-sunrise
hours, the AhmF2 (%) values vary around 2-10% in 2004
and —20 to 0% in 2005 and 2006.

3.2. Results at the northern crest of the Eif

Fig. 3 shows that contour ploft§ fef Chiang Matswauon
and depicts the comparison beiWeen thedR] predictions
and observed data in the sAme period oftime, _THeres a
lack of data from January/to Awgus] 2004 @d \October
2005 to May 2006. FromyFig. 3, most of The testilisShow
that the trends of the/modeled and-tie obsciled” fol2
and hmF2 variation$ are similar) Thedifferences betwéen
IRT predictions and foF2 observation (ALeF2), aré-shown
on the upper right-hand, sidef panels-Mest ofthe results
show that the IRI/model nlerestiaies oo beerved
foF2 for all local times-and mighths exeept-duning sunrise
hours and, in some cases. in the afternoan; when the iRl
model overestimates rthe _observation, 7 The deviations

g,\_}/’.
L et na i e s S
MJSDMISDMJSD
2004 2005 2006 2007

)
o

between the observed and modeled values range belween
—4.4 and +2.2 MHz. The lower right-hand side panels
show the deviations between IR] and hmF2(M3000F2¢,5).
Generally, the IRI overestimates the hmF2(M3000F2 )
data for most time of the day except during 11:00-14:00
LT in the September equinox season, when the IRI under-
estimates the hmF2(M3000F2ps). The largest deviations
between the observed and modeled values range between
—-80 and +60 km.

Fig. 4 shows the yearly median values of the AfoF?2 (" W)
and AhmF2 (%) at Chiang Mai. It can be seen that the
AfoF2 (%) values vary between —25 and 0% for all local
time except during post-sunrise hours (06:00-09:00 LT),
whenwthe AfoF2 (%) ranges between 0 and +50"%. For
the AhmE2 (%), the values vary between —10 and +20%,
the lowest valugseccur around afternoon hours with the
high€st levels at“pressunrise hours. Furthermore. the
AhmEB2" (%nyis generally‘smaller than the AfoF2 (Vo) for
most of thedays.

3 SiResules at the somthern creshof the EIA

Suntlatly, We_compdresthe observed foF2 and hmF?
with-the' IRT/CCIR 'model at Kototabang during the same
periods, and theresultsare sifown lin Fig. 5. The data from
January 2004 teJanvary 2005, October to November 2005
and May-te-August-2006 are scarce, On the left and middle
panels amost of the results showsimilar trends in variations
between IRT and obsepvations=of foF2 and hmF2. From
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Eig. 5. Samé&as Fig. I but for Kototabang:

the upper right-hand side panels, the IRI model predicts
the foF2 values close (o the observations for most time
of the day except during March equinox season, when it
overestimates the observed foF2, and during 19:00-21:00
LT in June solstice season, when it underestimates the mea-
sured ones. The deviations between the observed and mod-
eled values range from —3.2 to +2.4 MHz. The deviations
for hmF2 are shown on the lower right-hand sjde panels of
Fig. 5. The good predictions are provided by the IRT model
for all local times and months except during the hours of
11:00-15:00 LT in some seasons, when the model underes-
timates the hmFZ(M3000F2OBS) values and during the
hours of 21:00-01:00 LT in December solstice seasons,
when it underestimates the hmFZ(M3000F2OBS). The devi-

ations between the observed and modeled valyes range
from —65 to +85 km.

Fig. 6 shows the 12-month median values of the AfoF?
(%0) and AhmF2 (%) at Kototabang. It can be seen that
both the plots of AfoF?2 (%) and AhmF?2 ("0) indicate the
good agreement between the measurement and the [R]
model during daytime. However, the largest AfoF2 (a)
and AhmF2 (%) values are found from midnight to sunrise
hours. For AfoF2 (“4), the values range between —15 and +
45% while the AhmF? (%) values vary from —10 1o +23%.

For all the three stations, the variations of foF2 and
hmF2 predicted by the IRI-2007 model generally show
the similar feature as the observed data, Furthermore, for
both parameters, the agreement during daytime is generally
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is clearly seen during noontime at the magnetic equator
(Chumphon) for all months, but it rarely occurs during
equinox months at the EIA crests (Chiang Mai and
Kototabang).

Fig. 8 shows the hmF2 parameter. Generally, the hmF?2
values at Chumphon station during daytime are higher
than those at other stations during March and June in
2005. Meanwhile, the hmF? values at Kototabang are
higher than those at other stations for September in 2005
and December in 2006. During nighttime, the hmF?2 values
from three stations show a fluctuation particularly from
midnight to pre-sunrise hours. In addition, it is found that
the best agreement between the observation and the IRI
model occurs at Kototabang station.

