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Inednusiiniauensiisuifisudaugigsaavesiuenlaesosiuusssnidlelolua
fles (hmF2) fukuudiaes IR-2016 i 3 daidenldun BSE-1979, AMTB-2013 uay SHU-2015
U3naalenziusenidedls laevinsiiudoyasnaniillelelugeud 3 anndliun aanfideslm
an1ilyuns Usswalveuay aonllnlan1ds Ussinaduladidy

Yoy hmr2 Afnlda3sananiiive 3 daudidounnsand a.e. 2010 fufeusunaud
A.A. 2018 gruUTsuifisuiuuuusaesvia 3 daden (BSE-1979, AMTB-2013 uay SHU-2015) vaq
wuudiaed IR-2016 Lileiasginsivasundasuunedili Moty neggnia el udann

caa

uanenasEinsfisenannsrenindfillaei (@ a.a. 2010) uazas @ a.a. 2015)
MANMFIAsEianIaliasian 3 aanilifisufunuusiass IR-2016 v 3 Fdenwuin
wnltunsdsundasfindrendedy nande hmr2 deudiutuludianszefindtu (06.00 1) 9
firngegalutisnaUszananiiosiy mﬂﬂfmzﬁummqmaa q ansnaaiTes 9 aufesiuigely
Fraarnounsyerindd undnduanianiiad uluiudald uenainiuuusias IR-2016 e 3
Fudenuandliiiiuiiwuudians IR-2016 e lulurasnainarsiunasyiuneangdlulu
Pananansfiy Fudenfimunganiigalunisiiuiean hmr2 vesannilie 3 anilife dauden
SHU-2015 wag BSE-1979 luvariidaiden AMTB-2013 T3 hmF2 aanadeuanndouaitinlden

Y

3 @t lneenzluiausuinauvesl A.A. 2010-2018

[
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AdnAsy: Tuussendleleluaiies lelelumaud wuudnaed IRI-2016
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ABSTRACT

This thesis presents the comparison of ionospheric F2 layer peak height (hmF2) with
3 options of the IRI-2016 model, including the BSE-1979 option, the AMTB-2013 option, and
the SHU-2015 option, over Southeast Asia. The collected data from 3 ionosode stations,
namely Chiang Mai and Chumphon stations, Thailand and Kototabang station, Indonesia.

The observed hmF2 data from 3 ionosonde stations during January 2010 to
December 2018 are compared with 3 options (BSE-1979, AMTB-2013, SHU-2015) of the IRI-
2016 model to analyze the hourly, daily, seasonally, yearly variations including the difference
between low (2010) and high (2015) solar activity.

An analysis of the observed values from the 3 stations compared with the IRI-2016
model for all 3 options revealed similar trends of change in that the hmF2 increases during
sunrise (06:00) to peak around midday. Then the elevation gradually decreased to the lowest
level at pre-sunrise hours and then returns to increase the next day. Additionally, the 3
options of the IRI-2016 model showed that the IRI-2016 model predicted hmF2 values
underestimate during daytime and overestimate during nighttime. The optimal choice for
predicting hmF2 for the three stations is the SHU-2015 and BSE-1979 options, while the
AMTB-2013 option gave hmF2 discrepancies from the data measured at all three stations,

particularly in December of the year 2010-2018.

Keywords: lonosphere, lonosonde, IRI-2016 model
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druluiunusnaewansTusandusldlainisinasanii ionosonde M4MUA 6 @n
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AN571997 2.1 andlleleluraunuardnianfausnae sz Tuaaniaald [13]

Site(ID) Lat. Lon Dip Lat.* Country  Method
Chiang Mai 18.76 98.93 12,7 Thailand  lonosonde(FMCW)
GPS-TEC
All-Sky Imager
Bangkok (KMI) 13.73 100.78 6.7 Thailand  GPS-TEC
Chumphon (CPN) 10.72 99.37 3.0 Thailand  lonosonde(FMCW)
GPS-TEC
Phuket (PKT) 8.09 98.32 -0.2 Thailand ~ Magnetometer
Phuket (PTC) 7.90 98.39 -0.4 Thailand  GPS-TEC
Kototabang (KTB) -0.20 100.32 -10.1 Indonesia  lonosonde(FMCW)
Phu Thuy (PHT) 21.03 105.96 15.6 Vietnam  lonosonde(FMCW)
GPS-Scintillation
Bac Lieu (BCL) 9.30 105.71 1.5 Vietnam  lonosonde(FMCW)
Hainan (HAN) 19.53 109.13 13.7 China GPS-Scintillation
Cebu (CEB) 10.35 123.91 3.09 Philippines  lonosonde(FMCW)



2.7 wuudaad IRl

The International Reference lonosphere (IRl) Aauuusiasaunsgiudlddmiuiingses
foyavesiautsan q vestuvssemaleloluaifies wu muvuuiuresdidnasounay gamgl
yostusing 1 Tae IR IFTunssuseaduinaspuanaldiuogaunsnanawazsldludunsdnm
LardAInsTuLUUTIae R a1uisauvseenlaiidu 2 vdaniuauuansisvesyards
A'e WUUT1a097 N muILazSUToalal The International Radio Consultative Committee
(CCIR,1966) waz wuuTIaei g auILazsuseslag The Interational Union of Radio
Science(URS!,1989) wuudnassiRl legnitauinazUsuugsedadaiiedlag IR ldgniuseadu
1193§1UaINalae The Committee On SPAce Research (COSPAR) a# International Union of
Radio Science (URSI) In Szuszczewics uazaaiglivinmssimunaulsiuudians IRl fisuysaiiian
Tul A 1999 URSI #5usaslinuudaes IR usnessiuannadwiuduussenmeleleluaifles
waglaimunnsfiwesdufonsuuuulmldmsumainesiuslrdmuans

A1339UNq1Y93 COSPAR Way URSI Usznauldsefiug1d vamqii evinn1sesute
auuananslussiazUsene anuwansdlusiazinadaivinisiawasanuuanssweslgmiin
MNuuUTIaes Inedagtuingidounedovesangaudniianun 43 ane dims1edl 2.1 7
unsnsz1eMalanyean1sTungnszing COSPAR wag URSI UuLuUd1a09 IRl wuudiassdinig

USuugauilvegnwiailiosuudnges IRl NUSuleuansaananda IR-2016 laeseninausulsdla

q
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fmmnisalddnyeing q uanadlunisen 2.2 uardalin1sdnUseyuiddvINSLEnianis1en 2.2 ie

wandsuanumiuiasysulssuuiaes lneldsiuinisyssyugaujuinisasifiuniagausnly

nil4de Space Research Waz fiaulu Advance in Space Research

A5199 2.2 518TDAMNLALNTNI9NUA [27]

Uszene (Country) S1eFoauBnaUsEmA (Members by Country)
Argentina R. Ezquer, M. Mosert de Gonzalez

Australia B. Ward, P. Wilkinson

Austria M. Friedrich

Brazil M. Abdu



A5199 2.2 S189TDAULAUNTNNINUA (A1)

Uszwne (Country)

S18TeaNFNAUUTEINA (Members by Country)

Bulgaria
Canada

China

Czech Republic

Cyprus
France
Germany
India

Italy

lvory coast
Japan
Nigeria
Poland

Russia

South africa
South korea
Spain
Taiwan

Thailand

Uszwne (Country)

