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ABSTRACT

This thesis presents the variations of ionospheric propagation factor M(3000)F2
and the ionospheric F2 layer peak of electron density (NmF2) that was actually
measured comparing with predicted value through I[RI-2016 model. Besides, the
occurrence of the solar eclipse affecting the NmF2 parameter at the equatorial
ionization anomaly (EIA) over Southeast Asia region was analyzed.

The M(3000)F2 and NmF2 parameters were collected and measured from 3
ionosonde stations including Chiang Mai Station and Chumphon Station in Thailand,
and Kototabang Station in Indonesia. These three stations are located at the equatorial
ionization anomaly (EIA) where the irregular ionization occurs. The hourly values of
M(3000)F2 and NmF2 parameters during the periods from January 2010 to December
2018 were used to analyze the hourly, daily, seasonally, and yearly, variations
respectively. The percent deviation (%PD) of both parameters was used to investigate
the difference between the actual measured data and the IRI-2016 model predictions.
Meanwhile, the upper bound and lower bound references were used to analyze the
variations during the occurrence of solar eclipse.

The results showed that: 1) the variations of M(3000)F2 parameter measured
from 3 ionosonde stations were similar to the IRI-2016 model, that is decreasing in
values before sunrise (around 5.00 am-6.00 am, local time) and reaching the lowest
values around 11.00 am-1.00 pm, local time. After that, the values gradually increased
and reached the maximum values around 3.00 am-4.00 am, local time. In general, the
M(3000)F2 values change from 2.5 MHz to 3.5 MHz. However, the IRl model predicted
the observed values higher than the actual measured values during the daytime and
lower than the actual measured values during the nighttime. The %PD varied from

-28% to 19% for Chiang Mai Station, -30% to 13% for Chumphon Station, and -23% to
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20% for Kototabang Station. When comparing the variations among these 3 stations,
the results revealed that the highest values occurred at Chiang Mai Station while
Kototabang Station recorded the lowest values. 2) The results of the actual measured
NmF2 and the ones predicted by the IRI-2016 model showed similar variations for all
stations. They increased during the daytime until reaching the maximum values before
sunset hours (around 5.00 pm-6.00 pm, local time). Then, they decreased during
nighttime until reaching the lowest levels during pre-sunrise hours (around 5.00 am-
6.00 am, local time). In general, the NmF2 values change from 0.06x10% to 2.4x10"
e/m’. Furthermore, the IRl model predicted the NmF2 values higher than the actual
measured ones during the daytime and predicted the NmF2 values lower than the
actual values during the nighttime. The %PD of NmF2 values ranged from -20% to 10%
for Chiang Mai Station, -25% to 5% for Chumphon Station and -15% to 5% for
Kototabang Station. When comparing the changes among these 3 stations, the results
showed that Chiang Mai Station recorded the highest values while Chumphon Station
showed the lowest ones. 3) The variations in NmF2 during the solar eclipse period
decreased significantly when compared with the monthly median. It also showed that
the decrease of NmF2 changed in the same direction of the highest percentage
obscuration on the solar eclipse days at each station. In addition, the magnetic storms
and the magnetic field vibrations also had an impact on the variations of the
ionospheric electron density. The results of this thesis would be beneficial to the

development of the IRl model in the future.

Keywords: lonosphere, lonosonde, IRI-model, solar eclipse
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2.1.2 whsduussemelaglgumngiiiunas
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g‘dﬁ 2.5 MswasuLlasALd MUF [13)

winlerinsldaanud MUF faqladmilevinldenn msizeravilissuudoasun
aratuouasly dadushn MUF fisnuseanas 85% vear MUF fiusingiielddsnduingia
wqaﬂiimausﬁnLLu'uauL%sJﬂﬂ'ﬁdwmmmﬁﬁmuﬁmmzam (Optimum Working Frequency
OWF)

MUF 38 Maximum Useable Frequency 1iumaud fis1dnegiguiu dwsuuy
RINEUSTRIMIANNSENUINANINgAUNE Tuanuidusisiapmeanismnnsnuseninandy
ANNTENUAUAUNG AR A ety

MUF = Critical Frequency / cos A (2.1)

ansiiisndondn Secant law uariivszlovteganlunisduadosiuiionen
Y89 MUF IWEJLQW’]‘”miﬂiﬂUi‘”EJﬂGlﬂlG’]lLaW’l”ﬁlUﬁquaﬂLLa“”f}jUUiiEJ’]ﬂ’]ﬁﬁ”ﬁ@uﬁ.i’m@ﬂ’mliﬁ
muumaamimﬂmmuiﬂ%mumﬂmmm meumummmléﬂmmu umﬁummmwzmﬂuﬁm
molneSky wave LInkI(ﬂEJLL?WNﬂﬁUV] 2.6 azuiulas1na ummummmmmﬂqmmﬂw
iw8w‘mwﬂaumumwulﬂaﬁummmmgm&Nmmfngmﬂqm ﬂaufﬂmuqmusﬁuiaiaiuamaﬂU
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5UN 2.6 npFnsIuveIARUllelyunNNTENUANNAY [13]

Fuusserneleloluaifosaunsauvandudugosndn 9 16 3 dufedu D, E uay F

ANLTTAUAINGILaYANRILTEBIaNATaUNETuTY Taeisuaindu D Jaduduniamiugs
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niulandfian dveulunegsening 50 89 90 Alawns Feavusingliiulaaniziia
narviukazmeglilunainansiu Wesnnnsswdnulniveseunialiriaan lneda1niny
vuwuulunisleesludadrmaaniugisiainalsiuwazainnuuiniudidnasousylugas
910 10° wag 10" el/m? Wuduidunumdeni1sunsnss91eaauing Aosgandundanuain
ARUTNIAINA MF, HF wag VHF waziiudiagvoudyeralutieaiud LF wag VLF 1Ee991nanu
I a & g Say 1 oa 9 3 a N o

nurndudianaseuludud dluimeswe (Uszuim 107 el/m?) wazdianud lunissuiuyes
a A & Ao N 6 & = 1 1
ddnaseularaunAldunanngnsifas (Ussuna 10° assewnd) Jaldanunsadianseny
sapduInglideiuuls AwuddinansenuuAnIsannauveInaudy Il olAun 19Tl
wazillosnnanuruuudianasoustvinlnldanunsafnulameislelolureus ualdinaila
duld 1w nsnszdanszanglisiulu (Incoherent scatter) Msinlagldasin Wave interaction
wazdu 9 Wudu
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FudauAetY E 11aiiagividetu D fianugs 90 fiv 140 Alawwns daumuinuy
a « Qll QA' [ al <@ % ~ = 6
dianaseuNINganszAuAINgs 110 Alawas wuiiuluainaneiy Wesniinislelelud
Aoutwann d@ulunainandu dnnsleleludfidesunn Tnepnunuiiuuresdidnnseulutudl
agluaieuszunns 10° 89 4.5x10° elV/m’ TugaaainansiunasdA1uszuin 5x10° el/m’
Tuganainansdiu AmpnuruwiudlanasoussinTun U iuTueIUjisena1naise1ing
Fetu E desiinaisadntosiunisasiouvesndu HF lunainansiy Tuvwesadiusingnisel
nsleloludiiiaun@lugu E 158091 Sporadic-E unusmedyanual Es lnalinainnisuningden
98197URsVRIRAUEIU VHF wasidunisiintuiissdansrawintgu tneunfasiiguuuundiaion
waildnvauzilunden 9 Lavavildsunlasuuiniug 1 Alawesaudarane 9 Seuilawns n1s
WWaTulazAMuuveInisleloludaglifinnudniusiunsunssdvesnisending laonsindu
tlianunsavihweglauasdiamsanulavslunainaisiuuaznaisdu wisluggla o Ald Tu E
waydu Es iWutuiuiannuafianuvuiwiuvesnisleloludgs (Aruvuwuudidnaseuden
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Aav 10 whaastu £ Unf) uazazdangilafldluszeranugsious 90-120 Alawns et Es
ifmnddylunsagiiounduivglugiuanufisini 100 MHz

fugesnde du F ifutudosuuanvestuussenialoleluaiios fnsleleludunn
fign uandufsstudonisnyinsleloludlagliduogiuiu vieggniala 4 du F ifudui
SruneemsunInszenduingluszesmslnaudllugnunansiiu msusngduldvesdu F lu
nananAuiioswaniidu Fidutuuugeiidniglessludgenn fduiafoymeiignloss
lududuvdooguililiuuasainnseriindudrfin uasdnuilansuaroriniumuiuyuly
n1slessludiidgilurmeiiaranuuuiuresorniadldnintn u augeszdud dody
Tuanafteuimslusuiiauluenafignlooslud laseymeaiignlossludlumsnastiudy
fuil Ao evnonveseandiou

Tneditu F avusnoonidu 2 $ufletu F1 uay F2 Taeusingmsailaenunaendiatlu
Uihnaazfgam LLazUi’mQLawwzqa%au%wfuiuu%nmaz&gmqq Tnedu F1 wegluszeiu
ALEIUsEINAL 140-250 Alawms Tnefirssduaguaiefe 220 Alaiwns daudu F2 Hudy
finadeguugelasiisyfumiugsegil 250-400 Alawns laraanainatsiuainEmuILLy
vosdidnnsouludu F2 asfidunnilgnluusssinagesdu 1 fanuavesduussenidlelelua
Fes dnlunanansiutu F1 wee F2 agsawdadududu F wazdszauALEIUTTINN 300
Alawms Tasnsidsuulanuguazanumuuiuresdy F2 Sagduegiutiatovansats
i 1 gamgiindevesiuussennma uazseutninsaiey (Husu daguil 27
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UM 2.7 Fuussenaleleluaileslunainansiuiaziainaisdu [12]

2.3 wallalalaluzaun (lonosonde)
wedlalelelugoumdunaiaildlunisasisaeuduusseinialeleluailes gn
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s ludsemaanigewin aulul aa. 1970 IdFusinsmeasdaglfinaluladunosnuuy
uavUsvanananadnsunuilazdesdinszideyaiusenuios Jnilideyasinaniilelely
goudiugnussdungluniosmoufinsesuauisiagiu Inefimaidalelelugoudivinnis
AdeadsTUITNS Ao Ledesdsdyqraiivdesnduingoonuilufianiaiinimuald dledamani
dufafuiaguansiusinazasviounduvdenszansagluvane 9 iemslagnisAnanaiedu
\nAouiivisluuazndy fagui 2.8 udimafalolelurousayldluguanuiligeunn Tneazs
nsdenAuALEE HF (High Frequency) fiflanadidaus 2-30 MHz TnenisdauasSuiniosay
yhnsdsuazfundusgsieiies Insnsuegatuazldinaianisuegadunduuvusioies

(Continuous wave-frequency modulation) ﬁﬂg‘dﬁ 2.9

5UN 2.8 wuudnaeensasmduasisundu [14]

lonospheric Observation Technique (lonosonde)

Electron density —»

Height

Delay time

JUN 2.9 nsdnaesdsnaulUasvioudutuussennialeleluailesveumadialelolugeun [18]
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fvanemedaild@nunlutuussorneleleluailed wu waidalelelurous, M3in
MsvuYes g, madanifienuazasin, lsasnszanglisderdos (ISR), szuufivun
funsialan (GPS), malianiliAnudes Doppler usmadaildiuanuiounniignde
wiadalelelugeus (onosonde) fatuineninusiawujuduenznaialololugeus

2.3.1 leloluwnsy

leleTuunsa (lonogram) fie UTkaRINIsAziUBIANAIINATAINAL TURGLTY
Fuusserma dsldanmaialelelugous TnefilelelunnsulélunisuenAinnuavesnisds
ﬂ?iu%wq’[,u%gumimmﬂ Iﬂ&JﬁLLﬂuLLu%ﬁzﬂLLﬁmﬂ’mmgﬂLLﬁSLLf‘IULLu’Jua‘HLLﬁmﬂ’J’ma
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ANNGI (Mamns)

0 1 2 3 4 5 & 7 8 9 10 11 12
AN (IUNITINY)

JUT 2.11 dArmnsdiwedang o nelaanamlaleluunsy [18]

Tu E 9gUsznauludaodauseng 4 Ae mmqwaaéﬁyu E (h'E), A371g 1909
1 Es (h'Es), mmﬁ%ﬂqmmﬂmaa%’ju E (foE), mm?i'iﬂqmmﬂzyﬁuaa%y’u Es (foEs), mm?ﬁﬂqm
an “@maq%u E (fxE) LLasmmﬁiﬂqmﬁmﬁmaq%u Es (fxEs)

drludu F aguseneuse mmqa%u F1 (h'F1), mmqasﬁgu F2 (h'F2), mm?ﬁﬂqm
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g
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2.3.2 anndilololugoun

annifleleTumeust (lonosonde station) \iuan1dildlunisiad sgunsaiiiloifiy
AN iwmesuasAnuinssumuredidnasoulutuussenma Tagldannsindsaniiliiilan
dndlvajazegluuinnarigrgauarasiganans fagud 2.12
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5UN 2.12 USnaiiRensanil lonosonde viilan [20]

drulufiui usnaeensusantdgdlalain1sAnsdni1ll lonosonde NIRUA 6
annidn18ldlasanis SEALION (South East Asia Low-latitude lonospheric Network) 1y
lassnsiilasunsadvayuanantuwmelulagansaunataznisdoasuianid (NICT) Ussine
a Yo 1 = (Y] Ly} a o A & [y} a a a )
gdunazlasuanuswsiedvantunazsuminerdenduiusiaslugiininondeu Tud w.e.
2546 o TngUszasd lun13ngideuwas AnwIn135uNIuvedianaseuusnandugudans
wiwidnlan lnganizegedsuinamienaliidugudgaswimanuszuia 10-15 aarm3e
1SunI1USaL EIA (Equatorial lonization Anomaly) dmsumlandiesasnilaluusdaiay

a =~ ) a v 1 o A ¢ A ¢ a P
piinAedenr fueenidesldviniuiiaunaisgunsaliefnwinisidsuwdasvedleloaiiles
Tuusnadle

=Y~ Phu Thuy

o it )
. 00/\—(1"/ Hainan @ 1AIVF
FI>RA Chiang Mal Ionosonde
’(Q: B kok OGP59>¥V_93>
0 GPS Scintillation
@72z t(‘;lChumphOn @t cebu @ GPS2BFH
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JUN 2.13 anillelelureudluusniedens Tusanidesls [21]
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A15197 2.1 aonillelelugaunnariuniansausinaelensiuaandedld

Site (ID) Lat. Lon. Dip Lat.* Country Method
Chiang Mai (CMU) 18.76 98.93 12.7 Thailand lonosonde (FMCW)
GPS-TEC
All-Sky Imager
Bangkok (KMI) 13.73 100.78 6.7 Thailand GPS-TEC
Chumphon (CPN) 10.72 99.37 3 Thailand lonosonde (FMCW)
GPS-TEC
Phuket (PKT) 8.09 98.32 -0.2 Thailand Magnetometer
Phuket (PTQ) 7.9 98.39 -0.4 Thailand GPS-TEC
Kototabang (KTB) -0.2 100.32 -10.1 Indonesia lonosonde (F!\/\CW)
Phu Thuy (PHT) 21.03 105.96 15.6 Vietnam lonosonde (FMCW)
GPS-Scintillation
Bac Lieu (BCL) 9.3 105.71 1.5 Vietnam lonosonde (FMCW)
Hainan (HAN) 19.53 109.13 13.7 China GPS-Scintillation
Cebu (CEB) 10.35 123.91 3.09 Philippines lonosonde (FMCW)

2.4 wUUINAdd International Reference lonosphere (IRI)

LUUA1884 International Reference lonosphere (IRI) Junddunvusiassvosdu
vsseneleleluadlesildtuegaunsnats Jaamisaldlunismeamisiiweses q laun
ANI5EFIUT 18R DUTDIANNUILUUYRIBLANATEU AIUNUIRUILVRIBLEANATOU, DUNQTTOS
Sdinnsew, gaumgivedlessy, Usuadidnnseu (TEC) luriianugadszana 50 Alawns fis
1,500 Alawns, wansenureswiglololuafieirermunuutugeanvesdu £ uasdu F udy
Anduafausnlul w2521 lngldvhnisadauuudaesnasgiuiinnandoyadidegioun
Tngldunastoyaii drdgyfsiaieyerialanues ionosondes, 15913 (Jicamarca, Arecibo,
Millstone Hill, Malvern, St. Santin), ISIS ke e Alouette topside sounders La e aqﬂﬂiﬂﬂu
uwiasidnvesaniauay o Wudy waglddinsusuusuuhasanudmansaia Tned
IRl lasun1sguimnnnUlusendnensuseandel JUansiiaueead IRl wagn1sguianangnlasu
nswmeunslud 2559 #3efllund1 IR-model 2016 [40] nsiAsunUasiddyiiaelu IR-
model 2016 laun dudenuuuulnidmsunsdwesiusindiuais wisdwesaunun
(B0) W1s1dtmasgUTne (B1) LLazmmqwaaG{';ju F (F-peak height) 3 LUy AMTB2013, SHU-
2015, BSE-1979 1Uusiu

wuusiaes R Idisddunsiinssiifefuiuauvuuiuvesdidnasouludy
usseInAty F2 Tnefwsimesiddy ¢ nisafiwes Iaud anudsngauesdu F2 (foF2)
AF979aAT83TY F2 (hmF2) wis1diesaanuvun (B0) uagwisnfiesgusne (B1) nsd
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n15AneINan1SIUA sunUaasr 1 s1mes M(3000)F2 wuusiedu & slammun
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WU HaN15LUE sunUasuesAimisndined M(3000)F2 Wa 2 wuu anwaznis
Wasuwlasfindendaiu AefiAnanadurianainounsyofingd uauistisandsmse
F29098UsEAN0 03.00-12.00 U, wazantadliiudundanndianaiielusaudeianavas
Jiosiu eraa1Uszanas 13.00-03.00 u. wiazdmanaudnteslugisiaiuszuna 20.00-
00.00 .

