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ABSTRACT

This research proposes a learning center web of atmosphere variability, weather
variability, and disaster occurrence at equatorial magnetic latitude station, Chumphon,
Thailand with a shorten name “web site of learning center for weather and disaster”. The
main goals are to present a new expression for computing an ionospheric bottomside
thickness parameter (B2botP), an ionospheric storm scale (l-scale) based on foF2, a
B2botP model, the earthquakes, and the changes of ionospheric parameters. The research
outcomes include the web pages with crucial information, the B2botP computation, and
the BO model. The proposed B2botP behaves similar diurnal variation and are close to
the observed BO. Their absolute differences in summer, equinox, and winter are equal to
0.09 - 25.11 km, 0.03 - 16.46 km, and 0.02 — 22.49 km, respectively. Refer to the foF2-
based I-scale, the occurrence probability (Pocc) of each I|-scale are comparable one
another. The Pocc of quiet situations occur maximally about 71%. The Pocc of I,3 occur
minimally about 0.3%. The Pocc of |51, Iy1, and I\2 are about 14%, 12.9%, and 1.4%. Refer
to a foF2 analysis during earthquake, we find that a few hours prior to earthquake, the
foF2 decrease, and then reach to a small value during the earthquake. Also, during a few
days before earthquake, the foF2 increases which depends on the daily averaged foF2. As
for the TEC changes during earthquake, we find that during the severe earthquake, the
TEC have changes for five days before earthquake. The TEC increases by two days before

the onset of main shock, and it decreases by 3-5 days prior to earthquake.

Keywords: Equatorial Magnetic Latitude, Disaster Occurrence, Atmosphere Variability, Weather
Variability, Chumphon, Learning Center, Web Site.
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https://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B9%E0%B8%A1%E0%B8%B4%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B8%97%E0%B8%B8%E0%B9%88%E0%B8%87%E0%B8%AB%E0%B8%8D%E0%B9%89%E0%B8%B2%E0%B8%AA%E0%B8%B0%E0%B8%A7%E0%B8%B1%E0%B8%99%E0%B8%99%E0%B8%B2
https://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B2%E0%B8%84%E0%B9%83%E0%B8%95%E0%B9%89_(%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%97%E0%B8%A8%E0%B9%84%E0%B8%97%E0%B8%A2)
https://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B2%E0%B8%84%E0%B8%95%E0%B8%B0%E0%B8%A7%E0%B8%B1%E0%B8%99%E0%B8%AD%E0%B8%AD%E0%B8%81_(%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%97%E0%B8%A8%E0%B9%84%E0%B8%97%E0%B8%A2)
https://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B9%E0%B8%A1%E0%B8%B4%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B8%A1%E0%B8%A3%E0%B8%AA%E0%B8%B8%E0%B8%A1%E0%B9%80%E0%B8%82%E0%B8%95%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%87%E0%B8%A8%E0%B8%B2%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%AA
https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%A3%E0%B8%AA%E0%B8%B8%E0%B8%A1
https://th.wikipedia.org/w/index.php?title=%E0%B8%8B%E0%B8%B5%E0%B8%81%E0%B9%82%E0%B8%A5%E0%B8%81%E0%B9%83%E0%B8%95%E0%B9%89&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%AA%E0%B8%A1%E0%B8%B8%E0%B8%97%E0%B8%A3%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B9%80%E0%B8%94%E0%B8%B5%E0%B8%A2
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%AA%E0%B9%89%E0%B8%99%E0%B8%A8%E0%B8%B9%E0%B8%99%E0%B8%A2%E0%B9%8C%E0%B8%AA%E0%B8%B9%E0%B8%95%E0%B8%A3
https://th.wikipedia.org/w/index.php?title=%E0%B8%8B%E0%B8%B5%E0%B8%81%E0%B9%82%E0%B8%A5%E0%B8%81%E0%B9%80%E0%B8%AB%E0%B8%99%E0%B8%B7%E0%B8%AD&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%AD%E0%B8%87%E0%B9%82%E0%B8%81%E0%B9%80%E0%B8%A5%E0%B8%B5%E0%B8%A2
https://th.wikipedia.org/wiki/%E0%B8%88%E0%B8%B5%E0%B8%99
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Toluadlssazgnendaluss h figatuseauslnihillulufiany fusenuieauimseamesluailes
lufiang fusan (ETNW) Suenaaslufumgld for2 fauduiunieanasild deiuegiuian
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izﬁU%aﬂNaﬂﬁzﬂuﬁﬁwLLG\ﬂGﬁQﬁJuuWﬂ‘ﬁuﬁl@:ﬁUﬁMﬁ?%i@ﬁiU%UUiﬁﬂﬂﬂﬂﬂLLaZ ExB drift n15anag
19361 foF2 fiARaINMafisturesen hmF2 vesdu F Sudunasnanwananiignnszans (sl
gnay) lWmuduauuusindnlanuasiuAsuuUadinsvdanugdlutulolelumflosdunanauna

WesintAnidsfonisasnarauntutuleleluaiisseanldlunainatsiundfuduluddulels
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[ a ! a

Judesulutuleleluaiilesaudrs nsifindunienisanaslu foF2 szgnimualuvingiiands
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= 1

Fuagiuidulnuiagauuinniiusenintawansenuinssiuiunsaeangnisal luvihuesfediy
foF2 ®19asiiinTuviTeanatinseiailonugewetu F gnvilvidenanaslag ExB drift ivndeu
Maunignduiadeusisauuliirluniiiasy Junnvieauiimseamesluailesnnsaalan

(poleward) Msinyulua foF2 azdinseguazaznanlulitiieinaavesnissiuinulvdly

o

dulaloluailsauananiauiuai forF2 suduiagiaianas I5vesnsdauna TEC ngldnduing

o
a

fidsnanadfion GPS I¢Funisseniufusgiauninatsidiof 1 4 fefufadunisaduayy
nuATeRgfumglutuleleluaileslngld TEC

dauAn TEC Hu TEC osfuszngisludnunsiindeiu for2 Weiangludfulelelua
Fesunsldlaaanadasiunun sndegratuile foF2 fnnsiUasunlasanamelinisnszanes
Trdvemataseuduauuumdniandiiivdiusidves TEC Allduaninisiudsuudasiidaay
o 9 dWewinnsnszaneslmidfisssuierliannsafiasilninnssudinadlduazfldldasng

wanguae lunenauiy We foF2 fAtanasduiileqwnann1siiudueesdnsinissaumnulv

AN TEC LoeAfiAtanasaiuiy tie991n TEC Wunwisiilwesnasnietulaleluailesludaty
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a6 a v ! a{' o a &
nanauawes TEC ﬂ‘ﬂ%llﬂqwsﬁqaﬁiuﬂqiﬁaUauaﬂﬁaﬂ'ﬁlfda‘ﬂuLL‘Uaﬂiuamiqﬂqiﬂqﬂﬁqﬂal@ﬂmiau

Tutuleleluaiilesinnindleisuiuan foF2 8nvia TEC wag foF2 Afsuaninisildsunlasmiu

[ '

LATILANANAY AITUNITIATIZAANELNA LASEsILa NSl UAT UG ANTTUAITIZA 80190
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2.7 N1ITSDUNTLAN

A = a A

AILIIUNTEAN AB NNENTUUTTINNFYDIANNTEYINFIELaUNTEan NuaulrsIdnausy

PPN MIRgNUaNSuilanld udazaanfusidaiug1iYidunsnsaiiiesnanituiilan
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ez S AUl www.tmd.go.th/knowledge/know_greenhouse01.html)
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Mnmsliasgideyaludnlaninile oundsly 1,000 ¥ wui gamgivedangedumnluamssy
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1Y o [
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1% £ ' [
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3UN 2.4 annei3eunszan (http://www.greenhourse.gov.au/education/what.htmd).
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TIN50 a5AUNLT W1TITNB35IUTIN warAIAiuILLBEnaseuniinTulutulelelua

\WesA1ua13 (bottomside ionosphere) Inguuudaes IR iukuUTIARINAS1WUIINATBYAT
Talatunsuuiimlanudiazinunaieaunisiganisvaaes (empirical model) #99zlvid1iade
suouveIntiwesiutuleleluaiusdmsudumisiaziiaindesnis lnelnslndaiy

NUBUUBANATaUSUA1vaItutey F2 Tutulalaluailesaiuisameilaannauniseelull [14]

B1
N(h) = NmF2 x &XPCEY ). (2.1)
cosh(y)
WAy y _hmF2=h (2.2)
BO

lo NmF2 WBuarumuuiudidnaseugeanlutu F2, hmr2 Wuianugegegaludu
F2 fiinen NmF2 1o y 1A19g581319 0 A8 1 01 y AAWWIAU 0 AN A AgilAvindu hmF2 way
A1 BO HAIMINNTT 0 WAz y AANVIAU 1 A1 BO azdAvindunan 19senineal hmF2 wag h0.24
(h = h0.24) Tufilil h0.24 WuAeugefiinImuLBEnATouludy F2 fdanaundeiiios
24% ¥®IA1 NmF2

WUUd1804 IRI-2012 diaue 3 Mmidendmiun1sinung ($1a89) AM1s1Emesauun
LLazWﬁ']ﬁLmaiﬁ‘gﬂiwwaq%uiaiaiualﬂS%é’ma'w (B0, B1) laun Bil-2000, Gul-1987 way ABT-
2009 Tag3% Bil-2000 Hurdunuusraeamsgiuilinisevesd Bo fidtuamesnunléainnis
wasndulnslndvesleloluunsutaniidwiunniidegluuinuarigalndidugudans azign
Auazazfiganans fden Gul-1987 Usznaulufeaumsilsiduiiuansandusiusiiinldszming
A1 hmF2 waw ho.5 (h0.5 iuranugsficnanumuiuiudidneseuludu F2 fdnanaundeiiios
50% Y831 NmF2) fiazfganats Insanuduiiusinanazgnldifionial B0 Gul lunaisiesn
duidenaavnefe ABT-2009 \luisNodemeliansiinsgisnsuedanuunssnay (spherical
harmonics analysis 138 SHA) Fslilumsviunensiasundaslua Bo WelfieuiuAazigadin
(dip latitude) MUY aTTosdU HoULALARUULATARS NANSANYINUTY A1 BO_ABT
§$unisusuUgeauiidniududgandnis Gul-1987 wazds Bil-2000 Uszanas 40% uaz 32%
Tuvauzdt A1 B1_ABT légnusuussauiirnuaiugngandnas Gul-1987 uagds Bil-2000 Uszanas 20%

Aounthifinsfinwuariduinineiieaiua B0 [18-20] nuth nsidsuntasluusas

Y

Fu, muganakasauU]isegiusuesen B0 duusgivimunisvesaniilololugsoun luvuen

v a

mMaasuwlasnaiuvesal B1 dulinsidsuudasdfisadntosniuggnia Tunsunaieiy e

BO_Gul agfimvigendnen Bo Ainle [18] luneunansiunaniileviuiu A1 B0 Bil svaenadeiu

pe9AfuA1 BO Minlaldlatiivuiuen BO_Gul lugaseu wasinansatranindulugavuis [19] 9
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anillndidugudgnsuasiiaziigns a1 B0 Gul svdenndeudusgefiiual BO iialaiaifieuiu

Y

o oA

A1 BO_ABT uawen B0 Bil Turaal 2010-2011 vesthaFusuvesledagiozadud 24 [20] el
IRLIRIEG | Jamjareegulgarn et al. (2016) [21] IAUNAUONITIHLADIAIUAUIATUA19IVD
WUUS188¢ NeQuick Jusnlusiunuiien B2bot iy (B2 NeQ) Feazgnunusnodanys B2p 11u
MU nsdsunladlundag Tuuagauggniavesan B2P_ 1 azgniuisuiiisufiunis
WasuwUasde q Al§Fuainan B2 NeQ, A1 B0 Bil wazdn BO ABT aniiuei B0 Gul wa
nsfnvanudn mavdsuwdadlundazfuvesen B2P 1 zduunliuienfunisiudsuudaile
9nA1 BO 9aldTian1d kwajalein waranail Jicamarca \leiisufudn B2 NeQ ndsantdu

Jarnjareegulgarn et al. (2017) [22] Aldnauefuiuuidmsuan B2pP 1 fildinaueluneunth

v '
av A

1 (gnisendt B2P_2 Tuauddeill) Maanil Kwajalein 1ivenazannamaiiiiniuseninedi BO 1inla

fluAn B2P_1 nan1s@nwinudn a1 B2P 2 Wudnildnlndiuen BO dsnauinTunazysudgenn

[ [
[ o

B2P 1 WinTUuanUseann 65-83% ae19lsnniu nansideasitunseyinduiisawaTuienlunsag

ganavesd A.e. 2008 Wity uenanil nansAnwneuntnddwIundsasuanliliutianay

Y a

! dl 1 1 dIU L2 ! dl o ¥ o ! QI
WANA1SANIN 581I19A1 BO Tnlaaseiuai BO viunglaannuuudiass IR lnganizes19ds

=

andlndidurudgnsuaranifiazigasit ffesifunauviiduiifionsand 8o AdnTanuie
uar@nlanldvatwan EIA n¥oufu (Uszanas 15°N wag 15°5) detu Tunudded nswdsuuiag
¥ear1 B2P 2 fidnlanmileuazdnlanldvoseen EIA 9zgninun@nwinaziinseyt udmadnsy
Ie¥uazgninluiSsuifisudiuen Bo fiialdasefuan BO Mvihunelsdarnuuudiass IR S1uau 3 35
1en 35 BO_Gul, 75 BO_Bil 4az35 BO_ABT

LUUd1a09 NeQuick 2 Wlunuudiansainuvuiududidnaseuludulololuailesiias
tiauemAImuLiuBIANAseuLaTATUTINMBIANMTOUANS (TEC) iduviisniagiimnans A
a4 Yunaznanfdesnis Insuuudians NeQuick 2 fufiaunsidsnsnaaesinansauduiug
serinstuleleluaile s uauazduleloluaiio fduuy madimesndndamimosanuduius
fsnamAeAmsdimesanuvusiuas (B2bot) Ineen B2bot uiiviausly (23] légndnu
wazgninmualoglusuiuys B2 NeQ Tusuidoil Tns B2 NeQ aunsafiasdnnnildannaunis

7 2.3 way 2.4 f9i

0.385x NmF2

B2 NeQ= (dN/dh)

(2.3)

max

Lﬁ'a@hqqqmaqayﬁuémﬂmmLLu'uéLﬁﬂmaulﬁmﬁwﬁ’ummqa N30 dN/Ah) ey (U8
10° m2km™?) Tuaumsdt 2.3 Suanansafesduaaildainaunsi 2.4 Aldannsmeass
In((dN/dh),__ )= —3.467 +1.714In( foF2) + 2.02In( M(3000)F2 ) (2.0)
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wena1nd aunsluulelunisAwinan NeQuick B2bot Niiiausly Jamjareegulgam
et al. (2017) lagniniauednasmiisluniuazgnunuaiedinls B2P_1 lunuidel lnudn B2P_1

au5aazAUInlAIINALNIA 2.5

1/2-0.113hmF2

B2P 1=
- 1+Q

(2.5)

o 1 1usiaunundidnaseu (km) Fannanlaannaunisin 2.6 wag Q tWusuusluua

o X a ! 1% = = o Y Ao w Y = a 3 ! 1%
ﬂ'Wi“LJWUUQJ'WWI'Wﬂ'ﬂ(ﬂ"ﬂ’]ﬂﬁllﬂ?ﬁ/l 2.7 GZNL‘U‘UG]’JLLU?WGW@@@?WUQ%@QWW?WNL@@igﬂi’]\iﬂqu‘Uu (k)

TEC
NmF2
Q =3.22-0.0538 foF2 — 0.00664hmF2 + 0.00257Rz12 (2.7)

TnstunauluniAIfinls Q wazeAl B2P_1 awnsafiaz@nyiiiniAulaann Jamjareegul-

a

gamn et al. (2017) [22] uana N LUBI9INTAIULANFAIITENT1IAT BO N1inlaaza B2P 1 9
Awandld Aty AUTULA (correction factor) vesen B2P_1 Fslagniiausuagmiaaanuilugy

995U ¢ lngoduaNuFuNUSAIwansluaNNIST 2.8

B2P_2=B2bot _Pro + c-7 (2.8)

wenantl Anaseduysalsendneen B2P_2 Minauslunuideiuazen B0 Ninlaasgn

muumeuiulagldaunisi 2.9 Wenldlunmsiwsgiliviuing B2P 2 dulimdlndifesiu

A1 BO Minlsvesnaveusodiils
AD_B = | BO_obs - B2P_2 | (2.9)

2.11 dqvenszauwigluguleleluailes
finswasuwdamanauazszeznseganniutuleleluailes Weofanssumiauiman
Taniiin@uegsnn UfduiusiBadourestuunulaailes suleloluailes waztumesiuaiesn
[ o/ Y a d' 1 wa (% 5 I~ ¢ =
sz dusumgiinniswdsuulateganaifivesnisnsvangdivesnatauitutuloleluaies s
sznalbinanigluduleleluaiieslunaident lussniniangluduleleluaiesiy Ay

nukuuwaiaulutuleloluailesanunsaNasiiudu way/v13s anasainvatetilusluauiavane
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Fuild dewFeudisuiuideulvannsunilusuleleluaifles audnvazvesmgludulolelua
Weslisniunagdoanilouiumgusimanianausly fusfiAanssuuimanlanazd uddouly
lusuleleluaile fannsofiazdsuuladdosnamnn Sstuegfungnia naeduuagsums
Tngianizedadanisdsuntases BA fidwansenudedoulvluduleleluaflesodiaunndi
azAganansuavazigas

