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ABSTRACT

This thesis presented a comparison between the E layer critical frequency (foE)
observations and the IRI-2016 model predictions. Moreover, the anomalous variations of
sporadic-E (foEs) phenomenon at the equatorial ionization anomaly (EIA) over Southeast
Asia were analyzed.

The foE and foEs parameters were collected from three ionosonde stations,
namely Chiang Mai and Chumphon in Thailand, and Kototabang in Indonesia. The hourly
values of foE and foEs variables from 2010 to 2018 were analyzed to find daily,
seasonally, and yearly variations and differences between the low and high solar
activities. Besides, the comparison between the observations and the IRI-2016 model
predictions was proposed. The percentage deviation (%PD) was used to analyze the
differences between the measured values and the model predicted values.

The results showed that: (1) both the observed foE values and the model
predicted values similarly changed as they raised after the sunrise to the highest values
at noon, and then decreased after noon to the lowest levels at sunset hours. In general,
the foE values varied between 2 and 4 MHz. However, the IRl model predicted the higher
foE values than the observed values, especially at Chiang Mai station and Chumphon
station. On the other hand, the observed foE values were higher than the IRl model
predicted values at Kototabang station. Furthermore, the foE values directly related to

the solar activity, as the foE values during high solar activity (2015) were higher than

(5)



those during low solar activity (2010) at all stations. Comparing among these three
stations, the highest values occurred at Kototabang station while the lowest values
occurred at Chiang Mai station. (2) The changes of foEs values at all stations occurred
during daytime. The measured values during nighttime were 4-8 MHz. Meanwhile, the
Chumphon station showed the highest values of foEs while the Kototabang station
showed the lowest values. In addition, at Chiang Mai station, foEs values during high solar
activity were higher than foEs values during low solar activity. In contrast, at Chumphon
station and Kototabang station, foEs values during low solar activity were higher than
foEs values during high solar activity. This research results contributed to the design of
communication systems in the high-frequency range and could be used in the

development of the IRl model.

Keywords: lonosphere, lonosonde, IRI-model, solar activity
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2.6 LUUAAD4 IR

IRI model (International Reference lonosphere) AakuudtasinInsgrunlddimsu

)

AT YRYavRIRILUTANY gastuussenaloleluailes Wy miumuuiurediEnasey waz
gumgduastusiie Tas IR @$unsfusenduinsgiuanaldfuegaunivarsuasssldludiu
MsANILAEIMNTTI LUUTIAeY IRl aansoutssentdiiu 2 vlsnmnnuusnivesada Ae
LUUSIa0 T gnitaiuiuazsuseslag The International Radio Consultative Committee
(CCIR,1966) waz LLUUﬁi’wamﬁg_]ﬂﬁwmLLaz%’Uianms The International Union of Radio Science
(URSI,1989) wuudians IR Ifgnitmuinazuiuugsedisdeiios lns RIldgniuseady
mmgmmﬂa‘lm the Committee On SPAce Research (COSPAR) wag International Union of
Radio Science (URSI) Tng Szuszczewics uazanigldvinnsimunaulduuudiass IRl fiawysaifign

Tud a.a. 1999 URSI losusesliwuudnass IR usnsgiuainadmsuduussennieleleluaiiles

[23]
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wuudaes lnedagtuiinelouseyevesnmzaundnyianan 43 Auy ALninszanemlaniadnis
FIUNFUTENINI COSPAR wag URSI UuLUUIIa89 IRl kuudtaeelinisusuusauilueg1anaiilo

wuudaes IRl NUTulTadeyanstatgame IRI-2016 Ingseninausulsslatmvnnisald1Atysnaquans