Lﬁ@LU‘%EJULﬁwmﬁlé’mﬂmiLﬁU%’a;ﬂaﬁ’Umﬁlé’ﬂmLL‘UUfSwaaa WUIIA1 M(3000)F2ig
flsanuuudraedidrnidfildanniafudeya M3000)F 2o lutrsanthauianaineu
e Feagluriaanyszana 07.00-11.00 U. uazdntrsfetinamdmszefindanauluudn
naUszanal 18.00-06.00 u. TaendildainnsiAudona M(3000)F 200 fiFngaaneg iuszanms
4 MHz Tuafieniildanuuudiass MB000)F2r Jfngegnusyana 3.25 MHz udlugianm
nansSulutiananyszana 11.00-18.00 U, WU M(3000)F2g SAnannniiAfildainnisiiu
Fouya M(3000)F20p; Tngandiliainnisiiudeya M(3000)F 20 SATUTEINM 2.5 MHZ WazAnT
IFanuuusIans M(3000)F2r SANUszIN8 2.75 MHz wazdiothunmuwiamandesidundiu
Jeaiun AM(3000)F20%) szminssniilsannisiiudoyafueniildainuuudiass IR-2016 B
anunsadunamlganaunsi 4.3 WUINHAIANUUANASIUBETENING -19% 8 17.5% FagU
7i 4.2
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September Equinox Waufiugneuduseusaiy wag December Solstice WaungrIn1euis
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1 4.4 pudey
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SU 4.3 man1siAsuniaswesamsiiines M(3000)F2 l3suiieusesing M(3000)F 200
fiu M(3000)F 2 vasannTidiedlvl Tl w.a.2559 wuusiggania

9n3UT 4.3 wansnsiasundasdmisfitees M(3000)F2 wuus1eggnia tneen
M(3000)F 2005 Idanamnnaifiudoya tnsangunuinluusiasggnatuiidnuasfindioadety
AoA1was M(3000)F 200, agiligetulutaemszanfingtumdelurisnaissun 06.00-07.00 w.
uazaziimanaslurianaUszana 09.00-13.00 u. Inglugisqg March Equinox fiAmgnegi
2.65 MHz, 41489 June Solstice ﬁmm&ﬂqmagj‘ﬁ' 2.63 MHz, 4339 September Equinox 31¢1
fgnegdl 2.8 MHz Wagdasqg December Solstice fiAAanael 2.9 MHz 3wty June
Solstice fifsiiian wazazdaniingadudnassnufetamszeriindnniunaiuszanu 18.00-
19.00 u. IngusiazqgniadiAgeaneyivszanm 3.4-3.5 MHz ndsantuazdaranauios 1
roufiardanintudnasilugianan 03.00 u. Tnelutagg March Equinox aiiagsiignegil
Uszanal 3.75 MHz ileifisufiudn M(3000)F2 fildannuuudiass IR-2016 wudntasiani
anaslugiaaUszanm 09.00-13.00 1. %3399 June Solstice szfiAmianilefisuiuggnia
Bu 9 feogi 2.55 MHz uazAfifindugeaeieutiamszofindanfueglutagg December
Solstice fiFnUszanas 3.3 MHz Wiethumanasifudaimudesuy AM3000)F2(%) axiiule
TFNv89 M(3000)F205: AlFansifvteyaazdidannnitdimsiines M(3000)F2q fildan
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wuuiaes enciulutaanan 13.00-17.00u. xdlddosnindr M(3000)F2q filsuuudaes Tag
Wesldudnsiasundaslutiemg March Equinox SiFngeanuazsinanegil 6% uay -14% %29
99 June Solstice fiAngaanuazianetil 2% uag -11% 11359 September Equinox fiAgsan
uazsaReYTl 9% Uag -12% Waz¥1sqg December Solstice flAgeanuazmanayil 5.5% way
-10.5% muddy Fevililutneg June Solstice milldannsiiudeyaiialndiAsstuaile
NnuuUT@es IRF2016 11nninggniadu 9 Tasuanafaguil 4.4
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g‘d‘ﬁ 4.4 WesdudmsiAsuudasmesamnsifines M(3000)F2 lWisuifiouszming
M(3000)F 206 iU M(3000)F 2 vesanilidedlval Tull w.a.2559 uuusengnia

uansAaioTeggnavesAITIEines M3000F2 vesaniiBelml duusiou
uNTIAL WA, 2553 uiaieusaaL WA, 2561 Fauandlunisneil 4.1 wuindmsfiines
M(3000)F 205s MlFanmsifiudioya awilrdfigreglutisgg June Solstice Tl w.a. 2557
fA sz 2.932 MHz Tnewdudiifidanudingn (for2) aeaelutuusssnmnniian 3
denaviliidmsdmed M(3000)F2 faviriign iesanamsdines M(3000)F 2o ildail
AuUsknuiuAAIngs uarliAngafianoglutisgg December Solstice Tl w.a. 2559 &
AUsEaN 3.412 MHz Yaizfidmnsiiimes M(3000)F2¢ Slrdnfianeglugisgg June Solstice
Tu® w.ei. 2557 wufuioafuiu MB000)F2os; SeilA1Useann 2.836 MHz uariidgfignot
Tu92999 December Solstice Tl w.a. 2561 AUz 3.332 MHz
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M1519% 4.1 AladeTEgN1areInsiUdsuLUasAMslimes M(3000)F2 vesan il

AILALADUNNTIAN W.A. 2553 UDNLADUSUINAL W.A. 2561

ANRAYTIEgANIaYesAINNTIIMes M(3000)F2 vasan1ililieslnsl

Y. March Equinox June Solstice September Equinox December Solstice
FHwpu-wgw) (WoyAAL-Fenaw) (fugngu-nanaw) (WgAIN1BU-NUNTWLS)
Observe IRI-model Observe IRI-model Observe IRI-model Observe IRI-model
2553 3.180 3.180 3.151 3.026 N/A 3.165 3.339 3.229
2554 3.176 3.059 3.099 2.909 3.192 3.002 3.249 3.087
2555 3.144 2.952 3.042 2.898 3.167 3.011 3.322 3.113
2556 3.233 2.988 3.135 2.886 3.181 2.954 3.199 3.042
2557 2.933 2.893 2.932 2.836 2979 2974 3.155 3.098
2558 3.087 2.998 3.038 2922 3.212 3.071 3.322 3.204
2559 3.253 3.114 3.155 2.989 3.266 3.163 3.412 3.275
2560 3.243 3.163 3.206 3.029 3.303 3.209 3.388 3.309
2561 3.214 3.196 3.144 3.067 3.229 3.241 3.324 3.332
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nouflasdanfintulugiana 03.00 u. fifinszanm 3.52 MHz efisuiusn M(3000)F 2 7
nuuudiaes IR-2016 nuindidnvasiindreadsiu foasdimgulutamszerfindiuvie
TutenanUseana 06.00-07.00 . warazdiAnanasiios 9 auagarantisaiUsyana 12.00
u. fieeaaUssana 2.75 MHz wagasflanfiugadiudnassufsiimszenfindanauiaan
Jswanm 19.00 1. fegeanUszanm 3.24 MHz ndranduasiisananios q Snassauisga
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Chiang Mai 2016
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gﬂﬁ 4.6 WesldudmsiuAsuulasmesamnafines M(3000)F2 lWisuifiouszming
M(3000)F20ps iU M(3000)F 2 vesanilideslval Tull w.a.2559 uuusel

NFUN 4.6 LAUlATIAINNTITR0F MB000)F200s T bAINNNTAUT DY ATLETAN

1INAINAINISITLNDS M(3000)F2r MLARINWUUINEDY IRI-2016 endulugaian 13.00-17.00
AN v | ° ~ f & a a ° | A

w. dAtesniuuudiass lneiliiledidudnisdsuwdasdiaiasgauasaianagi 4% uwaz

-10.5% M1UAGU
NANTTHEARNIANLRAYSI8TYIAINNS TN M(3000)F2 Ya9dnnilite sl fausLiou

UNTIAL WA, 2553 uAaieus AL A, 2561 Feuandlumsnedl 4.2 nuindmsfines
M(3000)F 2005 Tilsinmsiiuioya axidwiignogiudl wa. 2557 lutiananansiuuszunm
07.00-17.00 u. BsileUszanas 2.728 MHz wazdidrgefianeglul w.a. 2560 Turaanamss
oindmnAunaIUsEana 18.00-19.00 U. FaflAUszanas 3.518 MHz TuvazfiAmndines
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M(3000)F 2 SFnsianogludl w.a. 2557 Frananansudufiudeaiudu M3000)F2ops §4
FUsEan 2.848 MHz waziimgsfigneglul na. 2561 lutranamszofindunaiuszanm
05.00-06.00 w. fifUszanal 3.331 MHz

A15199 4.2 Aeags1eTveInsiasuwlalannisniiines M(3000)F2 va9aa1iide b

AILFALADULNTIAN W.A. 2553 AUDLABDUSUINAL W.A. 2561

ANRAYS18TVRIAINITINMDS M(3000)F2 vasaniidedlua

namsTeind Ty LIAINANTIU VANTERRgAN LIAINANAU
(05.00-06.00) (07.00-17.00) (18.00-19.00) (20.00-04.00)

2

WAL

Observe IRI-model Observe IRI-model Observe IRI-model Observe IRI-model

2553 3.376 3.295 2.996 3.049 3.268 3.233 3.369 3.182
2554 3.249 3.200 2912 2912 3.210 3.059 3.369 3.085
2555 3.149 3.163 2941 2.884 3.172 3.018 3.310 3.048
2556 3.187 3.158 3.017 2.861 3.241 2994 3.345 3.043
2557 3.116 3.126 2.728 2.848 2.906 2.968 3.195 3.001
2558 3.180 3.193 2817 2924 3.155 3.085 3.289 3.073
2559 3.261 3.260 2979 3.012 3.340 3.206 3.376 3.142
2560 3.246 3.302 3.205 3.059 3.518 3.274 3.365 3.189
2561 3.370 3.331 3.103 3.098 3.422 3.322 3.295 3.231

4.1.1.4 Wisuisunansiasuslawesrimsiiines M(3000)F2 Rausdl w.a 2553
Uy w.A. 2561 wuu Contour plot

NANIUIBUMBULUU Contour plot LARIAIAINLANANTBINITINDS M(3000)F2
oty F2 sewianiildnnnafuioyannamloleluunsufukuudans IR-2016 vesannil
Wl IﬂEJﬁ’lmiLﬁU%mﬂagﬂLLGiLaEJmJﬂﬂmJ WA 2553 Puiufiousuny we. 2561 Fauand
Tuguil 4.7

dlevhnisfinnsananadesedouvesrimsfivaes M(3000)F2om Afildannisiiu
Foya (Uu) Feanusamldainaunisi 4.1 wuhAmnsidines M(3000)F 2o sziidrsoglu
Frananansfunienszoniingdu frana1Uszanas 08.00-18.00 u. SAUszaNm 2.2 MHz f
3.0 MHz wazdiemiigauszananaaifeuswiou wa. 2557 SA1Usganal 2.288 MHz Tugag

a

1381 11.00-13.00 u. Fadulndiaraudings (foF2) lutuussenniauinfianainnisuusiu
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AuU3ugafuuunle1iag laenisgadiunisvesniseniadidundn Jednavinlv
AMIT1TM09 M(3000)F200s TANANTAA L0399 NAMNS TR M(3000)F 200, 71 LHa2 AN
wdsundufuAAudings LAIRINTIUA M(B000)F 200 BediAintulugamdnszeniing
anfulunds esnnlutranainasdudiauiingaasiriananios q auildwianly
¥291281U5231U 02.00-05.00 u. 4 afiA1UszU 3.0 MHz T4 3.8 MHz uazfiAngeanoy
Usganas 3.875 MHz lutsusssnaniieusiuneufafeuwiou wa. 2560 Tnefinsiasundas
YOIAMITADS M(3000)F 2005 WildnwRIzAE1EAGAUTUNAY wiveiideyaiilianunsaiiudn
Iodulngjedlul w.e. 2553 uariidoyaunrsyisluanunsaiuailalud w.e. 2554, w.a. 2555,
W.A. 2557 Uay W.A. 2561 LAY

evihnsfiansandmsiined MB000)F2r Aldanuuusiass IR-2016 (3Unans)
wuiluusasdamisdives M(3000)F2g sziidnunziindendaiufe szilrdilurianatsiy
WanUsEana 07.00-18.00 . fAUsEa 2.5 MHz §ia 3.0 MHz warlutianaaaua s
21.00-03.00 u. fiAszana 2.8 MHz v 3.4 MHz Tneflavfianegludraieudiquieu n.a.
2557 fleuszanas 2.50 MHz Tutaaian 11.00-13.00 u. Fadhudiduiinaugeaduuunisoning
mnﬁqm (High solar activity) il aifisuriuldy 9 dwwavilvaiaudings (foF2) SAun
WuLFsafuAINITTAeS M(3000)F 200 (3UUY) WazdiAngeqnogfiusyan 3.43 MHz fia 3.47
MHz Tutiasd w.a. 2553 Fa w.a. 2550 wagdndaslud w.e. 2560 fs n.a. 2561 1HosanLdudi
fUSnaasuuumIenfingiios (Low solar activity) wasiimgsgaegiiuszana 3.471 MHz Tu
U e 2561 insefuliiflen foF2 siign Jadawalviemisiines M(3000)F2n Sfsnniign

NTUATNN9 1005 MBO0O)F 2005 WAEAIMITITABS M(3000)F2p L1767
Wesiduddudsnuussninsaiiiuldfuanuuudiass IR-2016 (§Uae) Gedualéain
aunnsil 4.3 wuiAesiduddiuingjegludieszming -2% s -8% wazdaesidudni
uanA19raa T iunog sEning -28 8 19% lnefiadediduddudsauusifignussana
-27.26% agluthufounsngiau w.a. 2561 uazAnlesiduddudoavugeiigaussuna
18.29% agluyitiiousuinay w.a. 2557
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75



4.1.2 aniyuns
= & =~ ' o ¢ ood A N
aniyunsiduannilleleluveunieg uSnudurudgnsuiivan Yedeanilfie CPN
Tngiduanniilelolureudiinseg faadantumaluladnszaoundnitnunmsainnszds
I nnguns Useindlve Aiuviaduie 10.7 ssemile iduwe 99.37 aemngiuesn uag
Auvdadusdngn 3.22 esruntle nevhnisinsginisiisuwlandunuuneiy 51y

gana etuasiUTeuiisuiunuuiness IR-2016 uansisitesalull

4.1.2.1 wWisuiflsunansdsuulamessmisiivies M(3000)F2 wuusieTu

Iaimuadenuiuietuiiaandideduy Tnedvumdenduiudl 15 fuiau w.e.
2559 fievhmsfinemansueuiieussninemmisifiwes M(3000)F20ms U M(3000)F2g 9
gﬂﬁ 4.8 nuiwan 1A suutasvesamisdines MG0002 s 2 wuu ddnuaznis
WasuLUaafind1ends for1m1515ines M(3000)F 20 dAtanaslutiwiaussunns 05.00-
10.00 u. fiewifigauszanm 2.30 MHz uazantuianfiudugon 9 auflegegaiiiae
Uszanal 04.00 u. TAMUsEanas 3.72 MHz wiAsideyaunagiedibiannsafuaildlugaaaan
20.00-21.00 u. luvaizfianisndmes M(3000)F2q aanadlutiaiaiusyaia 03.00-11.00
u. fieviflanegUszana 2.41 MHz uasdiafintulurisnaiuszana 12.00-02.00 u. lasiid
AfigafianUsyana 3.30 MHz

15 Mar 2016

——Observed
---IRI-model

7 9 1 13 15 17 19 2

1 1 1 1

123 1 3 5

Local time

gﬂﬁ 4.8 wansidsuilamasrimsiiiaes M3000)F2 Wisulisuszning M(3000)F 2obs
U M(3000)F 2 Wuus1e¥u vesanilyums Tufudl 15 furau w.e2559

WallSsuiisuUasidusnisiasunuaauadnn M(3000)F2 5£1319A7 M(3000)F 200
Ieannnsiiudeyaiual M3000)F2g tda1nkuudnass nunAmIsdimes M3000)F2g il
mﬂmeﬁaaqﬁﬁwqmdﬂmﬁlé’mnmiLﬁUﬁi’Ia:ga M(3000)F20ps t1b387 10.00 U. WaLdNYIThUY

$290a1U52aN0 13.00-01.00 w. waiilugiaiian 22.00 U, fslAiosnindn M(3000)F 200 1neil
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AIAUUANFIIGIUTENN 8% Wity I9L381 02.00-09.00 U. ATN1513MDT M(3000)F 2 31A7

G‘hﬂdf}mﬁlé’mﬂmilﬁuﬁa;ﬂa M(3000)F 2005 wANFINeiuUTEaNM -15% faguii 4.9

15 Mar 2016

AM(3000)F2(%)

_20 1 1 1 L L 1 1 1
7 9 11 13 15 17 19 21 23 1 3 5
Local time
JUN 4.9 Weosdudnsiisuudasmesdinisfivmes M(3000)F2 lWisuiieusewing
M(3000)F 205 U M(3000)F 2 kU181 vadannilguns Tududn 15 Juay

W.A.2559

4.1.2.2 Wisuiflsunansiasuilamesdmnsiined M3000)F2 WUUIIBYANE

ansoutsmsasundasunisiadwmiseseiindidundnesniiiu 4 ganiade
March Equinox, June Solstice, September Equinox LLag December Solstice Wuigatud
annilidvdlmi Tnsuanssavesnisivasuntasmesamisdines M(3000F2 uUUTIBA9NA WAz
WesldudnsAsunlaswesrnmnsiimes M(3000)F2 lWisuiisuseninedn M3000)F200s AU
M(3000)F 2 UUURQN1A FagUfl 4.10 uazgUT 4.11 msdne

nsiasunlaswesAmsiitaes M(3000F2 vedusazggnia 3Ingufl 4.10 9sdl
Snungnsiudsuulasiindreadstu Aovzdaranadludnounssenfingduauisdisaan
UszanaudissTunaUszanas 04.00-12.00 u. vdavanduagiidufintudos @ wuiligeaney
Tugaiaan 01.00-03.00 . tesnAmisidiwes M(3000)F2 SAudsunduainarauiings
vide for2 Mniinanandeiurinideldsundanuanuaserinddsmailiaanudingeden
Lﬁwﬁuwﬁwmqqqmmw’mL’Jmﬂizmmﬁm’m TaefiAmns1fines M(3000)F20ps 9ziiAngaan
o¢lut19q9 September Equinox SlFUsana 3.87 MHz wawilrdaaluraegg June Solstice
fAUszanas 2,56 MHz Tuvaefidmnsdnes M(3000)F2x Agsgmalutisgg December
Solstice flAMUszanm 3.38 MHz wazAwnanoglugas June Solstice 1WuLAEIRAU M(3000)F 2005
fienUszann 237 MHz Taenansilsuidisudinlvgis 4 ggnia Amnsnines MGBO0O)F 200
Mnedildanmsiiudeyaaziiannnnitdmnsiines M(3000)F2g Aldarnuuuiiass
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June Solstice

March Equinox

@
3

Observed | |
— — —IRI-model

Observed | |
— — —IRI-model

M(3000)F2 (MHz)
N
(6] w
7
/
\
\

M(3000)F2 (MHz)

2

7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
December Solstice

September Equinox

o

9’
3}

===~ 2

Observed | |
— — —-IRI-model

Observed | |
— — —-IRI-model

M(3000)F2 (MHz)
N
(4] w
/
|

M(3000)F2 (MHz)

2

7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
JU# 4.10 wamsiUdeuuUasveAmdines M(3000)F2 Wi uligusznite M(3000)F20ns
iU M(3000)F 2 vesailyuns Tul w.A.2559 wuusengnia

March Equinox June Solstice

5 5
Q 25¢ 9
5o &
8 -25 g.
o o
e 5 )
= =
.75+ < -7,
-10 -10

7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
September Equinox December Solstice

10

o

-10
-15
-20

AM(3000)F2(%)
(4]

7 9 1‘1 1‘3 1I5 1‘7 1‘9 2‘1 2I3 1 3 5 7 9 1‘1 1I3 15 17 19 21 23 1 3 5
Local time Local time
JUN 4.11 Wesidudnissuutaesrmsniiines M(3000)F2 iwWisulileusswing
M(3000)F20ps f1U M(3000)F2ir Yasaaiyuns Tud w.m.2559 wuusengnia

TaewosidudnsidsuutandTouifiouszninenn M(3000)F2oms fU M(3000)F2g
Tut39 March Equinox fiFgeanuazananegf 1.19% uay -8.1% %2499 June Solstice i
FgaanLazANgaaY il 2.68% uaz -8.4% 399 September Equinox dANgsgaaz AR
4.12% way -16.82% wazy14q9 December Solstice ANggALALANAABY T 3.61% Az
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-8.13% auadiu Jsdanavinlilugiegg September Equinox fiAnfildainnisiiudeyaunneing