Soulvluduleleluafefdunidunudnuuzanmeaniaiiddyuniianyseiiunis
dwsudldnuszuuing q fendeaduing enfisu svuunafientimisaina (GNSS), szUUg
doansgu HF, wazszuumsnTiasuszeglnadiendoeania ondaegnaey ALY GNSS 9193%ilAy
Aawanalumsszysiumisiinnn fafntundnaisyiduduleleluaflesfiiutusgannsy
dounanmgdsuanluduleleluaiios drufdoaseu HF orgagUszautunmsundasioluias
(blackouts) Suiilasunanmgdavluduleloluaiios duflissuunmsnmatusserlnaiionds
mmﬂmﬂ%ﬂizauﬂmmmﬂmimﬁauLLanmmLLazLWaLLUUﬂzﬁuﬁu (scintillation) TugasfiiAn
mglusulolelualefosnamdnmiag Tnefuftfnuazldszuumarifoansfiazdidoulaly
Fuleloluafesiuiinnudsuasuvielyl

ANTEUVATEIANINEINIA BT AInssuaSezuazianssuwimantan gninlillaeaud

wAaFeuaINavaInuleliusNsanNMLInau U INIALILIBIR (ISES) Fuanseau (scale) U19an

¥
A

NN UITAMAN UL YDIFWNANTY WU G scale dnsunienindnlan, S scale @nSUNITwA
g
]

9 9

e D

Wda3uy, wag R scale dusunissuaduinglidla lae S fu R scales agoduni1sinmAfanssy

N

a8 @1 G scale avandonisTnavasianssuudvdnlan fvonszdumariiiudunisvos
“NOAA scale” Tildsuniseensuilusgsfnazuansunumiiddalunisuedmesuaznisyiuie
vosdoulvanimene lumanduiu druenszdumglutuleleluaiissfiodunisTatulelelua
Fessslithnnsgulumsszyas esnnnsdsundammanauagsssgmsiinnvestulole
Tuaiiles (sndegnatu nsiwasuuUamiuggnia fusietu narviesduwazium) Syl
eninesnuaivensssunglutuloleluafliosiuueu

AU iisUsvenaudnuazvesiuleleluaiteslaensldamnsfines
Tutuloleluadledildnninldgnnssvhiu silduduivars 4 Fuduusnvestuloleluaflefiiy
arudingatu F2 (fof2) Faldgnienuatiowdudiadsneifounes for2 @ 1960) suiaignld
dmsumstienesiunltuszezenvesiuloleluadied WeldAtund annsléfifansaundluty
loleluaflpssuiunning dnitedunndinmesuiivsaideiduloleluaflesiannsn
fazgnuunlduvunands sndegraty dudRanssutuleleluaiiod (A) ldgninauslng
Bremer et al. [24] UufiugurasnITian foF2 Tuglsy n&391n1Y fufildgnnumuiiiedias

(%

ussenennglutuleleluailesnasfigananslag Mielich and Bremer [25] wanwlalddaya foF2
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1w 13 Ynlasuann 1 aantlluglsvuazlavinlinseinistuedivggniavesmglutulelelua
Wes
1. siidndmilsiussenemgluduleloluaieshe “Aullanmeiniaduleloluailes” (W

index) dagniinauslng Gulyaeva et al. [26]127] Tngnnslden foF2 wazAUSanadidnnseuams

[ b4 a

(TEQ) Tuglsy Mstuegiuiaviesduresmisiimesiutduleleluaiieslignidneenlulagnis

v

AwIumAINIsUTuLANTued fuyudtaasey [27] lagdwd W lagnienulaenisivuaieuly

Y 9

o o

TAwauaan 3iuvesns1wastutulaloluailasngnusuwnwaiiafisunua1anedaluaniig

Y
¥

Revveiu Jeuladinanazgnimuamedivuiugiuvesriauiissiiureanigdauin 1
= le’ v Y o I v oA o U N 1% v 1 «w ) v A IS
an1il wenanil wanundaladmuamenduil W dmivanniiau o die uaglenudn “Adull w il
LA X P
AU UA LA AYANE Y
2. atilugulololuailussou o lausseny perturbation degree (SEAUIBINITTUAIU)

(%
IS [

Tuguleloluaiosane Felaustnnaneurn15IUNIUTBY “traveling ionosphere disturbances

q

v o

(TID)” 1ne Jakowski et al. [281[29] Iduuziidwiiduleloluailosidassuniufinarnifiofiazan
NANTTNUANINDINATITIRENTUYNTIady GNSS warn5szysum

3. ileliuvuend fudsndndwesdeulsluduleleluaiios Ao “Along Arc TEC Rate
(AATR)” Idgniiiauelunsounuresiansay EGNOS Tas AATR Tdgnmeanatiowdusudimis

Y9953UU SBAS Tiieadasiumglutuleloluaiies salumimazasieusialaganizvosglsy

waglagnuiuusdadmiugldszuy SBAS

2.12 wiudulwauaznsiasuuuasdulelaluadios

wsiuAulm (earthquakes) iWufeftAnssssumandudumgiAnaudenofisuuss
Tinuarnindauvesnud anvgvossuiuly 1iun wudulmuvuifeusanalnie (tectonic
forces) Myszidnvaaniuli msviumiles van laevily wafiAnainusanalndeduidvinamn
fign fdwmavosiuiuninadousvesusudenlansufumsaraundanumeluiiulan sun
voausiufulm (M) asnsaflazudseonldifu ¢ vl léun

1. seunmguusaviosiiu (liann) - ML

2. SEFUATIUITULTIAALUDR — MB

3. wéfummqumm?{uﬁuﬁa - MS

4. FEAUATINTULTILLIUGA — MW

Tng ML 1ugaguénansvosnsiinusiufiulin (epicenter) fisgoznnstiosndn 1000 km 7
wanslumiagvesinmed (richter) niawindign (M) @1 MB uansvunvesukuAulnIfiszozng
1131 1000 km MS Wuszezilsnvianusiuiulmannuas MW Tunuunaveadnigeiiunn

sEAUANUTULIIVBIRNUALlmlagnTdeg1anTarslumiteveutesinagd (Mercalli scale %38
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MM) Tng MM fignuuseantaidu 12 seau Tae MM sediu 5 Juldiiiifaanudemesedinuway

saunsndau UsewmealneAldulssmaniladunatslszwmanlasunansenuainueuiuln g

v A

wiuulmiiiszRuTiinn (M >= 5.0) I8RnTunaneafisey o Usandlne Fiannsaiinsnsiadey
Ifanadfvesnisiiawauiulmdiiules www.earthquake.tdm.go.th wadiadiuauuniildlu
nsAnwnsintuvosusuAulm Taun nswdsuudamwesauuuindnliiih nsiedeusives
crustal dynamics @394 radon emanation nsdunatldAuuaymsdannnisiuasunlames

| | aa

wisfiwesleleluaiiies loun Arauding@du F2 (foF2) wazAUSunadianaseugns (TEC)

(Y [y 1%

Tuvzdl Mlanfidslinnuddyiunisudaisudsarmtineunisiiauduiulnadusgiann
M1uUeyalaanuaeau Asia-Pacific Space Cooperation Organization (APSCO) Wu31 43190
AufdeETymiAuwiuauln dnludaigariidfy (Motivation) Aslsiausanazvitung

wrufulmlaensldrmdeyaninlannduleleluailesuvussulnilaviels

JUN 2.12 dundsiifnunudiuln (anaudun) Mmlanludieiud 1 unsau - 5 dquieu 2562

lelAsan15909 APSCO dmsunnudulng Ao MsysansAnialiainaniieuuazain
annfniaiufuitensdsdayeyrau (Signatures) LazN1TLIUFOUANUT (Precursors) LuuALl7
TuguN 2.12 wanegasia 9 Aiawiuaulmilanseninedui 1 uns1ey - 5 Tquigu w.a. 2562

wazgUN 2.13 agudnansvesnisiinuruAulmnavan 358,214 qaviilan fudd A.A. 1963-1998
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Preliminary Determination of Epicenters

Y v v
= U Aa

Ul 2.13 9aguinansvesnsifnusiufiulmifinTunadu 358,214 gevilan U a.a. 1963-1998

(https://en.wikipedia.org/wiki/Earthquake)

JUN 2.14 unuifiuanagaiiiawsuaulmuuniininndy 7.0 Snwes Tuyael a.a. 1900-2006


https://en.wikipedia.org/wiki/Earthquake

33

5U# 2.15 wHUATAALEUAUlTUIANAUNSaLINNTT 8.0 SN AILeU A.A. 1900 Wiyl

(https://commons.wikimedia.org/w/index.php?curid=17980815)

JUN 2.16 UhasesideuvesudentanfiondauiinuwuiulmvuuduiuvesUsenalny
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JUN 2.17 vuaveswiuiulmifalulsswmelng

(http://www.earthquake.tmd.g¢o.th/home.html)

JUT 2.18 mawSeunisaldmiugunsaling q Wevinnsindusazudusieunsiiausuauln

lnuguN 2.14 uag 2.15 wandununLanigafiawiuaulmivunininndl 7.0 Snmes
Tugael A.e. 1900-2006 wagdvuriamnduniouinndi 8.0 Snwes Al A.a. 1900 Wuduun
o L2 ! dl a d‘ = dl a ! a ! a
AINENU dugUn 2.16 UShnsesideuvetudenlaniionnvziinunuiulmvuur ALY SN
Ing wazsui 2.17 vurnvesuiudulminiinludssinalng wenani U 2.18 n1swssunisal

dmsugunsalsng 9 Won1snsirdulazuIsiounsiawiuaulng Miuun Swmnisainisia
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wriuAulmsulssuvaumsduelutuil 26 $uaau an 00.58 LT T 2004 vuna 9.1 3nunos
Tneflqudnanansifnusuiulmogfinoilonsiuiirns funnveanizaning Usemadulafide
dmsuvsanalnety wiuiulmiisuusaindulutud 5 wouaiau U 2014 1un 6.3 3nwes 7
Fw¥aBessns uenaint SukufulmilsuusaReduluna (23.14°N, 94.87°F) Tufufl 13 wwen
U 2016 vun 7.2 Sniwes

U Tnnseausuiulaelunaiin “nsAnenisiuasuwladvseen foF2 wagan TEC

v
A VY & ! IS 1Y

vpstulaloluailesarusanazldiluavatsaumnazlgvinuianisiiawauiulmla Taenalu 7

[
Yo

U dll dl 1
aosAdanunsanasmalanail

[y [ 1 a

1. A" foF2 mmmﬁ%i’mlﬁmnmiiumazgq;mmummagw%ﬁzij 2 @01il n39
anvazanadnldanurunwleleluwnsufiduiinléaina3es Digisonde #3e lonosonde Tngld
TUsunsy Artist w0 POLAN Fsazsinnisduiiasaiiiondannsiu bottomside electron density
orofiles w&mAsfimesing q vestuleleluailosiuarseanun 18uf A foF2, A1 hmF2,
A1 BO, A1 B1 1@

2. 1 TEC duaunsanldin3osdu GNSS wanudiieafuanaanud lngluitd azve
na1dadn TEC Aldannia3oadu GNSS wuuaesauamniy (L1 = 1.57542 GHz uay L2 =
1.22760 GHz) F93ufua1nN159AT STEC 1nRas95zniemsyezmaaiion (pseudoranges)
funasnalavosaeninud Tngededsn1sves Blewitt [30] n&1antiu 151awinsudasaina
STEC luifumn VTEC Muaedn s1uludidnnsou/n1510uns) lngenfedsnisves Ma uay
Maruyama [31] tnedmsuin3essu GNSS LUUdBIANATY A1 VTEC Haxilnnuduiuslngnse

funanusyislutulelaluailes [32]

40.3
I = Cf_ZTEC (2.10)
__ 1.345xTECx1077

I 72

(2.11)

e / Ae natusyisluguleleluailes, f AeArAnudvesdygyi GPS wag TEC AsaAn
VTEC fifnualaaindaya RINEX 31nn15AN®1 wudi Alsegiuveaiaiuseisvesdyayin

ANUTIE121n PRN 1 — PRN 30 luaqed 2004-2013 fatuanalilumisiedt 2.1 1nn15197 2.1

Y

WU 4A3095U GPS lasudmayraunnaiisn GPS PRN 27 7ifllianuseiauniigainiu 21.661 ns

o a

WAZLATOITU GPS lasudtysyinimnaiiie GPS PRN 14 ifinanuselwnianwindu 7.221 ns
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15197 2.1 A IUYRIIAUTEIIVRIAYI GPS PRN 1 — PRN 30 Tutael 2004-2013

(e |6 | wew | w
7
Cw [ ew | m

21.627

o

7.593
18.846
11.312

21.661
18.895

JUT 2.19 MsmArmuingaueddu F2 (foF2) Ngninlamelalelugeud

2.12.1 n1swagunlasnn foF2 naunaziinweiunulng

ludell 9znanfenisasunlavesainiudingflutu F2 (foF2) neuiiasiin

wiuAulm Iaee foF2 WuArnudingauestu F2 fanunsaazasvioutuunanduusseiniele

Teluawiles7igninlédeleloluveus (Bames and Leonard, 1965) fauanslusud 2.19 Tnelelely

a d'

youatlaunsoduarSupduInggiuaiungs (HF) Asud 2 - 30 MHz megn1siiiua1Aua iy

9

ASIaE 100 kHz AU weazsauazldiatuszunn 5 u1il anudfasvieuasuiantulalalua
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Wesundaunsessuiuasgnuansatenunduwnuninloleluwnsuinaniauduiugszninee
ANMEaLadau (virtual height) Aiuauddngd auanslugun 2.20 [33] Tnglunidl 1sagldlusunsu

special-100C-2000-eng.exe LaaLNAAIANGIALDUAUAIAIUATINGAVDITU E Wagdu F

5UN 2.20 wnunmlelaluunsufianiyuns (v31) vuninensuiimes

UnIdTevateviulavinnisdannan foF2 Yssum 2 - 3 Juneunsiinuduaulninguuss

[ I

gnfegnatL Rios et al. (2008) lfinauensuasuutasen for2 fignindlsanlelelugoudi
Tucumnan Yszinaensiaufiun neflaaudnarafntuiiilos San Juan feseduaniuguuss 7.3
M & Jufl 23 w8, 1977 Liu et al. (2006) Mftinausdn foF2 figninanldlugas anomalous 7
duiusiunafnunuAulng M > 5 Aldniulutiel 1994-1999 mMsasuudasen foF2 Aeunis
AawruAulimileinizaunslul 2007 wazwiiednndlud 2002 Aldgninauelag Adullah et
al. (2011) @y Sondhiya, Sonakia, and Gwal (2014) ﬁl@]’ﬂsmuLLcjuﬁulmViguLmﬁwmu 3 ﬂ%’jﬂ
fithBuaudseemdaya for2 fiszprmationndn 1,500 km 1nqaFunas #&Intu Villalobos
et al. (2016) Idiauonuvarnvasvasamauifvesiu E way F fidanaléi Concepcion Tay
T¥lelolugous Sharma et al. (2010) leynauenisildsuntasiiunnd1afu (@anomaly) vada
foF2 uazen TEC wilaunaasigasmieuutiufulmilsuusssiuiu 3 ass (M > 6) luvszmeau
Tngnsldandeyaiilsanlelelureuduaziniesiuifieanifiosdunad Weddumia waziflows
Muasiluduie uenaind andnuaefiuandaiu anomaly) 1e9A1 foF2 waze1 TEC deunis

14 a (3

AakauAulng (Mw = 9.0) Tugilulagniaseilag Yao et al. (2012) faudiNI1sdanne foF2
Uszana 2 - 3 Juneunisiiawiuiubmazdnsiszgndnuduinlan uansfinwiludszmelven
Falltoeun TNgIAnISUSEULTNEUSENRINGAINITIANUNISYVIUIEAIELUUIIA DN Y

(Wichaipanich et al., 2013) sty ns@nwiluaiiaziulufinnsdsuntasen foF2 Ussung 2
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- 3 JunaunsinuiuiulnNguusdinsenudeUsenelngluiui 30 dugiew 2009 lngonde
Atayaleleluailesiianalaainleleluunsuitaniiyuns Ussmelnouazaniilnlangds Usvina
dulafide lngannfmariidu 2 wisan 6 wisluedenstuesndedanlasunisatuayuain

a0 NICT Useimadiuanelulasanis SEALION (Maruyama et al,, 2007)

[y

TueAdefidaveiiazdmanisfnwinisdsuudasan foF2 lugreiiiauiuaulnves
Wichaipanich et al. [43] aninaue Tnsazaulaukufulmifiyagudnarnfatuiiinizaning
(1.1 paaild 99.1 sarnzTusen) Ussimaduladide fidsvuinvesuiudulniiald 7.9 Snmes i
281 17.16 LT o Jufi 30 fugneu 2009 Tnsfigagqudnanstiosnin 1000 km anamilans