Turkey
Zambia

Uganda

1. Kutiev

D. Themens

Jiankui Shi, W. Wan, M.-L. Zhang

D. Buresova, L. Triskova, V. Truhlik

H. Haralambous

D. Alcayde, P. Coisson, R. Hanbaba

C. Stolle, W. Singer

P.K. Bhuyan, S.P. Gupta, KK Mahajan

B. Nava, M. Pezzopane, S. Radicella, B. Zolesi
O. Obrou

K. lgarashi, K. Oyama, S. Watanabe

J. Adeniyi, E. Oyeyemi

A. Krankowski, H. Rothkaehl, |. Stanislawska
A Danilov, Ratovsky, V. K. Depuev, T, Gulyaeva, A Mikhailov, S.
Pulinets, K.G Ratovsky,

|.Zakharenkova

L-A. McKinnell, A. Poole

K. Min

D. Altadill

J.-Y. (Tiger) Liu, S.-Y. Su

P. Kenpankho, P. Supnithi
SeToauTnauUszma (Members by Country)
F. Arikan

P. Sibanda

J.B. Habarulema



A5199 2.2 518TBAULANITNNINUA (7D)

Uszene (Country) S1eToauTnauUsEmA (Members by Country)

U.k. L.R. Cander, M. Rycroft

Ukraine l.Chemniak

Usa D. Anderson, E. Araujo-Pradere, D. Bilitza, M. Codrescu, T. Fuller-

Rowell, C. Mertens, B. Reinisch, L. Scherliess, J. Sojka, V. Wickwar,
S-R Zhang, I. Galkin

TaeflauidenlasunsanuntdusuiuunAgfunIsUS s UREUTEWINAI RTINS IR

1aaseiuAIf vinunela 1N uUa1a09999 IRl WA N1SANEILaziUSsusun1iUa sukUaslu

[
o

guussenaleleluailesusnlsswelnefiondudidesed

[

M19197 2.3 WsN13eddnAnyreen1sUTUUT IRl

o q

NGK: WRANIS0 EHIGEIGE] donang

s et Karl Rawer A159ALALS
1968 COSPAR naad IRI WG

Uses1u
1969 URSI 197unay
Mnsasensslu AUIANY 9 99 IR Tulsiaz
1972 o s 192 $1891Y
TuAY Ao unden
COSPAR 4 wuzihfeyaiinosldaviu
Useaduaui 3 o
q WUUAI8IVITU D
1973

Konstanz Usewna
BRErL)
SIUUSIE ALGOL

nsAsaUARUMILanNaMTUAIY
ey FORTRAN Uy

1978 FI89UNAYUBY URSI , 4 .
MU UUBHUNYDY CCIR @nsU Yo
(IRI-79) LOUUUNNLEEILAY

foE, foF1, foF2 uwag M(300)F2

URNI519015
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M13199 2.3 mmn1saldAnyen1suTuls IRl (de)

o

U (p.e1) WANIS0 UazdYn donang
IRI-86 UuLHUAAN a1 ATeUARUTRland mSUgMmMNN  uNuRaffgaiy
1986 viulduu reuiimes  Aseguu AE-C, D, -E uazdoya  TUsunsuinaIuves
@i AEROS-A, -B DOS
nsnUeyaann
LONA1T ANARYVDY
NSSDC #8738 ftp
31891UVD¢ National N y
, suunazldy
1990 Space Science Data WU URSI @u3u foF2 "
P Uselevdlamsunis
Center (NSSDC) I .
Wousan1ALIN
Ty dmveans
soulal Tayaves
NSSDC Wag U3n1s
U17813 (NODIS)
\ nsuSuUsiasAgaudmansne  IRIFWeb 111173
1995 IRI-95 aaulati(Rl Web) ‘ e o
q AW WA NEDNAY
w569 9 U89 IR
IGINELE
R IRl lsisunseausuiunnnsngiu
1999 uFves URS| = o
anadmiutuleleluaiiles
2001 N15USUUTa%U D uag F1 5auds

IRI-2001 tNeAUNIT
UTUUTe909 9 Uagin

wUstml

NYUAZUUUTIARIINTNAR IS
Tusilein F1, prob, equat,vert,
iondrift



M13199 2.4 NsUTEYRBUURNalves IR uasFsAfium Rl [15]

Uaa)  anmiidn Wite CREIT
19717+ Seattle, USA Space Res. XlI, 1229-
1335, 1972
1973 Konstanz, FRG Measurements and Results of Lower Akademie-Verlag,
lonosphere Berlin, 1974

1974* Sao Paulo, Space Res. XV, 295-
Brazil 334, 1975

1980° Budapest, IRI-79 WDC-A-STP,UAG-90,
Hungary 1984

1982° Ottawa, The Upper Atmosphere of the earth Adv.Space Res.(ASR)
Canada and planets 2(10) 1982

1983 Stara Zagora,  Towards an improve IRI (ASR) 4(1) 1984
Bulgaria

1984* Graz, Austria Models of the atmosphere and (ASR) 5(7) 1985

lonosphere

1985 Louvain, IRI' - status 1985/86 (ASR) 5(10) 1985
Belgium

1987 Novgorod, lonosphere Informatics (ASR) 8(4) 1988
Russia

1988* Espoo, lonosphere Informatics and Empirical (ASR) 10(8) 1990
Finland Modeling

1989 Abingdon, UK Development of IRI-90 (ASR) 10(11) 1990

1990*  The Hague, Enlarged Space and Ground data base  (ASR) 11(10) 1991

Netherland

for



M13199 2.4 MsUsERUdeUfURNsalves IRuazERNU IRl (so)

Vaa)  anmiidn Wite CREIT

1992*  Washington,  lonospheric Models (ASR) 13(3) 1993
DC, USA

1993 Trieste, Italy ~ Off Median Phenomena and IRl (ASR) 14(12) 1994

1994*  Hamburg, FRG The High Latitudes in the IRI (ASR) 16(1) 1995

1995 New Delhi, Low and Equat. Latitude in IRI (ASR) 18(6) 1996
India

1996*  Birmingham,  Descript. Of lonospheric Strom Effects ~ (ASR) 20(9) 1997
UK and Irregularities

1997 Kuhlungsborn, New Develops. In lonospheric Modeling  (ASR) 22(6) 1998
Germany and Prediction

1998* Nagoya, Japan Lower lonosphere: Measurements and ~ (ASR) 25(1) 2000

Models

1999 Lowell, MA, IRI- Workshop 1999 (ASR) 27(1) 2001
USA

o000t Warsaw, Modeling the Topside lonosphere and  (ASR) 29(6) 2002
Poland Plasmasphere

2001 Soa Jose Dos  Description of the Low Latitude (ASR) 31(3) 2003
Campos, lonosphere in the IR
Brazil

2002+  Houston, Improved lonosphere Specification and  ASR in press
Texas, USA Forecast

T wanan1susernves IR TugenIsiunguvesnmenssun1suL Space Research

Juwuudiaes Fadauiddeunuedudiaivayulunsiauiwuudigss minesves hmr2

nsUsuUTIUUTIaes IR ordemsiiudeyaniuanitsng  vulanuussaianassnin



Auiiediu 9nnuideaziiulainuuudiass IR azmamisfives hmr2 ldangasaunisves

Shimasaki [14] faauniseielui

hmFZ:[&] —176 (2.49)
M(3000)F2

Tnefirnaugegeanueadu F2 (hmF2) Wuudnadidamnunuiuiuresdidnnsouge
ATNITOAIUILNIINNITUNT NTEA8AE UTBsRA UINg Tl asioud uussenialeleluaifles
M(3000)F2 aggninuuuusuwraanleloluwnsuittufinlnglelelusoud szaziu hmr2 1y
vilsluinsesilofldfusgraunivarsfigalunsvharsdlasazaauuiraedleleluailesdoya
Mnuuuaes IR AlFUSUUTuuena NI Tnes hmF2 uéh dalidmnsifimesdudn wu hmb,
NmD, foD, hmF1, NmF1, foF1, hmF2, M(3000)F2, NmF2, @ansanniiivandeyalaainiivled
(15]

a

TaganudAyveatuuTaslunsiuemmnisdives hmF2 wrazddenlaun daden

BSE-1979, AMTB-2013 way faidon SHU-2015 Seiiunvesuraziideniinnuddy fareluil

o

1.880n BSE-1979 [16] wuudiaes CCR %uagiﬁ’whﬁﬁagmmmﬁausuaq foF2, hmF2
uay M(3000)F2 fild3uaniaietieleleluseusvialan (Uszana 150 an1dl) lutd a.a 1954 &
A.f. 1958 Taudayauszanal 10,000 annfifeiiau YAdeUalINaLLanInIgaUNTIIa3-LesnIay
& syAnildiugunuuiimwasiladdy Legendre (luazfigamsgfimans assdgn wavasigagu