PNAMLAINWULTIRDS IRI-2016 anfigaiiloiieuiuganiadu q dagui 4.11

HALAAIARAEII80QN1AVBIAIMNITIHNDT M(3000)F2 Vasantlyuns Aeuslfou

UNSIAN W.A. 2553 UDILADUSUINAL W.A. 2561 FILAAILUAIT A 4.3 WUIIAIMNISIT LR

M(3000)F 205s Aléa1nAsLiuToya aefiaiiiansylutaagg March Equinox Tut w.a. 2557

FafldUszann 2.766 MHz wazdidngefianogluraegg June Solstice Tud w.a. 2561 @il

AN 3.277 MHz wagduagngenliansaiiuatladauanadudl N/A deenlid

dayadnaniilelolureudnandyuns TuvagiAmisdnes M(3000)F2q ded1igaae

Tutagg March Equinox Tudl n.a. 2557 FefiaUszanas 2.684 MHz uazilrgsiignaglutis

59 December Solstice Tl w.a. 2561 fAUsyanas 3.191 MHz

M13199 4.3 ANefYTIEgANIaYeINSURYLLUMIAINTEWES M(3000)F2 Yasaniyuns

ALALADUNNTIAL W.A. 2553 FUDILADUSUINAL W.A. 2561

ALRRYIILANAVDIANNTINES M(3000)F2 vadaanTiguns

March Equinox

June Solstice

September Equinox

December Solstice

e Fwpu-wgw) (weyaAN-Fennaw) (fugngu-nanaw) (g AN U-NUATHS)
Observe IRI-model Observe IRI-model Observe IRI-model Observe  IRI-model
2553 3.020 3.025 2.989 3.056 3.004 3.023 3.053 3.042
2554 N/A 2.887 N/A 2911 N/A 2.822 3.199 2.870
2555 3.086 2.757 3.010 2.884 3.013 2.832 3.029 2.900
2556 2.770 2.792 2.776 2.854 2.876 2.751 2911 2.821
2557 2.766 2.684 2.822 2774 2.840 2763 2.953 2.890
2558 2.871 2.807 3.107 2918 3.106 2.891 3.092 3.025
2559 3.036 2.929 3.126 3.005 3.197 3.018 3.090 3.131
2560 N/A 3.006 N/A 3.069 N/A 3.059 N/A 3.165
2561 3.277 3.057 3.272 3.103 N/A 3.089 N/A 3.191
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4.1.2.3 Wisuifsusanisiasuldamesdmisiieos M(3000)F2 wuued

fvhmaidend wa. 2559 andeyafifiviemeiianidyuns Ussnalne uansdagud
4.12 ywhnsAnwinansAsuulauesdmsines M(3000)F2om Uiy M(3000)F2g
wuuT1ed nudiewsdwes M3000)F2 1ia 2 wuuiidnanatlutisnaineunsyeniindtuay
anasshamfiTasnaUszanaiiesiu vieluthanaussanm 05.00-12.00 u. vianduasdien
diuduaufegageaniinanussun 02.00-03.00 u. Tasfidmnsidimes M3000)F2ops HAngean
LarAgABET 3.5 MHz Wag 2.63 MHz WagAmins iiines M(3000)F2n fiAgeqauazgangi

3.34 MHz wag 2.42 MHz fuanau

Chumphon 2016

4
N
T
=
N
b
o
=
o
Q
S T —Observed
- = IRI-model
2 1 | | | 1

7 9 11 13 15 17 19 21 23 1 3 5
Local time

g‘d‘ﬁ 4.12 wamswasuudawesdmsfines M(3000)F2 Wisuliieuszying M(3000)F 200
flu M(3000)F 2 vesaniyuns 1wl w.a.2559 wuusiey

Chumphon 2016

_10 1 1 1 Il Il 1
7 9 1 13 15 17 19 21 23 1 3 5

Local time

U 4.13 Wesidudmsiasundasesamnsidines M(3000)F2 Wisuiiteuszning
M(3000)F 2005 U M(3000)F 2 vesan1iyans 1wl w.a.2559 wuusegl
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91n3U7 4.13 lnefinaiesidudnisiuasuudasyesamsiines M(3000)F2 uuy
5780 wud@IngAmMITIENes M(3000)F20ps HAMINNIIAINITIERMDS M(3000)F2R BNLIY
Tutnaadszanas 15.00-20.00 u. Inedfiddesidudnnuunnaeglugie -8.29% 3 1.25%

NANITUARIATLRA 8318 TTsAINITITImeS M(3000)F2 vosaniiiguns deusifioy
UNTIAN A, 2553 quUTBRBUSUIIAN A 2561 NUTIAMNIITLADS M(3000)F 2005 MlsFa1NNNS
Audeya axfldanfignoglul we. 2557 lutianainateiuusyanm 07.00-17.00 u. 4]
sz 2,500 MHz wazdidngsiianeglud we. 2561 lusianainatsdunaiuszana
20.00-04.00 u. fAUszanas 3.470 MHz wazfiunadildannsafudoyaldidesanluifidoya
naniilelolueudael w.a. 2550 uazl w.a. 2560 vazA MmN Tiines M(3000)F2g i
dfigmeglul w.e. 2557 Fananansiultuiuifeaiufu M(3000)F 200 FsfiAnUszanas 2.511
MHz wazdirgeiignaglud) ne. 2561 lutanansyorfindtunaiuszu 05.00-06.00 w.
FUsEaN 3356 MHz Wuiieafurmnsdimes M(3000)F2 faaniiiFedluel dsmnsnedt 4.4

A13197 4.4 ARdeseTveInsUasuwlaiainisnines M(3000)F2 vadantiyuns

AILALADUNNTIAN W.A. 2553 UDLADUSUINAL W.A. 2561

AR TT0IAINNTITMES M(3000)F2 vosaniyumns

Y e nawszefind iy LaINaeu naszeinden LIAINANAY
(05.00-06.00) (07.00-17.00) (18.00-19.00) (20.00-04.00)

Observe IRI-model Observe IRI-model Observe [RI-model Observe IRI-model

2553 3.404 3.336 2.733 2717 2934 3.014 3.331 3.232
2554 N/A 3.254 N/A 2.602 N/A 2815 N/A 3.106
2555 3.323 3.223 2629 2.559 2.890 2771 3414 3.055
2556 3.333 3.208 2.559 2.541 2.694 2744 3.191 3.026
2557 3.318 3.188 2.540 2511 2.719 2.689 3.256 3.009
2558 3.377 3.239 2723 2.607 2975 2.859 3.319 3.128
2559 3.363 3.298 2.758 2.685 2.990 3.003 3.284 3.207
2560 N/A 3.336 N/A 2.731 N/A 3.078 N/A 3.262
2561 3.444 3.356 2.859 2.766 3.308 3.136 3.470 3.301
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4.1.2.4 Wisuisuramalisuuaswesdmisfimes M3000)F2 dausl 1. 2553
DU W.A. 2561 wuu Contour plot

nan1siUSeuUiBuLUU Contour plot WAAIAIANLANANNYDINITITNDS M(3000)F2
03ty F2 spviudnifldnmsiudeyaanamileleluunsuifusuusiaes IR-2016 vesaniil
s Tavhnsfudeyadusifeunnsiny we 2553 sudafousuneu we. 2561 Fauanslu
sU#i 4.14

devhmsfinnsanaadeseifeuresimisines M(3000)F20ss Aiildarnnisifiy
Yoya (UU) vesaalyuns wuIAwITTines M(3000)F 200 AilAdieglurianainansiu
vioraanasanm 09.00-17.00 u. fAUsEaN 2.2 MHz f4 2.4 MHz wagilaitgaluiiou
Asvanlul w.a. 2557 feUszan 2363 MHz Tug191981 12.00-14.00 1. wagvidsaintiue
M(3000)F 205 afiAifisdulutrsvdansrorfingmniuluuds dafieruszanm 3.0 MHz 89 3.6
MHz uaziirgsgaeglutisusssnaniiousiunam n.a. 2561 flr1uszanal 3.788 MHz agfins
WazuuUaswearmIiines M(3000)F 20ss aziidnuaizadnendaiulunnd ifeyailsiannsa
wuAladulnglul we. 2554 uaz w.a. 2560 wasiivoyaundlidansaiuailalul we.
2553, .. 2555, W.A. 2557 WAz W.A. 2561 AUANY

waziileviinsfiansanAmEnes M(3000)F2g ldnnuuudiass IR-2016 (54
nane) wuiluusasdamnsiiines M(3000F2x aslidnuariindiendstufie axilailudag
nansTunaTUsEaNM 10.00-15.00 U, SlFUsyana 2.2 MHz fla 2.5 MHz Taedldsinfigneglugag
WMUNINIAN W.A. 2557 HA1Useanns 2.237 MHz Tugisaan 11.00-13.00 u. uazilA1adgnes
fluszanal 3.3 MHz 59 3.5 MHz Tuvael w.e. 2561 fiegeanogivszunn 3.457 MHz Tugas
381 02.00-05.00 u.

1N uAIMITITned MB000)F 205 wazAMITITAES MB000)F2m HIMIAT
Wesiduddrudsauusgninedfifuldfud19inuuusiass IRI-2016 (§Ud19) wuae
Wosidusianlvajeglutissswing -3% & -10% wasdidosifudanuunndnesdfiomneg
58%I19 30 f1a 13% lnofiAdesiduddidoavusiiigauszana -30.31% egluriufen
davnan w.e. 2559 uagaesidudaudonuugefigauszana 12.90% sglutiafounmey
W.A. 2556 AUANU
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Years

JUN 4.14 AnafesefouresAImfives M3000)F20, ArflAINsiudeya (jUuw)

A1 M(3000)F2 71 LA a1 wuUdNa8e IR-2016 (3UNa19) wazAnUosidusidiu
Jeauusgninmiuldiuaiainuuudiass IR-2016 (3Ud19) vesanndyuns
AILFLADUNNTIAN W.A 2553 UDNABUSUINAL W.A. 2561
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4.1.3 annillnlamds
andlnlamdaduanileloluveusiieguinaldidugudgasuimanyszana 10-15
o9 egoaniiide KT8 Ineiduaniiilelelureudiifeogfianidanitunisdunazeinia
WA (LAPAN) Tnlaents Useinedulaiide Aduviadus -0.20 ssmuvile 1duwas 100.32
paMmAzTuoon wardumiadudausivgn -10.1 ssmmie lngvinsiesevinsasunuag

Duwuuseiu sieggnia seluasSeuiisuiuuuudiass IR-2016 wansdsidesaludl

4.1.3.1 Wisuileunanisdsunlamesiinisives M(3000)F2 wuusieiu

@i vuadoniuudeiiuiiaaniidedvsiuazaondyuns Inofvuadonduiud
15 flunmm W.A.2559 iievhnnsdnenan1siSeuLiioussninemmsiwes M3000)F2oms fU
M(3000)F 2 33U 4.15

15 Mar 2016

—Observed
---'IRI-model

7 9 11 13 15 17 19 21 23 1 3 5
Local time

g‘d‘ﬁ 4.15 wamswasuudawesdmsfines M(3000)F2 Wisuliieuszying M(3000)F 200
A M(3000)F2i wuus1e3u vesandilnlasifs Tufudt 15 Juay w.a.2559

mﬂgﬂﬁ 4.15 nuitnan1sasuudasesamisiiimes MB000)F2 wa 2 wuu §i
SnvarAeutwinstudniies Tnefidnisfiwes M3000)F 20 aeiimanadlutiaiaiuszana
07.00-12.00 . aufledirfigaeguseanm 2.14 MHz 9ntdussdidnfinduauiidgeaniing
Uszanas 23.00 u. uaiimanasanadslutisan 01.00 u. Aeuilezdanfintusnadsutiaa
02.00-05.00 u. InefiFgeanegiuszana 3.78 MHz Sso1vasfinanusngmissiinuniludy
F2 luvauedi Anis1dmas M(3000)F2s aziiaanaslugraraiuszuna 07.00-12.00 .
uReafuAmIIIEMes M(3000)F 200 wilidsinfianegUsennas 2.47 MHz ndsarniudien
diduiFes  wuisisnm 06.00 u. Inefldngeanogi 3.29 MHz Wevwansidsundasues
AT 2 WUULWUSBUTBUAY WUAINNTIEmes M(3000)F2r daulugdiniuinnan
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AMN5EIABS M(3000)F 200 Ineiliefidusinnsiudsundasuesaimisines M(3000)F2 o
589 -18.33% H4 15.61% faguil 4.16

15 Mar 2016

AM(3000)F2 (%)

_20 L 1 1 L L 1 1 1
7 9 11 13 15 17 19 21 23 1 3 5
Local time
UM 4.16 Wosldudnsdsunlaivesdinisfieos M(3000)F2 LWisuLiieusening
M(3000)F20ps il M(3000)F 2 buusieu vesanillnlanids Tudui 15

JuNAL W.A.2559

4.1.3.2 WisuifigunansiUaeulUavesinnnsdives M(3000)F2 LuuTgggna
anasanUINsiUasuLUaImunsasumisvetofindilundneenidu 4 gania

oA v A a | = o ::l'
L%ULWUQﬂUWﬁQWUL%ﬂQELMQJLLagaﬂ’]uﬁqﬂJ‘Wi @QEU‘V] a4.17

March Equinox June Solstice

—_——=T

Observed | 1
— — — *IRI-model

Observed | 1
— — — *IRI-model

M(3000)F2 (MHz)
M(3000)F2 (MHz)

7 9 11 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
September Equinox December Solstice

EN

4

¥ ¥
§3.5' ’_' é3.5
N N Ler=T77 o~
o3 N - o3
o N RS o
S AN -7 S
® 25} = Observed | - ® 25 Observed |
= — — — - IRI-model = — — — - IRI-model
7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time

gﬂﬁ 4.17 wamswasuudawesdmsfines M(3000)F2 Wisuliieuseying M(3000)F 200
fiu M(3000)F 2 vesanillnlamds Tul w.m.2559 wuusiggania
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nudnsUasuslasesdl MB000)F2 11 2 wuuiidnwazadneiunisidsuudas
wuuseTu Aedidanasandasamszenfindduauiiasaniisetu vievaaaal 06.00-
12.00 u. ndnduianfiviudes 9 suisneudisnamszerindduveudrfulml lned
ANNT1EMBT M(3000)F 2005 TUY959 March Equinox ummammvmmawﬂs“mm 3.43
MHz uag 2.4 MHz Tutia9gq June Solstice fiAngaanuazaanegiuszsuna 3.53 MHz uaz
2.53 MHz Iumﬂqa September Equinox lumayjawmmmmumi@ LLaﬂumﬁq@ December
Solstice fiANgagALAzAgADY T UsEINA 3.03 MHZ WA 2.24 MHz TusazfiAmisdines
M(3000)F2i Tuti2999 March Equinox fidngsgauazfqnegfiuszuin 3.29 MHz uag 2.52
MHz Tuteng June Solstice fiAngegauazsanogfiuszana 3.31 MHz uag 2.74 MHz Tugas
59 September Equinox ﬁﬁwqqqmawﬁ"wqmasﬁﬂizmm 3.32 MHz uag 2.53 MHz wazluwag
19 December Solstice fifngaanuazianegiiszana 3.28 MHz way 2.39 MHz aad iy

o man1sd suuUasesd nisdines M3000)F2 11 s M(3000)F20m ka
M(3000)F2ir 11t US8ULIBUAY Wua1lug9981na19TuAINIS1E0L005 M(3000)F2R A2iAN
1INATIAINITITLNDT M(3000)F200s d2ulUYIIAINANAUIZHAIUDINIIAINITITLADS
M(3000)F 2005 TnefiUesifudnsiuasuntasuesdimisifitaes M(3000)F2 Tugaegg March
Equinox #1108 58nina -7.66% 4 7.32% lut34q9 June Solstice iAag 5813 -7.79% &9
9.68% uarluy199a December Solstice 188581119 -7.93% f3 7.71% ddulurieqg
September Equinox LiifiAlesiduinisiuasunlaswasanisfives M(3000)F2 iiesainb
fdoyatiaunsaitualalutiageiu Swanadazud 4.18

March Equinox June Solstice

M(3000)F2 (%)
AM(3000)F2 (%)

A

7 9 1 13 156 17 19 21 283 1 3 5 7 9 1 13 15 17 19 21 283 1 3 5

Local time Local time
10 September Equinox 10 December Solstice
S ¢ S s5¢
~N N
w No data w
S 0 S 0
o o
o o
) )
= -5¢ = 51
< <
R B —
7 9 11 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time

U 4.18 WosiudnsivAsuuiasuesdmnsdimes M(3000)F2 1Wisuifieusyning
M(3000)F20ps 1U M(3000)F2ir ¥san1ilnlasnUs Tudl w.m.2559 wuusegania
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AadseggnaresAINIsdiaes M3000)F2 vosaailnlnns dausdidoy
UNTIAL WA, 2553 Juiafiousuanay we. 2561 Fauansdanseil 4.5 nudnAmnsfines
M(3000)F 2005 TilannnsiAvdeya azdadiianoglutisgg December Solstice Tl n.a.
2554 FaflArUszanal 2.610 MHz uazilangefigneglutiagg June Solstice Tl w.a. 2553 &
ATUTEINN 3.251 MHz GeenaazvilhiAnnisduniuvesdoyaiiosanliannsafiudoyals
a8y 190AN1a Aolul w.A. 2557, W.A. 2559, W.A. 2560 Uag W.A. 2561 ﬁqmaiﬁmﬁ?wqmﬁlé’
Antugisatganiatud Low solar activity Lmuﬁ%ﬁmiuszmzmmaiuﬂ High solar activity
Tuvaigiidmisdimes M(3000)F2g Awiiigasgluzasgg December Solstice Tud) w.a. 2556
FafiArUszan 2.655 MHz uazdiangeiigneglugasgg June Solstice Tud w.a. 2561
AUTELAL 3.258 MHZ

M1319% 4.5 AladeTengnIaveInsiudsulUatdmsiiines M(3000)F2 vesaaillnlannds
AILALADUNNTIAL W.A. 2553 UDUFBUTUNAN W.A. 2561

ARRYTILYNAVDIAMNTINES M(3000)F2 vesaanillnlnm1ds

Y March Equinox June Solstice September Equinox December Solstice
FuAs-lsgn) (wowaAN-Fevnaw) (Mugngu-nanaw) (Mg AN U-NUATWS)
Observe [RI-model Observe IRI-model Observe IRI-model Observe IRI-model
2553 3.153 3.085 3.251 3.229 3.212 3.033 2.864 2.888

2554 2.980 2974 3.184 3.107 2912 2.859 2610 2713

2555 2961 2.882 3.087 3.083 2924 2.865 2.780 2737
2556 3.002 2.908 3.100 3.064 2.996 2.783 N/A 2.655
2557 N/A 2.811 N/A 3.001 N/A 2.805 2.698 2719

2558 2.898 2914 3.119 3.120 3.067 2.930 2.744 2.837

2559 3.166 2.993 3.160 3.189 N/A 3.024 N/A 2.935
2560 N/A 3.064 N/A 3.228 N/A 3.062 N/A 29717
2561 N/A 3.107 N/A 3.258 N/A 3.090 N/A 2.988
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4.1.3.3 Wisuifsunanmsiudsuulasmesainisiiines M(3000)F2 wuusied

nan15WasuulamesAmITITines M(3000)F2 wuusedfiaailnlands Ussme
duladidey lasinisident w.a. 2559 mﬂﬂi’fa;gaﬁﬁﬁwmmﬁwmiﬁﬂmmamiw?{ammawaq
ATNI58L08S M(3000)F200s LBUAU M(3000)F2ir WuUs18T WUI1AINIS180es M(3000)F2
¥4 2 wuufienanadurisateunsyafingi uananasigaiitisnaiUsvanaiissieiielug
pdniuasliauiuiugen q aulidgeaniinatssun 04.00-06.00 u. lnsfidmisiimes
M(3000)F 2005 SlANgaamuazANgnog 3.43 MHz uag 2.44 MHz wagamnsilmes M(3000)F2g

Y 9 9

fiAngeanuazignegfl 3.28 MHz wag 2.53 MHz anuadu faguil 4.19

Y Y

Kototabang 2016

4 T T T T
. ——Observed
N = = IRI-model
T
=3
AN
L
o
o
o
Q
=
2 1 | | | 1

7 9 11 13 15 17 19 21 23 1 3 5
Local time

sUfl 4.19 wansiasuutasvesAmmnsiaes M(3000)F2 lWisuLisusewing M(3000)F 200
fiu M(3000)F2 vesaanillnlands Tul w.m.2559 wuused

Kototabang 2016

10 r w :

AM(3000)F2 (%)

_10 1 1 1 L L 1 1 Il
7 9 11 13 15 17 19 21 23 1 3 5
Local time

g‘tﬁ?‘i 4.20 WesldudnmsiAsundamesamnaifines M(3000)F2 Wisuifieuszning
M(3000)F 205 U M(3000)F 2 vadaaillnlasda 1wl w.a.2559 wuusel
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91n3U7 4.20 Tnefinaiesidudnsiasuudasvosamsdines M(3000)F2 uuy
5167 Aaa1dlnTan U nuiilugranainaraiuniedaanan 09.00-16.00 w. A1nI5dwes
M(3000)F2g 22ANMINATIAINITILADT M(3000)F 20ps Hhoi lUYIIAMAIAINIA1UTZUY
16.00 4. AINI510LADT M(3000)F2r A28 ALDEAIIAINITIHLNDS M(3000)F 200 LA AN
Wasigudrnuuaneseglugig -7.84% 81 7.15% anud1su

A5 4.6 ANLRAYS18TUVRINTUASULUAIAINNISITMBS M(3000)F2 Ua9an1dlnianius
ALALADUNNTIAL W.A. 2553 FUDILADUSUINAL W.A. 2561

ARaY518Uve9A NS 1AWS M(3000)F2 wesaaiilnlanya

e wszefind iy naINaiu nAMsEeindnn LAINAAU
(05.00-06.00) (07.00-17.00) (18.00-19.00) (20.00-04.00)

L

W.A.