Wil finnsfinnsanAmneadanlddimsisinsasuuasiiunnsneiu @nomaly) voedn
foF2 AAIvOULAUY (UB) wazAuaunais (LB)

UB = X(MM) + 2o (2.12)
LB = X(MM) + 20 (2.13)

Tufid X(vm) Aedrifseguseifeunasen foF2 wag o AeAndsauuumnsgiu wonani
fRERnTUAWaiTEINASseg LT IBLou A1 UB uagel LB fuel for2 fnldase Tng
andaaunsi (2.14)

DfoF2 = foF2y - foF 2., (2.14)

Tt foF2, uny 3 Adfinandslaun ALIFEFIUTIEAOU A1 UB wawgAn LB iU foF2,,, Ao

A1 foF2 Nnlaasa

HAINNTAN® ddell JUN 2.21 uansnisiufgunuasvednail Dst (Dst-index) (FUuugn)

Y

fluAn foF2 Nianfyuns (5Unans) wazanfilnlangds (5Ud1egn) lugieduin 25 dueiey - 6

Y

! o/ A

na1au 2009 lagein for2 NTalaasagnuannieiduiiudsn Alsegusieiougnuaninie

WuUsz-IELAT A1 UB Lagdn LB gnuansmieduiivdmiuidulsz-9adini auddiu duill Dst

<

(Dst-index) (3Uuugalugui 2.21) Wurifivenaudnyusvesianssuwdminlan Faagnuina

v a =

§udl Dst TR0 (370 -30 nT lUauds -50 nT tWu minor storm) enyiuiud 4 a.a. wintu
WU A1 Dst dA9g5ening 20 nT uay -40 nT WAL FraaInuaNAny LTI uARsY

dmiuein foF2 Nanilyuns (GUnatsgalugun 2.21) wuii for2 BSullaniadulugiwa

a 6

Aaunsya1findyu (05-07 LT) daA1anatnauiiieaiasainusingnisal bite-out tuausnasaly

'
=B a

nouULALALANTUIURIIAAIAAUTEINUNTERITNGANAY (17-19LT) wazdiAmanadlurieia

9

a0 o

NaaNIE01RgnNAU AunseNaliAf1ganuseuan 05LT dm5UAI foF2u, WU WUIINTT
WasuwUasluwsaziuas foF2,,, agwiloudunn o Jueniuiuil 25-26 fueieu waziui 1

MANAUNAT FOF2,p, HANAARANES
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'
1

1. Wa38ULigy foF2.,, NUANNSEFIN WUIT AN FOF2,,, HANNIZ9NINANIISEgIU 8nLIY

Y

a1 A

4-5 ¥u (Yudl 25-26 fugiew) deufkkuAulmsuuszindufinui afsogiufiifiganine
foF 2,6

2. faweuifiau foF2.,, AUA1 UB W31 A1 UB SafilndiAesiuan foF2,,, Tuyn 9
Su niutuil 25-26 fusnou waguil 1 ﬁ;mﬂmﬁwudﬁ A1 foF2,,. fimansnag

3. WiawSpuiieu foF2.,, AuAn LB wudi @1 LB iusfidesdign eg1alsiniu an LB &

|l o 1A

AftnaReIiuAdY q Tugisiaineunszaiindaulunn 9 Ju eniuduin 25-26 Ausieu wag

o dl dl 1 1 a0 cl!
TUN 1 AANANANUIN A1 FoF 2., Aansas

30 T T T T T

20

Dst-index (nT)

-20

-30

EQ

-40
259 26/9 279  28/9 299 30/9 110 2/10 3/10 4/10 5/10 6/10
Day

U1 2.21 A1 Dst-index, A1 foF2 #iale AuAsadinves foF2 Naniiyunsuazaniilnlangds

AaLATUN 25 Augneuy - 6 Ha1Au 2009
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5UN 2.22 wasinaseninedniisegu AveulunuukALa19Y9AT foF2

fluen foF2 Mrinlananigunsuasanilnlansdslugiaiainfin

dwiuAn foF2 Nanillnlangds (3Ua1agalugui 2.21) wulrdmisadasng q ddnuaei
aseriunanlasunandyuns (GUnangalugui 2.21) lag for2 Sudanisvulutisiaineunss

919IndTu (05-07 LT) irnanaimauiisuilasainusingnisal bite-out iududnasslunauuieg

a1 oa

LALIANNUVUIUDIAFIANUTLUUNTEDAREANAU (17-19LT) wardA1anadbuy1IaInaanse

9 Y 9

'
1 o

PIMNGANAY AUNTENIWAIAANUTTUIM O5LT dTUAT foF 200, 11 NUTINITIUABUMUATILLA
U = U o 1 dl = a v 1 1 dl =
A8IUVDN FOF2,,, LNUBUNUNN € TU kAZAT fOF2,p NADTUYNNITUATUBYNINAN fOF2,0 NEDIU
InlanUsnaanianlulaas iy
a . a o 9w ' ' | A oa I a a
1. WaLUSEUTIEU fOF2,,, NUANNISEFIU WU AN FOF2,p TUAIINMAAANUALLINITITULSS

#llANNgen 1A o TuTudu snciuiui 29 fugreuiel for2 f1e q ZAmlnaiu uenani wu

=)

AN foF 2, AANMIgaNINATsEg W aniuiun 25-26 Augngundmsaesiliennlngriu
2. WaTgumiay foF2,p, AUAT UB WU A1 foF 2y, AANNAINT1AT UB Tunn o Judl
AN anIWIUN 29-30 Augngufirnsaesiliailnanu

3. WiaLUTeuLiiay foF2.,, AuAl LB wudn A1 LB iWusiivesiign
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U 2.22 uansnasnssenineniisegiueliiou a1 UB uagen LB fuen foF2 fiinldads
(aunns57t 3) Tapguvunanwwaiildainandyuns drugvaruansuaildfuainandlnlnneds
dnsufianndigumeiiu wuih edsegiufiinddsunlasegsening -2 MHz s 1.5 MHz /1 UB
AUAsuLlategsening -1 MHz f9 3 MHz uagen LB flduAsuulasedsening -6 MHz fs 0

MHz dauannillnlangdatiy wuin Adsegiudanufsunuaegsening -3 MHz 89 1 MHz A1 UB

=

fAUAguLUA8E5ENI19 -0.5 MHz §i9 3 MHz dufn LB fiAufsunladagsening -6.5 MHz

[

29 0 MHz Wiavinn1sSeuLieunanbasununaalnnIsanw luuITenauntId nulIl wa

[

= a Yo v Y] a Aa ° ! v & ° Y] a !
nsAnulasuazdenndesiuNUITeNin1suauenaunting (e.q. [35]-[37]) dwmsunsaluesan

A |

foF2 aiAanasilimieuinluyae 5 FunsutuiiAnuruiulniegiaguuse agelsiniy fn
fOF2,ps WARSANTILANARAUTREUANTRY SuLllotuanszezieiilnauinszninegagudnans

AUl dvaan dyunsivanilinlenz s fuazilunstudunasuaninadnsndaauuindadu

MinsaAnyIvaInsiawEuAulmlulssmelne Ny

2.12.2 mswasunuasasd for2 WatiausuAuluiiinizgung

mslnsgidoyasuduusniazsndumslasnisdaunad for2 wdsdmiudeudmiay
fugneunazaay Adgazmandis 9 lnsndsaluusias funaenszoznananiiou JUl 2.23
LARSAN foF2 lnandmiuanufousanan Wetudl 12 uaz 13 Aueieu AouivziAnusiufivlm

A1 foF2 flAngafie 7.1 MHz warasA1s1d 9 dludszunn 4-5 Tu leifisuiuen for2 luifiou

'
A

dunaunazgainy ludnidaunuduln a1 foF2 Tuiun 12 uay 13 fugrguazilmnanasda 6.4

[
= 1

MHz a2 5.9 MHz auaiauiilaiisuiudnaanau dakandlieiuinan foF2 iuluagnasinis?

wazimnuLanagegiulstadmsuTu AN uA Ul AU LRl AauH WA Yl

JUN 2.23 dn foF2 wdgdmiuieudanay fugrgulasnaiay U 2007



a2

NaNTIATIZIAN for2 Tufudl 12 veafoudsmay fugisulaznainy MsUssuious
foF2 MAnTuaefingn 16:20 dalus LT fmzgunns gnandunislugisnan 3 Yufand #s
wandlugudl 2.24 SreflsszozinamansdilsnoufivsAauduulmiy a for2 fanfianas uén
SoRausiuiulmiinan 16:20 $alus A1 for2 feranasaulufisan 2.7 MHz Aeduanslifiuiy
FARBEA WY foF2 Juil 12 veadoususeudumidfgadedieutumiiniulufeuima

LazaUAAIAY

5UN 2.24 nswdsuwdadluen for2 Tuiun 12 veuseudwnay fugeukaznaiay U 2007

5UN 2.25 nswdguudadluen for2 Tuiun 13 veuseudanay fugiguuaznaiay U 2007
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gﬂﬁ 2.26 nswSsuLiiouan foF2 TuSuil 11, 12 wag 13 veadeufueneu U 2007

sUN 2.25 wanslisiudanisiasuntasluai foF2 Tuduf 13 vaumoudaiey fug1su

Y

wazma1ay U 2007 913U Wudn e foF2 fanasluiia 6.5MHz Tusewinsnsinusiudulm
06:49 LT uagdl 10:35 LT #i1 foF2 aeffl 6.9 MHz wiiudulvatale 7.0 muunsi3nines (Richter
scale) Fawansliiiiuin e foF2 fieteelurrnAnuduiulnidiofuTuduilifiuiuiulm

U 2.26 uansdn for2 Tufudl 11 - 13 Augnou 2007 Fadue foF2 Adunmldneunns
Anunudulng Taeen foF2 Tutufl 12 fugneu 2007 fivian 18:10 LT Budufiazanadluda 2.7
MHz Uszanay 4-5 Falasdeufiazifinuuiulg an foF2 fensanasaudeiudaluiivian 06:49 LT
Faein foF2 auifiaAuie 6.5 MHz aan 10:53 LT Tufuiiieatu (13 fusneu 2007) Tusgninenis

AnwHUALYl WU A1 for2 fadu 6.9 MHz

a IS

1NN5IATIEL Aziulen AT laenaun1sAaLNuAUlnT A1 foF2 ziiAtanalauilen

I a a

oy q Tugnidawiuiulm wazludiaian 2-3 Juneuuiufulng A1 foF2 AfianfiiuTunvued

[y |

fuAn for2 wagluusaziudmiusoudmeay fuggunaznaiay U 2007 3UN 2.27 waninad
Iasurunsinseinnseiniudeyaninunain Instituto Nazionale di Geofisica e Vulcano-
logia (INGV) Usginadnna nsiUasunlasuann foF2 anunsafagwiulatuiui 31 fugieu 2002

d‘ =) L2 L2 d‘ dl ! o L2 1 QIJ ! a 1 a
bUBLNYUNUIUDU 9 Auanangeanly 9117 3 U Inglugiwian 2-3 Falusneunsiiaududulm

A1 foF2 Wuaimfiandiewfisuiuaniediu (11:32 LT) Tuiudu wdadn foF2 agdiafigeau

WINAU 12.1 MHz

a

SUT 2.28 wansleiifiuinen foF2 fianas (12.1 MHz Arnan 16:10 LT) dadutqanan 4-5

Y

FlusnauuiuAulmNAevUluiun 1 weednieu 2002 Fellluufulninduvun 5.8 Richter @9

' £ !
) I

FflamsanagilIsuiivuiuen foF2 Tuiudu 9 8n 3 Juld n1sanasuesan foF2 ddmaintu



aa

faudiezdutisamdndifauiuiulmndifinig Tnead foF2 azilafianasiauis 4.6
MHz fi13a1 23:10 LT UiﬂﬂgmizﬁuwLﬁmﬁ’uﬁmagﬂwﬂui’uﬁ 31 fa1AN 2002 §031I81V89
13 Ew (1) usnsiiidoudnsiiazasiuazsnsnadsvemdsnultiudiwedanitintuiiieann
wHuAulA1USTI -2.0 TW

Ul 2.27 nsidFsuidioudn for2 TudhsiiAnusudulm Tuudl 31 ganem U 2002

JU# 2.28 msiUSpuiiieuen for2 Tugasmfausuaulv Tuiui 1 wagadnigu U 2002

2.12.3 nsilaguniasvaslsunudidnasounsunilafawiuaulng

Wenludegeinu1a1nunAIuues Priyadarshi et al. [44] felaussenaiieaiunns

[

WasuLUawweUsunaudidnasaunianuaiiainaunuiulng lagsieazideailsdl nsiiaudufiulm
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Hunilsluunngmisalddyiinduasfudunseianvessssuud lulsyiRmanfusiudulm
lensTingau lusnnuneuazyhategusumansus Turas 100 Yikusndnsifausuiulmauin
TnglnewadsUssana 18 A% (vurm 7.0-7.9) Tuusas¥ (httpy/earthquake.uses.gov) M3ANE
anaslnglditoyannafiduresiiuandiifuihnmafsuaeduduiaifaiuuuiuiedan
NIURANENING UTTEINALAY ionospheric parameters fidendosunsifnuiuiulmiiady
Tusemedu Yade qu luu wegglsy madsuwlawnanidannsohluldifudoyadesiu
Aerduuiudulmifilndidiun dnsldnisdwesnarsegidlunisiueuiuiulnilaels
U51n)N150inaeege Wi susuunsiawiuauln-auiuudmaniuil (seismo-magnetic) n13
inAeulmnaiuiulasaiifiaund uagnisdisneimanunisseinvedidnaseuiiings 1av
nswensaluiuAulniuFesidenseuluimeanudaudazanuasds anufuniiegil
ﬁaﬁﬂﬁmﬁm?’jjumﬂmiﬁ@um WasiesgiLRuAulmd s UNTIATIERduATIB N UALLAY
Tussdunaildfvamssy egnlsfinnunismanisaivesusuiulmifntulugaanatlind audslid
fududuiymidudeunin ﬂ']iﬁﬂméwqmléﬁ,aua'jﬂmaLﬁamazéqa"wmammazmﬂuuﬁuau

v Y A

gnanaTuiya s aieusrmivessiuiulmlutuussenaleleluades aneluldidilus
vi3eTurouRnusuAulmnilg) 1a991NN15UNLINVeY Gokhberg et al. [45] N1sAn¥INSYiITUNeY
AUk UkeaTiiEudulnensaTRaeuaduslman i TiAedestuwiudulm nalandn
dmumsafrnszudlniiuazaumudimanlugisnisiasusuuuuresdidenlanuaznsiie
wiuiuln suddneisusawemanauingdlaniigunaldamniuiiiduiuiulmse

USinadidnnseusan (total electron content wie TEC) Aldainszuuszyfidaaina
(global positioning system %38 GPS) aggnuun@Anuilagldidnisves Liu et al. (2004) [46] i
mauduRLSiunswiuRUlms I 9 ade 7ifdn M > 5 aneluszeynng 2000 na. seuidles
WI10UE (a¥Fgn 25.38 N, 783330 82.998 E) Usuinaduide Tuyael 2550 uagl 2553 Andlsegu
iU (MM) 83 TEC wazgramalndiiientos (IQR), vauwauy (UB) uasvaulwnai (LB) an
hanlfiduteyadrsddumsssydyanifaunflussuinsnsfausiuiulmi 9 e uadwsan
MsAnw wuin nsarasnaznsUFuUTRaUndly TEC mnuiinunAvesusingnisallelelua
FesnouAauduiulnmardazusingtunelu 5 SutewRausudulm sudeennalnfiduly
IFiAefuanafinunfvesleleluaiflesiiAedestuuiiulm

nnsldiesessudyana GPS ldvinsnadeusgeaiiosues ionospheric TEC 7
Wieannsaud (axfigannagilanans 25.38 N, a8133n 82.998 E), Usenaduifesausifounnaia
2550 lumsAnwiistimsssiuiuiulm 9 ads (M > 5) fiintulutas Aanssu geomagnetic §a
vinanguinanafiomnsnad Usemeduiiedosnin 2000 nu. iensivasunsnoniudiieades

FunHunulmlaaleisn1svee Liu et al. [46] dwundsvesanrddannanisaiiioanisiaud (¥in
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dyru GPS lauatedsileriuainaniisuluduniossuniaiunu nilsludygrundidgyas

o

dyaal GPS NdsHIuUTIEINIATOUUenlantuliAua1g LLANANdRdIuee TEC 1oun

BlannseusBYe (STEC) maduni193sdseninemudioy GPS S wazdSudygiuniaiiuiu R

d I3
GREPRISIIIINNAIE

STEC = [, Nds (215)

I a

Tag? N AamnunuIkUuuaIdanasau waz Slant total electron content (STEC) TN

ndeya GPS Nduiiniantasfganives

6

JUN 2.29 duvtwasaninsuduazingudnansveinsiiaupuaulnmg 9 9pinee

A1 STEC gnudasluifiudn VTEC aa Rao et al. 2006 fsaunsdi (2.16)