Anb) wugihlrldlawatddusunuiniafiunid

1490 ] (2.5)
hmF2 = — 176,
M(3000)F2+AM
Tnefiduan AM fudadlsain
AM=f1® f2/( foF2/ foE- f3)1+ f4, (2.6)

f1=0.00232 ® Rz12 + 0.222, (2.7)



f2=1-Rz12/ 150 ® exp (—(y /4 0°)?), 28
f3=1.2—0.0116®exp(Rz12/41.84), (2.9)
f4=0.0968(Rz12-25)/150, (2.10)

a 1

Tnedl y Foavdgausiivan uaz Rz12 Aenadsnelvasgeauonuumiseiing

wuusaes Rl ansaldls 3 38msei (1) vuiuseundindud http://omniweb.gsfc.
nasa.gov/vitmo/iri_vitmo.html (2) saalan FORTRAN i ftp://nssdcftp.gsfc.nasa.gov/models/
(3) PC window Juiliannlaesmivends Mass Lowell Augidsusserna (UMLCAR) fimsld IR
nostudnan (R-2012) defleglussuudumedidn nsfnuildfnuashganeniaans aesiqn
mandmans wousiedle wwuneiu weesiel galfidudunmveauuudrassiunisdnanis
unensfiwesteleluailes (Wu foF2, hmF2 way M(3000)F2)

uiuuudiaes IRl st uogiuundsteyarialan Fsdulngldsunsiadlifvina
azRganansargs wideyaleleluailoslunlinnae@eny fusenideddazligninunldlunimgs
wuudiaes IRl MsAARziuYes IR Tmnuwiudrdfosnitlueeny fusenidesldduduunazign
vouduguigns fauunsinefiuiugweanafiwesleloluailesdsdinrusiduogiann
\losndedddnnunersmduunnlunniwmadealassirgyssamden (NW) Tuldiieviune
wsfiwesleloluailusognuiugn Tnganizan foF2 uag hmF2

2. fudion AMTB-2013 [17) dwfugtuvumsnaassnielianisfiiouasuyes hmr2
way Hm (Jufinsusuddimsusfuresgadnsagleleluafio ivdeaniiongtudinogd
agfgavnanfieansuasnsuUstunaiifiensroauauivdnlan ddusddinnesianuus
ﬁueuammﬁuﬁﬁ%’mL'%fNLméa%’agamaqamﬁmmwuﬁﬁ’mﬁLmﬂ@mﬁ’u: Geodetic, geomagnetic
(Fvuslasnisvilfidladelasausfdnduanndrassdauingy), nsguuivin @ s

f91sanANUlB IR MNmMANT "ui934") Uanewiman (@eegluwuaserduiduauiuuwiman

' '
= [ ¥ a o

lan) wazasfgaiusuud (uAvdadilndanuaindemesauuwivinlaniiazAgaduwazidnlng
azfiyn geodetic \oavAIAi YY) TuazBonradseULAiaf1eg a1unsanulaly Parkinson
(1983), Rawer (1963) waz Richmond (1995) IRl Tutlagiuldagiign modip Litednassdnuuglels

Tuailes (wu Bilitza, 2001) Anwadnsvenst (Wlauanaling) seuvaziiygn modip WWundsly
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f(8,9.T) = Lo Zn=o P cos®{gn' () cos(me) + i ()sin (me)} (2.11)
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Y

B foWanduiaasdowns gt desdluiinvsenau tag A Avdudsednsvsund deaunsalu

Handuvawian (T) wata SH fesdinanszansunasteyanaiie ilinadnsveswuudnaesnalily
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381880 SHU-2015 [18] tMARANISAS 19kUUINADWTIUTLINENRIADNTHENAIVDIA

'
=

ff5egu hmr2 Wueynsuflsiduymainlnedenadulsraniiielidulunannusimiaesias
fign Taovialuuds ersludinnssnaugnliduiiugiulag Jones and Gallet, (1962), Altadill et al.
(2013), Brunini wagAny (2013), Shubin uagame (2013) Wikldguusaudonilanduyuainids
Usedny (EOF) (Dvinskikh, 1988; Zhang et al., 2014) wSanuiu (Gulyaeva et al., 2008) d1%3u
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WaNeIMINENAN F10.7A <80 wae AANTTULEYRIINENEY F10.7A =120
NFEANEAIINUNVE hmF2 Fsaunsin 2.12
N

N
hp F2(A, 1, UT;) = Z [g;"(UTi) - cosmA + R'(UT;) - sinmA] - P1*(cos) (2.12)

n=0 n=0
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ATl dwanstens, g; uaz Ay Fusgiudalus UT (UT, i=0,1,2.....) WudAgdiu Shubin et al.
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(2013) 15lulin M = 8 gnlddmiuassiganay L = 12 dmsuasAgainunle
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3.1 gunsalildluauide

gunsaildlunsiAudeyaltinTesiudaiu SKI-96092 FM/CW Radar fognsilannilyums
Xa3Ui 3.2 insdauagiuadulugiu 2-30 wnedsed iuaseiniavialelng 2 Fuansinun
fudulon P wgeweaanfiBaanuennigs 27 wns evanidssdainuing wu duls enasgadu
Fudasuil 3.3 asoineduiivhnsaseautulugeiuleleluaiiosarnsimntuianoiniatud i
mMsfuRduiiazviouasndlanlnedsaiuiuuusieiies (Continuous wave) waziin1siiiugns
audfidstulunn 4 100 Aladsadsatund slu 1 souvesnisvieuasldingtonun 5 uni
mﬂﬁ?u%ﬁﬁauuaL‘ﬁumwla‘la‘[umimiﬂﬁ’uﬁﬂﬁﬂa:uﬁaLmai‘ wAEVNTUSUF Y aUNRND
wioslmiluyn 9 sovvesnisviheu tnseuidedldnisinmeinn 4 1 Faluuaziinm
Toleluunsuitldidlusinsy Special scaling tieideniiudoyavesmnsifives hmr2 nanlusiide

#1 3.3 andudeyarinnsiinseicmelusunsi MATLAB Geznanluiidei 3.5 ssly

M13199 3.1 MIAWeIH9 9 vesnsdunalagleleluraun anidyuns [19]

LU Frequency Modulated-Continuous Wave (FM-CW) with
pseudo-

random Tx/Rx switching

\A30dULALASDIEPAY  SKI-96092 FM/CW Radar
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fdnndvvoundedds 10 106l
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@A g9 27 Wns

wlpauIN A Folded Dipole 2 Tu flwanlsddsannsiofu

Fusvesanil W3 10.7 sarnile @i 99.37 sarpzTupen duTmaN

3.22 99A LU



lneseaziduavesguniainldlunisindmsdines hr, foF2 wag M(3000)F2 @110
wiseaniu 3 @ Usznaume (1) yan3edduazinadsu (2) aee1ne way (3) Aeuitunesily