Observe IRI-model Observe IRI-model Observe [RI-model Observe IRI-model

2553 3.350 3.287 2767 2.798 3.033 2.897 3.335 3.210
2554 3.270 3.219 2.597 2.695 2726 2792 3.254 3.107
2555 3.321 3.198 2.537 2.658 2.696 2.696 3.233 3.058
2556 3.283 3.191 2.531 2.635 2.691 2.695 3.246 3.061
2557 N/A 3.171 N/A 2.605 N/A 2.643 N/A 3.016
2558 3.315 3.227 2.550 2.687 2.744 2747 3.216 3.101
2559 3.368 3.275 2713 2.760 3.041 2.847 3.289 3.172
2560 N/A 3.303 N/A 2.790 N/A 2.890 N/A 3.220
2561 N/A 3.320 N/A 2.815 N/A 2928 N/A 3.252

9NANT97 4.6 wanTuansAlndsTeTvesAmTTiines M(3000)F2 vesaniilnle
1 Fausifeuunsiag w.a. 2553 aufiaiousuaiay we. 2561 wuliAmIsIiines
M(3000)F 2005 Tilsinmsifiudioya axliddiignoglud wa. 2556 lutananarsiuuszunm
07.00-17.00 u. BsfleUszanas 2.531 MHz wazdidgefianeglul w.e. 2559 Tuiasnamss
917ingTuUsEIM 05.00-06.00 u. fiFUszanas 3368 MHz edilldfitoyavesaniiinlands
AoT WA 2557, W 2560 way W.A. 2561 vadziiAmsEimes M(3000)F2x ﬁmﬁwﬁqma&ﬂuﬂ
w.A. 2557 Fanannanaiuuszanas 07.00-17.00 . aflAuszana 2.605 MHz uaziiAngadian
oeflud w.a. 2561 Tutanamsyenfingtunatssan 05.00-06.00 u. fAMUszana 3.32 MHz
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4.1.3.4 Wisuisuramadsuuaswesdnisifines M3000)F2 dausl . 2553
DU W.A. 2561 wuu Contour plot

nan1siUSeuUiBuLUU Contour plot WAAIAIANLANANNYDINITITNDS M(3000)F2
03ty F2 spviudnifldnmsiudeyaanamileleluunsuifusuusiaes IR-2016 vesaniil
Tnlaads Tnevhnsifutoyadausifiounnsiau wa 2553 audadousuem wa. 2561 &
wandluguil 4.21

devhmsfinnsanaadeseifeuresimisines M(3000)F20ss Aiildarnnisifiy
Yoxa (UUL) NUINAMIT A0S M3000)F 200 2zl aneglutianainarsiulurasian
Uszanad 10.00-17.00 . dAUseannd 2.0 MHz i3 2.3 MHz LLasﬁmﬁwﬁquszmm@mﬂu WA
2556 §iAUsEaM 2.062 MHz Tuga3a1 11.00-13.00 U, LagndIntua1 M(3000)F 200, 9%l
Afiutuluimdmszerfindoniuluudy WuReatvaniidesduivevanidyums Tutanan
Uszanal 19.00-06.00 U, FsfiAUseanas 3.2 MHz fa 3.6 MHz uaziiangeanegiiuszana 3.616
MHz Tutheussanauiaunsngiaun.a. 2560 La1Uszana 21.00-23.00 U. uwsvgiiveyanaied
Aldamnsaiuale @od w.d. 2556, W.d. 2557, W.A. 2559, W.¢. 2560 LAY W.A. 2561
puaiy Sedenaviilismsdines M3000)F 200 fildannsfuteyaiidianunainadou
Bnteadlafisutivaniiidu 4

wazflovhnisfiansandmnsfimes M(3000F2g fldainuuusiass IRI-2016 (U

Aa79) NUItULEazUAINISINLWES M(3000)F2r ¢ ddnwaILNAR19ARINUAD AN LT

'
o

nansunAUsEANM 09.00-18.00 U, SlFUsEaNM 2.3 MHz s 2.5 MHz Taedldsinfigneglugag
WWeouunsIAL WA 2557 fiAUszanm 2.243 MHz Tutaanan 11.00-13.00 u. dadurasgg
December Solstice Tudfiidu High solar activity wazdiAgsgaegfiuszana 3.2 MHz fis 3.5
MHz Tug298 n.a. 2553 uazdnaaalud w.a. 2560 A3 w.a. 2561 lavfiAgagnegiuseanm
3.422 MHz Tuideunsngnan w.a. 2561 Faduraagg June Solstice Fa1Tuddu Low solar
activity Jailiidien foF2 mftgnuazdssalyienmnsidises M(3000)F2x Srunniian
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Local time

Local time

Local time

Kototabang (KTB) - M3000F2-Obs (MHz)
N/

5 \ \/ ~ T 7 3.6
N (Sa | ‘ ’ I P
R AL ). |
g o 0 3.2
23 ) 0 { N
21 ‘ _ 3
19 . W b 2.8
17 ' { .
15 i 26
13 7 2.4
1 b
9 //M -
7 | |
2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years
Kototabang (KTB) - M3000F2-IRI (MHz)
5 v, y
3
1
23
21
19
17
15
13
"
9
7
2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years
Kototabang (KTB) - AM(3000)F2 (%)
T T T
| o rgn e :
< 1S 7
il f
o
| 1
] IS
\ i 5
i . -10
ﬁ N N
7 1 I A ! ! 20
2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years

JUN 4.21 Anafeseiieuvaamisfines M3000)F2om A1fldannsiivdeya (sUuw)

A1 M(3000)F2 71 LA a1nKUUTIA0 IRI-2016 (FUNa19) wazAnUosid uddiu
Jeauusenineiuladuaianuuuiiass IRF2016 (3Ua19) an1dlnlamnds
AIUALIIBUNNTIAL W.A 2553 JUALABUTUIAY W.A. 2561
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AN uA IS Tned MB000)F 205 wazAMITITAES MB000)F2m HIMIAY
Weosiduddrudsauusgninedfifuldfud1ainuuudiass IRI-2016 (§Ud19) wuae
Woesiuddulnglugisiainarsiueglugiesening 0% 81 5% wazlugisiainalsfiueg
Turesening -5% e -10% Tnefifddosidudinnuunndsestiomunogsswing -23 s 20%
Tnofiaesiduddnudoavuimiianysyann -22.99% oglutiafounainu wa. 2556 wazan
Wesldusduidoauugeiianyszanm 19.76% seglutiafeungainiou we. 2558 Audiiu

4.2 HaN15LATIZINTLUAULUAUBIAINISIANLNDS NmF2 895UUss8In1ALele

Tuaes

AmTines NmF2 veadu F2 vesduvssenmleloluailofanunsafuammlé
Nnaunsil 4.2 aldvinsilesesidnuurnsiasuulaswesrnisiines NmF2 Tngsinis
Audoyadusiifouunsiau wa 2553 ufafousunen wa. 2561 uagvhnsfnwananid
lelolusaudievun 3 annil Aoandieoslnd an1dyuns Uszinelne uazaondlnlnnils
Uszinadulaiife Tagvhnsinszvinisidsundastesdinumuiuiuyesdidnnseugsan
(NmF2) 9939u F2 \Jusuumetu meggma setuasdioudisufusuudians IR-2016 wans
fatesoluil

4.2.1 anfWedlvy

4.2.1.1 Wisuiisunanisidsuudaswesdmsives NmF2 wuussiu

LARINANISLUE BULUAIYBIA TN TITADT NP2 WUUs 18U 109 NmF2os LA
NmF2i nudnfidnvazadieguszdandiua azdiardesteuandtsiudnides 1deq91n
A3 Tmes NmF2os i ld91nnnsiAudeyaiinsadswasdmisnidineslugasaiissiy
namAen1nUdsunlasaannsfines NmF2os, sxdifisduluraanainatsiuniedisim
Uszanay 07.00-18.00 . JuilAnaeanyszuna 2.24x10" e/m’ wazlidnanadlutisiamamse
orviindanfAulundindediaar 19.00 u. fArgaegivszana 0.22x10° e/m® Tuvniyi
AM11imed NmF2e da g uluraanatuseaa 05.00-15.00 u. fargeqauszaio
1.95x10" e/m® wagvdsantufidnanaados 9 auflaaauszana 05.00-06.00 u. quildsgn

Uszana 0.08x10'2 e/m” faguil 4.22
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15 Mar 2016

25 \ \
e ——Observed
£ 2 --—IRI-model |-
L
~ 15 |
o
x 1 1
AN
L
g€ 0.5 ,
zZ So

0 I I I I I I I I I I 57T
7 9 1 13 15 17 19 21 23 1 3 5

Local time

UM 4.22 nan1siUdeunUasvasdmmniines Nmr2 wWisuiieuseninem NmF2ops
fiu NmF2 wuuseiu vesannfledivg Tuiun 15 durey w.A.2559

uiulidnd ANmF2(%) wiewesidudnisideundamesdmisimes NmF2 ¥
2 Wuu n3UT 4.23 wudnAmnsdines Nmr2g daulvglugisiainansiuaziaiuinnds
AMI3TMD3 NmF2ops Nldanmsiiudeya tnefidnnnnuwansneasgnegf 40.61% walugis

=~ ! a s a1 Y J ! a 4 a1 '
RANANANAMITIEWET NmF2p 38dATeENIAINTTITNET NmMF200s I0gHANAINULANGT

MuogIeNing -63.57% 14 -2.8%

15 Mar 2016

_75 1 1 | L 1 1
7 9 1M1 13 15 17 19 2
Local time

123 1 3 5

JUN 4.23 Wesluinsiasunlaivesdinisniivios NmF2 wWisuiileuseningd NmF2oos
fiu NmF2m wuuseiu vesannfledivg Tufun 15 durey w.m.2559

4.2.1.2 Wiguieunamsiudguudasesimaiiies NmF2 wuusengna
WARINANITWABULUAIURIAINIIIEWET NmF2 ¥99719 4 gan1a wulnddnuaed
adneadeiu Aedanintulurisainasiunasisuanaslutisianduauisiainaisdiu e

WUU NMF20ps kag NP2 917315041AIM151306005 NmF206s %2969 March Equinox el
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ANEIANDYN
Y 9 Y

2.06x10' e/m® wagAAngnegil 0.11x10'2 e/m’ lutagg June Solstice ]

al

1g9qMRET 1.50x10'? e/m” wazAdgaegi 0.11x10'2 e/m® lutiisqg September Equinox

'
1 ra

GRRNGILE
Y 9 Y
WGAGLREN

o)

jd)}

1.95x10" e/m’ AndNgAag# 0.09x10™ e/m’ uary1ga December Solstice
1.62x10'? e/m” A1wngneg 7 0.08x10" e/m’ AeuludrengilAaniigaves

3.

15181795 NmF 20 AB%2909 March Equinox Lazd3aafidAdfigafe 12909 December
Solstice wagiflovin1siansandmsiines Nmr2g Wudwﬁaqq@jﬁﬁmmﬂﬁqmﬁa March
Equinox fifUszanns 1.98x10'2 e/m® luvnigdiasngneglutaagg December Solstice i)
FUsEaN 0.049x10'2 e/m’ Faflutragguiafuduamsines NmF2ow, faguil 4.24

March Equinox June Solstice

25 25
(52] (32]
= ot Observed | | = 2t Observed | |
) — — — - IRI-model 3 — — — - IRI-model
N 151 N 151
o o
< 17 < 17
o o
€ 05 £ 05} —
z =z =
7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
25 September Equinox 25 December Solstice
MA ’ (")’\ ’
= 2 b Observed | | £ 2t Observed | |
o) — — — - IRI-model 3 — — — - IRI-model
N 151 o
o o
< 1F x
o 0
€05 €
P == =z
7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time

JUN 4.24 wamsUaeulUaueadimsiives Nmr2 lSeuiieuseningd NmF2ops
fiu NmF2m vosanniidesival Tud w.e.2559 wuusegania

WewFsuisuandesidudnisiudsunuasuesamisdines NmF2 wWisuiiey
58UTNAT NMF200s 17U NMF2 BIUAASAIFUN 4.25 NUTIAINITIE0DT NmF20ps 101NN
& v | i o a s ay v o = 1
utoyadulvgdenunnninemisdwes Nmr2g Alaainuuudiaes laeitlugiage March
Equinox A1AMMLANAINaE SEnI1e -34.13% 9 27.38% Tuy39g9 June Solstice dA1A3y
LANFN90EY 58119 -31.34% D19 22.59% U959 September Equinox 4A1ANNLANG1DE
FENIN -43.97% 019 19.34% Uagluyiagg December Solstice HAMIULANA19DE TENIN
-47.94% §4 5.89% MUA6U
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ANMF2 (%)

ANMF2 (%)

sUfl 4.25

40

201

-20 1

-40

40

20 1

-20
-40

-60

March Equinox

7 9 1 13 15 17 19 21 23 1 3 5

Local time

September Equinox

7 9 11 13 156 17 19 21 23 1 3 5

Local time

ANMF2 (%)

-40

ANMF2 (%)

-60

June Solstice

40

Local time

December Solstice

7 9 1 13 15 17 19 21 23 1 3 5

40
20 1

Local time

7 9 11 13 15 17 19 21 23 1 3 5

Woaslgudn1siasunlasueedInisniimos NmF2 lW3suiisuseringdl NmF2ops

iU NmF2 vesanid@iedivl Tul w.m.2559 wuusiegania

M1319% 4.7 AnafeseggniaveimaUasunlaidnisiiines Nmr2 vesaandideslnl

AILALADUNNTIAN W.A. 2553 UDNLADUSUINAL W.A. 2561

ARBETIIRANIAVBIATNTIENES NmF2x10" e/m” vasan1iiliedil

March Equinox

June Solstice

September Equinox

December Solstice

e HuAs-lrsgn) (wouaAN-Favnaw) (Mugngu-nanaw) (Mg AIN1BU-NUAIWS)
Observe  IRI-model Observe IRI-model Observe IRI-model Observe  IRI-model
2553 0.850 0.714 0.548 0.541 N/A 0.734 0.554 0.683
2554 1.348 0.985 0.984 0.785 1.589 1.268 1.487 1.368
2555 1.550 1.580 1.232 0.914 1.454 1.319 0.825 1.352
2556 1.354 1.492 1.227 0.936 1.414 1.550 1.620 1.601
2557 N/A 1.850 1.090 1.105 1.991 1.613 1.877 1.583
2558 2.095 1.636 0.980 0.875 1.125 1.080 1.054 0.914
2559 0.951 0.978 0.621 0.600 0.826 0.718 0.449 0.522
2560 0.617 0.662 0.506 0.490 0.618 0.592 0.383 0.410
2561 0.572 0.580 0.441 0.422 0.601 0.444 0.826 0.335
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911999 4.7 uansAadeengnavesAnTiines NmF2 vesaniidedlul
Faudifeunnsiau w.a. 2553 quiadousunau w.e. 2561 nuAmsiaes NmF2ow, 7l
nmafudeya azdamiigreglurisgg December Solstice Tl n.a. 2560 FsfiAmszana
0.383x10'2 e/m? TngidudiidAauidngailafiaalutuussenia (Low solar activity)
[27] Jadawarilyidmnsiives NmF2 dainfigade (esanamwisiines NmF2oss ildasi
AuUsHumuiuAinudIngs uazdrgeiigneglugasgg March Equinox Tudl w.a. 2558
(High solar activity) [27] fifnUszanas 2.095x10'2 e/m® vauzfidnnns1imes NmF2g fas
gnegluriang December Solstice Tul w.A. 2561 FaflAUseanns 0.335x10 e/m? wadin

e ).

sfigmeglutnagg March Equinox Tl w.a. 2557 SAUseanas 1.850 x10'2 e/m? udsfy

4.2.13 Wisuiisunansiuasuniawesimsiived NmF2 uwuused

MnnsAnyINanIsUAsuLasUTsuiousEnInea N Tiines NmF2os WiiBufy
AEnes NP2 Taoidedvalul wa. 2550 nudrAmnsifimes NmF2 s 2 woudian
dutulursnaneunsyefingturuistanmnounszenfindnn videuszanadisna 06.00-
17.00 u. wazndsaniuiaranasies o qusngalura9ra1Uszanas 04.00-05.00 u. Taed
ATNNSIABS NmF 200 TANGIgABETIYIa1 Vs 17.00 U, A1Uszan 1.65x10'2 e/m’
uazAwhaneglutisaUszana 05.00 U, fAszanal 0.1x10' e/m® lusagiidmsfines
NmF2i SANgegaiiaan 15.00 u. SAMUszanal 1.58x10% e/m® wagdlAsngafitnause i
05.00 w. fifiUszanm 0.076x10'? e/m> Faguii 4.26

Chiang Mai 2016

T T T

—Observed| |
- = IRI-model

0 Il L L L L Il 1 1 1 1 Il
7 9 1 13 15 17 19 21 23 1 3 5
Local time

JUN 4.26 HansUdeulUaweIdImTiives NmF2 lUSeuiieusendngdl NmF2ops
fiu NmF2 vesaniddedivg Tul w.a.2559 wuused
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Chiang Mai 2016

40 I I I I I I 1 1 I I I
1 13 15 17 19 21 23 1 3 5
Local time

~
©

JUN 4.27 Weoslduinsidsunlaivesdinisiiios NmF2 wisuiileuseningd NmF2oss
iU NmF2 vosanidieslval Tyt w.a.2559 uwuused

wanaresifuinisiasundasesAmisiiiaes ANmF2(%) 913U 4.27 aziiiu
lerinAmsdines NmF2os fldanmsiAudeyasziidminnitdmisiives NmF2g fildan
wuuTaed IRI-2016 snyiuludianan 07.00-10.00 w. agdAdoeninAmisdines NmF2g g
fiesifuinsiuAsuntasauuaneegsEming -30.20% 89 12.01%