VTEC = (STEC — [bg + bs])/S(E;) (2.16)

lne?l bR uay bS U receiver bias uax satellite bias MuaIRU El Aoyuisevainiiiiey
Juesan S (EV JudadeiBesnifiyuansen w (37 2.30) 113a ionospheric pierce point (IPP)

wag VTEC fie TEC wwadiafl IPP Yaduaanudes S (E) m3eleddunisitunuil) gnimuadu

[45]
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cos(x)

RE cos(Eq)\2

S(E)) {1-(F—= P £ 1023705 (2.17)

ile RE AoAadesadvedanduilawns, h ﬁammqa%aauﬁuawsimmﬂmﬁaﬁuﬁﬂaﬂ,
x foyuansonway EL \uyuweveinrnfiemduee veuwavuuaraiswes TEC ldiludoya
é’waﬁqiuﬂ’]iizqé’fgapmﬁﬁmﬂaﬁzwjmﬁmLLm'uauimﬁm’;mimi%’mmé’uﬁué&i@iﬂﬁ (Fedrizzi
al,, 2002):

Upper bound TEC = TEC (MM) + 1.34c0 (2.18)
Lower bound TEC = TEC (MM) — 1.340 (2.19)

g'ﬂﬁ 2.30 unudalnazunsulansgunsusadinvensudasiunisuiasan STEC

Tiduen VTEC 91nqm IPP mwummqa h

Tnofl 0 AeAndosuusnasgiuuas TEC (MM) Aesisogiusieifiounes TEC Ms@nw
Jagtusgnumsieniuvesdesu vininsnsianumilemsadnouinuauaulvg 9 ada (M 4
5) ﬁLﬁWﬁ‘Ui%‘w’j’NLa@quwﬂ’]ﬂm 2550 H9LU¥I8U 2553 1511A1sukuawil Dst, AE wag ap
ssﬂsL’Jm‘uaﬁmﬁaiﬁmmsaﬁu%lﬁ’jﬂﬂﬁwm seomagnetic lusuilinuiuiulnuazmsnoniu
froliAnuszqlololuaiflefiAntudiomnusuiulm

\asfinwnAeaiu ”mmwmu%aﬁauéawﬁwmLLﬂuﬁulmaLﬂwﬁu oy \513seduneAy
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drmthveauiudiulng s1eaziBeaiisafuaniud, Tufl, aziige, assdgauazinaiveanisiin
winiulmadslnaiafuiei@neuandilumsed 2.2 Tuvesdygaudasauaminrelsey
auidunaldneuflaviianszudlnindesmdn lu TEC avuansdmsumsdnmeiuuiulniiionun
fhegsvesmsiiausufulnlaeialuiifinisieniunuy ionospheric amnuuLanslugufl 2.31 -
2.33

[
v Y

M19199 2.2 anuil, Jull, axfige, aegaazavemiauwuiulmeastlngnamndny

fogefonrudulmfiintudioTuil 20 furaw 2551 9ura M > 6.8 (U7 2.31) 7
Xinjiang-Xizang 9in1A118uAUIIY (AxAgn 35.88 N, ansdgn 81.88 £) A5 1dannn1s
\WasuuUases TEC ionospheric nnelu 5 iudaul,ﬁmwiuﬁuime?hgﬂﬁwLﬂ%"awmaé”mgﬂm (5U
7 2.31) lunsafsdanadiunsiiuduves ionospheric TEC aosiunsuiinzisunsionndnly
YUETTIFUNANITANAIUET ionospheric TEC 3-5 Sunewiaudufiulng n1swisuwladusud

o ¥

Dst, A%il ap tazavil AE Imi’mL’;mmdwﬁ%ﬂﬂﬂgﬁué”m (?faim@jam%uaaﬂ’h 720 nT) 1999
il ap osndn 25 wazdwd AE fosndn 800 nT Fauanita9Ia17R8UAIUVEY geomagnetic
ogednau indanerinlugavesivil Dst dutfosndt 720 nT Lawe Bndegneialuvesnisianiu
luduussemaseuuendlosmnaadidessn Jaisalmer wiuiulmsan (M > 5.3) (AgAym 27.18
N) iRnduiofudl 9 wwneu 2552 (5Uf 2.32) Aisdunmnisanasves TEC ionospheric 11 2, 4,
5 uag 6 TunoutinuauAulng Ayl Dst, avll AE uavavudl ap LARIT9ATITI VDD
geomagnetic 98197 ALAU gﬂﬁ 2.33 uansshegaluadiiauveunuiulmidiouang (M > 5.9)
(azfign 19.38 N, A0939M 95.68 E) Gudntuideuil 30 nangiaw 2550 lunsdidisdunans
anawas TEC 6 YureunusiuAulmluvmsiinsfulurestuusssinia TEC gndanaldnisty

o v

1 a I a & LY = = [ v aa Ao
ﬂaummmumulmmﬂm fy AU Dst ‘VIQﬂ‘W’ﬁ’E]G]LLﬁ(ﬂ\‘iE‘ULLUU’JNVINEJU?NUVW@L‘U‘U
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gil*?i 2.31 nsiasuuvadly (a) Usinadidnnseusianua (TEC), (b) dvil Dst, (0) dil AE uag (d)

At ap (15-25 Tunan 2551) Tutsuwaufulmiu (20 Junau 2551)

wennisdadnunisiiauiuiulmvesiudnaesndsiiietuluuil 9 unsaw 2551
wag 12 nauynAu 2551 urlufulmiuaiiAatulutui 25 Zanew 2551 uasusuAulmiuiai
Antuluuil 8 $ureu 2551 wiuulmaeseddanAniulul 2553 wanisaludufulmnds
TngjAnduiliotudl 25 quaius wa. 2553 wasReuduiulmessvallussmanduiloud 12
flunmu w.a. 2553 duil Dst Aidvuradnndn 730 nT swdl AE Teendn 800 nT wazdwd ap toe
n71 25 %ﬂﬂﬁ@&iw%’mwu'jﬂﬁﬁww geomagnetic #1g 10 Surounazndmsiinuwsiuiulmads
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agslsfimuluivsuiuinisiisuudasesauuudvanaailiiiouiuiulyg dilanse
wiuldflewsviinisfndeiuegislnddnszninamnsfinesang q Auwansluguin 2.31-2.33 151l
aunsadinereteyaniuldtadnsingluenaisvenst uwilunnnsdsluuvauiunivaniu

dounanuagniseduelulszinuilegusnniioveunnvenisfnuluaisil



50

gﬂﬁ 2.32 nswasunvadly @) Wewdidnaseusi (TEC), (b) fudl Dst, () wail AE way

(d) ftl ap (3-15 wwgu 2552) Turraiaudulng Jaisalmer Rajasthan (9 wwgu 2009)

ayunansfineluninginvesan TEC iimsidsuudasluvasifaususulm fe
1. 1INNTIATIERTYaLHUALLITAAIATY (M> 5) AsudiRouunsiag 2550 G 2553 Tuus
YosnngulmaniarsiuAulns a1l siuvesauiaunily TEC dufiaauduiusiv

naiauauAulmvwalng (M> 5.0) MAstunely 2000 nu. naaddenanisalnisud

aa o

2. [dunainannannsalvesiEuaulmndeuialng (M> 5.0) Jaunsannen1snses

[
= a

waznsUuUgaiatu mansesiduiigndaneldluingd Tuvasinisusulgauiatuiiansd
ety

3. lutafnsdld lupaveadell Dst oundn 30 nT, fudl AE fosndn 800 nT uazded
ap teynin 25 %aﬂa%asiwffwwudﬂ:iﬁwwq geomagnetic 10 Yunauwaynas Jenndnvesnisiin
wHuAUM (YuTudl ceomagnetic Fauasu) ﬁdﬁ?‘t&ﬁ’]ﬁ’]iﬂiﬁﬁ?‘dlg}j’j’]ﬂ’s’mﬁﬁﬂﬂﬁ‘U@x‘il@I@Iuﬁ
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4. fnsusenudenalnidulumuaunlaiuduiulnluwamdsunnuniouvss
wHuAuly WieAnwinalnauysalvestese lithosphere-ionosphere lagldiasasiiafiuanaiaiu

TusEAuANNgINUANANSIUYBIUTTEINA

{ar)

24 =86 28 =7 ZA =@ [0 @1 01 02 O3 o4 o8
Days of July & Auglust 2007

=

UM 2.33 Mawdsunadly (a ) Usunadidnnseusianus (TEC), (b ) il Dst, (¢ ) duil AE

wag (d) fvil ap (24 nIngIAx -5 ey 2550) seritaiauwauaulmangl (30 NsngIAL 2007)
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anrfinaiufuasAgaausnasdugudgasuavan Jandaguns twn Fuleleluailes Ysuw

a |

Biinnseuans angdennia wiuAulm wigudmdnlan mat uenant danandsaudidy
LLagﬁm%ﬂﬁwaﬂﬁzﬁum&gh%ﬂ@l@hﬁﬂﬂ% (lonospheric storm scale %39 I-scale) wagns
fMurAmITIfimesAunUIAIuENs (B2 bot) Fausenaulddienisdiuinai B2bot laifian
USuufl (B2botP old) wagn1sAuaniAn B2bot fAfiAnusuns (B2botP_new) Tnes1eazidunves
WA 9 Al tol
3.1 99AUTZNUYRIUTAAN

FoveaivludvadlasinmsidviazgniFende q Ao audnisidoudaniwerniauaySuRda
anrduwmalulagnszaaunddAun1TaInnsede Ingunyunsy (Learning Center for
Weather and Disaster, KMITL PCC) Inaiiynosmtiwdnusznauldesded q dil

1. yivan

. Fuussenme
. ANNDINTA
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- gusimantan

~N O 0B~ WN

. UNANAIREY
8. AnFLs
stiwdnazgnuuseenidu 2 msundn fuandlusuil 3.1 Tnewmsuionmisdeiiussens
fapuddnyuariiin Jnguszasd veuin Ussloviimaiiagldiu mhsnuitimanmsiseluld

a v 1

Uselonl ununisangnenwmalulagvienan1sidegnaudnung Tunaun1saniuany aa1uiii
nsnaae/iiudeya 1ona36198s vedlasinsidel wasinsunsniidunsdgydnval (logo)
YDIMIBUAN 9 Ndertosiulaswuided loun Vudludinsugnieuine, GISTDA, n3u

nineNIeIl, AududnfieudeRuRuieyd, NICT, JAXA, IR, NeQuick, GIRO, IGS 1dusiu
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JUN 3.1 mhdumandniesnuuuredlasainsie

5UN 3.2 siuvtsvesanil Jicamarca wazannil Ramey

(http://www.digisonde.com/digisonde-station-map.html)

3.2 Jayanl¥lun1fneIn1siUasuLUaIvaInITEMESAUNUIATUETY
luidegesilinaueteyanldlunisfinyinisildsuiuawamsfinesaauvuiaiueais

% o v Xa & o, & = ° ao & o o = o &
Fondetiluuszaui 2 Nazfnviuazinauslulasinisifell Inedeyaimianldlunisdnuiasad
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Duadsegiusedaluswesdn fof2 (mnulnaiauivestu F2), A1 hmF2 (A1rnugeiinvestu
F2), A1 M(3000)F2 (A1AINNITRNINTLINEAAUINNTY F2) hag BO (A1N1510LMBSAIINRAUN
A1uan9) Nanndl Jicamarca (12.0°S, 76.8°W) wazanil Ramey (18.5°N, 67.1°W) Tags1lnis

vaansaesatilfiuanslilusun 3.2 Inedoyalolelureunlul 2014 (U§Asengsurgeaaluloda

Y 9

[y aa o

dura1duil 24) vewsaesannfiiavgnussinanasenunanguteyaleleluunsudivia (Digital

Y
a «

lonogram Data Base %38 DIDBase) Mtiulas http://giro.uml.edu/didbase/scaled.php Tnalu
71 Joyafiuszatanalaann DIDBase azgnuuisaniiu 3 gana liun gavund, gedaiuend uas

gn3eu lawand Jicamarca warannil Ramey WWuaninidsegiinumilouazauldvetean EIA

(Equatorial lonization Anomaly) AM4&19U wenaNil AlLadunasn 12 LABUYBIAIIARUUUAS

9find (Rz12) Aldlunuiignihunanivleduesuuudnass IR-2012

3.3 favenseaunngluduleleluailes

Uiduiudidedeuvestuniniilaailed TeleTuailes warmosluaflosfandusumali
Anmadsuulasednamaifveamsnsznesvemaanluduleloluadies FwgdelviAnmgly
Huleloluadfieslunaidein Tusswisiiiamgluduleloluaflosdu anumnunaaunludy
lolelualilosanansaiivnfindy uas/vie anasanuanedlusluauimanes Tufls Wewssuifioy

[ U

fudaulvanzundlutulelaluaes audnwuzvaaniglutulolaluaeslisndunasdos

q q

a 1

witeufumguimanlananoly feudAnssuwimdnlanazsih uideulalutuleleTuaiios
annsafizdsundaddesnann dstuegfuggnia avesiunasiumis Inslawizesnad
nswWasuulases EIA (equatorial ionization anomaly) idwwansznuserieulaludulelelus
Fesegnanniiasiganarsuarazigam Tnedeulvluduloleluaiio fidunidduandnuasanm
panAddruInigaustifundsdmivgldsnuszuusng q fendeaduing e1fidu suy
pfisativnaana (GNSS), szuumsieansenu HF, uazszuumsnsnduszeslnaiiendoeanie

ANTEUVIATEIANINGINIA DITLTU AanssuaSezuazianssuwimvantan gninlillaegud
wIdeuanavewmigliuimsanmwindeslueiniAuunyi@ (SES) duanseau (scale) U1
anlfifiotdinudnvasvosdavatu Wy

1. G scale dwiumgusnantan

2. S scale nSUMTUHTIEGT Y uae

R scale dmiunmssuaduinglals

lng S AU R scales 9¥81A8N15TINAININTIUATEE d3U G scale 3@ 1AEN1TIAAIYDY
Aanssuusindnlan duensedumaniifudiunisns “NOAA scale” l#sunseansuiuagned
uazuansunumitdialunisueiiwesuasmsvhunevesdeulvanmedne lumenduiu duen

szaumnglutuleleluailesnondunisinduleleluailesdluiinsimunduamasgiuesnuild
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Uiy 9193zliaumunnnstuleleluailesiinsiudsuwlamianaiuasszeenianun

= o a o g [ %

Jwihiduennnazimusdivensesuniglutuleleluailesidaaueanunieldiy

luewidgves Nishioka et al. [59] Wu frvenszruniglutuleleluailesdinsgnany
wazWauLANAL Wenazverananisanwlrdanudululddwsunistdaumluluuinu 9

Tulan dwsunusvasdll MmsAuegivgania Laviesdiu wagsumiweainsudsuuladudule

[

leluaiilesasazgnidneeniy weiasissirvensyaunglutuleleluailesinidmnis (-scale)
IasMsinsinudnvaiaiivesdn TEC uay foF2 mislwesivandazgnldnueeiadu

Usziwagldouiumlanlunmsueiweiduleloluailes auninvesdoyamarifiismasie

Y

ASANEIANNAINUTUNEDR F9819N1SANUIUNIAN I-scale ND1FEN15IAA TEC wazAn foF2

i [

Juatu1sadnwiwara1uiuRulaatnunaITuITeuaa Nishioka et al. (2017) [59] Fala

a

Ju Iag TEC ¥131971n,A50978 GEONET wagan foF2 11un

v 3

ﬁqﬂqiﬁﬂﬂq?’\h l-scale ¥99UsEINA
370 lonosonde wa¢ 4 WosluuszimagUu (laun 1iee Wakkanai, Kokubunji, Yamagawa,

Okinawa) Tagazldian foF2 fignatnaldsesionn q 1 $2luend 1997 - 2014 TwaziBonvomwa

[

A3ANE189 Nishioka et al. (2017) [59] figsi

1 Y

3.3.1 A1 I-scale NYuaLNUN15IAAT TEC

v

5UT 3.3a uansrngalaunsuaos PTEC Tumaunaiafy (20 JST wse 11UT) lutaeinan 3

Y

WBaUTOU 9 9 March Equinox Mikauazfgn 29 aermile (27-31 aarinile) naeasvesiial 18

uugnivesiieganldazdanviiuiuinualugg ME naen 18 U dufsyszunn 1600

c2

Y I

0819 (Tw) lugui 3.3a vu1n 54.3% Y8991UIUMIBENEN

a

3 (all the samples) #A" abs(Pr) &
Atioanin 20% faenndssiudeulaiteu (Ldfwng) Tun1ensadny A1 Prec dA111nN11130
WU 100% (was 100% or more) Tugasandiunnni 40 fu AvstlFifiuingn Orec HAUIAAIN
WIOWNAY 2 WINUBIAT Ryec ﬂ'ﬂLﬁmLuummgmuazﬂ'%a?iwmﬂ'w PTECIugUﬁ 3.3a 4AIIAY
0.33 uay 0.19 suarsu Anadsdanduuindoseindn O SAIINNIAT Ry lunsadinlugg
ME Fe3lifiufiannstiuegfungniavesdn TEC fiunazgnanliegluet PTEC agraiiuldda
1$1999797A7 Rrgc JuAlseguveeen O 193 27 Sudirinuan