Tuiinteyaninleloluwnsy lnganansauaniseasidunsng o lansil

L AR (/MR RN GR \\\ 5 Y it

Ul 3.2 iAdosdauaziaiaaiusy SKI96029 FM/CW Radar [19]
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Wuaeermesiinlwaimalalng (Folded dipole) 2 Fu 1nnvenululaulnglbiand
Awas 27 wasidudigdaateannia (3UN 3.3) G991 doeldiand Ta1ud 9 27 Luns
Wondnidedeinuang wu suld Wudu Tnaendidadanugannivsbuslowinfianiyuns
wueglnanvawiuduiIvinisinduaiguies 27 waswindu wWeluliinvinamislu-asves
wnsesbudiuaneonmaunvinnsasrduduludstuleleluailosazneimndvaigenagunyin
nssuRaUNazTDUaINgIUlan
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iwsesfuiihmsduiindmn 9 15 il svhnsadraduamleleluunsy Taefimsidunmdulng
PNG 9ntuldnonfinmesdniademidiifndal a an1tumaluladnszaomndnirnunms
annszds Tunsvinsaedoyaludnimlelelunnsudiduiinle a anidyums vuAvlilueies
iieflarynisifiuuaginszinisildenulas Awisfiwese 4 fideinisiagldlusunsy Special
scaling Aoty Tngluineninusiild Wsunsy Special scaling tieyinsifiuiarimsimessie o
nnldnmleloluunsusiua 3 i 1dud hF, foF2 uaz M(3000)F2 thules

wnsnauiume sl miutufindoyaldnmleloluunsuainits 2 anwiid Sududesd
fuitldlumafudeya (Hard disk) Wusuunn desnladnmlelelu wnsuivhnisfuldaes
yuelvgiunnislevhmsiAudeyadunamatsy

3.1.4 aoniiltlunsiuteya

aniildlumaifudeyalddnsiaannesding National Institute of Institute of information
and Communication Technology (NICT), ﬂizmﬂa’jﬂu Tnela@assaandluusianmig q Fo
SEALION is an ionospheric observation network in Southeast Asia fmqﬂizaﬂﬁLﬁaLﬁUﬂ'ﬁmi
n3EUNAEMIANLALANwIMITUMuYesBidnaseulutuusseinmaluuinaedens fuoen
dedlduinandurusges dduinerinudiduilldhnmsfinwussiuioyannamileloluseud
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3.1.4.1 anrdantumalulag nszauna A saIan et INeNURYUNS
Uszimalng (Chumphon : CPN) fishuniaidusa 10.7 ssrunile 1duuas 99.37 ssanziusen.
wagdumUnduIulman 3.22 ssrnile

3.1.4.2 danfiuvnnineseidedlul dsnialdedml Useinelne (Chiang Mai : CMU)
fiuntaduis 18.76 asnmile Wuwe 98.93 ssmmzTusonuavsuviaduiadunsivan 12.7
peFNmile

3.1.4.3 andandun1siuuarainauiawid (LAPAN) Inlaands Useinadulaiige
(Kototabang : KTB) #ifwmiaduse -0.20 esmuwile 1dulas 10032 esmaziusonuas.
FurdaduTIman -10.1 asrmile

fifa 3 aoniifingfaluu3in BIA (Equatorial lonization Anomaly) Faifuuinafieginile

waglfduqudgasudindnUssan 10-15 asan dmsululand i uii viinalszmausda
way Ussnalned a1unsarnsgunasiii efinwnisd sunlaswestuussenialuuiinui |4

ﬁqgﬂﬁ 3.5
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M(3000)F2= MUF(3000)F2/foF2 (3.1)
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3.4 Fnudeya IRI

IRI model (International Reference lonosphere) A BLUUT1889UIATFIUT b dMTU
a ¢ v (Y ! g = s 1 Y & a
FneRtayarediiklssing o vestuusseiniataleluaiiles aunsouuseenlailu 2 sliany
AULANANNVBIYAAIA S AD WUUTIABIN gAWAUILAETUTBIlAY The International Radio
Consultative Committee (CCIR,1966) [22] wag LUUTIABIN AW AUILALTUTBILAY The
International Union of Radio Science (URSI,1989) [2] #sazgniiauiviasdunasaviaiimmuilul
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International Reference Ionosphere - IRI (2016) with IGRF-13 coefficients

This page enables the computation and plotting of IRI parameters: electron and ion (O+, H+, He+, O2+, NO+) densities, total electron content, electron, ion and neutral
(CIRA-86) temperatures, equatorial vertical ion drift and others.

the IRI des

% Select Date and Time
Year(1958-2020): 2000
@8 Day(1- 31) 0
1l

21/7/11),then STORM model will be tumed off

Longitude(0. - 360. deg.) 4

000.km| @ Start 100 Stop 2000 Stepsize 50

Optional Input

Sunspot number, R12 (0. - 400.) Tonospheric index, 1G12 (-50. - 400.)

F10.7 radio flux, daily (0. - 400.) F10.7 radio flux, 81-day (0. - 400.)

Electron content: Upper boundary (110. - 10000. km)

Ne Topside weGuick @  NeF-peak ursi @  F-peak storm model on @ F-peak height autezois @
Bottomside Thickness Ae72000 @  F1 occurrence probability: scoto1997n0t @

Auroral boundaries on @ E-peak auroral storm model o @  D-region model w05 @

TeTopside 1or2012.54 @  lon Composition Revio/Toris @

Uil 3.15 ulediAudeya IRl [15)
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g neilaelusunsy Matlab idulusunsudmiunsanandiatauuas visualization 7
fiszaAnsnmgs demsvinunelulusunsy Matlab asnsaviauuvuneulddsadoiun C
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anaans (scalar) azgaunusBlEIndvun 1x1 deyaiidunnmesazgnumuiidiemsindfiifos
1 un lunsdlfifunnmesuuuun (Row vector) 3agnunudisnommsndadiiies 1 wan Tunsdli
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n9idsulusunsuuilanddam i ddnvazaes vector way matrix 1u3 eadnemnuaInsa
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lalaluesiiaunuuuanass IRI-2016

Tuunilagnaniwavesnisisuutasildainieseiamisdnes M3000F2 uas
A1PNgegeanvestu F2 vestuusssnialeleluafies Tnsvieulinsesideudidousnsan
U a6 2010 fafousuneay U a.e. 2018 ilovhmsiesginsiasuilasuuneiu 5189908
wars187 Taefinsdimed M(3000)F2 ansnsamilfainnisiiudeyannawleluunsuiiduiinge
,A384 lonosonde 9nannidslyal annilyams aonillalanis

Tusausfidnmnugegeanvosdu F2 vie hmr2 vanefsuiin fuansanugegefignues
Hu P2 wenBurinadfenuvuuimedidnaseugeiigauiioatu fuus hmr2 dldnanms
AUINAINALNITYOS Shimazaki Inge1ABALUT M(3000F2 & 9si1nrsifuTaldainan
leloluunsuiigniuiindeiedeslolelureussuandluaunisi 4.1 uazAndesifuddrudeoavy

PDpmrs (%) seninsanfidanalanuatiuudnasy IRI-2016 Arwadlaainaunisi 4.2

hmF2=[1490/M(3000)F2]-176 (4.1)

PDhmFZ (%) = [(hmFZIRI‘hszobs)/ hszobs]xloO% (42)

lngfl hmF2,p, ADA1ANGIFIAATBITY F2 91laa1nuuudnass IRF20160uvue

A1 hMF2,ps ADANAINUEANEIEATITY F2 NHANNATSAIIMAINENNTTT 4.2
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A13197 4.1 Aedgs1gnaniavresnisild sunasainisidines hmr2 vesaandidelng
1T A.1.2010