A5199 4.8 ARAYTIeTYeIN1sATULUaIAINISITWES NmF2 vasaa1iidesll
AILFALADULNTIAL W.A. 2553 AUDLABDUSUINAL W.A. 2561

AnRdgs1etvearImIsImes NmF2x10'% e/m® vasannilidealvsl

?J WA nmwasmﬁms‘]ﬁu nmﬂmﬁu nmwssmﬁmémﬂ nmﬂmﬂﬁu
(05.00-06.00) (07.00-17.00) (18.00-19.00) (20.00-04.00)

Observe IRI-model Observe IRI-model Observe [RI-model Observe IRI-model

2553 0.078 0.096 1.031 1.071 1.203 1.049 0.260 0.251

2554 0.138 0.177 1.449 1.408 1.997 1.508 0.809 0.551
2555 0.140 0.204 1.406 1.707 1.641 1.823 0.748 0.794
2556 0.155 0.228 1.382 1.756 1.695 1.930 0.779 0.841
2557 0.164 0.242 2074 1.944 2.397 2.093 1.174 0.989
2558 0.194 0.182 1.680 1.608 1.926 1.696 0.635 0.657
2559 0.110 0.107 1.295 1.208 1.529 1.135 0.390 0.322
2560 0.090 0.074 1.128 1.035 1.344 0.884 0.259 0.200
2561 0.097 0.059 1.140 0.920 1.154 0.758 0.195 0.140
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Nan1suaneAed sseTresAmsadines NmF2 vesdaniidoclml Aeusiiou
UATIAN WA, 2553 Ui uiousuainy WA, 2561 wanslunisned 4.8 wulnansdnes
NMF 200 AilFaNNSLAUTOYR 9zdAfianeglul wa. 2553 Fadudiivunagasuuunis
e1findas (Low solar activity) lugaaaa sz 1ing T udssunas 05.00-06.00 u. G 93]
AUsEINM 0.078x10% e/m® wazdlAngeiianeglud w.a. 2557 Fadulfivsagaduuumg
919 ndu1n (High solar activity) TutastiainszeingdanAuuszuin 18.00-19.00 u. &
AUsEIn 2.397x107 e/m® YA iined NmF2g Sladifigneglull wa. 2561 Turag
namsrrfingdu ediddszana 0.059x10" e/m? wazdiaigsiianoglud we. 2557 Tudas
VAMNTENRgANAUUIELIM 18.00-19.00 W. AU 2.093x10" e/m® L ULA 82AU

AMMNTIIARS NmF200s NlAINMTIAUTRYE

4.2.1.4 WisuifisunanisiUdsuutasmesdimndined NmF2 daund n.a 2553
Ul W.A. 2561 wuu Contour plot

HANTISUTEULTgURUU Contour plot EAIAIAINNLANFIIVBIAIUNUILUUYDY
udnnsougean (NmF2) vaedu F2 semineeniildannniafuteyanainleleluunsuiy
wuUs1a09 IR-2016 vesaniiidedlual Tnsvhnnsifudeyadaudifounnsiay wa 2553 quis
FloufunnAL WA, 2561 WanedsguT 4.28

devhmsiiansaneedssofouresdmsines NmF2os A1ilaainnisiiu
foya (3Uuw) Aianunsamldanaunisit 4.2 dunuirdrmaimes NmF2op Tdnuagnns
Wasuuamanelfiadeadetu Aeuletamszonfindlunaiszan 08.00-09.00 u. luauds
YN TLRMAgANLIANUTEUI 17.00-19.00 W. ATAT NmF200s 8¢ 1UYI9UTEUIM 1.0x10"
e/m’ i1 3.0x10" e/m’ TngagilmagianUseanas 3.133x10' e/m’ Tugrafoungaanigu ..
2557 aUszaal 19.00-21.00 u. 1iugaang Solstice & ufudiiiArarudingaluty
UsTEINIANINT aA NI UL IR AR UL Ing 91NN ST AR LML TR
pfindidunan (High solar activity) Jsdswarilianisiimes NmF2 ﬁmmmﬁ'q@ \esan
ATNITITL0BT NMF20ps 7 LA d ATudsiumuiuAIaud inge wilugaeaainatsdu
ANITTRDS NmF20bs azildnanasiies 9 aufldiifigalutaanamszana 03.00-06.00 . 39
fiAnUszana 0.061 x102 e/m® Turaaieusnsiau w.a. 2553 Fadudifivsunugaduuuma
917indtion (Low solar activity) Hutes udffideyaurswidliannsafualdsuieatunns
WanuLUAIYBaAINTEIADS M(3000)F 2005
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Chiang Mai (CMU) - NmF2-Obs x10'2 (e/m®)

7
2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years

Chiang Mai (CMU) - NmF2-IRI x10"2 (e/m?)

2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years

T
(il BINE

£
J " (e ‘ 9 ‘T‘?’?F
) A, 1 AH‘LWW&%WM

2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years

sUT 4.28 Anadeseidouresdimndines NmF2o, A1ldanmsiAuteya Guuw)
NmF2g 9 lAa1nuuusIass IR-2016 CRIGEREY wazANUosiEuddruld saiuu
sgrieiAuldfuAainuuudiaes IR-2016 (3Uanq) vesaniiFeslval waud
WBUNNTIAN WA 2553 JUDURDUSUINAL W.A. 2561
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Fevhmsiansandmsiiimes NmF2q Aldanuuudass IRI-2016 (Unans) wuin
TuusazUamnsfiwes NmF2g ssdidnuasunnaneiusewinediidu High solar activity @4
ulsewing wa. 2555 fa wa. 2558 FaU7du High solar activity axdimmns fiwes NmF2g
gendteglugaesendng 1.5x10" e/m’ 81 2.75x10" e/m” luaiaeiaanuszanas 08.00-21.00 w.
wazd7du Low solar activity §aidudlszndng w.a. 2553 9 w.a. 2554 uazdnaaafed ..
2559 fia 1.4, 2561 Feazdlamsdwes NmF2g aglutiaUszana 1.5x10'2 e/m? e 1.8x10
e/m® $r1ana1UsEann 10.00-18.00 u. Inefidmsifiines NmF2g Aifldigeiigaeglutiaieon
woednieu w.e. 2557 dudutaagg Solstice uaztdudiidu High solar activity WuLfieaiy

o

AR NMF20ps InefiANUsesnns 2.848x10' e/m® uagmm1s1iines NmF2g A167
ngeeglunausunau w.e. 2561 fA1Uszunm 0.018x10™ e/m” lugianian 03.00-06.00 u. @9
Hudndu Low solar activity uies
1 o 1 a s ! a s ! § = & 1

NTUIAMITIENDT NmF20ps UagA1N15131085 NmF2m InvALUesidundi
Wdeauusgninainuldiua1ainuuudiass IR-2016 (3Ua19) 91na@un1sil 4.4 wuinden
Wesigudnianuwanaeiudiulvejeglugiesening -20% 81 10% Tugiiainaiaiu vilvien

a v A A @ v A o Y | A A
NmF205s HifnindiAgavseiiansnnninandesilliaiguiuan NmF2g uazlugisiainaishuilan
\WasiguAAIULANGT90E5E1I19 -80 89 -20% Femadwvinlia NmF2ops A131AN31 NmF2g
1w Inefiandesiduddiudesuuniianussunn -77.95% agluginfioungainieu w.a,

2561 wavAlesiduddiudesuugenaniianunniy 80% sglugansioudamau w.e. 2557

4.2.2 aniyans

4.2.2.1 WisuWlsuranisiasunlaswesmmsiiwes NmF2 wuusieiu

Han15LUA sunUasuesaInsdines NmF2 Wisuiisuseniteainisfimes
NMF200s U NMF2 U104 2 wuuill dnvaiznisia suudasii nd1oadesdy naaie
AMN9ITADS NMF200s azdiAfindulugaanaitszana 05.00-10.00 u. frgeaaussaa
1.17x10"2 e/m® 9101 Uzl A1 NmF2os anandneslutianaiusyunas 10.00-13.00 .
deniianiswanivesdidnaseululufiemsdu Feusngnisaliaefintuluusinaannii
(?i’jaagju%mminé’Lﬁu@uéquLmﬂﬁﬂ vlrusnasdnasoulutuussennevesusnasnannd
Frunnanas Ssdsnaldiaauuduvesdidnaseuasan (NmF2) fnanawie uazarndudian
Mt usnadiauiaisnanneunszefindanluraenaiuszana 13.00-18.00 U, uazildanas
Snadamdinnnszoriindmnauldudimseldldsundiuanuaeiing uilugiananssunn
01.00 u. AM"51TA05 NmF200s DiAfidusnadeiiilseana 1.104x102 e/m® uazanasau

fA19an?LIa1 06.00 . AA1UTENIM 0.147x10" e/m? TurnugfiAmI51819 05 NmF2g A7

'
1 a

WILYUTUY9L987 05.00-09.00 U. kazanadlug19Ia1 10.00-12.00 Y. AaUNITAALTUDN
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AT AU IAgIgATIa1UTEIIN 16.00-17.00 Y. dA1UsEuN 1.27x10' e/m® 910 uiile
MHI9INLIA1 17.00-18.00 U. Iy ninszarindanfuluumazilinanasey o uiA161aa9

La1usTann 05.00 W, UAUsTUNM 0.10x10% e/m? ﬁqgﬂﬁ 4.29

15 Mar 2016

N
(&)}

—Observed
----IRI-model

N
N
[&)]

N 9N
13, S) BN

o

NmF2 x 10'? (e/m?)
o
()]

9 1M1 13 15 17 19 2
Local time

o

123 1 3 5

~

JUT 4.29 wamsiUdeulUaueIdImTiives Nmr2 lUSeuiieuseningdl NmF2ops
fiu NmF2m Wuuse iU vesantdyuns Tuiui 15 duiag w.A.2559

oA w1 Tmes NmF2 e 2 wuuuSsulisuduiilemanUesidudnng
WasuwaswesAnisdiwes NmF2 nuailugieiia 06.00-08.00 u. wazlutaean 11.00-
22.00 4. AWNTIEWES NmF2g Alfa1nuuusiaosianninaIwIssiwmes NmF2oss 7ildain
mativdeya tnefA1rmnuanmNEanogUseunn 46.57% wiludigiaan 09.00-10.00 U. uay
Tug291787 23.00-05.00 w. AIN155T A0S NMF2e 7 LA a1nuuusiassasda1dosndn
AmN5Tme3 NmF2ops Aldannnisiiudeya Taefimanuuanssegusyana -65.65%

15 Mar 2016

7 9 1M 13 15 17 19 21 23 1 3 5

Local time

JUN 4.30 Woslduinisidsunlaivesdinisfiios NmF2 wWisuiileusenined NmF2oss
fiu NmF2m Wuuse iU vesanndyuns Tuiui 15 duiau w.A.2559
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4.2.22 Wisuifsunanisiasuuasesamnsives NmF2 uuuseggnia

nansdsuulasuosAmisdines Nmr2 wWisuifisusenineanisndines e
NMF 2005 U NMF2g fidaniiaams Luusieggaa 915U 4.31 wuindnwaiznisiasuulas
Y0974 4 nen1addnuariindrondstu Aeasianfinduludiadanaiussuin 07.00-09.00 u.
wazdirnanasdntosluraam 10.00-13.00 u. Mndudanfintudnadsauinagaaiinamss
oiinganAu anUszanal 17.00-19.00 u. warlutanainawiulziaianasios 1 aufsge
fngndiaanyszanal 05.00-06.00 u.

ff91sanAmIsfiees NmF2oss wuilutasgg March Equinox flrigegniiagn
Uszanm 17.00 u. SAUszanm 1.31x10'2 e/m? uardiasgalugsnounszenfingd una
06.00 . A1UsEaNn 0.11x10™ e/m® lut14ge June Solstice dANgeanUsU 0.99x10™
e/m’ wagdimmgauszann 0.10x10" e/m® luthagg September Equinox fiAngeamuszana
1.20x10'? e/m’ uazfidsnanuszanal 0.11x10'2 e/m’ uazlugaeqg December Solstice
AgeanUszaIn 1.01x10'2 o/m wazdidsaauszanas 0.09x10" e/m® Tneitlutnegg Equinox
HAMIT M85 NmF200s §9019192999 Solstice TuvaiziAmndines NmF2g fd1gean
Tutiagg March Equinox fiAUszanas 1.28x10'? e/m”® uazt1ssaniing December Solstice
fiAUszanal 0.06x10% e/m® faguil 4.31

March Equinox June Solstice

-
[4,]
-
[$)]

Observed |

Observed |
— — — - IRI-model

-
N
[6,]
-
N
(6]

— — — - IRI-model

-
-

NmF2 x 102 (e/m®)
o
© N
o o

NmF2 x 10"2 (e/m®)
o
© N
o O

0251 0251
7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
15 September Equinox 15 December Solstice
(')A ’ (’)A ’
€125+ Observed | 4 £ 1.25 Observed | A
D — — — - IRI-model o) — — — - IRI-model
N 1- o 1-
2075} 2075}
x x
& 05 & 05
[T [T
£ 025 £ 0251
z z
7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time

JUN 4.31 wansUaeulUaueadimaiives Nmr2 lWSsuiieusendngd NmF2oos
fiu NmF2m vosandyuns Tul w.a.2559 wuusegania
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March Equinox June Solstice

60 60
40 1 40
20

20|
-40 |
-60

ANMF2 (%)
o
ANMF2 (%)

7 9 1M 13 15 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23 1 3 5
Local time Local time
September Equinox December Solstice

60
40
20

60

ANMF2 (%)
o
ANMF2 (%)

20
40
-60

7 9 11 13 15 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23 1 3 5
Local time Local time

JUN 4.32 Wesidudnissuutamesrmsniiines NmF2 1USsuiileuseninadn NmF2ons
fiu NmF2 vosandyuns Tul w.a.2559 wuusegania

devhmsRansanavesidudmaasuidasueadimnsiiiaes NmF2 1Wisuiiioy
589I19AN NmF200s U NmF2g fiaanilguns Tugudt 4.32 wuiilugisnannansiudmnsiiives
NmF2g Aldanuuudiaesaziidannnindmisifines NmF2os fildannisifudeya deog
Tug9g9 March Equinox uagd9gg June Solstice d@uluyiegn September Equinox waggg)
December Solstice AwA515LAas NmF2m daulngasdanesndn NmF2oss Tuvaeity
FreananAuAmITfives Nmr2y dulngasiidnieanitAmisfives NmF2oe Aldain
nsiiudoya lneiaesiduimsasuulauandneiulutisgg March Equinox ogsening
-40.87% 4 45.41% Tu¥3399 June Solstice dA1AIUUANANDYTENINT -42.51% 1 20.2%
lug959 September Equinox HA1AMULANGIIDE T899 -48.10% 09 51.67% warlugiigg
December Solstice HANANMULANA19BETENIN -50.47% 9 20.44% AIUAIU

LansANRAETIERYMIAYeAINITTINDS NmF2 vesandyams duusiidounnsiau
wA. 2553 quiafeusuAy N.A. 2561 TauAnaFanaT 4.9 WUTEINSEIADS NmF20ps 71
Ifannnsiiudeya avdannfianeylugasgg June Solstice Tul w.a. 2561 (Low solar
activity) FeflAnUszana 0.416x10" e/m’ wawilrngefignegluraigg March Equinox Tl w.a
2557 (High solar activity) fiA1UsEuM 1.224x10” e/m® uazd D7 Liaunsaidvdesyald

'
' o

Und Ael w.A. 2554, w.e. 2560 uag w.a. 2561 luragiAmnsiines NmF2g SAiniign

'
1 P 1

oglut9q9 June Solstice Tl w.a. 2561 FeflenUszana 0.440x10° e/m® uagiangafigno

Y 9 U
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Tuta399 March Equinox Tud w.a. 2557 § afiA1Uszunas 1.304 x102 e/m® 1 UL 827U

ANN5ITLMDS NMF 200

a | A = | a ¢ ~
A15197 4.9 ARRYTIEHNIaYeINTURYULUAIAINNTITMES NmF2 Yasandyuns
ALALADUNNTIAL W.A. 2553 AUDILADUSUINAN W.A. 2561

ALRRYIILHANAVDIATNITITNBS NMF2x10™ e/m” vasan1iyuns

March Equinox June Solstice September Equinox December Solstice

c2

W.A.
HuAs-lrsgn) (WaunAL-Fennam) (Mugngu-naaw) (W FRANNYU-NUATIIUS)

Observe IRIF-model Observe [RI-model Observe [R-model Observe [RI-model

2553 0.695 0.708 0.485 0.544 0.709 0.708 0.627 0.664

2554 N/A 0.872 N/A 0.815 N/A 1.076 0.735 0.999
2555 0.995 1.212 0.822 0.916 0.997 1.101 0.771 1.017
2556 1.026 1.165 0.879 0.973 1.001 1.231 0.938 1.144
2557 1.224 1.344 1.081 1.096 1.200 1.284 0.962 1.147
2558 1.166 1.247 0.718 0.884 0.712 0.978 0.624 0.799
2559 0.883 0.887 0.456 0.608 0.902 0.681 0.645 0.607
2560 N/A 0.705 N/A 0.510 N/A 0.598 N/A 0.549
2561 0.505 0.649 0.416 0.440 N/A 0.512 N/A 0.549

4.2.2.3 Wisuiflgusansiasuidasesdmnsiines NmF2 wuused

KAN15LUA BULUAIUDIA M TITLADS NmF2 HIWUU NmF20p wae NmF2g fiaand
s wuuTel wuhiidnunenadsuuasiindeadatuinn Aeasdauiud ulugise
Usanal 05.00-09.00 u. wagiiranandniiosluragim 10.00-13.00 u. Mndufianfindudn
afsauiagngeanluraaiaiUszanm 17.00-19.00 u. wagndsnduiidnananios 4 quds
391781158104 04.00-05.00 u. TnefiA1w15181m83 NmF2ob; TANgIaAUsENI 1.07%10'2
e/m* Tuthanan 18.00 u. uazildgauszana 0.12x10 e/m’ lutasnaseana 05.00-
06.00 u. luvauzAdmniimed NmF2n SAgegaUseana 1.03x102 e/m? Turaaiaan 16.00
U, uagAgnUsEaas 0.08x10" e/m’ luraaauseanas 04.00-05.00 u. faguil 4.33
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Chumphon 2016

1.2 —

e —Observed

g1 - - IRI-model |

2058

~

©06

x

~ 0.4

LIE_

£o2 =
O 1 1 1 L L 1 1 1 L L 1
7 9 1 13 15 17 19 21 23 1 3 5

Local time

5UN 4.33 nan1siUaeunlasuasdmmniines NmF2 wWisuiieusendnem NmF2ops
fiu NmF2 vesantidyumns Tl w.a.2559 wuusel

Chumphon 2016
50 T T T T T

-50 | I L L !