' '
v a 1A

safesure i luunauwes Mielich wag Bremer (2010) A1 Al LlduaMiinisiasunlas

AugaNIaAms JUN 3.4b uansdalaunsuves Prpe (Wudeddugui 3.3a) uslusendng 3

! = a

\Wousouqg June Solstice (S) NM3nTzateiilugg JS Tugufl 3.3b SArfiafluauseu 9 A1
Pric = 0 wnninaumaniulugg ME luguil 3.3a lagluguil 3.3b tu vuin 69.7% vesdiuu

iegreansiian abs(Prgc) fidnteenit 20% Andssvunmnsgiuvesin Prpe dawindu 0.2

galiindesnindn Prpc luge ME nMsnszanedivesan Al uansnadnuaeiiinisivieundasly
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o 4

wiazduAIuiu JUN 3.3c wanan1inseateiives Prpe lumaunanedu (12 JST) fuay

azfgn 29 asmunilelugg ME n1snszarediluneunarsiuasddriuaunitAawvaitduluneu
nanaAulugun 3.3a Tugua 3.3c A1 62.1% Y039 1UIUF0819gNTHAY abs(Prg ) Aaenin
20% ANU8uvUNInTgIUveIAl Prpe fiAwindu 0.26 3U9 3.3d uanen13nseanediives

Py Tuneunansiiu (20 JST) uauazfgn 41 esmunile (40-42 esmunile) lugg ME n13

'
a0 =

nsgareillALaunItAmaItulunounatsPuluguf 1a Tugud 3.3d A1 50.2% 183119

R % {

Areg19andilan abs(Prge) dd1eunin 20% Aldesuuninsgiuvesdn Prge Sewvindu
0.27

n1sTuegiukauazgn (Funia) 18eA1 sigma Nausanedlddmauuiu luassfiyn

Y

a d' 1 1

A ! . a a a . a a
LLQ‘UQJJU‘U A7 siIgmMma NLOEUASHIN 29 23ANLUNUBDITUAINUINAINAN sigMma ‘V]LLQ‘U@%@Q@I 41 99A1

Y

[

wille N1sTuegiugania Laviesdulazimumie Prge misszgnindneenluiiieayieny

svenserumgluduleloluailesmivdauundn 1 67 JUN 3.2a-3.2d LanINIINTEALFAIVDIAT

Prrc wog Prgc #fsagmalsnnnaunsi (3.1)

{a) 2005T, March Equinox, 29°M (b 20057, June Solstice, 299N
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(a) 20JST, March Equinox, 29°N (b) 20JST, June Solstice, 29°N
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Orec—RTEC Prgc—u
PTEC =100 X TEC ; P’;:EC = . (3.1)

lne A1 sigma wazen u lagnuandlingarindeduuuredgui 3.3a-3.3d Aud1du n1s

o * & v v v = v Yy  a
n33918/7909 Prge tuazadnedudsiiiuluui 3.4a-3.4d Sauddn ggnia aiviesduuay

Y

o 1 1 o ¢ @ I3 LY 1 Aa * a1 1 1 & o 1 1
ANLVUIIELANGNNNU LUDILTUAVDINIBY1INUAN PTEC HATBYITWIN +/-1% UUUATBYTESNIN
@ = 1 1 g

72 uay 78% faflkantogauuuveudas U Saliiuts “Arnuinasduvenisiintuves

* 1 [V 1 14 a [ 1 ] 1 @
abS(PTEc) <1 ﬁﬂ'ﬂ']llLLWﬂ@qﬂﬂuuaﬁﬂ"lﬂmqmﬂaqﬂqaﬂqa AR ULAEALAUIALANA1IAY

4
[

3.3.2 A1 I-scale NYUBEAUNTINAT foF2

Proro NEAMANBENTUBYAUQNIa LIAY0DURAZATAAIUREITUAY Prec 910

ANSANWINUII @011 Okinawa YuUINILNUNU ESF naneasadainduainvasnataunlunay
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[ v I o

doyalunounaiedu ge ME aztisenitdiuiuansvesateyalunaunalsdu g9 ME N3N

Y

a1 a A

AI09A1 Pror, lumaunafuiafiniiuaulugg JS uinnitluge ME Araruiiaziduvesen

[%
a (-

abs(Pr.r,) NiA1TRENT1 20% TuilAwvndy 59.1% uag 73.9% d1msuge ME wag JS a1uasy

ANTEAVUNINTTIUVOIAT Pror, HAWWAU 0.30 wae 0.18 dmisuge ME wag JS m1ua1u A3

e

WBLNUNANIAVDIAT Pror, TIVLABAANDINUANNAIIUYDY Prec N13TUBLAUNIAMDIDULAY

Y

, Y
a

azfgnuaIAn P r, NdonadadluegafiuAmatiuees Prc smewuiu Tuiid wildviinisues

TaladAn Prr, AIENTEUIUNITREITU Prec LIBTNIAEANTANITVUDYAY Prop, NilABAQNA 1307

NosduULaLiWALIDantU

3.4 NMSATLIUAINITITLADSAURUIAIUEN (B2botP)

3.4.1 NM3AIUINAT B2bot FilifA1Uuus (B2botP old)

wuushass NeQuick 2 Wunuusiassiuansamumunududidnaseuluduleleluailes
Sunfadeudnereunuiuiudidnasousazan TEC Tisums Sulaziandifeants (Nava et al.
[60] Tnsuuudiaas NeQuick 2 Haggnosunedeilsriduendla (Epstein) euansanudiniug
seuhatileleluailosiuanaiutuleloluadlossuuy Tae Zhang et al [61] luansana
duiussgnindmiiwesanunuaua (B2bot), A1 k (Ms1lmeiiusauuL), Ay

WLUUBENRTEUTATY F2 (NMF2) uavan TEC Ya9uuusiasd NeQuick 2 @eaunisi (3.2)
TEC = 2(1+ k)NmF2 x B2bot (3.2)

Tuidl A1 k wmanlaannaunisi (3.3)

hmF2
B2bhot

k =3.22 - 0.0538 foF2 — 0.00664hmF2 + 0.113 +0.00257Rz12 (3.3)

VRIIINTY Unuen k 1naun1si (3.3) adldluaunisy (3.2) wavinnsdnguaunislvegly

5Uves B2bot 1513gleiaun1s B2bot flasumsdngUluaidaianduaunisi (3.4)

1/2—0.113hmF2
S .

B2botP_old = (3.4)

Tt A1 S wazAAUNUIBENATEU (slab thickness; FRgofd T) wAlAaINENNITH

(3.5) haz (3.6) H1UaNU
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S = 4.22 —0.0538 foF2 — 0.00664hmF2 + 0.00257 Rz12 (3.5)
T= TEC (3.6)
NmF2 '

3.4.2 NM13AIUINAT B2bot FisiruTuud (B2botP_new)

991N TANARINNLAATUTEUINNIT IR DS ANUNUIAIUA NN AN UIULAIINAUNTT

(2
Y]

UaueiuA19inlaann Digisonde (B0 obs) lunm1aUfUus fatua1usuwn (correction factor)

£%
) A

d193UA B2botP old Amasfiazlasunismianiiudy Tusuided 1suden “A1Rduv0INanis

FENINNNTRMOTANURUIA LA TR Ul naNnsATEueduA1Inlaann Digisonde

De

(BO_obs)” snldidumusuuniliiiuan B2botP_old uanaind viunanwisiimesiudulelelua

[
Y

WesnAnwnldnsAwInmAT B2botP_old tu wisfiwesnauaduadayailaainnsinuas

Andayafilianaunisi@enismaaes enciudl T liesnnen T Wudnsdiusewinee TEC fuen
NmMF2 Feiimuunnei1eszinedn TEC Ailaainia3eg Digisonde wazan TEC Ninldainiasesiioin

Uszlandu 9 AsduA1UTuuAues B2botP_old @snsafiazmmlaainaunisi (3.7)

i|BO_ObS —B2botP_old |
c=—=2 .

(3.7)

A | x|

24x 1

wanantu aunisnlglunismamisdiesaunuinualnda1usuln (B2botP new)

AazAnnaldainaunisy 8
B2botP_new = B2botP_old + ¢ x 7. (3.8)

Toauunuau (MATLAB) Aldlun1sAiuinmie B2botP old uarAn B2botP new Sluans
¥luguil 3.5 waznanisduldaiiuandliluguil 3.6 Tsazifiuldin “A1 B2botP new fAndi
Tn&iAuafiudn BO obs warnsiUdsuulassneiuvesal B2botP new Afiwuildufiwnileusu ns
\WasuuUasseuvessn BO obs e’ tufuanddiifiuiidanumunduaisiviausluaunisd

(3.8) thuanunseanldifiewnd B lumsufod (B0 obs) 1
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M = load('DB_Port 20032014.txt) % This file is obtained from GIRO of DIDbase
M1 = M(;,1); % foF2
M2 = M(;,2); % hmF2
M3 = M(;,3); % TEC
M4 = M(;,4); % Hm
M5 = M(;,5); % BO
m = 1;
fori=1:1
foF2(:,i) = M1(m:24*)";
hmF2(:,)) = M2(m:24%i)'
TEC(,i) = M3(m:24%i)'
Hm(,) = Md(m:24%);
BO(:,i) = M5(m:24*i);
m = (24%)+1,
end
NmF2 = (1.24)*((foF2).A2)*1e10;
Tau = TEC./NmF2;
L1 = 3.22-(0.0538.%foF2)-(0.00664.*hmF2)+(0.00257*Rz12_2014);
M1 = (0.113).*hmF2;
B2botP_old = ((Tau./1.2)-M1)./(L1+1)
a = abs(B0-B2botP old)./Tau;
aav=][ a(1,) a2, a(3,:) a4, a5, al6,:) a7,:) a8, a9,:) a( 10,:) ...
a(11,) a(12,:) a(13,:) a(14,:) a(15,:) a(16,:) a(17,:) a(18,:) a(19,:) a(20,:) ...
a(21,) a(22,) a(23,:) a(24,) 1
mean_a_av = nanmean(a_av,2);
B2botP_new = B2botP old + (mean_a av *Tau);
t=0:23; % tt2 = 0:2:46;
plot(t,B2botP_new,'b-', t,B2botP_old,'r-',t,B0_obs,'ko")
legend('B2botP  new/, 'B2botP  old','BO_ obs’)
title('20 March, 2014 at Port Stanley')

U7 3.5 Wausmuauldlunsduinmen B2botP_old uazAn B2botP_new
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20 March, 2014 at Port Stanley

140
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0 'l 'l 'l 'l 'l 'l 'l 'l 'l 'l 'l
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sUTl 3.6 namssuvaslinluguil 3.5

3.5 LUUINADINITATUIUWIAINISIANBSANNUIVITU Lo luaiNesAuaNT
NS uIeNITAILINTIAT B2botP LUTuiiade9 3.2 waa TuiidedazaSuienns

P8NKUUNTID GUI (Graphical User Interface) ngldlusunsuiunuiay (N15useyndly matlab,

s s

2555) 11 11599nkUUNLN98 GUI duiiinauszasrnanmslttunisansenudldlaaldnefduasa

9 Y

wazind enmeguduy NMsadnunduuduna (Pushbotton) nsteuteniuadluyeuiteniny
(Edit box) uagnsAdnULUNATY (Radio Button) “ia% Taevil 1519zi3endsigldteoudniuma
03dUsENaY GUI Tudumnmisnl (event) lelsfinuiifivanisalifindu sndrogadu flfanuna
Junsetouteyaluteuitoniny Tusunsuiazyinunuyamdadiensuaussiuimmnisalniui
1Weanns 151FenlUsLNTN GUI fvihaunsivensaliidesnisin “anstuindeudaemanisal

(event-based driving)” msas1alusinsy GUI TunumuauliuilesAuseneundnet 2 du fe

=

1. 83AUsENaUYDY GUI (Form) vuniid1eldlanauiugly tawn Juna Jauing wie

9
[

Yaanlutaniny Tneesrusenauvad GUI wanianindudauiandvadunkauiaau

' [
fal a =

2. lAnflusunsuwinuauivinnumamansaiindulunesuesnwuuliludedn 1
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dnudunuavdu azilusunsy guide (Graphical User Interface Development

=

Environment) #igniisnldiitosenuuuwtinee GUI (Graphical User Interface) TiinnsTaneuriy
fdnuldinedy dadu luided s ldTusunsu quide Tunseenuuusdusznauves GUI (Form)
domamnndimeiaumuesiuleleluailesduaadaunsii (3.8)
wuudaesnsiamAmnaimesauuvesduleleluafleiuasiiesnuuulae
THlusunsu suide Sufuandluzuil 3.7 Taslufid wisdwesfisvhnisdoudluluwuusraes

f9NA LA

1. foF2 fo AAnwitngadu F2

2. hmF2 fo AAnNge o el NmF2 Sengagaludu F2

3. Rz12 fo  Adiugaduuumeediindlnsiednasnszeziian 12 e
4. TEC Ao A1 lonospheric TEC

JUT 3.7 LUUT@0IMIAUInmAINT ITnaTAUnUIeUEeT (B2botP) Ineldlusunsu guide



uni 4

NaN1578

Tuunilagnaniawmiiveng q Auandeniang q Naeandesiulasinisideimun lng
Toyadiunisazgniseuisesnazulaunanivleduazunanuideniniglulszmalnauas
ArUseine lun KBunsuenfiendngt VBugududafoudeiviuimd Lunsumineinsssdl v

o < o . < 1 a agf v 1 =
wUUd1a84 IR AULUUTIA0S NeQuick 2 ViuuHufulng w18 uanand alin1snanitwa
nsanwrsvensgduntglutuleleluailesienduan foF2 (foF2-based I-scale) hagnns
Waguwlaswemmnaiiwesanuvuisuaiwestulaleluailesluininsasesi 24 uavidunves

[

uraznTLAUia g

4.1 93AUTENIUVALLTUNT
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widuanimgienniatazussenaifedivamansasusuasaningiionnia feiseu
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JUN 4.3 nihdvanmgliennia

JUN 4.4 mhdufinseunszan
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JUN 4.5 wihivanniglaniou

JUN 4.6 MhAuUsnaulaz sz
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JUN 4.7 wiviuueaiily

UM 4.8 wihiuandgn
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mafauiuAulmuaznisudsunUasdmnafiwesluduleloluafiesdifeadesiuusufulmas
iauslufiadusuiulm Uil 4.10) Tnedemludumausudulmdutseendu 3 fade 1dud
1. uiuAulmuaznaasundasiuleleluaies - fiumauandugud 4.1
2. m3wasuLUaswear foF2 rouflazifnunuiuln - fdumenanduguil 4.12

3. MswdsunUavesan TEC neuilagiinuruAulvg - Siumanandugui 4.13
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JUN 4.9 mhdudenda
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JUN 4.11 Bumaukuiulmnagniswdsundadutulololuaies

JUN 4.12 Bumanswasuwlasvesan foF2 deufiaziinuaumulng
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JUN 4.13 umamsidsunUawesa TEC Aouilagiinunuiulnm

5. huudnaasuazAtaya

MﬁﬂﬁuLLUUﬁi’ﬂaaqLLawh%’au”aﬁ%mimmﬁmﬁuLLUUf&’wam International Reference
lonosphere (IRl) waziuus1ass NeQuick 2 Tafsismsldaunaziogrsadoyafianunsaoly
THaulfvasia 2 uuusiaes fuandusuil .14 - 4.15 uanand Ssdinsuansuuudassium
f1 B2botP Tuflas “uuusinauazadoya” e uilll ge B2botP ey Armnsidimesaniu

nuestulelaluailasauanaivauslunuidednussee i luuna 3

g‘d‘ﬁ 4.14 %AV International Reference lonosphere (IRI)
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JUN 4.15 wiiuuuudnaes NeQuick 2

Tuduimauuushassiuane B2botP tu avudailemesniu 2 fade loud Thauwum
waudildmaen B2botP wazwuusiassn1si LA lnesaunuvestuleleluaiieos
fuana IngifumavesiuudtansAiuiuan B2ootP Tuandlilusufl 4.16 Fsiinisuandldnuum
LAULAEMTIUTUNSY guide TaaIaUiBruInAT B2botP aaanfitdousdng q Aialduwdn

Tunsduammen B2botP delusunsa suide W is1agvhmstlaundayasing q Aald

Tuguleleluailes dwanslugun 4.17 lnemsfiwesndeudnlulunuudnaesding1s lawn

1. foF2 fo mmudingatu F2

2. hmF2 o AAuge o vl NmP2 Sengagaludu F2

3. Rz12 fo Adwugaduumsendindlnsiedsnasnszeziian 12 e
4. TEC Ao A1 lonospheric TEC
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JUN 4.16 IUNATBILUUTIABIAIMAT B2botP

U 4.17 TWsunsu guide Aldduman B2botP
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5Ufi 4.20 nidumng TEC (TEC Storm)

gﬂﬁ 4.21 WUy SED (Storm Enhanced Density)

7. UNAUIY

v 1
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B2P_ 2 Summer, 2014

250 H e BO__obs ]
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200
tm 150

100
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LT

5UN 4.26 n1swdgundasasmmniiweiauvuiauaitluggseuil Jicamarca
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! v
oA v 1

uaNa1nd A1 AD_B M1d@n1il Ramey iA171aeads 0.07-13.63 Alaluns lagA1 AD B 4
angalagdiulvg induiiaan 11 LT luvueh A1 AD_B N18991anagiinduiiiaisng 9 fu