AadeneggnIavesimsiives hmr2 vesanidesdvallul a.a.2010

March Equinox June Solstice September Equinox December Solstice
bt
dlae (furpu-tweu) (WawanAw-Aavnas) (fugeu-nanau) (wgA3neu-NuATRUS
() IRI-2016 model IRI-2016 model IRI-2016 model IRI-2016 model

Observe  gep  auTe-  sHu-  OPseve e amme sHu- OPSeVe gse awTee shu- OPSeMe gse AMTB- SHU-
1979 2013 2015 1979 2013 2015 1979 2013 2015 1979 2013 2015
06.00 282 322 327 345 395 368 327 371 NaN 343 327 357 NaN 306 301 299
07.00 302 310 315 339 377 361 315 366 NaN 327 321 346 NaN 301 306 297
08.00 301 296 303 327 350 349 303 353 NaN 308 313 328 NaN 288 304 290
09.00 301 285 296 312 324 334 296 335 NaN 293 306 309 NaN 276 300 280
10.00 286 277 295 300 305 317 295 317 NaN 281 298 295 NaN 269 293 270
11.00 263 272 300 292 291 298 300 303 NaN 273 292 288 NaN 268 287 265
12.00 238 273 310 290 291 285 310 296 NaN 274 294 291 NaN 271 295 265
13.00 228 281 315 293 279 285 315 296 NaN 284 300 299 NaN 270 320 269
14.00 257 292 311 298 259 295 311 302 NaN 300 301 309 NaN 271 345 274
15.00 266 305 318 304 280 311 318 313 NaN 319 312 318 NaN 276 353 279
16.00 238 310 327 307 306 325 327 324 NaN 329 322 323 NaN 281 350 282
17.00 252 301 317 306 305 330 317 330 NaN 322 315 320 NaN 282 352 282
18.00 270 286 296 299 301 324 296 328 NaN 303 299 311 NaN 277 356 280
19.00 277 273 280 287 263 313 280 316 NaN 286 286 295 NaN 269 353 275
20.00 268 268 279 272 229 303 279 297 NaN 276 283 275 NaN 265 349 269
21.00 247 271 288 256 244 293 288 276 NaN 271 289 256 NaN 266 346 260
22.00 229 272 292 243 253 283 292 257 NaN 266 291 241 NaN 270 338 252
23.00 221 270 281 238 286 271 281 248 NaN 260 283 235 NaN 274 324 245
24.00 NaN 256 263 243 257 252 263 252 NaN 246 271 241 NaN 268 305 242
1.00 249 247 254 258 257 257 254 269 NaN 249 268 259 NaN 255 283 245
2.00 234 259 266 281 298 280 266 294 NaN 267 279 286 NaN 254 267 254
3.00 252 281 292 306 319 308 292 323 NaN 295 298 315 NaN 263 261 267
4.00 244 306 317 327 349 337 317 348 NaN 326 316 341 NaN 280 268 281

5.00 249 322 329 341 386 361 329 365 NaN 345 326 355 NaN 298 286 293
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1T A.r.2015

AadeneggnIavesiisiives hmr2 vesanidesdvallud a.a.2015

March Equinox June Solstice September Equinox December Solstice
bt
dlae (fupu-tweu) (WawanAw-Aavnas) (fugeu-nanau) (wgAdneu-nuATRuS
() IRI-2016 model IRI-2016 model IRI-2016 model IRI-2016 model

Observe  gep  auTe-  sHU-  OPseve e amm  sHU- OPseve  gse awTe- sHU- OPSeMe gse AwTB- SHU-
1979 2013 2015 1979 2013 2015 1979 2013 2015 1979 2013 2015
06.00 419 333 344 364 419 365 369 395 386 337 339 359 361 306 309 320
07.00 420 320 339 353 401 357 362 378 372 319 334 342 364 293 309 313
08.00 404 311 335 339 392 345 355 361 366 305 329 324 350 282 307 304
09.00 383 306 330 329 371 331 347 348 333 295 322 312 331 276 300 297
10.00 363 303 331 326 350 315 342 341 302 289 320 309 305 275 292 294
11.00 332 304 348 329 328 306 345 340 279 291 328 314 266 277 299 295
12.00 331 310 363 333 307 309 348 342 270 300 336 323 246 276 326 297
13.00 302 317 355 335 306 318 340 344 254 314 327 330 239 277 351 298
14.00 296 324 347 332 310 329 337 348 266 330 327 332 259 282 359 295
15.00 288 324 347 323 303 336 344 351 273 336 332 329 253 287 358 290
16.00 299 312 337 310 319 333 338 353 303 327 325 320 256 288 363 283
17.00 295 295 317 297 311 325 322 352 309 308 308 309 263 282 366 278
18.00 280 284 300 285 296 315 310 345 274 292 296 297 276 274 362 275
19.00 263 283 297 276 293 308 308 331 261 284 293 283 276 269 355 273
20.00 252 289 304 268 299 300 314 312 243 280 299 269 243 271 350 271
21.00 283 294 309 262 321 291 313 293 271 276 301 257 259 275 341 266
22.00 296 291 301 259 328 278 301 281 303 270 294 251 286 277 327 261
23.00 303 277 285 262 294 265 286 282 288 255 281 253 301 272 307 257
24.00 265 269 278 273 298 273 284 297 242 256 275 266 251 259 286 257
1.00 272 278 289 293 327 296 302 325 281 275 284 290 253 258 270 265
2.00 307 298 311 317 365 324 332 358 320 303 302 319 273 267 264 279
3.00 327 323 333 342 417 350 360 386 363 333 322 347 272 285 272 296
4.00 361 340 346 360 427 366 374 403 387 353 336 365 295 303 289 311

5.00 397 342 349 368 435 370 375 405 403 352 342 369 335 311 304 320
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1979 2013 2015 1979 2013 2015 1979 2013 2015 1979 2013 2015

2010 273 255 274 242 339 332 325 337 296 279 298 288. 297 309 321 307
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A13199 4.4 A28 891809 N118989N15LUR sULUAIAINIIITRES hmF2 Yoan1dyuns
Tu¥ @ 2010

AnadeTngniavesiniwes hmr2 vesaaniyunslul a.a.2010

March Equinox June Solstice September Equinox December Solstice
‘im (fupu-tweu) (WawanAN-Aavnas) (fugeu-nanau) (wgA3neu-nuATRUS
Fala
IRI-2016 model IRI-2016 model IRI-2016 model IRI-2016 model
Observe  gep  auTe-  sHu-  OPseve e amme sHu- OPSeVe gse awTe- shu- OPSeME gse AMTB- SHU-
1979 2013 2015 1979 2013 2015 1979 2013 2015 1979 2013 2015
06.00 375 371 339 326 415 364 352 328 400 371 349 333 NaN 364 340 352
07.00 382 353 328 320 445 356 346 325 402 355 342 321 NaN 355 346 344
08.00 385 342 317 316 416 353 340 326 398 346 337 314 NaN 344 347 338
09.00 374 339 311 319 405 349 333 325 378 341 333 313 NaN 334 341 332
10.00 369 339 314 325 358 337 325 CY Ak 342 333 328 316 NaN 327 327 321
11.00 363 334 322 332 358 319 317 310 324 322 326 319 317 322 317 311
12.00 367 327 329 334 346 302 310 295 319 314 331 319 301 321 328 308
13.00 378 315 332 330 317 291 308 281 329 312 337 316 300 304 351 310
14.00 380 315 331 321 282 291 311 275 338 312 332 311 297 304 369 314
15.00 352 314 322 310 281 298 307 279 315 317 320 307 289 294 383 315
16.00 310 309 320 300 284 305 307 291 299 317 318 305 258 285 383 312
17.00 295 295 309 292 309 306 303 302 307 305 309 303 260 276 379 311
18.00 289 277 287 285 308 298 294 306 312 287 290 297 NaN 269 376 302
19.00 270 263 273 277 266 288 292 298 276 274 278 284 NaN 265 371 287
20.00 247 258 275 265 230 280 301 280 244 268 280 265 NaN 264 366 275
21.00 234 261 288 252 256 275 313 259 246 268 289 244 NaN 266 356 271
22.00 237 265 295 241 NaN 271 314 247 247 265 291 229 NaN 267 337 270
23.00 240 266 288 239 NaN 271 302 248 238 263 283 228 NaN 270 313 263
24.00 268 268 297 268 257 273 302 264 256 271 293 260 NaN 262 374 277
1.00 255 268 267 267 304 281 280 288 255 268 276 271 NaN 278 282 277
2.00 283 294 278 291 334 311 291 311 301 301 295 302 NaN 300 287 307
3.00 345 331 303 314 402 343 317 328 388 343 322 328 NaN 326 298 341
4.00 406 364 330 327 413 364 343 334 408 375 344 342 NaN 350 313 353