Tum1519 2.1 wazdalinsdnuszgaundalnnisuanifsmisng 2.2 WieuaniuasuanuiuiasUiul 39
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[

wuudaed lnelidesiunnisuseguisuiinisasinuinsawsnlunidsde Space Research uay

moulu Advance in Space Research

[

M13199 2.1 wign1salddyuesn1susulse IR [23]

o

U(pa)  wsnisel eauldun donan
1968 COSPAR ﬁ@{%\i IRI WG Taedl Karl Rawer A9
FnuaUssIU
1969 URSI 1n33aingu
1972 Fmsadremnsclutugu FUsr199v09 IR Tulsaz 51897
anuifiden
1973 COSPAR dnuszyudunun?  uusihieuaidedddmsu
Konstanz Usewmeeesudl  wuusiaeswestu D
1978 enuiiawes URSI (R nisasoungusilandmiu  smuausia ALGOL
79) AT ULH LT VDS uay FORTRAN Uu
CCIR d%5u foE, foF1, LaUTUNLELILAY
foF2 way M(300)F2 UNII18N19
1981 gudnansdeyainlandmiu N3LaZANTIAILYS

SHNUNNHNENANITUN

findisinasielan (IR-79)
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M990 2.1 wgn1saldnAyreinsUsuUss IRI [sie]

Ua) sl aldun donans
1986 RI-86 vuunuAaidmiuld  aseunqulandmiu wriuRaiiAeiu
UUADUTA A BTAIUA qﬁwqﬁﬁﬁy’aagw AE-C, D, TUSwNSuYINaues
-E uazdaya AEROS-A, -B DOS
1990 51897784 National Space  uwufl URS| sy foF2  misideyainienans
Science Data Center dAyed NSSDC A
(NSSDC) 7 ftp dsuuuagly
Uszlovildmiung
Feusansdualy
druvesniseoulad
Uoyaved NSSDC wae
UINIU8S
(NODIS)
1995 IRI-95 eaulai(RI Web) MsUuUssTiaziige IRI-Web 15U
wilwdnen LA NAAAILUTAIN)
299 IRl UuBUADILIN
1999 UFU9 URS| IR gsuniseeusudu
mmﬂgmmﬂaé’m%’u%gula
Toluailes
2001 IRI-2001 tAeafumsUiulss msﬂ%’wqﬂ%”’u D wag F1

AngeuazAInUs

FFguazuuUTIang
IngNamwdsivdlawn F1,

prob, equat,vert, iondrift
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M13197 2.2 N5UTERTaUURNTalves IRIuasFsAfius IRl [23]

U(n.a) anufidn el Aaffum
1971* Seattle, USA Space Res. XIl,
1229-1335, 1972
1973 Konstanz, FRG Measurements and Results of ~ Akademie-Verlag,
Lower lonosphere Berlin, 1974
1974+ Sao Paulo, Brazil Space Res. XV,
295-334, 1975
1980* Budapest, Hungary  IRI-79 WDC-A-STP,UAG-
90, 1984
1982* Ottawa, Canada The Upper Atmosphere of the  Adv.Space
earth and planets Res.(ASR)  2(10)
1982
1983 Stara Zagora, Towards an improve IR (ASR) 4(1) 1984
Bulgaria
1984* Graz, Austria Models of the atmosphere (ASR) 5(7) 1985
and lonosphere
1985 Louvain, Belgium IRl — status 1985/86 (ASR) 5(10) 1985
1987 Novgorod, Russia lonosphere Informatics (ASR) 8(4) 1988
1988* Espoo, Finland lonosphere Informatics and (ASR) 10(8) 1990
Empirical Modeling
1989 Abingdon, UK Development of IRI-90 (ASR) 10(11) 1990
1990" The Hague, Enlarged Space and Ground (ASR) 11(10) 1991
Netherland data base for
1991 Athens, Greece Adv. In Global/Reg. Descript. (ASR) 12(7) 1992

Of lonospheric Parameter
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M13197 2.2 N5UTERTaU RN Salves IRIuasFAfiu IRl [se]