) 1 o j%

dmSuAUSuLA (correction factor) vasaunsniauelunuIdeiaziarsunegluguaing c

a s

WU A1 ¢ Nan1il Jicamarca FAWWIAU 0.129, 0.157 wag 0.188 Tugguuid godeiuend waz

1 I

gasou MUAIRU A1 ¢ ladennganiaiianil Jicamarca dAwniu 0.158 Tuvaeh A1 c Nannil
Ramey AU 0.165, 0.169 uar 0.161 Tuganuni gadaiuenduazgaiou auadu suds

A1 ¢ hgnnganIaianiil Ramey Ay 0.165

4.3 favanszaunigluduleleluaiesienden foF2
nsAnwluaidaztaiulundvensegaumgluduleleluaileslidmilsionfurada
foF2 (foF2-based I-scale) lngA1doya foF2 iuAianasmedoanuuuninleleluwnsuly

YIWIANWAROUNNTIAN U A.A. 2004 fufaunsngiad U a.a. 2018 Naailileslni (CMU)

(%
1

anniyams (CPN) wazannillnlanzda (KTB) Tnevia 3 aanddogaeldlasants SEALION Fadu

Y

ausauiielunisasaaninduussemaleloluailossewing KMITL (Uszmalne) fu NICT
(Wszmad ) uonaind lu 1 Tisrazutsoandu 4 ggnia Téun March Equinox (ME; ifiau
TuAL-EIe), June Solstice (JS; LADUNYBAIAL-FIUIAL), September Equinox (SE; LAau
fuggu-naIAL), uaz December Solstice (DS; WAauNgAINIEU-NUATUE) IngAIMIT1HMBTANS
9 AUNITAY 9 FAllun1sAuIMIAT I-scale LarsERUAIYaY I-scale Hazdonndaafuni
unALes Nishioka et al. [59] sa

4.3.1 Wasidudnas1euaian foF2

[

TumiAdensuntnd Andesiduduanieueal TEC wsaan foF2 ndunaladunisiimes

sanilangnlviusgrawninaleisussenvantuzlutuleleluaies Tunuided andosidus

Y
v

Harnsazgnldauuazgninsdalusviifanssuluduleleluadles (Al wazmAldiainel Ogr, uaz

(%
)=

Pror, FeazmAnlaainaunisaalull

0 -R
Propy = 100 x L2 —Lof2 (@.1)
Rfon

1 ¥ a

W19A1 Opory LUUAT foF2 NF0NALANAE Reor, LUUAIE1989983AT Opp, IMBA181989N
o = I3 Y | ~ Y a ° A ) o A &
MvunalouduAglseguueda Oy, Narviesdiuuasiniufedfuves 27 Juikiuun Tund

7L v 1 1 a a I Y a gj )| M v
wagldendseguuinnitAnadeniaavadalunisiduiiwnuanneivuleleluaieslilagn

= v v Yo I a v T a a v v vy
3‘Uﬂ’J‘ULu@Q‘U7ﬂﬂ']llﬁf]ﬁ']u‘lll‘lﬂiUNaﬂiSVI‘UQ']ﬂﬂTV]lI']ﬂ (UB8) 981INAUNA I@IEJ‘VTL!'W]']\T 27 ’JUUUIW
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gnlfogaunivarsdmiudeuluadneddunsinunduleleluailes Srauaniiansdanannnd
27 Hu AndfseguarldSunanssnunniuaInnsUAsuuamungna waedunavtssdian
founiniu AufseguarlisunanszmuinniuanmaudsusUadluusas Suuasmguinanlan
Assagudevieng 27 Jufiaumngaslumsuuaniediieuarlignsuniu (Jev) vesty
Lololuales

uenanil mstuegivggnia naviestunaziumiwer Propy msagnidaeenld

Weazlludvenseauniglutulelelualesdilund@uundn 1 f7 3UN 4.22 a) - d) wananIs

Y i A& a ° i * A a 9= Ty ' &
nszRefves Propy tneluiil imsimunt Propy disidin Sondrlaanaumssolud

* _ PfOFZ_H'
Propy = . (4.2)

lngdn U waze 0 WWuredeavadinuazandsduunnnsgIueimasganIaveIuss
anll Jausazanliiezdien U uasA1 0 edaz 4 Ardmsuandeyaneiunlszana 14 U uazdn

RNsianNe 3 @andl afaslien U uaAl O iavue 12 a1 dmsunisdnszaunigludule

[
=

Toluaily§tiu inldfiow kscale lnonsld Propy defiwanslilunisteil 4.1 aeduni 1 8 3
& * o

uanen I-scale AUssEIEYRITEAUNEIANTY uassyaUveern Propy audsiv endiediadu

a ~ a * ~ |
p3 wnumglauaniiguusuasiien Propg fiunnnda 5

{ 1 o Y Y [ * | a X
137147 4.1 1 -scale, Aussengvessiumguagseiuvesin Propy Mifisdu

4.3.2 fn I-scale fil&anAn foF2

lumnuduase saunsoasuanmansnsenefuuuimddouvesideya Propy uas

Pf o2 W 4 qgnia (ME, JS, SE, uag DS) fiynaaniuazfiorsanvianun 24 Haluaasdld G

1381 00 LT - 23 LT) usiviafl azvauaninanisnaasdaniziaandyunsiazadeyaiiiaat 18 UT
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(01 LT) windu gU# 4.28 uaz 4.29 udnenisnszaneduuuind@dsuvesindoya Propy uae

P;on Tu 4 ggna (ME, JS, SE, uag DS) flaaniiyamsiinan 18 UT (01 LT) sudndu

Ui 4.28 nsnszanefuuuinddeuvesidoya Propo Misantiyumsinat 18 UT (01 LT)

[ [
a = Y

= ° Y = ] Y = ot
197199 4.2 LLanI1UIUIU (Samples) NNULARETEAUVDN I-scale NAAYUNY 3 d01U Y9

aenud aaudesdulunsifetuudy seauresmeudazandiuiiailndifesiu lneaniy
Reu (Lifinng) Wwmsnisalinuanniign (Uszunudesas 71) wazan1izniguanfiguwsa (1,3)
Juwmanisaliinulesiign (Ussunadesas 0.03), A1 b1 uas 1 danintuedsesay 12-14 uas

[
a = ¥

W2 AANANTUSoUag 1.4 d1un1T 199 4.3 LAAIAI881INATDINITATUIINIANRAULAVANALAZ AN

a ! d' =
bUBRUUNTINTZIUUDIAT PfOFZ V]aﬂ']uGQll‘Wi
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3UM 4.29 msnsgmeduvuinddvuvesdndoys Prop, fanmsiina 18 UT (01 LT)

A1 4.2 $auuti (Samples) finunsazsyiuves I-scale FAnTuii 3 @oni
Occurrence CPN MU KTB
Probability | Samples % Samples % Samples %
Sample 60122 100 65544 100 57100 100
= 22 0.04 9 0.02 15 0.03
2 380 0.63 393 0.60 330 0.58
! 8309 13.82 9157 13.97 7839 13.73
Quiet 42972 71.47 46361 70.73 40765 71.39
! 7468 12.42 8779 13.39 7199 12.60
|2 840 1.40 798 1.22 862 151
|2 131 0.22 a7 0.07 90 0.16
Sample 60122 100 65544 100 57100 100
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M3l 4.3 ApdeiavndiauasAndesuunsgiuesn Pro gy fidaniyums

Mean of Pfon Standard Deviation of Pfon

uTt ME JS SE DS ME JS SE DS

0 | 0.0411 | -0.0148 | 0.0198 | -0.0371 | 0.0794 | 0.0779 | 0.0687 | 0.0795
1 10.0178 | -0.024 | 0.0245 | -0.0262 | 0.081 0.0835 | 0.0771 | 0.0909
2 |-0.0042 | -0.0174 | 0.0354 | -0.0215 | 0.1101 | 0.1049 | 0.1071 | 0.1115
3 | 0.0078 | -0.0104 | 0.0435 | 0.0007 | 0.1312 | 0.1156 | 0.1288 | 0.1323
4 0.014 | -0.0152 | 0.0378 | 0.0115 | 0.1196 | 0.1024 | 0.1166 | 0.1312
5 1 0.0234 | -0.0226 | 0.0321 | 0.0064 | 0.1159 | 0.0974 | 0.1093 | 0.1251
6 | 0.0267 | -0.0223 | 0.0335 | -0.0013 | 0.1167 0.102 0.1101 | 0.1135
7 | 0.0296 | -0.0275 | 0.0421 | -0.0067 | 0.1164 | 0.1027 | 0.1184 | 0.1063
8 | 0.0289 | -0.0326 | 0.045 | -0.0099 | 0.1109 | 0.1048 | 0.1212 | 0.1028
9 | 0.0273 | -0.0357 | 0.0406 | -0.0127 0.11 0.1072 | 0.1141 | 0.0994
10 | 0.0261 | -0.0394 | 0.0327 | -0.0155 | 0.1036 | 0.1035 | 0.1143 | 0.0958
11 | 0.0303 | -0.0357 | 0.0213 | -0.0111 0.109 0.1041 | 0.1141 0.095
12 | 0.0304 | -0.0259 | 0.0093 | -0.0133 | 0.1242 | 0.1052 | 0.1154 | 0.1138
13 | 0.0248 | -0.0417 | 0.0395 | -0.0273 0.147 0.1439 | 0.1463 | 0.1273
14 | 0.0267 | -0.0568 0.07 -0.0333 | 0.1565 0.197 0.1931 0.147
15 | 0.0293 | -0.0594 | 0.0723 | -0.043 0.177 | 0.2111 | 0.2063 | 0.1829
16 | 0.0556 | -0.0606 | 0.0539 | -0.0487 | 0.2044 | 0.2074 | 0.2176 | 0.2068
17 | 0.0724 | -0.0597 | 0.0471 | -0.0364 | 0.2206 | 0.2225 | 0.2368 | 0.2229
18 | 0.0648 | -0.0552 | 0.0417 | -0.0182 | 0.2442 | 0.2368 | 0.2458 0.233
19 | 0.0597 | -0.0474 | 0.0324 | 0.0071 | 0.2589 | 0.2301 | 0.2471 | 0.2426
20 | 0.0697 | -0.0417 | 0.0223 | 0.0084 | 0.2609 | 0.2316 | 0.2395 | 0.2587
21 | 0.087 | -0.0426 | 0.0284 | 0.0036 | 0.2607 | 0.2273 | 0.2582 | 0.2232
22 | 0.0902 | -0.0168 | 0.0478 | 0.0239 | 0.2765 | 0.2078 | 0.2919 | 0.2513
23 | 0.0889 | -0.0062 | 0.0155 | -0.0545 | 0.1479 | 0.0941 | 0.0883 | 0.1041

4.3.3 ININWNANISANE

I3

fauddnleemlunnglutuleleluaflesasgniuieniliiintuldlaenguimanian nns

Y 9
[ ]

Wasuwlasluguleleluailesnaiuisaiaduiliosninanngau q ldeendiegiudu n1s
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WasuuUawes BIA, auwazvewadlutuwesiuailes \usu wieesdinszinistuediuggnia

naviesdukazRwIiwer 0 Indlidwiinerdesiumegwimintanuieold Andesuumasgiu
18361 Propy dniuiufidevasy (LWifivng) vanunazgninsisi nsduegivggniauas

fwnsrasan 0 Wezlineidaadunguimanlanias 151990ad0NAIINANTENUVE EIA U9

danangaunazAgani AuavesAtgen EIA Nigniemdulagdiulngjaziia1 TEC gaigai ME
D = a | Y 1% | 1 A a a a 4
wazosigai JS maudsuudadluwiaziuves EIA lagnuuineiriunigaluggdaivenduas
1w = a e a =~ £ %Y & Yy v =4 Y
fiAdesngalugglefadluusinuendeu [62] MsTuegiuggniailazaeanqesiunisiuegiu

Y

(Y 1

! v X a @ 1 a v Y ! LY d'
1AN1aYeIAN 0 My NM5TUeETUasigaves 0 Augesuglameuiuanmsiisunlasly
wiayIuved ElAs nansenuwed ElAs danudidgunndunsnaulauinnininimeumilevesglu
\Wesaniunnmeuldedlndiuveunimeumilovas EIA

Nt 'l v o A a X 1 1 < d' a 1
g 1p3 ‘VII‘WZU‘VIE@B‘L!@U‘VI 3 ‘1/]LﬂﬂSUUIUSZIUQWWEJLL@JL‘ViaﬂIaﬂV]ﬂﬂLiﬁJﬂ’J'] Halloween event

a

waglagneaulunatgunaiiy (lud 2005) W']EJmaumuLL'ﬁqmﬂmamlmnaam“lﬂumsww 4.3

dvv

ﬁ"ﬂ NWUﬁﬂUW’]EJLLiJL%aﬂIaﬂ@’JEJ mmmimwaamﬂhaumw 2 VIi‘-UﬂL‘U‘LJE]EJ’N@%@’N Bastille Day

Y

¥
A

event Uszifunildlunarsqaiiunaulafiedn wigduleloluailesiflildaonadoafungusimsn
lantanely Fedawdidmnguimaniandiuau 6 wanisalifiandail Dst < -300 nT RaTulugad

1997-2014 Anu uinlifinnganlaaefiviesdliinnigluduleloluaiesigiaunijuusuasy

Turaued Biles 2 gnvesninduinwmleiliianglutulolelualesiFauiniiunss Ay

Y

LANANAUTDIRTTNLUANTAN (WUAT Dst) kazAn -scale TIALHAUIY “N1Tnavaunsvestuls

]

Teluaifle fAsldonguaimanlaniaududou” Tasvialy wiglutuleleluailosazgnnszduli

Y 9

Lﬁ@ﬁﬁuﬁ’wmmﬂmmmwﬁqﬁaﬁi’wmwﬁa el
1. Mmsnzaneadtagnsavesauulninludasiged "
2. Mswdsunlasvesaunedluailes
3. mswasunasluvesuauiidunans

4. louTuimdudssuniu

[
]

anvea ez tusgivruinveangudintan waiuadiuediuiadedu q

I$un naesduresnsfinmguimdnlanwazdoulalusuloleluailes orfidu JUnuvvesay

(%
YY)

wesluailes fuiu Muenszdvveamiguimanlanidlimnganfiazfusuonvuiavesmigly
Fuleloluafies fofy Suisdaruduiufiazatsivensesumeluduleleluaifles

Tneily mdrfanuvesdudfanssila q asstuegiuinusrasdvosld g4 GNSs
snsegratuszuy SBAS ihumidugldnumdnvesansaumeaanmgiioinidluoinia d1 AATR 7
gninausuargnadstululssriaues EGNOS tuidurmniiaosediiidsaonads (ms)

Y

57997119909 Along-Arc TEC rate @aludain (proxy) nflswesnisivdsunlasesan TEC a1
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JEUENIUaBBLIaT {199 GNSS laasaunud TEC Tnanisuseanuen TEC Ninlauazauuidn
TEC finsuanuasduwuuady auufgiuvesnnududadusienaniliasnsaiazldnulaly
Frsaivuleleluaieslagnsuniu a1 AATR lagnldnulunisusdviwiainduleleluailesia

ansunudmsunistesiugldnuandeananaluduleleluaiiies A1 AATR daudeulnisenis

[ a

WasuLUaIwasAn TEC Uszana 200-300 km (Quidl anaredaaiiowdu “seduliunans”) Tund

Y

l-scales A nauatulilainuswdufazuiuandmansenuYedlaTIas19sesuUIunanaiilsne
SE¥UU SBAS k4 GNSS

1 ¥ o

A1 I-scales MinawaiilagnivuadulasenfeAidoya for2 wag TEC lngdiuanszdu

Y

=p.

oA Awesmaiidmismiederldnuill enfidy fl¥nussuunisdeasgiumiud
HF wagdldeuszuunistmny/msusuendiunislagld GNSs dusugldeauszuu GNss du
asaumavomnglutuleloluaiisthiaruddysonisussanuaausyidumaunsnizas
ausuduleleluaiies dmsudldnuszuunsdeassiumnnd HF du asaumAvesngdeau
fuflenddyitiesanmgdsauiisunsssiilinsdeans HE dufimsudamanedalus iesan
fldfanuszuu GNSS wazglinuszuunsdeansenuanud HF Wudwlngvosldau madines
wiaiBsdauaumaunad miunsion -scale lumanduify manfiwesdu q o1fiu A
yutuoymafilunans, fifafiady, waznsvanisiadeludgias GNSS wefiduusgisiui
ﬁﬂﬁzyﬁm%’w;ﬂﬁé’fmuswéu q #e shuenseiuluiuleleluaflsdmiumsfinedmaniamsiaz