5.00 385 378 342 331 425 369 355 332 408 383 353 342 NaN 363 328 359



A13199 4.5 A8 891809 N118989N15LUR sULUAIRINIIIETRES hmF2 Yoan1dyuns
U Aue. 2015

AnadeTngniavesinimes hmr2 vesaaniyunslul a.a.2015

March Equinox June Solstice September Equinox December Solstice
‘im (fupu-tweu) (WawanAN-Aavnas) (fugeu-nanau) (wgA3neu-nuATRUS
Fala
IRI-2016 model IRI-2016 model IRI-2016 model IRI-2016 model
Observe  gep  auTe-  sHu-  OPseve e amme sHu- OPSeVe gse awTe- shu- OPSeME gse AMTB- SHU-
1979 2013 2015 1979 2013 2015 1979 2013 2015 1979 2013 2015
06.00 375 371 339 326 415 364 352 328 400 371 349 333 NaN 364 340 352
07.00 382 353 328 320 445 356 346 325 402 355 342 321 NaN 355 346 344
08.00 385 342 317 316 416 353 340 326 398 346 337 314 NaN 344 347 338
09.00 374 339 311 319 405 349 333 325 378 341 333 313 NaN 334 341 332
10.00 369 339 314 325 358 337 325 CY Ak 342 333 328 316 NaN 327 327 321
11.00 363 334 322 332 358 319 317 310 324 322 326 319 317 322 317 311
12.00 367 327 329 334 346 302 310 295 319 314 331 319 301 321 328 308
13.00 378 315 332 330 317 291 308 281 329 312 337 316 300 304 351 310
14.00 380 315 331 321 282 291 311 275 338 312 332 311 297 304 369 314
15.00 352 314 322 310 281 298 307 279 315 317 320 307 289 294 383 315
16.00 310 309 320 300 284 305 307 291 299 317 318 305 258 285 383 312
17.00 295 295 309 292 309 306 303 302 307 305 309 303 260 276 379 311
18.00 289 277 287 285 308 298 294 306 312 287 290 297 NaN 269 376 302
19.00 270 263 273 277 266 288 292 298 276 274 278 284 NaN 265 371 287
20.00 247 258 275 265 230 280 301 280 244 268 280 265 NaN 264 366 275
21.00 234 261 288 252 256 275 313 259 246 268 289 244 NaN 266 356 271
22.00 237 265 295 241 NaN 271 314 247 247 265 291 229 NaN 267 337 270
23.00 240 266 288 239 NaN 271 302 248 238 263 283 228 NaN 270 313 263
24.00 268 268 297 268 257 273 302 264 256 271 293 260 NaN 262 374 277
1.00 255 268 267 267 304 281 280 288 255 268 276 271 NaN 278 282 277
2.00 283 294 278 291 334 311 291 311 301 301 295 302 NaN 300 287 307
3.00 345 331 303 314 402 343 317 328 388 343 322 328 NaN 326 298 341
4.00 406 364 330 327 413 364 343 334 408 375 344 342 NaN 350 313 353

5.00 385 378 342 331 425 369 355 332 408 383 353 342 NaN 363 328 359
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1T Aue. 2010

Andeneggniavesemsiives hmr2 vesannifinlaadslud a.e.2010

March Equinox June Solstice September Equinox December Solstice
bt
Fala (@unau-wen) (wawnAn-Aeman) (fugngu-nanaw) (ngARneu-nuAus
() IRI-2016 model IRI-2016 model IRI-2016 model IRI-2016 model

Observe o awTe-  SHU-  OPseve  gse amTe-  sHU- OPSeMe  pse amTe- sHU- OPSeMe e AR SHU-
1979 2013 2015 1979 2013 2015 1979 2013 2015 1979 2013 2015
06.00 474 327 327 353 439 301 301 330 482 340 340 356 532 368 368 377
07.00 466 320 320 336 438 302 302 323 445 334 334 341 501 367 367 364
08.00 454 311 311 320 441 300 300 311 432 329 329 328 494 361 361 350
09.00 420 305 305 314 420 294 294 296 422 327 327 324 484 347 347 345
10.00 411 305 305 322 380 288 288 282 400 326 326 330 447 333 333 349
11.00 404 305 305 336 341 283 283 269 367 325 325 338 407 331 331 356
12.00 394 300 300 346 319 281 281 259 352 324 324 341 389 343 343 358
13.00 399 301 301 343 301 287 287 254 332 327 327 333 391 357 357 349
14.00 405 321 321 325 286 303 303 254 301 340 340 314 399 366 366 329
15.00 353 335 335 297 266 316 316 258 287 341 341 291 365 376 376 305
16.00 316 324 324 272 273 309 309 266 259 323 323 274 311 389 389 285
17.00 283 310 310 259 286 303 303 273 257 306 306 269 285 386 386 276
18.00 283 295 295 259 292 301 301 278 281 291 291 274 292 374 374 278
19.00 300 287 287 267 276 307 307 277 290 286 286 282 318 364 364 283
20.00 305 292 292 275 271 321 321 271 283 295 295 285 308 355 355 284
21.00 301 303 303 273 274 334 334 262 283 306 306 279 277 340 340 276
22.00 289 307 307 262 283 337 337 253 277 301 301 265 275 315 315 262
23.00 272 300 300 248 285 326 326 249 268 284 284 253 299 287 287 250
24.00 272 285 285 243 292 306 306 253 278 267 267 251 284 270 270 250
1.00 266 272 272 254 283 286 286 266 267 265 265 266 285 275 275 268
2.00 291 271 271 281 302 275 275 284 307 282 282 294 332 302 302 301
3.00 351 287 287 316 338 278 278 304 340 311 311 327 419 333 333 338
4.00 411 310 310 345 369 288 288 320 389 335 335 352 475 356 356 368

5.00 463 325 325 358 413 297 297 329 462 343 343 362 518 366 366 381



A13199 4.8 A1L2R 831809 N1a909N15UA BURUAIAINITIELAS hmF2 Yasanillnlanids
U Aue. 2015

Andneggniavesemsiives hmr2 vesannifinlaadslud a.e.2015

March Equinox June Solstice September Equinox December Solstice
bt
Fala (@unau-wen) (wawnAn-Aeman) (fugngu-nanaw) (ngARneu-nuAus
() IRI-2016 model IRI-2016 model IRI-2016 model IRI-2016 model