U(n.a) anufidn el AaRfia
1992* Washington, DC, lonospheric Models (ASR) 13(3) 1993
USA
1993 Trieste, Italy Off Median Phenomena and (ASR) 14(12) 1994
IRI
1994* Hamburg, FRG The High Latitudes in the IRI (ASR) 16(1) 1995
1995 New Delhi, India Low and Equat. Latitude in IRl (ASR) 18(6) 1996
1996* Birmingham, UK Descript. Of lonospheric Strom  (ASR) 20(9) 1997
Effects and Irregularities
1997 Kuhlungsborn, New Develops. In lonospheric  (ASR) 22(6) 1998
Germany Modeling and Prediction
1998* Nagoya, Japan Lower lonosphere: (ASR) 25(1) 2000
Measurements and Models
1999 Lowell, MA, USA IRI- Workshop 1999 (ASR) 27(1) 2001
2000" Warsaw, Poland Modeling the Topside (ASR) 29(6) 2002
lonosphere and Plasmasphere
2001 Soa Jose Dos Description of the Low (ASR) 31(3) 2003
Campos, Brazil Latitude lonosphere in the IRI
2002+ Houston, Texas, Improved lonosphere ASR in press
USA Specification and Forecast
2003 Grahamstown, Quantifying ionospheric ASR in

South Africa

variability

preparation

* uaneN15UsEENad IR TuYen1559aNquuednnenssuNITuL Space Research
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n13USuUgUUIIaed IRl erdenisiiudeyaniuanniangg vulanunussuianasenin
Wuuvudiass Feflawddeunnuisdudiaivayulunisfawisuudiass wasifiwes fok A
st 91n9WIde [19] azmiuledn wuudiaes IR azmAmsdwes ok ldainaunis

foE = 0.121 + 0.0015 x (COV,, -66) (2.1)
COV,, = 63.75 + 0.728 x RSSN. +0.00089 x RSSN? (2.2)

lpafl RSSN Aadnuaugaduuunseniinduuusey 12 e dududeyantuiinlildlu

IRl wardainunanunsaman RSSN 1aain
RSSN = [ (-0.728 + v0.728° — 4 x 0.00089 x (63.75 — COV,,) ) / 2 x 0.00089 ] (2.3)
Eusaldan CoV;, Auaman RSSN uarldiudoyadmsu IRl la
Tnedayainuuusiaes IRl AldUSUUT@uuenaINMITines fof wé Sslidmafines

Sudn 1@y hmbD, NmD, foD, hmF1, NmF1, foF1, hmF2, M(3000)F2, NmF2, @1115an12%luan

Toyalaaniiuled [29]
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3.1 gunsalitldluauise

guUnsaifildlunisiAuteyaldindesiudesu SKI-96092 FM/CW Radar fheg1sfianndl
yunsdagudl 3.2 vhnisdauariuadulugiu 2-30 wnzsed duaiseinasialalng 2 Tu 21
favanafudulan mnugavenarfidnaiseiniegs 27 was ilendnidesdsinuang wu duls
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M19199 3.1 W5Eesenee veansdanalaelelelugeun anntyuns [23]

LUV Frequency Modulated-Continuous Wave (FM-CW) with pseudo-
random Tx/Rx switching

A3padulazASedInal  SKI-96092 FM/CW Radar

1Y

Mddgeanveaasosds 20 Tnd

o U d‘ 4{' 1 U 6
AARAYYDILATDIE 10 98
g1UAINUD 2 D9 30 WNLLEINTG
BNIINITAUAIIND 100 AlaLdsad Mo U9
o =
$9UNNSVIN9U 5 Ui
LENDINA 49 27 1ns
Aa1wDINA Folded Dipole 2 #u dilwanlsdssainaariu
o 1 a % v = % v Y Y 1 <
AwALIvasannd W33 10.7 oeenile wduwas 99.37 aamnziusen iduiusman

3.22 99AMALD
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Ul 3.2 LedesdalazIAB 09T UL SKI-96029 FM/CW Radar [23]

JUN 3.3 awonieviinlnidinlalng [23]
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IRI model (International Reference lonosphere) Aol uudtasinInsgIunlddinsu
a L84 £ 1 gj a 6 ] Y 3 a
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Wivinnsesizvnaly