7 9 11 13 15 17 19 21 23 1 3 5
Local time

JUN 4.34 WosluinisidsunUaivesdinisiiios NmF2 wWisuiileusenined NmF2oos
flu NmF2g vesantdyamns Tl w.a.2559 wuusel

9n3U7 4.30 1 piumdesidudnsid sunUasvesAinifiines Nmr2
WIBULEUTEINIAINISIERBS NmF20s U NMF2ig Tl W.A. 2559 wudnlugiaaainaisiu
AUz 07.00-17.00 U, ANISIEWES NmF2r 28iANINAIIAINITIEMS NmF20s @24
391781n819AULIa1UTEN 18.00-05.00 U. AN LABS NmF2R gAY 8830
ANNISITLADS NMF20ps I@E’JﬁlﬁLUEJ%L‘Z?UGTﬂ’]iLIJgEJULLUmLLGmGl"]\‘iﬁ’uaq'izw’iN -44.53% B4
28.12%

AnadsseTvesamsdimes NmF2 YBIALYUNT FIuslAouLNTIAY WA, 2553
Juiaiousuran w.a. 2561 Jauandlumsnsdl 4.10 nuIAINITImes NmF2oms 928lA 61

a

figaeglud) w.a. 2553 (Low solar activity) lutaanawszenfind¥uuseuas 05.00-06.00 u. d4

frUszann 0.082x10'2 e/m’® uazdiArgefignaglul) w.a. 2557 (High solar activity) Tuzas
nanatsiulsEana 07.00-17.00 u. AUz 1.263x102 ¢/m” wazfideyaursdiilsl
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anunsainudeyals Aol w.A. 2554 uag .. 2560 YA ITiwes NmF2g JR1sfianag

Y

TuT e, 2561 (Low solar activity) lugaaamszerfingtu Felauszana 0.066x10'2 e/m®

wazdlengengnoglul w.ea. 2557 lugisiamsyenindanaulseuas 18.00-19.00 . &
AUsEIN 1.443x10™ e/m® muanau

M19199 4.10 AadeseUvesnisdsuilairnisines NmF2 vesaniyuns

AILALADULNIIAL W.A. 2553 FUDIADUSUINAL W.A. 2561

ALafeT1eUveIrMTElnes NmF2x10'” e/m’ vesaniyuns

LATNTTRNNRGUY LIANATY LANTTRRgAN LIAINA9AU
(05.00-06.00) (07.00-17.00) (18.00-19.00) (20.00-04.00)

2

WA

Observe IRI-model Observe IRI-model Observe [RI-model Observe [RI-model

2553 0.082 0.071 0.687 0.708 0.949 0.924 0.368 0.315
2554 N/A 0.166 N/A 0.947 N/A 1.188 N/A 0.555
2555 0.132 0.223 1.028 1.187 1.002 1.268 0.598 0.736
2556 0.163 0.251 1.014 1.184 1.183 1.355 0.795 0.780
2557 0.218 0.294 1.263 1.325 1.086 1.443 0.858 0.909
2558 0.165 0.247 1.065 1.131 1.008 1.194 0.572 0.624
2559 0.116 0.139 0.767 0.826 1.026 0.948 0.394 0.349
2560 N/A 0.083 N/A 0.688 N/A 0.865 N/A 0.233

2561 0.100 0.066 0.515 0.630 0.832 0.782 0.166 0.189

4.2.2.4 WisuifisunanisiUdsuutasmesdimndined NmF2 daund n.a 2553
Uy w.A. 2561 wuu Contour plot

HANT5UTEULTgULUY Contour plot WAAYAIAIINLANF19YBIANUNUILLUYDY
idnnTeugean (NmF2) waedu F2 szuinedniildannnisnfudeyaanamleleluwnsuiy
wuUsaes IRF2016 vesamileams Tasvhnsfudeyadufeunnsian we 2553 auiufou
Surem .. 2561 WanagUTl 4.35
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Chumphon (CPN) - NmF2-Obs x10'2 (e/m3)
]

16
. 1.4
I 1.2
) 4 1
£
w 0.8
8 J
- ' i 06
\ . 0.4
'( i
7 1 L k\_
2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years

Chumphon (CPN) - NmF2-IRI x102 (e/m?)

1.6

0.8

Local time

2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years

, 20

Local time

b | -20

o

-60

7 A P—a 1 1 -80
2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years

Ul 4.35 AnafiesiodourasAInisdmes NmF2os Afildainnisiiudeya (3Uuw) A1

NmF2i 71 bd31nuuuTaes 1R-2016 (3Unane) wazAlesiduddiwdeivy

' Ao’ Y ! o ! S & oA
5EnIeANULATUAIINLUUTIE8Y IRI-2016 (3Ua19) vodanlyuns Aausiifou
UNTIAYN WA 2553 UDAURBUTUIIAN W.A. 2561
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A o a l N a ] a s | Ay v &
LIBNIAITWANTUIARA YTIULADUVDIATNITIULEDT NmMF20bs ﬂ']V]l@l"ﬂ']ﬂﬂ'ﬁLﬂ‘U

¥

Toya (FUuL) NUIAMITIERET NmF206s Tutsnanansiulidnuarnisiuisuudaslugied

a

ffu High solar activity AoazdiAngeaelutasiawszefingdunaiussun 08.00-10.00 u.
Lagdngrsfedasnaneunszenfingmnauluraanaiussann 14.00-180.00 u. Feayilen
NMF200s 88 P 39UTEUIM 1.2x10 e/m® §19 1.8x10" e/m’ lngazdAnganyUszuian
1.834x10" e/m’ lugisidounaiay w.A. 2557 La1uszunn 08.00-09.00 u. waglugigiian
Na9AUAMITITADT NmF2oss axdidnanadiies 9 audadiigalurasnassana 03.00-
06.00 u. FafiFrgauszanas 0.053 x10 e/m? Tutraideunnsiay w.a. 2553 lWulAeai
aondiBodlml onviulugaadidu High solar activity azildnfindusnasslutianalssana
23.00-01.00 u. fFUszanas 1.0x10"2 e/m? §i9 1.2x10™2 e/m? @278 Low solar activity
fislugisnanansfusanansiudnlnglianunsaiiuoyald Ae we. 2554, w.e. 2560 uax
wa. 2561 SevhlsilaianunsaiieszvinansiuasunUasueamngdimes NmF2os 16l
ovhmsfissandmnsiiiwes NmF2g Aldanuuudiaes IR-2016 (§Unans) wu
Tuudazdamsdmes NmF2gy sxfidnvasuandiatuseninedfidu Hish solar activity
Julsening we. 2555 8¢ e, 2558 F5U7Tu Hish solar activity axfldmnsfiwes NmF2g
gendtegludiniaiuszann 08.00-11.00 U, wardnyieiaiAe 14.00-20.00 u. deregluaaq
581114 1.4x10"7 e/m’ §i9 2.0x10" e/m’ E)&ﬂmi'?\‘ii]ﬂ Equinox wardfdu Low solar activity
Faduszwing wea. 2553 fia wa. 2550 uazdnda9Aed w.a. 2550 f9 A 2561 Fa9zdl
A0S NmF2g 08 Tug39Useuas 0.8x10" e/m’ fig 1.0x10" e/m? aglugaiian
Uszanal 08.00-10.00 U. kaz¥19i9an 15.00-19.00 u. Inefidmiiees NmF2g AiflAgedian
aglugaafaunaay w.ea. 2557 lagilA1usyana 1.778x10™ e/m’ Tugaanian 16.00-17.00 .
warAMIIines NmF2g Aldsndfignegluiieusunay wa. 2561 fdA1uUszana 0.018x10'2
e/m? lugaataan 05.00-06.00 1. F9uTTTU Low solar activity e
INTUtAMSITADS NMF200s LagAMNTITM8S NP2 wsnAUesidusdiy
Jeawuseminsafifuldiudanuuudiass IRF2016 (§Uan9) nuindaivesidudiianny
wansnafuduluglutisatnansiudmnsiimesiaesdidilndiisstu TnedArauwansig

LY ' ! =2 1 A A f @ (3 1 1 1 ' {
AUBYITUIN 0% 04 5% LLﬁ%I‘L!GU’NL’J@’]ﬂ@’]ﬂﬂu&lﬂ’]L‘LJEJiLsZI‘L!G]F’Y]WNLLG\ﬂG]Nﬁ'JUIﬂQJ}EJ%iSM’J’N

'
o

-25 §i -15% lnefiAesiduddrnlosuunigaussuna -77.64% aglugiaiounsnginy

'
a a0

w.A. 2561 warAnUesiduddnndsauugafigaiiauinnin 80% egludiufeuuwien w.a.
2555
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4.2.3 goillnlanvs

4.23.1 Wisuisunamsiasunasesamsdemes NmF2 wuusieiu

InRanIsAsuLUaIweIAIMITIawes NmF2 wWisufisusenineamisines
NMF 2005 U NMF2 WUUS18 50 990507 4.36 wuimansiAsuutants 2 fsnvurdesdig
wanshsfudntes Tnefirinnsndmes NmF2oss iinsiasuudasie danduduludasiaan
Usyanms 05.00-11.00 u. antuiidanandnieslurigan 12.00-17.00 u. uasildiingusn
Ay quilingeamlutasnan 23.00 u. fdUszan 2.07x102 e/m? Fseaasifinnusingmsal
Anundlutu F2 wazndsniduidranasaudiawigadivasnaiuszanm 05.00-06.00 v. §
AUsEaNm 0.16x10"% e/m> luwnisiAnisimes NmF2g nswdsunlasie dadiuguly
P29aNaTiunaUsEannd 06.00-17.00 U. WazanadlurIIaINasAY LIaUsENINM 18.00-
05.00 1. InefiAngegaeguszana 1.53x10" e/m? uariiAwngmeguszann 0.15x10' e/m’

15 Mar 2016
2.5 T T T T T
R ——Observed
E 2t ---IRI-model
<
© 15 T
o
x 1
N
L
g€ 0.5
Z
O 1 L Il Il Il

7 9 11 13 15 17 19 21 23 1 3 5
Local time

UM 4.36 wan1siUdeulUasvarmnIdives Nmr2 wWisuiieusendnem NmF2ops
U NmF2 wuusedu vesanniflnlanids Tuiui 15 dureu w.m.2559

15 Mar 2016

I | I I I

-75 1 I I 1 1 I
7 9 1 13 15 17 19 21 23 1 3 5

Local time

JUN 4.37 Wesidudnssuutamesrmsniiines NmF2 iUSsuiileuseninadn NmF2ons
flu NmF2m Wuusedu vesantilinlanids Tuiuil 15 duiau w2559
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9IN3UTN 4.37 uanalesidusinisisuulaatainisniwes NmF2 183919 2 wuy
WuITtuea1Naeiu dulngamnsdives NmF2g IAnnnnAmIs 8 es NmF2ops las
Tugranainansiu duluafiamnsdwmes NmF2r UoenanAmsiimes NmF2ops WaAdiu
2394787U52 0108 00.00-02.00 U. NHUAIUINAIIAT NMF20ps b1 9991NNANTSUA S ULUAIVD
ATNITITLADS NMF200s HanwaznsiUasumlasnlimeai Aetimaieluasduuietianal Tnei
' ¢ @& & a = ~ | | a PR o f | !
ANLUDILTUANT TR ULUAIUIHUMEUTE VI NATNITILADINY 2 AILUAIAIINLANAINDYTZUIN
-58.28% 0149 63.37%

4.2.3.2 Wisuiisunansiasuutasesdmnsnfiees NmF2 uuusieggnia

uansransUAsuLUaesAnsfines NmF2 wWisuiisuseninadmnindines
NMF206s U NMF2ig LLUUimqamaﬁy’a 4 qumﬂgﬂﬁ 4.38 wuiimsuadsuulasiidoudng
adneadaifu Aefiiufindulurisnainansiuseranadlurasnainaisiy

devhnsiansandmisfiaes NmF2oss wuirlutaege March Equinox wuind
A1gaaneyfiraaaan 16.00 u. fAseann 1.30x102 e/m? uaziiAdigaditaat 06.00 w. 3
FUsEan 0.15x10" e/m? Tutigg June Solstice Hrgeanlutaanatuszanas 10.00 u. Feil
AUszan 1.29x107 e/m? TAndgeluiian 06.00 u. flAUszana 0.09x10'2 e/m® dwlutng
99 September Equinox lsififeyaiiliannisidudoya uazyasgg December Solstice i
Agaanludianan 16.00 u. dAUszanm 1.17x102 e/m’ wazdid1sngaluzaaian 06.00 u.
Wiy fleUszana 0.13x102 e/m? FauAmITENes NmF2ops Agegnegluding March
Fquinox LLazﬁﬁi’lﬁﬂqmﬁlu“ﬁ’Nqa June Solstice

N1SRTUNAINTITN0T NmF2s wud1luY9ge March Equinox flgsanagly
19981 17.00 U. Feruszana 1.51x10'2 e/m’ wazAsaneglugiaaa 05.00 u. A5z
0.14x10" e/m? Tua1499 June Solstice fAagaag luy9aa1 16.00 u. daA1UszUN
1.03x10'? e/m” uazersngnoglurasiian 05.00 u. TA1Uszana 0.06x10 e/m® Tugasgg
September Equinox dAngeanaglugiaian 17.00 w. df1Uszunn 1.25x10" e/m’ uagan
fgneglutisnm 05.00 u. feuszann 0.08x10" e/m’ warlutaagg December Solstice &
Argaanoglugaanm 17.00 u. TAUseann 1.12x10"2 e/m’ wagArsnaneglutisia 05.00
u. feUszanm 0.11x102 e/m® faudrmisdiimes NmF2g dA1gsaneglugaemg March

Equinox uagilaanluyiagg June Solstice WuLAEINUAINITINDST NMF200s
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March Equinox June Solstice

2 2
3¢} (3¢}
= Observed £ Observed
o 15f - =x — — — IRI-model | 1 o 15f — — — - |RI-model |
o~ oN
o o
x x
(] [\]
[T [T
£ z
0 L s L L L s L L L L L 0 L L ' L L L ' L L L T T
7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
) September Equinox ) December Solstice
<"}A U)A
= Observed £ Observed
o157 — — — - IRl-model | o157 — — — - IRI-model |
~ P ~
o 1 -7 S e 1
< // \\ <
o o05¢ A o 0.5
S ~ o €
Z S~ Z
0 — 0

7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
JUN 4.38 HansiUdeulUauesdImsiives Nmr2 lSsuiieuseningd NmF2ops
ffu NmF2g vesanillnlands Tud w.a.2559 wuusegania

March Equinox June Solstice

60 60
40 40
S 2f 2 20
N N
£ ° £ °
Z 201 1 Z 20
40 + 1 40 +
Y S S S S Y S S S S
7 9 1 13 15 17 19 21 23 1 3 5 7 9 1 13 15 17 19 21 23 1 3 5
Local time Local time
September Equinox December Solstice
60 —_— 60 —_—
40 +
& 20¢ &
S No data S
w 0 Lo
£ £
= -
40 f
-60 -60

7 9 11 13 15 17 19 21 23 1 3 5
Local time Local time

7 9 1 13 15 17 19 21 23 1 3 5
JUN 4.39 Wosluinsidsunlaivesdinisiiios NmF2 wWisuiileusenined NmF2oss

U NmF2g vosannillnlanida lul w.a.2559 uLuuseggnia

dlothinmeesidudnisiuasulamesdmsfives NmF2 Wisuiieusewing
A1 NMF200s iU NMF2g §35U7 4.39 nudnlugasqq March Equinox Tutaaiainansiui
ATNI15180LR03S NmF2r d@2ulue/unnnanaInnsnfimes NmF2ops Lagda1iuesdudnng
WaABULUALANAN90E 55MI19 29.31% 9 41.5% Tug23q9 June Solstice dAmns a3
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NmF2i dulvgidasninAinisiiines NmF2ops lngilAuans1aiuegsening -50.78% o
36.32% Tu¥3e59 September Equinox TawnsadunSeudeuldidosanldfidildainnis
Audaya waglugiigg December Solstice fiAMMT5dwWas NmF2r WosniiAnisdimes
NMF20ps AAMANANAUBETENING -45.16% 9 28.33%

M13199 4.11 Adegganiavensisuwlasamnisiives Nmr2 vesanillnlands

AILALADULNIIAL W.A. 2553 FUDIADUSUINAL W.A. 2561

ARy TIgR9NIaYeIAINTIINes NmF2x10' e/m” vasamillnlanndl

March Equinox June Solstice September Equinox December Solstice
Fwpu-uwgw) (weyanAN-Fennaw) (fugngu-nanaw) (Mg AIN1BU-NUAIHS)

fad)

W.A.

Observe IR-model Observe [RI-model Observe IRIF-model Observe IRI-model

2553 1.045 0.867 0.612 0.616 0.866 0.908 0.708 0.740

2554 1.295 1.121 0.905 0.969 1.441 1.360 1.077 1.088
2555 1.441 1.661 1.191 1.142 1.326 1.387 0.923 1.086
2556 1.495 1.584 1.438 1.219 1.250 1.532 N/A 1.244
2557 N/A 1.811 N/A 1.391 N/A 1.582 1.193 1.205
2558 1.595 1.656 1.188 1.113 1.105 1.237 0.891 0.831
2559 1.156 1.143 0.701 0.681 N/A 0.892 N/A 0.635
2560 N/A 0.857 N/A 0.552 N/A 0.793 N/A 0.577
2561 N/A 0.781 N/A 0.475 N/A 0.690 N/A 0.524

AladusIEngNavesAINITIfiaes NmF2 vosaniilnland Fausiouuns A
w.A. 2553 quiafoufunay wa. 2561 wandlunsneil 4.11 wuiiamsdmes NmF2ops Ailé
Mnnafiuteya afiAdiiianeglutaemg June Solstice Tud m.a. 2553 (Low solar activity)
FaflAUszanal 0.612x10'2 e/m” uazilangafianegluraang March Equinox Tul w.e. 2558
(High solar activity) flf1Uszanal 1.595x10" e/m® Fsiidfilsianunsaiudoyaldursdiu Aed
WA 2557, WAl 2559, WA, 2560 uag W.a. 2561 luvnisidmnsiived NmF2g fiafianot
Tug959 June Solstice Tud w.a. 2561 (Low solar activity) FaflAUszann 0.475x10'2 e/m’
LLazﬁmqqﬁq@a@uﬂmq@j March Equinox Tul w.a. 2557 (High solar activity) dA1Uszaa
1.811 x10"* e/m’
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4.2.33 WisuifisunanmsiUasuulamesainsfiees NmF2 wuusied

nannsiasuLUaansiasuLlatwesAmnsimed NmF2 Hanuy NMF20ps WA
NmF2g faaiflnlams wuusiel wunildnwaensiasundasiindondsty Aofianduiy
Tugaainansiunsedaaianuszaia 06.00-18.00 u. kazdiAanaluy19Ia1Na1esAunse
Tughanauszunas 19.00-05.00 u. TasfiAmnsiines NmF2os Iingeaneglugianandszana
17.00-18.00 u. HAUszann 1.18x10'2 e/m’ wagdlamanlugaanan 06.00 u. dA1uUszanal
0.12x10% e/m® Tuvauziiamsdined NmF2gq SAngeaneylurianaiuszua 16.00 u. i
AUszan 1.17x10" e/m? wawilAdngaluragina 05.00 u. SlFUszana 0.09x10'2 e/m? #is

U7l 4.40

Kototabang 2016

5 —Observed | |
- = IRI-model

7 9 1 13 15 17 19 21 23 1 3 5
Local time

5U# 4.40 NANTSLUASULUAIUDIAINISITWES NmF2 1US8ULReUTEnI19A1 NmF200s
U NmF2ir v09a019intannde Tud w.e.2559 wuusied

dlethumeanlesi§usnmsivdsuulamesanisfives NmF2 wWisuifisuszwing
A1 NMF200s U NMF2i 10 .6, 2559 wudnaimisidimes NmF2g 7ildannuuusiansdio
UounINAMI51EMaS NmMF20ms ﬁiﬁmmmmﬁu%’aga Inefidnwesidudunnsineiueg sening
-45.16% T4 43.89% flaguil 4.41
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Kototabang 2016

| I I I

T — ‘
123 1 3 5

7 9 1M 13 15 17 19 2
Local time

JUN 4.41 WeosudnsiasunUaivesdinisiiios NmF2 1Wisuiileusenined NmF2oos
U NmF2g v0sannilinlanids lud w.e.2559 uwuusegt

5199 4.12 ARAgTeTveIn1sasuLUaIAINIsITWes NmF2 99aa13lniamnU
AILALABDUNNTIAL W.A. 2553 FUDIADUSUINAL W.A. 2561

AnRdgs1evaarAImsimes NmF2x10'2 e/m® vasaanillnianida

newszefind iy naInNaiu nANsZeindnn LAINAAU
(05.00-06.00) (07.00-17.00) (18.00-19.00) (20.00-04.00)

L

W.A.