Observe o awTe-  SHU-  OPseve  gse amTe-  sHU- OPSeMe  pse amTe- sHU- OPSeMe e AR SHU-
1979 2013 2015 1979 2013 2015 1979 2013 2015 1979 2013 2015
06.00 407 406 374 359 339 399 377 369 367 397 365 354 372 372 345 348
07.00 418 386 372 350 361 391 375 364 378 378 362 342 393 363 353 340
08.00 421 373 369 348 383 384 371 361 401 366 359 335 357 351 358 331
09.00 412 371 364 355 367 378 363 358 371 359 356 338 363 341 353 325
10.00 403 373 363 366 355 367 355 356 351 352 353 346 356 334 337 326
11.00 392 371 374 375 317 348 352 353 340 342 357 352 342 330 326 330
12.00 383 366 396 373 292 332 356 349 312 335 369 350 319 328 339 334
13.00 399 359 412 359 268 324 361 344 326 331 377 339 310 321 366 332
14.00 390 352 405 335 277 323 359 340 313 333 366 322 323 311 387 323
15.00 351 347 376 311 250 328 344 338 302 336 341 307 294 302 400 307
16.00 315 336 357 294 267 331 337 335 296 332 330 297 294 293 400 289
17.00 286 316 336 286 271 325 327 330 298 317 316 295 278 283 398 274
18.00 269 293 309 286 270 313 311 319 293 296 297 296 270 275 393 266
19.00 263 278 291 286 262 301 302 302 268 282 285 292 266 270 384 262
20.00 254 274 291 281 275 293 306 283 250 276 287 281 260 268 374 262
21.00 270 278 303 270 283 288 316 267 262 276 296 263 265 270 361 262
22.00 272 282 309 258 280 284 318 260 275 274 298 247 266 272 341 262
23.00 267 282 302 253 256 282 308 265 242 271 291 241 274 275 317 263
24.00 272 279 289 262 262 279 296 283 298 265 282 252 275 277 296 269
1.00 280 284 286 284 243 293 293 309 277 277 284 280 290 282 288 282
2.00 298 311 301 315 304 324 308 335 306 310 302 314 292 303 294 301
3.00 339 352 329 344 341 361 535 356 355 355 328 345 320 330 305 322
4.00 400 393 355 362 376 390 362 368 350 394 351 363 359 355 319 340

5.00 406 413 370 365 381 402 375 371 364 408 363 364 339 371 333 349
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Comparison of ionospheric F2-layer peak height
(hmF2) derived by ionosonde with IRI-2016 model
at Chumphon, Thailand
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Abstract—In this paper, the ionospheric F2-layer peak
height (hmF2) is investigated and compared with the
International Reference Ionosphere 2016 (IRI-2016) model over
Thailand equatorial latitude station, namely Chumphon
(10.72°N, 99.37°E, dip angle 3.0°N). The hmF2 values are
derived from M(3000)F2 values that are manually scaled from
the ionograms recorded by the ionosonde measurement. The
hmF2 values predicted by IRI-2016 model are 3 options as (1)
BSE-1979, (2) AMTB-2013, and (3) SHU-2015. The monthly
hourly median of hmF2 values in March, June, September, and
December of the year 2009 are analyzed the hourly, daily and
monthly variations during low solar activity. The results show
similar trends between observed and modeled in that they
increase from sunrise to noontime hours and decrease from
afternoon to pre-sunrise hours. Three options of the IRI-2016
model predicts hmF2 values underestimate for daytime and
overestimate for nighttime. The BSE-1979 option shows the best
agreement while the AMTB-2013 option shows the worst over
Chumphon equatorial latitude station. The hmF2 percentage
deviation (%PD) changes from -20% to 10% at daytime and
varies among 0% and 30% for nighttime. These comparative
results are used to improve the IRI model in the future.

Keywords— Ionosonde, hmF2, IRI-2016 model, Solar activity

I. INTRODUCTION

The F layer is the highest electron density (10° cm™ to 10°
cm?) and is the highest layer (140 km to 1,000 km or more)
of the ionosphere [1]. It separates into F1 and F2 layers during
the daytime and combines as the F layer during the nighttime.
The F2 layer is the most important layer for HF
communication since its altitude allows the longest
communication paths, and it is present 24 hours of the day,
and it can refract the frequency in the HF propagation.
However, the variability of the F2 layer depends on time,
location, and solar activity.  Therefore, accurate
characterization of the F2 layer is necessary to ionospheric
understanding and HF communications designing and has
been widely studied with the ionosonde.

Ionosonde is a special radar system used to measure the
altitude and frequency of E, F1, and F2 layers. This technique
employs a radio transceiver to transmit and receive in near-
vertical incident skywave (NVIS). The Frequency Modulated-
Continuous Wave (FM/CW) ionosonde is one type of
ionosondes that continuously transmits the radio frequency
signal from 2 MHz to 30 MHz with increases the frequency to
100 kHz/s. Every 5 minutes, the signal reflects the ionosphere
and returns to the receiver is transfer to the image, called the
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ionogram. The ionogram is illustrated the altitude (h”), the
critical frequency (fo), and the extra frequency (fx) of the E,
F1, and F2 layers [2]. Many parameters obtained by the
ionograms are widely used to examine the ionospheric
models, i.e. the E-layer critical frequency (foE) and F2-layer
critical frequency (foF2), the propagation factor at a distance
3,000 km (M(3000)F2), the F2-layer peak hight (hmF2), etc.

The F2-layer peak height (hmF2) is the maximum altitude
of the F2 layer and is the highest electron density region. The
hmF2 value can derive from the ionospheric propagation
factor M(3000)F2 using the Shimazaki’s formula [3] as
follows

1490

hmF2 = ——«——,
M(3000)F2—-176

(¢))

where the M(3000)F2 values are manually scaled from the
ionograms recorded by the ionosonde [3]. The hmF2 is one of
the most widely used in ionospheric understanding and
modeling.

The International Reference Ionosphere (IRI) is one of the
most widely recommended ionospheric empirical models. It is
the standard model sponsored by the Committee on Space
Research and the International Union of Radio Science
(URSI) [4]. The data source of the IRI model are the
worldwide network of ionosondes/Digisondes, the incoherent
scatter radars, the topside sounder, the in-situ measurements
(Rockets and satellites). This model is yearly updated and the
last version occurs in 2016, called the IRI-2016 model [5].
This model has 3 options to predicts the hmF2 values consist
of the BSE-1979 option, the AMTB-2013 option, and the
SHU-2015 option. The BSE-1979 option is the oldest version
was proposed by Bilitza et al., [6] that uses the relationship
between hmF2, M(3000)F2 and the ccir-1965 model. The
AMTB-2013 option was presented by Altadill et al., [7] that
uses the data from 26 digisonde stations of the Global
Ionospheric Radio Observatory (GIRO) network during 1998-
2006. The SHU-2015 option is the lastest version was
proposed by Shubin [8] that uses the CHAMP, GRACE, and
COSMIC satellites and 62 digisonde station during 1987-
2012.

Many publications have compared the hmF2 observations
with 3 options of the IRI-2016 model predictions [9]-[12].
The hmF2 derived by 3 ionosonde stations over China, namely
Mohe, Beijing, Sanya, and Wuhan, during 2007-2016
compared with the IRI-2016 model was presented by Zhao et
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al., [9]. Oyekola [10] was proposed the three IRI-hmF2
models compared with the observed hmF2 at equatorial
latitude station in Burkina Faso, namely Ouagadougou. The
data used ranging from January to May 1986, and during1987-
1990. In [11], the hmF2 data at Milestone Hill compared with
three IRI-hmF2 models during low and high solar activity of
the 24" solar cycle was presented. In [12], the foF2 and hmF2
data from 2 ionosonde stations in Viet Nam, namely Phu Thuy
and Bac Lieu, compared with two IRI-hmF2 (AMTB-2013
and SHU-2015) models during high (2000) and low (2007)
solar activity was investigated. Although the hmF2 data
compared with the IRI model in Thailand was proposed by
Wichaipanich et al., [13], however, only compared with the
IR1-2007 model while the three IRI-hmF2 2016 models have
been lack. Therefore, the hmF2 derived by the ionosonde
compared with three IRI-hmF2 2016 models are examined in
this paper. The data and analysis methods, the results and
discussions, and the conclusions are illustrated in Sections II,
I11, and IV, respectively.