International Reference Ionosphere - IRI (2016) with IGRF-13 coefficients

This page enables the computation and plotting of IRT parameters: electron and ion (O+, H+, He+, 02+, NO+) densities, total electron content, electron, ion and neutral (CTRA-86) temperatures, equatorial
vertical ion drift and others.
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4 MATLAB R2017a
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MATLAB R2017a
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2010 240 264 282 309 326 327 324 317 305 294 250 231
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2010 2995 3.119 3.060 3.186 2.995 3.091 2.843 2.990
2011 3.025 3.256 2.940 3.372 3.103 3.272 2995 3.153
2012 3.135 3.406 2.900 3.440 2.800 3.278 2.698 3.123
2013 2.680 3.351 3.000 3.425 3.133 3.347 3.090 3.211
2014 3.235 3.477 3.270 3.550 3.330 3.378 3.180 3.202
2015 3.200 3.416 3.283 3.426 3.148 3.230 2.920 3.036
2016 3.070 3.240 3.110 3.253 3.013 3.071 2.790 2.908
2017 2.900 3.125 3.050 3.177 2.940 3.027 2.760 2.875
2018  2.960 3.073 3.033 3.124 2.990 2991 2.968 2.842
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4.2.2 NAAATIZINIITNDS fOE AnYNNTUUUTIBGBY
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2010 2011 2012

z 20 z 20 z 20
a a a
X =x X
< 40 < 40 < 40
7 8 9101112131415161718 7 8 9101112131415161718 7 8 9101112131415161718
Local Time Local Time Local Time
2013 2014 2015
g0 £ "i g L
z 20 z 20 Z 20
a a a
B B B
40 40 40
7 8 9101112131415161718 7 8 9101112131415161718 7 8 9101112131415161718
Local Time Local Time Local Time
2016 2017 2018
E 0 M‘L’ S 0 § 0
z E 2
z 20 z 20 z 20
a a a
B B B
-40 -40 -40
7 8 9101112131415161718 7 8 9101112131415161718 7 8 9101112131415161718
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JUN 4.12 FanuaaInniounsIiwes fok Nianttyams

o i a a ¢ ~
f1919% 4.3 ALRAYNITUMDT foE aﬂqu"qllW§

1 ldl = a (4 a a 1
Anaaes1etresiines foE anidesnd

U
700 800 9.00 1000 11.00 1200 13.00 14.00 15.00 16.00 17.00 18.00

2010 248 272 303 3.27 3.48 3.44 342 340 322 300 255 264
2011 - - . \ 7 > 7 - - - - -

2012 248 276 303 3.46 3.51 3.59 364 357 331 296 264 250
2013 254 288 324 350 3.66 3.70 372 355 348 311 271 244
2014 249 286 325 350 3.74 3.81 381 368 348 312 275 250
2015 264 292 335 348 3.62 3.72 375 368 333 308 283 259
2016 257 279 303 331 3.44 3.50 346 335 326 302 268 251
2017 - - - - - - - - - - - -

2018 248 258 3.03 324 3.12 3.04 316 319 316 298 268 230
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M99 4.4 A1RRYTIEHANIANTIIHMES foE anilyuns

ALRRYTIERANaYRIAMNIIEnes foE vasanityumns

9 March Equinox June Solstice September Equinox December Solstice

FwAs-lawe) (wewAAN-FennA) (fMugngu-nanA) (W AAN B U-NUATUS)

Observe  IRI-model  Observe IRI-model Observe  IR-model Observe IRI-model
2010 3.070 3.136 3.160 3.153 3.135 3.124 3.048 3.048
2011 - 3.274 - 3.342 - 3.304 - 3.213
2012 3.143 3.422 3.365 3.409 3.310 3.311 3.110 3.202
2013 3.288 3.369 3.410 3.391 3.290 3.380 3.280 3.280
2014 3.355 3.496 3.460 3.516 3.420 3.410 3.283 3.289
2015 3.300 3.442 3.400 3.392 3.210 3.307 3.220 3.083
2016 3.235 3.264 3.030 3.225 3.135 3.145 2.900 2.958
2017 - 3.152 - 3.140 - 3.099 - 2.927
2018 3.090 3.100 2.960 3.090 - 3.062 - 2.866
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