Observe IRI-model Observe IRI-model Observe [RI-model Observe IRI-model

2553 0.094 0.109 0.883 0.933 0.917 0.959 0.256 0.314
2554 0.129 0.183 1.222 1.253 1.377 1.250 0.639 0.605
2555 0.165 0.255 1.300 1.363 1.422 1.526 0.813 0.841
2556 0.172 0.255 1.341 1.434 1.567 1.568 0.829 0.920
2557 N/A 0.312 N/A 1.545 N/A 1.664 N/A 1.060
2558 0.210 0.234 1.225 1.295 1.344 1.410 0.786 0.751

2559 0.130 0.130 1.058 0.983 1.081 1.099 0.447 0.393
2560 N/A 0.087 N/A 0.858 N/A 0.898 N/A 0.238
2561 N/A 0.069 N/A 0.777 N/A 0.792 N/A 0.183

NHTNN 4.12 LEAIALRASS18UVRIANNISIINDS NmMF2 9898019INEARIT9 AaLe
WOUNNIIAL W.A. 2553 AUDILADUSUIAN W.A. 2561 WUINAINITITLNDS NmF200s ST AG
Ngneglut w.a. 2553 (Low solar activity) lugiaiiannszofindyuuseanas 05.00-06.00 . &

fAUszann 0.094x10'2 e/m® uazdArgefigneglul w.a. 2556 (High solar activity) Tuzas
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namsEindanUszun 18.00-19.00 u. dAUszann 1.567x10'2 e/m” @i doyaunsli
anunsauiutoyald Ael w.e. 2557, w2560 wag wa. 2561 luvaurfdmniines NmF2g
fasiianoglul wa. 2561 (Low solar activity) Tutaaramszenfingd ulseann 05.00-
06.00 u. daA1UsEanal 0.069x10" e/m® wazfingefianaglud w.a. 2557 Turasnawse
91ndanfiuUszana 18.00-19.00 u. fiMUszana 1.664x10' e/m’ audsy

4234 WisuifisunanaiUdsuuuasvesnnisndmes Nmr2 doudd w.e 2553
AUy w.A. 2561 wuu Contour plot

HANI5UTEULTgULUY Contour plot WaAYAIAINNILANF19YBIANUNUILUUYDY
BidnnTeugean (NmF2) waedu F2 szudnedndildannnisnfudeyaanamleloluwnsuiy
wuusaes IR-2016 vesanilnlnanss Tneviniaifutoyadaudifousnsan wa 2553 quils
Fousuam A, 2561 uandagUil 4.42

\ovinsfinnsanA1ed s9181A euTeIA M T TNDS NmF200s A9 LeannnTLAY
Foya (JUUL) WuAMIITmeT NmF2os STanuarnsUdsundas Aeuiinduludaaiainss
orfinguluauisisnanasiulurisnaissuin 08.00-01.00 u. Inedidregludasyssan
1.2x10" e/m”® fi1 2.0x10" e/m’ IngagiimaganUszann 2.016x10" e/m’ Tugiiounanay
WA, 2556 L1UsEHIn 21.00-23.00 U. LAEMAIINTUAMITITADT NmF2op azfiA1anaa
Foo 9 quilddfiaelutisnaiUszanal 03.00-06.00 u. alAUszanal 0.07x10'2 e/m? Tutas
Woufiguieu w.a. 2553 winddoyanareUliawnsaiuele fel w.e. 2556, w.a. 2557, n.a.
2559, w.f. 2560 o W.A. 2561

waziflevinisfiansanaAmisfives NmF2g Aldnnuuudiass IR-2016 (5Unan9)
wuluwsazdamisiwes NmF2g asdidnvasuansisiusewinedfidu Hish solar activity
Fadudszning we. 2555 89 w.a. 2558 FeU7du Hich solar activity azdidmisidnes
NmF2r aglutisussanns 1.2x10" e/m? fia 2.0x10" e/m’® lugraianuseana 08.00-23.00
. Wudeatvandideddvy warUdu Low solar activity Faduliszning w.a. 2553 G w.a.
2550 wazdndrsfed w.a. 2559 89 w.e. 2561 Faazilamnsfies NmF2n oglutisuszana
1.0x10" e/m® i3 1.2x10? e/m? Tura9iaa1Uszanm 11.00-20.00 . FeazilanfosninUiiu
High solar activity eg1auiuldda Taefidmsfimes NmF2q AdAgeiigneglutiaiou
WWIEU WA, 2557 YaeianUseann 15.00-16.00 w. laedAtUseunn 2.132x10' e/m’ uay
AM51Alned NmF2g flAnsnfigaeglufoudquieu w.a. 2561 fa1Uszaal 0.026x10"
e/m” lugiarian 04.00-05.00 u.
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Kototabang (KTB) - NmF2-Obs x102 (e/m3)
T

5 ]
| 1.8
3 i
1 l | i 16
b -
23 q \ . 14
o 21 =
: ( a
=19 1
3 . 1
17 .
S 0.8
15 N =
0.6
: | | |
| >
1 T (| O B 0.4
Vw, /\ A 7 /\ -
9 \ ‘H» N\ 4 N N\
7 N - f | L |
2553 2554 2555 2556 2557 2558 2559 2560 2561 2562

Years

Kototabang (KTB) - NmF2-IRI x10"2 (e/m?)

19
17

Local time

2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Years

Kototabang (KTB) - ANmF2 (%)

w »

N
w =

20

Local time
- AN
N © =

-
[$)]

-20

[
© = w

7 ‘ -60
2553 2554 2555 2556 2557 2558 2559 2560 2561 2562

Years

SUT 4.42 Al0dssoiiouresdmiiiaes NmF2osx A1fldainnsiAuteya GUuw)
NmF2g L ainuuudiaes IR-2016 (gUnana) uagAUesidusidiudsauy
sgieifuldiuAnuUUTIaes IRF2016 (3Un9) vesanndlnlanifa daud
\ADULNTIAL W.A 2553 QUTLABUSUIIALN T.A. 2561
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ntutAsEmes NmF2os kazAw1siimes NmF2e svnandefiduddiy
Deausznindidvlfiuaanuuudiaes IRF2016 (3Ua19) wuinlugasnainanady fa
Wesldudffanuuandsiudinlvgoglutiasening -15% fe 5% il NmF2oss 61
TndiAssvdefidnnnnindntosilloiouiuan NmF2g wazlutisnanatsiudirniesidud
ALANGNSAUBETEMIN 60 fia -20% WazuntnATAIALLANANINTY 60% Tnedidn
Weslduddudsauumiigausyann -65.8% sglutiadoununius w.e. 2553 uagen
Wedduddnideauugeianiainnnit 60% eelutiafieusseu wa. 2555 pudiu

4.3 @3
a = d' i a 3 N a{' v vl
NaﬂqﬁLﬂiﬁJ‘ULV]EJ'Uﬂ']iL‘UaEJULLUa\TﬂJ@Qﬂ']quf]NLm@iﬂ'ﬂqllﬂqqq@waqmqiﬂlﬂﬂquvlﬂm

JrHEN9 3,000 Alakns %38 M(3000)F2 ¥0avie 3 aanil AeAean lyuns aoilideslnl uag
anillnlannds Fauanslugun 4.43

Compare 3 Stations
3.8 T T T T T T T T T
36 d
H /\\
- ; AN
S 3.2 3
N
L 3
o
e
\(32.8 e
=
26 -
—— Chiang Mai
24+ —— Chumphon |-
Kototabang
22 1 1 1 1 1 1 1 | 1

| 1
7 9 11 13 15 17 19 21 23 1 3 5
Local time

Ul 4.43 mswasuuUasuesdmnsdines M(3000)F2 Wisuidioy 3 aanil

wuiwis 3 a0l TdnunrnaUdsuulasiiedeadeiu feddanateudisiamse
91fingluaUsvanm 05.00-06.00 u. 1Uauﬁqﬁaaﬁﬁwﬁqﬂumqnmﬂizmm 11.00-13.00 u.
Tnefannilnlapdadadniian SAnUsyann 2.44-2.53 MHz sosnAeanniyuns TAUsyana
2.63-2.76 MHz uazaavefeanfidednd dalidsvana 2.72-2.84 MHz davis 3 anilfidne
faelud w.a. 2557 Jududffiviunuaaduuuaseriinduinitan (High solar activity) iile

¥ '
= A

Weuiulau 9 nasantulziiaiuduisey o autadmgagaludianaiuseana 03.00-04.00

=

A
w. Ingnanid@edduaviangeiign Telld1Useunns 3.331-3.518 MHz sieuAaan1yuns i
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AsEanal 3.356-3.470 MHz uazaavinedean1ilnlans feflr1Useana 3.328-3.418 MHz
Tngoglutaed . 2561 TANTUTINMRdUULMIefinglios (Low solar activity) 1189910
fenenudinge (for2) lutuusseniatiosiian Fsdsualviamisimes M(3000)F2 ddwin
fian inszaminiines M3000)F2 fldaediudsandufiumarudingaluduusseinie

) Compare 3 Stations

T T
—Chiang Mai
—— Chumphon
Kototabang
~15F 4
(32}
£
L
N
o 1 4
X
N
L
£
Z 05/, .
\
O 1 1 1 1 1 1 1 1 1 1 1
7 9 1 13 15 17 19 21 23 1 3 5

Local time

JUT 4.44 msiUdsulUaavesrnnsiwes Nmr2 Wisuiiey 3 aanil

ansUFeuiisunsdsunUasimiuruuiiuresdidnnseugianvestu F2 vie
NMF2 wasvis 3 a0l Fauanadagud 4.44 wuilaoniidedviuazandlnlants aeddnume
maBsuuasiindeadetufofdfiutulurasnainatsiu sufidgegaludsnaiteunss
o1findnnAumItTaanatUsyann 17.00-18.00 . reuflaziianauies « audsgaimiigelu
P2909810UNT ARSI uATUsEAN 05.00-06.00 u. TnsfiaondiFeslvafiaigeiianogi
Usganal 1.62x107 e/m’ waganfilnlaadsdiangeanog fiussanm 1.21x10"7 e/m? Faifs 2
andiiAgeantudaal w.a. 2557 (High solar activity) Fadudiifidnanudings (for2) Tudu
UsIIIMANNTIan Sedesalviinnnsiines NmF2 fasnndigaimsizamisiines NmF2 dan
wstumuiuaaudings luvaefiandgunsaeddnuaznisasuuas feflanfuduly
291381058318 05.00-09.00 U. wazdiranaadndiosludisia 10.00-13.00 u. esaniin
nsitemvesBidnaseululufirmedu Gamngmanidasfstuluuinuandfiseguinulng
uaudgnsuindn vilisunusidnaseulufuusssnmaresuinadnanisuiuanas 39
dawalirnnuuiuresdidnaseugiagn (NmF2) fdanasing Mnduddnfuiudnadauds
PgeantuYInIaIUTEIIN 17.00-19.00 1. kaEUAIINYINTTOMIRgANAUlULA Iz TAanAS
508 9 uAsrraaIUsEaIM 04.00-05.00 u. Taedi an1dyunsilAgeanogia1ussanm
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1.05x10%% e/m? wazloUSauisun1silasuwladeasa nisniwas NmF2 919 3 @i wun
o a i a ¢ ~ a A o~ Y] ¢ ' =
aniligedlviiidnisiivmes NmF2 innfianilissnneguiiinumilawdugudanudvanyseuiu
| a ~ Y ~N o 0 v v ¢ i =
15 a4en soyndeanilnlandeananinsegldidunudaaudvanyuszunns 10-15 03f1 wae

I A

an1iladAmsdmes NmF2 anfign Aeanidyunsgduluaninnseguinalnaidugudans

Y

WIANTULDY
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uni 5
N9 ATULUAIUDIAURUILUUYDIBLANATDU (NmMF2)
WguiumMsiiegsgusian

TuuniinandimsAnwinansznuresgigunailutinuedens Tusendedld e
FunaundsUnuveseumuuLuresBiannsou (NmF2) Tufuflfngsyusimswauiome
4 ada [231126] TnevinsAnwmansenutesaigusaluuinmefny Tuoondedddfamun
3 aonil Ao annflyuns anildeslvyl Ussmelne wazannilnlands Useimeduladide

5.1 Yayauazisnsaasney

Toyanvinsfnwluuniagldaranunuiuiuresdidnaseu (NmF2) ety
vsseneleleluailesinatdng 4 fu luraanaimn 9 15 wii luiuiAegigusadiuu 4
ada fatuil 19 furau wa. 2550, Yufi 22 NINQYIAL W.A. 2552, Sudi 15 uns1AL WA, 2553
wazudl 9 funau w.a. 2559 uaziiiniumuny Guieulazvdaingiyusian) S1uau 5 fu oy
ynsAniiufivanun 3 an1idssseguinuedens Susendedld Ao aondyums aond
el Usewelne wazannilnlands Ussimedulatligey

a ! s & ¢ Y] v ada a ! ~
M19191 5.1 ﬁ’]LTJEJﬁL%umﬂ’]iU@Ufl?jﬂfﬂﬂﬂ@ﬂ'ﬂu%Lﬂfﬂ?ﬁ&!ﬂiqﬂqsﬂaﬂLL@agaﬂqu

Juiiingsausen (Wesdudnsuadsgean %)

Vnedau 9 flurmn 2559 15 un31AN 2553 22 NINYIAY 2552 19 flunAu 2550

Bufn Augn uads  Gude Awge uads  Gade fuge ueds  Safie Auge uads

Fodluyl  06:49 U 08:30 U 27.1% 14:00 U 17:03 U. 81.6% 07:02U. 09:12U. 69.9% 07:45 1. 09:15U. 28%
quWs  06:35u. 0831w 47.9% 1357 u. 16:551. 64.1% 07:08 W 09:15u. 46.3% 07:50 u. 08:43 u. 10%

Tnlmends 06:25w. 08:25u. 100% 14:02 . 16:46 u. 48.2% 07:20 U. 08:58 U. 27.3% None None 0%

Ingin1siinasgusialuniasasIastinlugIIaILes USIUNTLIUWTATEIA99

Funsnarunwaneeiy deldesuieliluuni 2 Malinsifngseusiaviamun 4 asa ke
FAnw o dnnA1ANLLUSUTIUVDIANUNUILLULYDIBENATIU (NmF2) T99a1i5uLAa 1an

dugauaziUasidudnisuntigeaaiiinluusasase fdannsei 5.1

q

2



2 v v A | B o Al 1 1 = @ o
nsiiudeyaldiaTesduasiatasiuadulugiu HF duaigenia laein3aesuagy
@ Y < a s A o & [J =
nsiivteyaidunmleleluunsulilupeuiiumes eiamleleluunsuiuvinis@nyiway
a ¢ N | Aa < & o |
AATRN T suuUasAIAUN IngAYestu F2 (foF2) 9ntuaA1uIsiAIunuILLuYes
didnnseugean (NmF2) nAnudIngelagldauduiusiuaunis (5.1)

NmF2 = (foF2) / 80.5 (5.1)

YaNINNUTININUAVDULUAD 19899 WU (UB) LAV ULIABI9BIA 1WA (LB) @
PranlvlunsilSeuieunanisiasiedt tngmlaann aunis (5.2) way (5.3) [18]

UB=X+25 (5.2)
LB=X-25 (5.3)

lagdl X Ao AladeTeiouvestaya NmF2 (Median), S Adiuldequuiinggiy,

UB P99 ULIND 1939 UUULAY LB ADUDULIADINDIAIUATY

%) -4 a
5.2 Naawswazn1sanusie
AINNANITIATIZIVIINTANBINITUA 8 ULUAIVDIAIAINUNUILUUYDIDLENATOU
gean (NmF2) sianun 4 aseiingseusinuavaiusaneuiulaluussmalne A ud 19

Y 9
=

flunmAu .. 2550, Judi 22 NINYIAY N.A. 2552, Uit 15 unsnAu W, 2553 uazuil 9 Suna
w.a. 2559 weiidendasunaidinaadesniniedesduaziaiosiuldviinisfadagunaal
FanuaiEund wa. 2547 111 3 anddeanidyuns an1didedlnl Usznalne wazaoilnle
s Uszinaduledide TaefinanisiinseiuanadusunsmiliFesandisiuiiiingsgusia
mndunaiagtulusefnmuioue 4 nw Seuansdedeluil

5.2.1 g@Rgusindui 9 dumy w.a. 2559
1 1 a 1 <) = =

WAAIHAAIAUYUILYUYRIBLANATOUGIEA (NmF2) il 3 annil lneisesann
anildedlni (gUAmun) aandyuns (GUnany) uazanndlnlemde (FUAUA19) wazAAY
VULUUTDIDENATEUGER (NMF2) azuansduduiivdunturesiuiiingsyusai, Juneu
warnaaingsyUsImdwIeday 5 Ju, Anaduseiouvesdeya NmF2 (Median) wanuiy
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Abstract—In this paper, the effect of March 9, 2016 solar
eclipse on the F2 layer peak electron density (NmF2) at
conjugate points in Southeast Asia is presented. NmF2 is
calculated from the F2 layer critical frequency (foF2) that is
manually scaled from three ionosonde stations in Southeast
Asia region. Two ionosonde stations are in Thailand, namely
Chiang Mai (18.76°N, 98.93°E, Dip 12.7°N) and Chumphon
(10.72°N, 99.38°E, Dip 3.2°N). One station is in Indonesia,
namely Kototabang (0.2°S, 100.32°E, Dip 10.1°S). These
ionosonde stations are located at conjugate points in Southeast
Asia. The daily interquartile range (every 15 minutes) of NmF2
data from 4% March to 15" March 2016 were analyzed the
NmF2 variations during before and after the solar eclipse day
on 9% March 2016. Besides, the monthly median, the upper
boundary and lower boundary of NmF2 compared with the
observed ones were used for analyzing the anomalous
variations. The results of this study indicate that the NmF2
value increases during 2 days before and after the eclipse day
while it decreases on solar eclipse day for all 3 stations.

Keywords—solar eclipse, NmF2, foF?2, conjugate points, EIA

1. INTRODUCTION

Solar eclipse is the natural phenomenon that occurs
when the sun, the moon and the earth orbit align in the same
line by the moon in the middle. The moon slowly moved to
shadows of the sun during a solar eclipse observed from the
earth. Overshadow may be fully obscured or covered any
part. Solar eclipse can occur twice a year, but no more than
5 times a year [1]. Solar eclipse phenomenon affects the
ionospheric variations. There are several techniques to study
the effects of a solar eclipse in the ionosphere such as the
ionosonde technique, the Faraday rotation measurements,
the satellite and rocket technique, the incoherent scatter
radar (ISR) technique, the global positioning system (GPS)
technique, the Doppler sounding technique, etc. One of the
most popular techniques is the ionosonde technique.
Therefore, this paper focuses only on the ionosonde
technique.