Trdilusuiandulnatiaie

4.4 mawdsuuasasnsfimesanununduarsvestulelaluailesluigdnsgsesii 24
foyaildlunisnulumuideidustsegumedilusese foF2 (@ninghanuiluty
F2), hmF2 (ﬁhmmqqﬁﬂ%’u F2), A1 TEC, ANAITINNTUNINTEANBAAUTY F2 <m(300)F2> LazA
BO 71¥mléanniA3es Digisonde vasaaniiiavalansiuau 12 aanil sauanslunisiedt 4.6 luitdl A
toyaiinliludreiifinansznuvesaiozuniigauesindnsasosil 24 @ 2013 - 2014) vesannil
Digisonde 12 aonivanunaziunanniulsfues DIDBASE Ae http://giro.uml.edu/didbase/
scaled php Tumsfinyinsdsunlasuggniatu Adeyaazgnudseondu 3 gana léud gg
NI (N AANI8Y, SuIAY, UNTIAY LaznUAITE), gadniuend Hunay, Wy, fueney uaz
Ra1e), Uag ne¥eu (WqunlA - AanAN) wazARREYeITILIURAFUUNI TindTRnnaDn
syuwt381 1 U (Rz12) Adrunaniuled IRI-2012 Ao https://omniweb.gsfc.nasa.gov/vitmo/

ir2012_vitmo.html
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A19197 4.4 sumiainiagiimansveunies Digisonde luaniiinvilandiuiu 12 aandl

Twelve Digisonde Stations Geographic Latitudes Latitude Longitude

Ramey 18.50 292.90

Ascension Island 0°-20° -7.95 345.60

Jicamarca (group 1) -12.00 283.20

Wuhan 30.50 114.40

- 20°-40°

El Arenosillo 37.10 353.30
(group 2)

Louisvale -28.50 21.20

Idaho National Laboratory 43.81 247.32
40°-60°

Chilton 51.50 359.40
(group 3)

Port Stanley -51.60 302.10

Yakutsk 62.00 129.60
> 60°

Tromso 69.60 19.20
(group 4)

Qaanaaq 77.50 290.80

4.4.1 wan1sAnMsABuLUa e faamvunduaslutaendnsgsesi 24

lustadiol] A1 B2botP_new aggneunmumAisaninuashmaisuifieuiuandiinldan
Digisonde (BO_obs) Lag@1 B2botP old fivnauely Jamjareegulgarn et al. [21] Tneludid v
YouanIAINIITnesauudua1afiannd EL Arenosillo (Spain) wazeandl Chilton (England)
Wiy Wesenduransinuiluanssiuegradiulddavesmsfivesamumundiuens Tne
navasmsAnwasUlFRai

mswasuuladuusazfuvesamnsfinesaumnduaislugguun qodaiuenduas
faeufiiies EL Arenosillo wag e Chitton Tud a.a. 2014 Tuanslilusuil 4.30, 4.31 uay
4.32 auAIRU 9nNaNSANYARuldTaTn A B2botP new Tiinaueiiuunltiunsiudsunlas
findouuazdalndifssfuaiidunaldaniadesideous (B0 obs) InAmisdinesaiiumu
Fruandlumeunansuszganidluseunansdiu sndugguum uenand audnuusfiruingn 2
Uszmsimuine dnmsenia (fat) sesmmmunuiudidnaseusgradivlidnlurisiantounss
919indtu (Pre-sunrise enhancement) iilas EL Arenosillo wazluneunaistu Armnsifimes
ALMIFIuA19TIET0 EL Arenosillo axgendnAndiiies Chilton uanaint wan1sdnwInyn
Avnafimesanuvudiuatsiidios EL Arenosillo agduwilunsidsuudasfimiioufuaiifn
1g7dios Chung Li Uszmaldniu (Chuo, 2012) lagnanduysalvesAmIsiinesaumun

Auanlugarnuuazgdaiuendiaiuszaia 10 Alawns drunadsduysalvesrmniives
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AnuvuuaslugaseulAUsTan 25 Alawns InuRad e iinfianazinduiial 11.00 u. 1
193 El Arenosillo wena1nil lunmnsinvein1sAnwimudn wad1eduysalvesmnisfinesaniy
nuwnuandluggseuten 0.09 - 25.11 Alawns dunasisduysallugadaivenduazggruiiien

0.03 — 16.46 NlALUAS kaz 0.02 — 22.49 AlaAT AUAU

A15199 4.5 AedvesrUsunilunaazleuvesaniil Digisonde 91w 12 @il

Twelve Digisonde Stations Geographic Latitudes A1 c LAl
Ramey
0°-20°
Ascension Island 0.1674
) (group 1)
Jicamarca
Wuhan
20°-40°
El Arenosillo 0.1898
(group 2)
Louisvale
ldaho National Lab.
40°-60°
Chilton 0.2043
(group 3)
Port Stanley
Yakutsk
> 60°
Tromso 0.2639
(group 4)
Qaanaaq

Tum19199 4.5 Wunan1sAtuINAIdgvaIA1UsTULA (A1 o) Tunsrazlauvosanii

[

Digisonde 7ifinwluunAuideil

[

MW 12 @018 NUI ANRdsTpIAIUSURALALINAY 0.1674,

0.1898, 0.2043 waz 0.2639 d1w3u 4 leuvedazfign 0°-20°, 20°-40°, 40°-60° wazganin 60°

! dl U a dl

s Faazniulean ArvundlianfiiudunasAganiludiasAgaiigaau

v
=< 1

U'ﬁfmgm5@'1;31/1Nﬁsswmaﬁa%msmmﬁmwumm'mumLLuu§Lé‘ﬂmiauasml,ﬁuiﬁ%’m’tu
F1919a1neUNSEeNSTY (Pre-sunrise enhancement) Ao aufiansea (neutral wind) Adin1s
waousalunesfidl@iiinan 0300 uRnILEIdnsIAdousngeundur st fitaan 0500
w1 Seildrmnumuududidnesoulutianaineunssofinddulumsinlanmiiedeiini

[
tY

WNTY [63] drudarmnsdmesainuvuisuaiiuneunaisiuieifigaindtaluneunaisaunull

AUNNIAINNITAREEEUYBINAIEN E X B Tuuunifs IngaA1ms1imesainununniuanaasiian

1NNTUTarUa8lur19381 0800 — 1300 WIRAT LIBIIINNNTADLADUYBINAEU LY
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Winter @ EIl Arenosillo

300
L] L] L] L] L] L] L] L] L] L] L]
B2botP__new
= = = B2botP__old
o L e BO__obs i
200 R E
x 150 R -
[aa)
100
50
0 'l 'l 'l 'l 'l 'l 'l 'l
0 2 4 6 8 10 12 14 16 18 20 22 23
LT
Winter @ Chilton
300
L] L] L] L] L] L] L] L] L] L] L]
B2botP__new
= = = B2botP__old
s L L BO__obs i
200 E
x 150 R -
oM
100 & E
0 'l 'l 'l 'l 'l 'l 'l 'l
0 2 4 6 8 10 12 14 16 18 20 22 23
LT

5UM 4.30 n1sidgundadluisaz furesrmiiiveianuvuiniuae

Tuggvumiliiles EL Arenosillo uaziiles Chilton Tull a.a. 2014



B*

B*

5UN 4.31 nswdsuwdadluisas e siinesanuuinuas

Tuggdniuend iiles EL Arenosillo waziiles Chilton Tud a.a. 2014

300

250

200

150

100

50

300

250

200

150

100

50
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Equinox @ El Arenosillo

T T T T T T T T T T T
B2botP__new
= = = B2botP__old
.......... BO__obs
9 -

Il Il Il Il Il Il Il Il
0 2 4 6 8 10 12 14 16 18 20 22 23
LT
Equinox @ Chilton
L] L] L] L] L] L] L] L] L] L] L]
B2botP__new
= = = B2botP__old
.......... BO__obs

L - =~ - ~ .
----- 1 -~~~-—_——’
B B B B B B B B
0 2 6 8 10 12 14 16 18 20 22 23
LT
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UM 4.32 nswdsuwdadluisaz e sanumunnuas
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200
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Summer @ El Arenosillo

B2botP__new
= = = B2botP__old
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Variations of bottomside thickness parameters
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Abstract— This paper studies and analyzes the variations of
bottomside thickness parameters of the ionosphere. The thickness
parameter is used to evaluate the electron density as well as the
total electron content, and the latter can be used to correct
receiver positions in GNSS. The NeQuick bottomside thickness
parameter (B2bot) with correction factors (B2P_2) at Jicamarca
and Ramey stations, the northern and the southern of EIA crests,
are computed and compared with the observed BO of digisonde
and the IR12012-predicted B0. Our results show that the diurnal
variations of the B2P_2 have the same trends as those of the
BO_obs. The B2P_2 are also close to those of the BO_obs for all
seasons compared with the others. The original B2bot (B2_NeQ)
always overestimate the BO_obs for all seasons and they are often
higher than other parameters in the winter and equinox. Among
the IRI BO values, the BO_Gul are close to the BO_obs compared
with the BO_Bil and the BO_ABT. A dominant result discovered
in this work is that the great discrepancies between the B2P_2
and the BO_obs at Jicamarca during the period of 12-20 LT are
found surprisingly, whereas ones at Ramey disappear.

Keywords— bottomside thickness parameter; EIA crests;
GNSS; IRI; NeQuick

l. INTRODUCTION

The Committee on Space Research (COSPAR) and the
International Union of Radio Science (URSI) have developed a
series of International Reference lonosphere (IRI) models and
released IRI-2012 model as the latest version. The IRI-2012
model has been updated with many improvements such as
ABT-2009 option for both the BO (thickness parameter), the B1
(shape parameter), and the corresponding electron density, etc.
The IRl model is an empirical model of the ionosphere which
gives monthly averages of ionospheric parameters for given
location and time. IRI characterizes the bottomside electron
density profile N(h) of the F2 layer ionosphere as follows [1]

N(h) = NmF2 x &XPCY™) )

cosh(y) '
_hmF2-h
Y=o

where NmF2 is the F2 peak electron density, hmF2 is the
F2 peak height of NmF2. The y values range from 0 to 1. If y is

and
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equal to 0, the h is equal to the hmF2 and the BO is greater than
0. Furthermore, if the y is equal to 1, the BO is equal to a
difference between the hmF2 and the h0.24 (h = h0.24). Here,
the h0.24 is a height where the F2 electron density drops to be
24% of the NmF2.

The IRI-2012 model provides three options to model the
(BO, B1) parameters, i.e., Bil-2000, Gul-1987, and ABT-20009.
The Bil-2000 option is a standard model that uses a table of BO
values retrieved from the profile inversion of ionograms at
equatorial, low, and middle latitude stations [2]. The Gul-1987
option comprises a functional description of the observed
correlation between the hmF2 and the h0.5 (the height where
the electron density is the half of NmF2) at middle latitude
stations and that relation is converted into a model for
computing the BO_Gul [3]. The ABT-2009 option employs
spherical harmonics analysis to predict the variations in BO
with respect to modified dip latitude, local time, month, and
sunspot number. Their results show that the BO improvements
can be achieved to be 40% over Gul-1987 and 32% over Bil-
2000, while the B1 improvement can also be fulfilled to be
20% over other parameters [4].

Several earlier studies have investigated the variations in
BO [5]-[7]. They revealed that the diurnal, seasonal, solar
activity variations in BO depend on the locations of ionospheric
monitoring, while the variations in B1 change slightly with the
seasons. During daytime, the BO with Gul-1987 (BO_Gul)
overestimates the observed BO of digisonde (BO_obs) [5].
During daytime at Hainan station, the BO with Bil-2000
(BO_Bil) is in a good agreement with the BO_obs than the
BO_Gul in the summer, and vice versa in the winter [6]. At the
equatorial and low latitudes, the BO_Gul is in a good
agreement to the BO_obs compared with the BO_ABT and the
BO_Bil during the 24" solar minimum (year 2010-2011) [7].
Recently, Jamjareegulgarn et al. [8] have proposed a new
NeQuick bottomside thickness parameter instead of the
original one (B2_NeQ) which is designated as B2P_1 in this
work. The diurnal and seasonal variations in B2P_1 are
compared with those obtained from the B2_NeQ, the BO_Bil
and the BO_ABT, excluding the BO_Gul. Their results show
that the diurnal variations in B2P_1 have the same trends as
those obtained from the BO_obs at Kwajalein and Jicamarca
stations compared with those in B2 NeQ. Afterwards,



Jamjareegulgarn et al. [9] proposed a correction factor for the
B2P_1 (namely, B2P_2 in this work) at Kwajalein so as to
reduce the differences between the BO_obs and the B2P_1. The
B2P_2 is closer to the BO_obs and improves better about 65-
83% compared with the B2P_1. However, they studied only
one date in each season of year 2008 during solar minimum.
Moreover, the previous studies have also shown the great
discrepancies between the BO_obs and the IRI-predicted BO,
particularly at equatorial and low latitudes. Few studies have
investigated on the BO values at the northern and the southern
of EIA crests (around 15°N and 15°S) simultaneously. Hence,
in this work, the variations in B2P_2 at the northern and the
southern of EIA crests are studied and analyzed. Then, the
results are compared with the BO_obs and the IRI-predicted BO
with three options (BO_Gul, BO_Bil, and BO_ABT). The
structures of this paper are as follows. The data used and the
computation of NeQuick bottomside thickness parameters are
explained in Section 2 and 3, respectively. Results and
discussions are addressed in Section 4. Finally, the conclusions
are drawn in Section 5.

Il. DATAUSED

In this work, the studied data are hourly median values of
foF2 (F2 layer critical frequency), hmF2 (F2 layer peak height),
m(3000)F2 (F2 layer propagation factor) and BO of digisondes
at Jicamarca (12.0°S, 76.8°W) and Ramey (18.5°N, 67.1°W)
stations as shown in Fig. 1. These ionospheric data are in 2014
(solar maximum of the 24™ solar cycle) and are obtained from
DIDBase via http://giro.uml.edu/didbase/scaled.php. Then, the
retrieved data are grouped into 3 seasons, i.e., winter (Novem-
ber, December, January and February), equinox (March, April,
September and October), and summer (May — August). Ramey
and Jicamarca stations are located near the northern and the
southern of EIA crests, respectively. Moreover, the 12-month
running average of the sunspot number (Rz12) used in this
study is retrieved from the IRI-2012 model web site [10].

Fig. 1. Locations of the Ramey and Jicamarca digisonde stations.
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(Source: http://www.digisonde.com/digisonde-station-map.html)

I1l.  NEQUICK BOTTOMSIDE THICKNESS PARAMETERS

NeQuick 2 model known as an ionospheric electron density
model provides both electron density and TEC values at a
specified geographic location, height, date, and time. The
NeQuick 2 model has a relationship between bottomside and
topside ionospheres. A major parameter of this relationship is
the NeQuick bottomside thickness parameter (B2bot). The
original B2bot proposed by [11] is also studied and designated
as B2 NeQ in this work. The B2 _NeQ can be determined
using (3) and (4) as follows.

0.385x NmF2

3
(dN/dh) ©

B2 _NeQ=

max

where the maximum of the electron density derivative with
respect to height (dN/dh)max (unit: 10° m=3km™) is computed
using the empirical relation in (4) as shown below.

In((dN/dh),, ) =—3.467 +1.714In( foF2) + 2.02In( M(3000)F2 ) (4)

Moreover, the new expression for computing the NeQuick
B2bot presented in [8] is also mentioned and designated as
B2P_1 in this work. The B2P_1 can be calculated by (5) as
shown below.

1/2 —0.113hmF2
1+Q
where tis an ionospheric slab thickness (km) which is
computed by (6), and Q is a new variable which is computed
by (7) for representing the topside shape parameter (k) in [8].
e TEC ©)
NmF2

B2P 1= (%)

Q =3.22-0.0538 foF2 — 0.00664hmF2 + 0.00257Rz12 (7)

Note that how to derive both the Q and the B2P_1 can be
studied additionally in [8].

Since there is a discrepancy between the BO_obs and the
B2P_1 in (5), an average of the differences between the
BO_obs and the B2P_1 is computed and represented by a
constant ¢ in (8) as a part of correction factor for the B2P_1
[9]. Therefore, the expression for computing the B2P_1 with a
correction factor (B2P_2) is demonstrated below in (8).

B2P_2=B2bot_Pro+c-t (8)

Furthermore, an absolute difference between the computed
B2P_2 and the BO_obs (namely, AD_B) is also studied and
computed by (9). The AD_B values are analyzed so as to
know how the B2P_2 values are close to the BO_obs values.

AD_B=| B0_obs-B2P_2| ©



V.

Fig. 2 — 4 show diurnal variations for all three seasons in
2014 at Jicamarca station, i.e., winter, equinox, and summer,
respectively. It can be seen that the diurnal variations of the
B2P_2 have the same trends as those of the BO_obs at
Jicamarca station and are also close to those of the BO_obs for
all three seasons compared with other parameters. Meanwhile,
the original NeQuick B2bot (B2_NeQ) always overestimate the
BO_obs for all three seasons. Among the IRl B0 values, the
BO_Gul are close to the BO_obs in the summer compared with
the BO_Bil and the BO_ABT. Meanwhile, the BO_Gul are close
to the BO_obs only during 00-09 LT and 16-23 LT in the
winter and equinox. It is worthy to note that the diurnal
variations of all studied parameters have the same trends as
those of the BO_obs only in the summer. The B2_NeQ are
often the highest values in the winter and equinox. Meanwhile,
the B2_NeQ, the BO_Bil, and the BO_ABT always are higher
than the BO_obs, the B2P_2 and the BO_Gul obviously in the
summer. Moreover, the minimum points of all bottomside
thickness parameters are during the period of 00-04 LT. The
diurnal peaks of the BO_obs exist at the same local time (11
LT) in the equinox and the summer, while a diurnal peak of the
BO_obs exists at 18 LT in the winter. The diurnal peaks of the
IRI BO values occur at the local noontime, whereas those of the
B2P_2 and the B2_NeQ are during the period of 14-19 LT.
Furthermore, the AD_B in the summer always are lower than
30 km and they are often lower than 30 km in the winter and
the equinox, except during the period of 12-20 LT. At that
period, the AD_B range approximately from 31 km to 76 km
surprisingly.