The differences of foF?2 and hmF2 values™at_three sites
can be explained by the Equatorial 6nization Anomaly
(Andersen, 1973). The behaviorofthe F? layer at low
and equatorial latitudes s peetliar, when compared with
the other latitudes. At the magnetic equator, the-eastward
electric field during the Maf causes in the F-layér peak
height to increase but #hé peak dengity te \déciease ~On
the other hand, the peak’ height-decieases—ihilert he peak
density increases at/the cres ol theSanorhaly which, is
located at approximialely_L5*forth andsouth ol the mag-
netic equator, this/is' termed as_theequatorial ionization
anomaly (EIA). Chumpfién i4 located close 1o the ntagnétic
€quator, while Chiang Mai and Kototabang atelotated at
north and south of the EIA crests “Therefare highdr fo Fo%i
median values at Chiang,Mai gnd Kototabang “ind hgher
hmF2 at Chumphon are seen. In-additontthe wésulrs show

an asymmetry in the variation of foF2 and hmF2 values
since the observed foF2 at Chiang Maij are generally larger
than those at Kototabang while the hmF? values at
Kototabang are generally higher than those observed at
Chiang Mai. The locations of these three stations in rela-
tion to the Equatorial lonization Anomaly explains the dif-
ferences in the foF2 and hmF2 parameters among the three
stations.

Our results are similar to other studies in the magnetic
equator (Adeniyi et al., 2003: Obrou et al., 2003: Batista
and Abdu, 2004; Abdy et al., 2006) and low-latitude sta-
tions (Batista and Abdu, 2004; Bertoni el al., 2006; Zhang
et al., 2004, 2007; Chuo and Lee, 2008) in that the varia-
tions.of foFF2 and hmF2 predicted by the IRI-2007 model
generally,_show the similar feature as the observed data.
Furthermorénboth parameters show that the agreement
between observation$eand predictions during daytime is
generally better than during nighttime. Most of these stud-
ies show +he f5F2 values predicted by the IRT model over-
estimpates; the oBSErvation db the magnetic equator while
underestimales the-measured ones at the anomaly crest.
However, our/lrésults show a shight difference from the
OWhEL_studfes- lifi | that “the. IR gives foF2 close 1o the
observed foF2 at Kototabang station which is located ciose
10 the southern-erest ofhe equatarial ionization anomaly.
For hmIF2] surresults show Wratithe IRT model predicts the
hmE2 valties well during'daytime, but the disagreement is
evidentat nighttime. ‘A 1+t he magnetic equator, our results
are similar tothe studies o f Batista and Abdy (2004). Abdu
etlall (2006) in| thatthe IRL.model underestimates the
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observed data at pre-sunrise hours, but it overestimates
during daytime. For low-latitude regions, our results are
similar to study of Chuo and Lee (2008) in that the under-
estimation occurs at afternoon time. However, our results
are opposite to the studies of Zhang et al. (2007). Chuo
and Lee, (2008) in that they found that the model underes-
timates during nighttime while our results show the IRI
model overestimates the hmF2 values. The best agreement
between observations and predictions occurs at Kotota-
bang station when compared with (he other stations. At
the conjugate points, our results show a similar agreement
with the study of McNamara et al. (2008) on the F2-layer
peak parameters at the magnetic conjugate points in Brazil.
During daytime, the observed foF? at the northern_anoms=
aly crest are larger than those at other stations,buwt the
hmF2 values at the magnetic equator aré higher than those
at anomaly crests. However, some differences are observad
during nighttime, when they foundsthat the observed {OF?
at the magnetic equator are sifialfer than.those at anomaly
crests while our results are/almost identical atfthreelsites.
On the other hand, they/fgund that the hmB2 valves at
the magnetic equator are higher Than"{hose 'at anomaly
crests while our results' show g fluctuation especially during
midnight to pre-sunrise’hours®

4. Conclusions

The monthly hourly median”’ values of the foF2 and
hmF2 parameters fof one-statioh at-the-magnetic lequatol
and the other two at the magnelic conjugate-ponirs?in
Southeast Asia sector are analyzed dndscompared with
the IRI-2007 model,  from Janwarys 2004 1o Hebruary
2007. Generally, the variations of feti2-and hmF2pre-
dicted by the IRI-2007 ‘model show the Similar, featuie as
the observed data. Both'\the FoF2 and_hmF? parameters
show the agreement during daytime.is generally \better-than
during nighttime. For foFR2, most’of theTesuls shiow that
the IRT model overestimatesitie obseryed foF2 al the mag-
netic equator (Chumphon), but %t undeérestimates at the
northern crest (Chiang Mai) while ft,is doe to the mea-
sured ones at the southern crest of the EIA (Kototabang).
For hmF2, the IRI model gives hmF2 ValyeSelose (o the
hmF2(M3OOOF2035) during daytime. During “nighttime,
the IRT model underestimates at the magnetic equator
but it overestimates at both EIA crests.
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