Many works used the ionosonde technique to study the
ionospheric variation during a solar eclipse [2]-[10].
Adeniyi et. al, [2] presented the effects of the 29 March
2006 eclipse on the ionosphere over Ilorin, Nigeria. The
obscuration reached to 99% before the midday in this
station. The critical frequency of E (foE), F1 (foF1), F2
(foF2) and the height electron density profile were analyzed.
In [3], the foE, foF1, foF2, the peak electron density of E
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(NmE) and FI (NmF1) layer and the peak height (hmF2)
obtained by sixteen ionosonde stations in Europe region
were observed the ionospheric responses to the 11 August
1999 solar eclipse. Chen et. al, [4] proposed the ionospheric
response to solar eclipse of 15 January 2010 in the
equatorial ionization anomaly (EIA) over China region. The
F2 layer apparent high (h’F2) and critical frequency (foF2)
measured by three vertical-incidence and seven oblique-
incidence ionosondes arranged along the meridian from
geomagnetic latitudes 18°N to 30°N in eastern China. In [5],
the influence of the solar eclipse occurred on 20 March 2015
were considered. The foF2 values measured at Rome and
Gibilmanna in Italy and the electron density profile auto
scaled by the Automatic Real-Time lonogram Scatter with
True-height (ARTIST) at San Vito in Italy; then were
analyzed in a time interval of the eclipse occur. Similarly,
Chukwuma and Adekoya [6] submitted the effects of 20
March 2015 solar eclipse on the F2-layer in the mid-latitude.
NmF2 and hmF2 data scaled from six ionosonde stations
were delineated. Furthermore, the ionospheric responses to
20 March 2015 solar eclipse over Italy, Czech Republic and
Ukraine were suggested in [7]-[9], respectively. Besides, the
effects on 21 August 2017 solar eclipse in Europe was
proposed by Verhulst and Stankov [10].

Although the ionospheric responses of the solar eclipse
have been studied in many parts of the world, the effects of
the ionosphere during solar eclipse in Thailand are scarce.
Therefore, this paper presents the ionospheric F2 layer
observation during solar eclipse of 9 March 2016 over
Southeast Asia region. The F2 peak electron density
(NmF2) is used for analyzing the influence during the
eclipse occur.

NmF2 is very important for designing, managing and
modeling in HF communication systems. It is calculated
from the F2 layer critical frequency (foF2) [11] as shown in

eq. (1)
NmF2 = (foF2)?/80.5 €))

foF2 parameter is the maximum frequency in F2 layer
that can be reflected by near vertical incidence sounding
(NVIS) of the ionosonde technique (See more ionosonde
details in [11]-[13]). It is manually scaled from the
ionograms, by using the special-10C-2000-eng.exe program
to read the raw ionogram data, that recorded by the
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ionosonde stations [12]. Three ionosonde stations consisted
of Chiang Mai, Chumphon, and Kotatabang stations are
used for this work. The location of 3 stations are at
Southeast Asia conjugate points that are installed nearly
along the magnetic meridian of 100°E; one is at the
magnetic equator, Chumphon (latitude 10.72°N, longitude
99.37°E, magnetic dip latitude 3.0°N), and the others are at
the magnetically conjugate points, Chiang Mai (latitude
18.76°N, longitude 98.93°E, magnetic dip latitude 12.7°N),
and Kototabang (latitude 0.2°S, longitude 100.30°E,
magnetic dip latitude 10.1°S). Besides, these stations are
located at Equatorial Ionization Anomaly (EIA) region as
shown in Fig. 1.
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Fig. 1. Worldmap of the equatorial ionization anomaly (EIA) [2].

EIA is an area that consisting of an ionospheric region
with high electron density peaks, observed around 15
degrees north and south of the magnetic equator. For the
world, only the South America in Brazil and the Southeast
Asia region that can place the equipment to study the
variation of the ionosphere in this area. Thus, the effects of
9 March 2016 solar eclipse on the NmF2 variations over
Southeast Asia conjugate points is proposed in this study.

The data and analysis method, the results and dicussions,
and conclusions are described in Section II, III and 1V,
respectively.

II. DATA AND ANALYSIS METHOD

The NmF2 data calculated from the foF2 data every 15
minutes during 4-14 March 2016 are used in this study. The
solar eclipse occurs on 9 March 2016 while 5 days before
and after eclipse show the increase of control days.

The foF2 data are measured from 3 three ionosonde
stations. Two stations are in Thailand, namely Chiang Mai
and Chumphon. One station is in Indonesia, namely
Kototabang. Chiang Mai station is installed at Chiang Mai
University, Thailand. The position is of latitude 18.76
degrees north, longitude 98.93 degrees east and geomagnetic
latitude 12.7 degrees north. It is the northern crest of the
EIA. Chumphon station is installed at King Mongkut's
Institute of Technology Ladkrabang, Prince of Chumphon
Campus, Thailand. The position is of latitude 10.7 degrees
north, longitude 99.37 degrees east and geomagnetic latitude
3.22 degrees north. It is the equatorial. Kototabang station is
installed at National Institute of Aeronautics and Space
(LAPAN), Indonesia. The position is of latitude -0.20
degrees, longitude 100.32 degrees east and geomagnetic
latitude -10.1 degrees north. It is the southern crest of the
EIA. These stations are three of six ionosonde stations of

Southeast Asia Low-latitude Ionospheric ~ Network
(SEALION) project that are supported by the National
Institute of Information and Communications Technology
(NICT), Japan [13].

In addition, the reference upper boundary (UB) and the
reference lower boundary (LB) are used to compare the
results of the analysis. Both UB and LB can be calculated
from the equation (2) and (3) [14].

UB=X+2S )
LB=X-2S 3)

Where X is the monthly median of NmF2 data, and S is the
standard deviation. UB is the reference upper boundary and
LB is the reference lower boundary.

The difference between the maximum electron density
(NmF2) and the monthly median of NmF2 data are the
reference upper boundary (UB) and the reference lower
boundary (LB). Both boundaries are calculated from the
equation (4).

Diff NmF2 = NmF2, — NmF2 4)

Where NmF2, are the monthly median, while NmF2,s is the
observed of NmF2.

Solar eclipse day on 9 March 2016 starts at 06:38 LT and
ends at 8:32 LT. The total duration time is 1 hour 54
minutes. The obscuration reaches to 27.1% for Chiang Mai,
479% for Chumphon and 100% over Kototabang,
respectively.

In addition, the Dst-index data can be downloaded from
http://wdc.kugi.kyoto-u.ac.jp/dstae/index.html. Meanwhile,
the Kp-index data is downloaded from http://wdc.kugi.kyoto-
u.ac.jp/kp/index.html.

III. RESULTS AND DISCUSSIONS

Fig. 2 shows the comparison between the dst-index, the
Kp-index, and the NmF2 data from three ionosnde stations
during 4 March 2016 to 14 March 2016. These days indicate
the variation 5 days before and after period of solar eclipse
day on 9 March 2016. In addition, the observed NmF2 is
shown in the solid blue line. The monthly median of NmF2
data is shown as a red dot dashed line, the reference upper
boundary (UB) is shown as a gray dashed line, and the
reference lower boundary (LB) is shown as a gray dot dashed
line. The NmF2 data is lack from noontime to nighttime of
the eclipse day at Kototabang station since the foF2 data
cannot be scaled from the ionogram in this period. For Dst-
index, the data varies between -100 nT and 50 nT. Most of
the results show the storm types in the minor storm (-20 nT >
Dst < -50 nT) for all days except 2 days before the eclipse
day when it shows the moderate storm (-50 nT > Dst < -100
nT). For Kp-index, the data varies from 0 to 6. Kp-index
levels from Kp 4 to Kp 6 show the active, the minor storm
and the moderate storm, respectively. For all three stations,
most of the results show similar variations of the NmF2
values that the variability increases during sunrise, reaches
the peak values around noontime, decreases during post-
noontime to nighttime, and reaches the lowest level during
pre-sunrise hours. Besides, the observed NmF?2 is higher than
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that the monthly median and the reference lower boundary
(LB) while it is close to the reference upper boundary (UB).
Especially, the results of the observed NmF2 during 2 days
(7 March 2016) before the eclipse day are the highest value.
During the eclipse day (9 March 2016), the results for all 3
stations show the observed that are lower than those the
median. After eclipse day, the observed value is close to the
median except 1 day (10 March 2016) which is higher than

the median and it is close to the UB. According to the
comparison of NmF2 between 3 stations, the results show
that the NmF2 values in the equatorial (Chumphon) is lower
than in the northern crest (Chiang Mai) and the southern
crests (Kototabang) of the EIA region because the fountain
effect occurs in the EIA region affecting to high electron
density in the northern and southern crests of the EIA and
low electron density in the equatorial latitude station [11].
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Fig. 2. The comparison between the Dst-index, the Kp-index, and the NmF2 values at Chiang Mai, Chumphon and Kototabang from 4 March to 14 March

2016, the date of the solar eclipse is 9 March 2016.
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Fig. 3. The difference of NmF2 between the monthly median compared with the reference upper boundary (UB) and the reference lower boundary (LB)

over Chiang Mai, Chumphon and Kototabang stations.

Fig. 3 shows the difference of NmF2 between the
monthly median (Median), the reference upper boundary
(Upper bound) and the reference lower boundary (Lower
bound). The results at Chaing Mai, Chumphon and
Kototabang stations are illustrated in the top, middle and
bottom panels, respectively. The blue solid line is the
monthly median, the black dot dashed line is the upper
bound and the red dashed line is the lower bound. For
Chiang Mai, the results show that the median vary between
+1x10'? ¢/m? while the upper bound vary from -0.5x10'2
e/m’ to 1.5x10'2 e/m* and the lower bound very from -2x10'?
e/m3 to -0.1x10'2 e/m*. For Chumphon, the median vary
from -1x10'? e/m?® to 0.5x10'> e/m* while the upper bound
vary from -0.5x10" e/m® to 1.1x10'> e/m? and the lower
bound very from -1.5x10'? e/m® to -0.2x10'? ¢/m?. Similarly
in Kototabang, the median vary from -1x10'? e/m*® to
0.5x10"? e/m? while the upper bound vary from 0.1x10"
e/m? to 0.9x10'? e/m* and the lower bound very from -
1.0x10'2 e/m® to 0.2x10'2 e/m?.

IV. CONCLUSIONS

This paper presented the variation of NmF2 before the
solar eclipse of March 9, 2016 based on the ionsonde stations
at conjugate points over Southeast Asia region. The results
indicated that the observed NmF2 increased anomalies 2
days before the eclipse occurred. Meanwhile, the observed
NmF2 decreased in solar eclipse day. Besides, the NmF2 at
equatorial was lower than that the northern crest and the
southern crest of the EIA. This is only one technique and one
case of the observation during the solar eclipse.
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Abstract—This paper presents a comparison of the
ionospheric propagation factor M(3000)F2 measurements with
IRI-2016 model predictions at Thailand low latitude station,
namely Chiang Mai (18.76°N, 98.93°E, dip angle 12.7°N). The
M(3000)F2 data in 2016 are scaled from the ionograms
recorded by the ionosonde measurements. The hourly values of
M(3000)F2 are analyzed based on the diurnal, seasonal, annual
variations and compared with the IRI model predictions. Both
observed and IRI model data showed similar variations in that
decreasing from pre-sunrise to noontime hours (3-12LT), and
increasing from afternoon time to post-midnight hours (13-
03LT) with a few decreasing during post sunset hours (20-
00LT). Furthermore, most of the results show the IRI model
data gave the M(3000)F2 values close to the observed data
during daytime and it underestimated the measured ones
during nighttime. All of these studies have important effect on
the development of future IRI-model for Southeast Asia.

Keywords— M(3000)F2, Ionograms, Ionosonde, IRI-model
2016

[. INTRODUCTION

The propagation factor of the ionospheric F2 layer or
M(3000)F2 is an important parameter for designing the
radio propagation in high frequency (HF) band and using in
telecommunications military, navigational, aeronautical
radio along with RFID (Radio Frequency Identification)
systems, etc. M(3000)F2 is related with MUF(3000)F2,
foF2 and hmF2 parameters as shown in eq. (1) and eq.(2),
respectively.

M(3000)F2 = MUF(3000)F2/foF2 1)
hmF2 = (1470/M(3000)F2)-176 2)

Where MUF(3000)F2 is the maximum frequency that can be
used at a distance of 3,000 kilometers, foF2 is the F2 layer
critical frequency and hmF2 is the F2 layer peak high that
can be computed from Shimazaki formula [1]. Both
M(3000)F2 and foF2 parameters are manually scale recorded
by the FM/CW ionosonde. The FM/CW ionosonde is a
transceiver. It transmits the radio frequency in High
Frequency (HF) band (3-30 MHz) to the ionosphere and
receives the echo return. The return signal is recorded to
image, called as “Ionogram”. Ionogram is measured the high
and critical frequency in E and F layer. In this paper, both
M(3000)F2 and foF2 are collected by using the special-10C-
2000.exe program [2] as shown in Fig. 1.
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Fig. 1. The manually scaled between foF2 (Top panel) and M(3000)F2
(Bottom panel) parameters using the special scaling program.

These foF2, M(3000)F2 and hmF2 parameters are used
for developing and improving the ionospheric model
predictions. The International Reference Ionosphere (IRI) is
widely used as the standard for the limitations of various
variables in the ionosphere such as density electrons and
temperatures of various layers. IRI-model is certified as
international standards by COSPAR and URSI by
evaluating multiple models to find the best IRI model. In
1999, URSI certified to approve the IRI-model as an
international standard for ionosphere which IRI model was
developed, revised, and updated continuously and updated
the latest information in 2016, known as IRI-model 2016
[3].

There have been many studies the parameters compared
with the previous version of the IRI-model, such as
N. Wichaipanich et al. (2013) compare IRI-model 2001 [4]
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and IRI-model 2007 [5], M. Pezzopane et al. (2013) [6], RG
Ezquer et al. (2014) compare IRI-model 2012 [7], M.
Pietrella et al. (2014) [8], Fahmi A. Mohammed et al. (2015)
compare IRI-model 2001, IRI-model 2007 and IRI-model
2012 [9], F. Azpilicueta et al. (2015) [10], and L. Perna et
al. (2018) compare IRI-model 2012 [11].

Although the comparison between the ionospheric
observation and the IRI model prediction have been
proposed in Thailand [4], there is only the observation of
foF2 and hmF2 compared with the IRI model. The
M(3000)F2 parameter compared with the model is scarce. In
this paper, the comparison of M(3000)F2 measurements and
the IRI-2016 model predictions at Chiang Mai station in
Thailand is presented.

II. DATA AND ANALYSIS METHOD

Data used in this study are measured from the ionogram
recorded by the ionosonde at Chiang Mai University (latitude
18.76°N, longitude 98.93°E and geomagnetic latitude
12.7°N), Thailand. This ionosonde station has been
supported by the National Institute of Information and
Communication Technology (NICT), Japan since 2003. The
hourly values of M(3000)F2 in 2016 are analyzed based on
the diurnal, seasonal, and annual variations. The observed
M(3000)F2 is compared with the IRI-2016 model.

Seasonal variation can be divided into 4 seasons. Each
season is the monthly hourly median of M(3000)F2 values
consists of March equinox, June solstice, September equinox
and December solstice.

The percentage difference of M(3000)F2 (4M(3000)F2
(%)) between the observations and the IRI-2016 model
predictions are calculated from

AM(3000)F2 (%) = [(M(3000)F2 iz — M(3000)F20s) /
M(3000)F20ss] x 100% 3)

where M(3000)F2ir; is the propagation factor of the
ionospheric F2 layer predicted from the IRI-2016 model,
while the M(3000)F20bs is the M(3000)F2 observations
obtained from the ionosonde at Chiang Mai station.

III. RESULTS AND DISCUSSIONS

The comparison between the M(3000)F20ps compared
with the M(3000)F2g; at Chiang Mai on March 15", 2016 is
illustrated in Fig. 2. The blue line is the observed
M(3000)F2 and the red dashed line shows the predicted
from the IRI-2016 model. Both observed and IRI model
show similarly variations that they decreased from pre-
sunrise to noontime hours (3-12LT), and increased from
afternoon time to post-midnight hours (13-03LT) with a few
decreasing during post-sunset hours(20-00LT). Furthermore,
the results show that the IRI model underestimates the
observed M(3000)F2 from nighttime to pre-noontime while
it overestimates the measured one from noontime to post-
sunset hours (12-16LT). The observed M(3000)F2 varies
between 2.5 and 3.5 MHz during daytime while it changes
between 3.2 and 4 MHz during nighttime. For IRI model,
the M(3000)F2 prediction values vary from 3.0-3.3 MHz for
all day. The diurnal variation of AM(3000)F2 (%) values on

March 15", 2016 is shown in Fig. 3. The results show that
the AM(3000)F2 (%) value vary between -19% to 17.5%.
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Fig. 2. The M(3000)F20s compared with the M(3000)F2g; at Chiang Mai
on March 15", 2016.
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Fig. 3. The percentage difference of M(3000)F2 on March 15™, 2016.

Fig.4 shows the seasonal variation of the observed
M(3000)F2 compared with the results from IRI model at
Chiang Mai in the year of 2016. Most of the results show that
both observed and predicted results have similar in seasonal
variation. In March equinox season, the highest value is
around 3.75 MHz and the lowest level is 2.6 MHz for the
observed M(3000)F2. The IRI model gives the M(3000)F2
values close to the measured data during daytime, but it
underestimates the observed ones during nighttime. In June
solstice season, the observed M(3000)F2 varies from 2.5
MHz to 3.5 MHz while the model changes between 2.65
MHz and 3.25 MHz. The results in September equinox are
similar to the results in March equinox, but a few different in
that the highest values at 3.6 MHz and the lowest level at 2.8
MHz for the measured data. In December solstice season, the
maximum and minimum values are 2.9 MHz and 3.55 MHz,
respectively. Moreover, the results in both equinox seasons
are higher than those in both solstice seasons.

The percentage variation of M(3000)F2 in different
4 seasons in 2016 are shown in Fig. 5. In March equinox,
the AM(3000)F2 (%) varies from -10% and 5% during the
day and changes between -4% and -13% during the night. in
June solstice, the AM(3000)F2 (%) varies from -2.5% to -
11% for all of the day except at 14-16LT when it changes
from 2% to 3%. The results in September equinox show
similar with the results in June solstice, however, the
percentage in September equinox is higher than that in June
solstice. Finally, the results in December solstice show the
AM(3000)F2 (%) changes between +5% during daytime and
it varies from -1% to -10% during nighttime. From Fig. 5,
the best case occurred in June solstice season while the
worst case occurred in March equinox season.
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The yearly hourly median of the M(3000)F2ops
compared with the M(3000)F2r; at Chiang Mai in 2016 is
illustrated in Fig. 6. The results show that the IRT model
prediction values underestimate the measured ones for all of
the day, especially during nighttime, except at 13-17LT
when they overestimate the measured ones. The observed
data vary from 2.75 MHz to 3.6 MHz while the results from
IRI model change between 2.75 MHz and 3.3 MHz.

Fig. 7. Shows the percentage variation of M(3000)F2 in
the year of 2016. The AM(3000)F2 (%) varies from -6% to
4% during daytime and changes from -2% to -11% during
nighttime.
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Fig. 6. Yearly hourly median of the M(3000)F2¢, compared with the
M(3000)F2g; at Chiang Mai station in 2016.
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Fig. 7. The yearly percentage difference of M(3000)F2 in 2016.

IV. CONCLUSIONS

This paper presents the comparison of M(3000)F2
parameter between the collected data from ionosonde station
located at Chiang Mai, Thailand in 2016 and data from IRI-
model 2016 yearly, seasonally and daily. It is found that all 3
types have similar characteristics of M(3000)F2 parameter
which it increases during the sunrise or in the time around
06-07LT and decreases during the time 09-13LT. It causes
the electrons to blow in another direction (Bite out) which
results in decreasing the amount of electrons in that area until
a saturation point and increasing again until sunset at time

around 17-19LT. After that the value will gradually decrease
because the atmosphere will not receive solar energy before
increasing in the morning of the next day. The collected data
is higher than the value obtained from the IRI-model because
the Chiang Mai station is above the magnetic equator's
latitude causing the prediction of parameters from the model
is not accurate enough. In addition, the studies in the
magnetic equator area in Thailand still very few compared to
other latitudes.
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