II. DATA AND ANALYSIS METHODS

A. Data used

In this work, the hmF2 data derived by Shimazaki’s
formula was obtained from the M(3000)F2 data recorded by
the ionosonde at Chumphon (10.72°N, 99.38°E, Dip 3.0°),
Thailand. The hourly hmF2 data in March, June, September,
and December in 2009 are investigated the hourly, daily, and
monthly variations during low solar activity. Chumphon
station is one of six ionosonde stations under the Southeast
Asia Low-latitude Ionospheric Network (SEALION) project
sponsored by the National Institute of Information and
Communications Technology (NICT), Japan [14]. This
station was installed at King Mongkut’s Institute Technology
Ladkrabang (KMITL), Chumphon campus, Thailand. This
location is located near the magnetic equator. The M(3000)F2
data are manually scaled from the ionograms by using the
special-10C-2000-eng.exe program as illustrated in Fig. 1.
The sunspot number during the 19-24 solar cycle (from 1950
to0 2020) is shown in Fig. 1. The data in 2009 indicated the low
solar activity.

International sunspot number S_: monthly mean and 13-month smoothed number
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Fig. 1. Solar cycle sunspot number from 1950 to 2020 [15].

B. Analysis methods

The percentage deviation (%PD) is examine the error
between the observed hmF2 and three IRI-hmF2 2016 models.
The %PD is computed from

o _ (hmF2jgi—~hmF20ps
%oPD = (AR o8 ) x100,

(2)
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where the hmF20gs values are the observed data of hmF2 from
Chumphon station. The hmF2g; values refer to the hmF2
predicted by the BSE-1979 (BSE-1979), the AMTB-2013
(AMTB-2013), and the SHU-2015 (SHU-2015) options,
respectively.

III. RESULTS AND DISCUSSIONS

The results and discussions can divide into 3 parts in that
Hourly variations, Dairy variations, and Monthly variations as
follows. The data in March and September refer to March and
September equinox seasons while the data in June and
December refer to June and December solstice seasons.

A. Hourly variations

Fig. 2 shows the comparison between the observed hmF2
and three IRI-hmF2 2016 model over Chumphon station at
12LT (Top-left), 18LT (Top-right), OOLT (Bottom-left), and
06LT (Bottom-right), respectively. The black solid line is the
hmF2 derived by the ionosonde (Observed), the blue dashed
line is the AMTB-2013 (AMTB-2013) option, the magenta
dotted line for the SHU-2015 (SHU-2015) option, and the red
dash-dotted line for the BSE-1979 (BSE-1979) option,
consecutively. The observed hmF2 values are lack during
sometime since the M(3000)F2 data cannot scaled from the
ionograms during these time. The results at noontime (12LT)
show the observed hmF2 are higher than those three options
of the IR1-2016 model, similarly at sunset (18LT). The results
at midnight (O0LT) and sunrise (06LT) are similar in that the
observed is lower than those three options. Although three
options of the IRI-2016 model predicts hmF2 values
underestimate during daytime and overestimate during
nighttime, however, the BSE-1979 show the best agreement
when compared with the observed values. Besides, the hmF2
values during daytime hours (about 300-450 km) are higher
than that during nighttime hours (about 220-350 km).

B. Daily variations

The example of the daily variations on 25" March 2009
and 5" December 2009 is illustrated in the left and right panels
of Fig. 3, respectively. The observed hmF2 is the black solid
line, while the AMTB-2013 option is the blue plus sign-
dashed line, the SHU-2015 is the magenta circle dashed line,
and the BSE-1979 show by the red cross dash-dotted line.
Most of the results show a similar trend between the observed
and modeled in that they increase after sunrise with the
maximum values occur at pre-noontime (10-11LT) hours.
After noontime hours, they decrease until the minimum levels
occur at pre-sunrise (3-6L.T) hours. Most of the results show
three options of the model underestimate the observed during
daytime and overestimate during nighttime. The BSE-1979
show good agreement for all of the days.

C. Monthly variations

The hourly monthly median of hmF2 observations
compared with the IRI-hmF2 model predictions in March,
June, September, and December 2009 over Chumphon is
shown in Fig. 4. Similarly, most of the results indicate that
three options underestimate at daytime for all months except
in December when the BSE-1979 option is close to the
measured ones. During nighttime, they overestimate the
derived data. However, both SHU-2015 and BSE-1979
options show agreement while the AMTB-2013 option is the
worst especial in December. The highest value of the observed
hmF2 occurs in June while the lowest level appears in
September.
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Fig. 3. Daily variations of the observed hmF2 compared with the IRI model over Chumphon on 25" March 2009 and 5" December 2009,
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Fig. 4. Monthly comparison between the observed hmF2 and the IRI-2016 model over Chumphon at March, June. September, and December 2009.

D. Comparison of the hmF2 percentage deviation

Fig. 5 show the hmF2 percentage deviation (%PD)
between the ATMB-2013 (Blue plus sign-dashed line),
SHU-2015 (Magenta circle dashed line), and BSE-1979
(Red cross dash-dotted line) options in March, June,
September, and December 2009 over Chumphon. The
results in March indicates the %PD of AMTB-2013 and
SHU-2015 options are similar values in that they change
between -20% and 25%, except at pre-sunrise hours, vary

Univ of T
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from -25% to 0% for the SHU-2015 and 0% to 15% for the
AMTB-2013. The %PD of the BSE-1979 option varies
during +10% except at 21-23LT (10-25%) and 6LT (-20%).
In June, three options change between -25 and 0% for
daytime while they vary from 0-10% for nighttime. The
results in September are similar in March. In December, the
worst values appear in the SHU-2015 option during daytime
and occur at the AMTB-2013 option during nighttime. The
best agreement appears at the BSE-1979 option.
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Fig. 5. Comparison of the hmF2 percentage deviation over Chumphon at March, June. September, and December 2009.

When compare with previous works, our results are
similar to the results in [9]-[12] in that three options of the IRI
model and the calculated hmF2 show similar trends. Most of
studies show the worst agreement predicts by the AMTB-
2013 except the results in [10] when the worst provides by the
SHU-2015 option. Furthermore, our works differ from [9],
[11] in that they found the best provides by the SHU-2015
option, followed by the BSE-1979 and the AMTB options.
However, our results show the best prediction provides by the
BSE-1979 option, followed by the SHU-2015 option.
Moreover, our results show three options underestimate
during daytime and overestimate during nighttime, while
other works show these options are close to the observed
hmF2.

IV. CONCLUSIONS

The hmF2 derived from ionosonde at Chumphon
equatorial latitude station during low solar activity in 2009 are
analyzed the hourly, daily, and monthly variations and
compared with three options (AMTB-2013, SHU-2015, BSE-
1979) provides by the IRI-2016 model. The results show
similar trends in variation between the observed and the
modeled. However, the model predicts hmF2 values
underestimate during daytime and overestimate during
nighttime. The best agreement provides by the BSE-1979
option, followed by the SHU-2015 and the AMTB-2013
options, respectively. The %PD changes between -20% and
5% for daytime while varies from 0% to 25% for nighttime.
The accuracy of hmF2 predictions recommended improving
the IRI model, especial over equatorial latitude regions.
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