RESULTS AND DISCUSSIONS

The preliminary conclusions of our results at Jicamarca
station can be addressed as follows. The B2P_2 are closer to
the BO_obs than the B2_NeQ, and the diurnal values in B2P_2
have the same trends as those obtained from the BO_obs
compared with those in B2_NeQ. Therefore, the B2P_2 are
suggested to be used instead of the original NeQuick B2bot
(B2_NeQ). However, the great discrepancies between the
B2P_2 and the BO_obs appear obviously during the period of
12-20 LT in the winter and equinox. On the other hand, when
we study the B2P_2 at Ramey station (the northern of EIA
crest), the great discrepancies are not available as shown in Fig.
5. The great discrepancies at Jicamarca station raise an
interesting topic that leads to further investigations and
discussions about “why they occur at Jicamarca station which
is located near the southern of EIA crest”.

Fig. 5 shows the diurnal values of the B2P_2, the B2P_1,
and the BO_obs for all seasons in 2014 at Ramey station. The
IRI BO and the B2_NeQ are not considered in this case, since
our main goal is to show the disappearance of great
discrepancies at Ramey compared with those observed at
Jicamarca. We find that the diurnal variations of the B2P_2
not only have the same trends, but also are at the nearby
values as those obtained from the BO_obs for all seasons
compared with those of the B2P_1. Both the B2P_2 and the
BO_obs start to increase during the period of 00-04 LT for all
seasons, but the diurnal peaks occur at different local times for
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each season. The diurnal peaks exist at 13-15 LT, 08 LT, and
10-11 LT in the winter, equinox, and summer, respectively.

Moreover, the AD_B values at Ramey station are small
ranging from 0.07 — 13.63 km. The minima of AD_B often
exist at 11 LT whereas the maxima of AD_B occur at the
different local times.
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Fig. 2. Diurnal variations of the thickness parameters in winter at Jicamarca.
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Fig. 5. Diurnal variations of the thickness parameters at Ramey station.

For the constant c in (8), we find that the ¢ values are equal
to 0.129, 0.157, and 0.188 in the winter, equinox, and summer,
respectively, at Jicamarca station. An average of the constant ¢
for all seasons at Jicamarca is equal to 0.158. Meanwhile, at
Ramey station, the c¢ values are equal to 0.165, 0.169, and
0.161 in the winter, equinox, and summer, respectively. An
average of the constant ¢ for all seasons at Ramey is equal to
0.165.

V. CONCLUSIONS

In this paper, the NeQuick bottomside thickness parameter
with a correction factor (B2P_2) proposed in [9] is taken into
account so as to study and analyze the diurnal values of

seasonal variations at both the northern and the southern of
EIA crests (Jicamarca and Ramey) during solar maximum of
the 24th solar cycle (year 2014). Our results can be concluded
that the diurnal variations of the B2P_2 do not only have the
same trends, but also have the nearby values as those obtained
from the BO_obs for all seasons compared with those obtained
from the B2_NeQ and the IRI-predicted BO. The B2_NeQ
always overestimate the BO_obs for all seasons. Hence, the
B2P_2 are suggested to be used instead of the B2_NeQ. The
great discrepancies between the B2P_2 and the BO_obs appear
obviously during the period of 12-20 LT in the winter and
equinox at Jicamarca, whereas they disappear at Ramey. “What
are the causes of these great discrepancies at Jicamarca”
discovered in this paper is an interesting topic that leads to
further investigations and discussions in the future.
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Abstract

This paper studies the variations of bottomside thickness parameter of
ionosphere during the solar maximum of 24" solar cycle (year 2013 - 2014) for
global navigation satellite systems. The data observed from twelve ionospheric
monitoring stations in GIRO (Global lonospheric Radio Observatory) database
are studied and the geographic latitudes are divided into four zones such as
0°-20°, 20°-40°, 40°-60°, and higher than 60°. The retrieved data are grouped
into three seasons (herein, season consideration regarding to the north
hemisphere), i.e., equinox, summer, and winter. Here, the bottomside thickness
parameters of each zone are computed using the proposed equations.
Afterwards, the diurnal and seasonal variations of the bottomside thickness
parameters of all twelve stations are compared with those obtained from
Digisonde. The studied results show that the bottomside thickness parameters
computed using the proposed equation have similar trends as well as nearby
values with the observed ones. The absolute differences of all stations in
summer season range from 0.09 - 25.11 km. Meanwhile, the absolute
differences in equinox and winter seasons cover from 0.03 — 16.46 km and 0.02
— 22.49 km, respectively. The bottomside thickness parameter proposed in this
research is an alternative to compute approximately both the TEC and the GPS

propagation delay for GNSS receiver positioning and disaster prediction.

Keywords: GIRO database, bottomside thickness parameter, global navigation

satellite systems.
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Twelve Digisonde Stations Geographic Latitudes Latitude | Longitude
Ramey 18.50 292.90
Ascension Island 0°-20° -7.95 345.60
Jicamarca (group 1) -12.00 283.20
Wuhan 30.50 114.40
20°-40°
El Arenosillo 37.10 353.30
(group 2)
Louisvale -28.50 21.20
Idaho National Laboratory 43.81 247.32
40°-60°
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(group 3)
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Yakutsk 62.00 129.60
> 60°
Tromso 69.60 19.20
(group 4)
Qaanaaq 77.50 290.80
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Abstract—This paper proposes an ionospheric storm
scale (I-scale) for identifying the impact of geomagnetic or
ionospheric storms in the lonosphere for GNSS (global
navigation satellite system) service and disaster preven-
tion. The I-scale in this work is computed based on the
observed foF2 at Chumphon station (10.72°N, 99.37°E; dip
latitude 3°N) over equatorial latitude from January 2004
to July 2018. The results report that the severe
geomagnetic storms, i.e., 1,3 and In3, seldom occur at
Chumphon with the probabilities of 0.02% and 0.07%,
respectively. The probability of quiet ionospheric condition
is the maximum value of 70.73%. Meanwhile, the other I-
scales sometimes occur and range from 0.60% to 13.97%.
The benefits of the foF2-based I-scale are to indicate the
violence level of geomagnetic storms and to alarm the
ionospheric irregularities in practice.

Keywords—Chumphon; foF2; geomagenetic storm; I-scale;
space weather.

I.  INTRODUCTION

Space weather monitoring in ionosphere is an important
task, since there exist significant ionospheric variations
temporally and spatially in which they affect directly to GNSS
(global navigation satellite system) service, disaster prevention,
and transoceanic connections etc. Particularly, when the
geomagnetic activity changes, the interaction complexity
among the atmospheric layers surrounding the Earth leads to
dynamical changes in ionospheric plasma distribution and then
results in ionospheric storms [1]. Consequently, ionospheric
plasma density can increase and/or decrease with respect to
normal situations from many hours to days. The behaviors of
ionospheric storms are not necessarily similar to that of
geomagnetic storms because the ionospheric changes rely on
local time, season and location. Furthermore, the ionospheric
changes at midlatitude and low latitude are affected largely by
the variations of equatorial ionization anomaly (EIA) [2]. A
main task for users of GNSSs, HF communication systems,
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3 Department of Telecommunication Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Bangkok 10520, Thailand.
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space-based remote sensing systems is to monitor ionospheric
conditions continuously, because the undesired situations may
occur unexpectedly. For instance, GNSS users may encounter
unacceptable positioning errors due to ionospheric positive
storms and etc. Hence, the users of these systems need to know
whether the ionospheric condition is silent or not.

As for the information of space weather, “NOAA scale” is
well recognized for characterizing geomagnetic storms (G-
scale), solar radiation storms (S-scale), and radio blackouts (R-
scale). In contrast, no ionospheric storm scale based on
ionospheric measurement has yet been acknowledged, since
large temporal and spatial ionospheric variations make it
difficult to define an ionospheric storm scale. Several
endeavors to identify the ionospheric variations by using
experimental ionospheric parameters have been conducted. For
instance, Gulyaeva et al. [3] proposed a W index for explaining
ionospheric storms by using F2 layer critical frequency (foF2)
and ionospheric total electron content (TEC) in Europe. The W
index is defined by identifying criteria to a logarithm of the
corrected ionospheric parameter relative to its quiet reference.
The W index is also calculated for other stations and it
increases toward high latitudes. Moreover, Jakowski et al. [4]
introduced the disturbance ionosphere index so as to indicate
and reduce the space weather influences on GNSS-based
navigation and positioning. Recently, Nishioka et al. [5] of
NICT, Japan presented an ionospheric storm scale (I-scale) for
identifying ionospheric storms by using foF2 and TEC values
in Japan. Here, the TEC values are obtained from GNSS-TEC
data of GEONET, Japan, and four ionosonde observatories in
Japan. Furthermore, the percentage deviations of TEC and foF2
at the same location and local time are presented.

In this present work, we extend the previous work as
proposed by Nishioka et al. [5] to investigate the ionospheric
storms by using the measured ionosonde data at Chumphon
stations under SEALION project [6]. The data used and the
foF2-based ionospheric storm scale are addressed in Section 2
and 3, respectively. Results and discussions are addressed in
Section 4. Finally, the conclusions are drawn in Section 5.
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Il. DATA USED

Data used in this paper are hourly median values of foF2
(F2 critical frequency) of FMCW ionosonde at Chumphon
station, Thailand. The Chumphon station is located at King
Mongkut’s Institute Technology of Ladkrabang, Prince of
Chumphon Campus (10.72°N, 99.37°E; dip latitude 3°N) as
shown in Fig. 1. Theoretically, the FMCW ionosonde transmits
radio wave continuously from 2 to 30 MHz into ionosphere for
each round, and then receives an echo. The collected data are
displayed as ionograms. To derive the I-scale from foF2, we
scale the foF2 manually with 15 min intervals from January
2004 to July 2018. The ionospheric data have been scaled up to
July 2018 for this I-scale study. Moreover, the scaled foF2 data
are grouped into 4 seasons, i.e., December Solstice or DS
(November, December, January and February), March Equinox
or ME (March, April), September Equinox or SE (September
and October), and June Solstice or JS (May — August).

Fig. 1. Location of ionosonde station at Chumphon Province, Thailand [6].

[11. IONOSPHERE STORM SCALE (I-SCALE) WITH FOF2 VALUES

In this present study, we focus on proposing the ionospheric
storm scale based on the foF2 data. The hourly median foF2
over Chumphon station from January 2004 to July 2018 are
computed and denoted as O_foF2 in this paper. Moreover, in
previous ionospheric studies, a percentage deviation of foF2 is
used widely to explain an ionospheric state at the same local
time and location. Here, the percentage deviation of foF2
(P_foF2) can be computed hourly by using

P foF2= (O_foFZ _ R—fo':zj x100 (1)
R_foF2

where the R_foF2 are the reference values of O_foF2. The
R_foF2 are defined as the median values of O_foF2 in the past
27 days. The median values are used to show the undisturbed
state of ionosphere instead of the arithmetic values since the
former are not affected by the extremely small (or large)
values. The 27-day duration is widely used for studying the
reference ionospheric condition [7]. If the window size is
lower than 27 days, then the median is highly affected by daily
variations and geomagnetic storms. Meanwhile, if the window
size is larger, then the median is largely affected by seasonal
variations. Hence, the medians with 27-day window would be
suitable to represent the undisturbed ionospheric situations.
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Fig. 2. Statistical distribution of P_foF2 from 2004 to 2018 at 18 UTC (01 LT)
during the three different seasons at Chumphon station.

Figure 2 shows a histogram of the P_foF2 18 UTC (01 LT)
during the three different seasons at Chumphon station. Note
that the values at 18 UTC are shown only as an example in
this paper, in fact, the values of all hours during a day are
available and can also be shown. Due to the space limitation
of this article, we can show only one hour among those
histograms. In Fig. 2, we find that the histograms of P_foF2
during the three seasons over Chumphon show the same
distributions as those over 29°N latitudinal band in Japan. For
example, 56.40% and 59.1% of all the samples had a
|P_foF2|smaller than 20% over Chumphon and 29°N
latitudinal band in Japan, respectively. The occurrence
probability (Pocc) of |P_foF2| smaller than 20% during three
seasons at 18 UTC over Chumphon station are shown in Table
I. The variations of P_foF2 depend largely on the seasons, i.e.,
the P_foF2 are the highest level in the March equinox, while
they are at the lowest level in the September equinox.
Moreover, the dependence of P_foF2 on season, local time,
and location can be removed so as to define a new ionospheric
storm scale, namely a normalized P_foF2 (p,,). Here, the

P, Can be computed by using the following equation:
p_, - PToF2—p @)
(o)

where p and o are the average and standard deviation of

O_foF2 at the same local time, season, and location. The ﬁm

are used to indicate the ionospheric storm scale as shown in
Table 1I, for instance, 10 represents the quiet ionospheric

condition where the ﬁm range from -1 and 1. Furthermore,

the occurrence probability (%) of I-scale for all observed foF2
values from January 2004 to July 2018 over Chumphon are
shown in Table Il. It can be seen that the severe storms (13
and In3) rarely occur at Chumphon with 0.02% and 0.07%,
respectively. Most of the situations are in quiet conditions
with 70.73%, whereas other I-scales sometimes occur and
range from 0.60% to 13.97%.
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Table I. The Pocc of P_foF2 and |5fon during three seasons at 18 UTC.

Pocc of Poccof P,
Seasons IP_foF2| < 20% <l
March Equinox 56.40% 45.65%
June Solstice 40.07% 29.78%
September Equinox 37.56% 29.86%
December Solstice 44.04% 33.60%

Table Il. The occurrence probability of I_scale for all foF2 from 2004 to 2018.

I-scale | Samples | Pocc (%) | Levels of ﬁm
I3 9 0.02 5< Py,
Ip2 393 0.60 3< |3m< 5
lp 9,157 1397 | 1<Pp<8

Quiet | 45361 | 7073 | 1<P<1
In1 8,779 1339 | 2<P<-1
In2 798 1.22 -3< ﬁw <-2
In3 47 0.07 P, < -3

Total 65,544 100

IV. RESULTS AND DISCUSSIONS

In this section, some geomagnetic storms are shown here to
indicate the violent level of geomagnetic storms by using the
proposed I-scale. Two geomagnetic storms considered in this
paper are “St. Patrick’s Day storm” on March 17-19, 2005 and
“a positive ionospheric storm” on December 15, 2006. The St.
Patrick’s Day storm was the strongest geomagnetic storm
observed till now during the current solar cycle 24. The
storm’s details and its effects on the Earth can be studied
further in [8]. Meanwhile, the storm on December 15, 2006
was a long-duration positive ionospheric storm in the last solar
cycle 23 [9]. Figures 3(a) and 4(a) show the variations of Dst
index during the onsets of these two storms. Meanwhile, in
Fig. 3(b) and 4(b), the solid red and black lines denote the
O_foF2 value and the R_foF2 value, respectively. Likewise,
the shaded areas above and below of O_foF2 lines represent
the levels of I-scales from In3 up to 13 as shown in Table V.
The benefits of I-scale proposed in this paper show its
feasibility to notify the effects of geomagnetic storms on the
Earth. For example, the effects of St. Patrick’s Day storm on
the ionosphere can be monitored with the proposed I-scale at a
class of 1p2 on March 18, 2015. Meanwhile, the effect of
December 15, 2006 storm on the ionosphere can be monitored
with the I-scale at a class of In3 on December 15, 2006.

Moreover, it can be seen that the observed foF2 (O_foF2) on
March 18, 2015 are generally higher than the R_foF2 during
daytime hours as shown with the red lines in Fig. 3(a),
whereas the 27-day reference values (R_foF2) do not reflect
well this storm effect. Likewise, the O_foF2 on December 15,

2006 are generally lower the R_foF2 in all hours of the day as
shown with the red lines in Fig. 4(b), while the lower R_foF2
can be seen obviously compared with the other days.

V. CONCLUSIONS

The I-scale are proposed to indicate the effects of
ionospheric storms on the Earth as well as lonosphere. The |-
scale in this work is computed based on the experimental foF2
at Chumphon station from January 2004 to July 2018. The
percentage deviations between the observed foF2 and the 27-
day reference values (P_foF2) are also reported. Since the
P_foF2 values depend on the local time, season, and location,
the ﬁm are also proposed to remove the mentioned

dependences. The foF2-based I-scale is used to indicate the
geomagnetic storms suitably, for instance, the St. Patrick’s
Day storm and a storm on December 15, 2006. In the future,
the I-scale based on foF2 should be extended to other stations
and used to alarm the ionospheric irregularities in practice.
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Fig. 3. The variations of Dst index, O_foF2, R_foF2, the levels of computed I-scales, and the violence level of St. Patrick's Day storm (152).
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Fig. 4. The variations of Dst index, O_foF2, R_foF2, the levels of computed I-scales, and the violence level of a December 15, 2006 storm (Ix3).
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