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ABSTRACT
It is generally known that the measurement of the ionospheric total electron
content(TEC) by GPS can more accurately monitor the broader area of the
ionosphere than other current methods. We measured the TEC along a slant
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path considering the arrival time differences of P-code which is transmitted
from GPS satellites with the modulation on two L-band carrier frequencies, L1
(1574.42MHz) and L2 (1227.60MHz). Under the assumptions that the iono-
sphere is uniformly distributed and its average height is 350km, we transformed
the slant TEC to the vertical TEC at the point that the line-of-sight direction
to GPS satellite cut across the average height of the ionosphere. Because there
is no dual frequency P-code GPS receiver in Korea, we used the data observed
at the TAIW GPS station (N25°, E121.5°) in Taiwan which is one of the core
stations in International GPS and Geodynamics Services (IGS). The TEC val-
ues obtained in this work showed a typical daily variation of the ionosphere
which is high in the daytime and low in the nighttime. Our results are found
to be consistent with the SOLAR-DAILY data of NOAA and the Klobuchar’s
model for the ionospheric correction of GPS. In addition, in the comparision
with SOLAR-DAILY data, we estimated the precision of our TEC measurement
as 2 TEC.

1. & &

GPS(Global Positioning System): QAFARA 2 RE AN ETE FA3te 249 324
AAst &5, BF L AL AFeR FFFoZHN X AAge] AFA ooy &7
24212t QIAEFA o] 7Hed 2B Y 88 AA A, A Mutolu) AFA} v 5] Y
2 RAYUEA 9 A, 3ok o127 71A] thedt Fobol F43] 45 ot (HEF 9
1992). GPS 9149 A Agol:= oF 20,183km= ZAF7| = ¢ 124 7to]0 A5 Ad 94 =
of 7Hga (el &<0.03), F 2470¢] 914 (Block II)o] 2+ A2 (F 670) 4708 wjx) 5o QA
o AEZARZES 55°013, ARR 7189 Al A2 60°4 FZH o2 wj s o] 3+
24 A2t oty A YA Ix 5° o] o] AL ES N oA B 5 UEE dAHY . 28
T GPS 914 & L1 (1575.42MHz) 3} L2 (1227.60MHz) 5 7H9] $A 7050 A0S Ao} x4
o AR A A, o3 A £ AR/ Fo) R ol &Foly Yl FF T A7
of 213 J&S WA A

AFBAOZHE o 50kmel A 2000kme] & B3hs o] 23L& & 579f Ao} Fol 29 o
AP YAER FREHA A ol H T JASY ¥ X R Yo o8] GPSE T ¥l F
A, Bl o] AHE AHEEE A Ao 93 @] g Eo 583 A giAde] 5o At 71E
9] o] &F ZAtol o] WY EL w78 A #l ol (incoherent scatter radar) s} 22 %
H| & o] -&3le 2ol M HE3t= sl Aol 33 (Faraday rotation) ¥y 45 =
E2 (differential Doppler) Wyl Zo] 2|02 RE o= ARANTE AL} o] 239 A
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g dopj= $722 7140 Atk (Coco 1991). 221} % & ARE GPSE o] 4% 0|23 o
F o] gkslo} J1 &0 PYEE A Yk T olf= Ao FARY Ko A
A BAAE 9450 o3 Aol AYA AL TFTHE AHSAEES 717 olFE 2
3} A5 253 $Yel AHSE Y Transit 914 GPS7H A B2 2M o § e gz 2
WS Aol BT o] &3 A7 sl dEI T

GPSE o £% ¢|&% 33 Wy o2 JUA $UL L1} L2 F7el $UFnso Aol $2
HE P 229 o|23d % ARAA Aol & ol g5l FARNFE ST A% FAA WY
& S8 $A5R5e A4E ZAse) 2 ol 2R 0XHE EURT YE FAASF (biased
TEC)& 7H= 2otk 9 9ol F4alt Ay 33458 2337 noke 334
4o ABBVE uE Fole ¥ & Ybd, o= AN 0§ Wlel WEF ol g WPu
H Adsh} AN 9L LA T YoM AA FAASE okdrl YEY HAEol
agnz FEs A4AAH o8 Yol Wil AT A4S s Fers FUEE ZouA
FAA%5 RE Wl ARE 5 VL Aol o] A7E A BASZA P IES ol $34E B
Agae] oledel $345E 2Pt

2. 373 99

g 2% 5 /A P ez S oY AA, dAD 49X
Eo| ARV AZRE JUAE wole}l NI E siA St FH Aol EA, AU 4F
A gL A& o AP Ao AYA R FAA T SH B oIth (Tascione 1988). 23
U GPS 914 A GHzdl #1338t 2308 AS3te B9 ZHETSE A vl st 23D
& WA = Aste] 2Fo) o] &3 AXEY Yrs) Ao Fafo M ARHE S R
# 3 4l¢] Appleton-Hartree 4} (Davies 1965) 0]t} o] %3 412 ¢ A7) o] Ay UAA &2
IEHQ LAY o] FARGD ABP S, & o] @38 F A} (Clynch et al.
1989).

AR} AP e T ol 2FE Ao

n= 1+ A—f—.jl (1)
q7lM ne Z2AE, NS AXSF AL (electron number density), f= Ase] Fus= g
T A= REEA A = 403 m¥fsec? o}, 4(1)& TS50 Y 2HES BAD Ao,
GPSe] IE 4157} o] &3S T T 99 2845 A% AR T THF A A(group
delay)o] Rt} (n = ng, >1). AR A FFAl = A(D)AA F-37t viF o 1S5 9
B ZAE (n=npn <& AHLEA HER FAAIEEH 9487049 AA At e38 7
A &3] Bt A(1)S AL7A ] Al o ste] AEse £ oS3 A

/nds = R, + %/Nds (2)
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g AA [nds = AR 2REHY $49 437 A AgH $A48F Yl Z, R,
o] 5o o8 FAL AR ¥ AA 0T HEH FAVRAY 7381889 A E 2¥. 2
3 [N dst= 91 87A 9] AR g ) 3 o] &9 AAFLE YT SO g B9 715U FAH
A4= (TEC: Total Electron Content)7} it}. & 1m?e] B9 A& & 717 715U 9] ARES ¢
€ @3 Zlojth. IHEZ o] &3 2% AL TR} ¥& YIS [ndsE Rinol8 ¥
o9, AT oS3} o] € 5 Sk

40.
Rion = Ro+ -%§ . TEC 3)
= dud oz TECZ vepd g, 1 TECE 1x10%6 electrons/m? o) & g3}
R&E, A, 4l A7 AAF R FARY R, AlH B olsf 2 ghol W

©
r

FH1R
38t BB FAE AS, o] 2Fof o A AT Udo] Holl= 5 ~ 15m B 5] Z W=
2m B Eo]t} (Coco et al. 1990).

3. &3 9wy

QAN A&BAZ o] AT A= o] 2F9] FAREE 287 93] L1 L2 FAHe &
A sae] A ot P EA 92 A3AH (PL, P29 Aol & ol 43Tk = 238l 79
Sute] Yool o] 2B A THE Anel Aol 2A] QYT AR A, FAY 2= A
U= T A OE 25T o230 gatel FAHE Ao BEA He, A3 A Ao
gate] £AANA ZFHE P s HEA S Xol 7k WA Bk, o)sh o] L1t L2 FAHe]
FUFTHEe] AP $UHE P ZE7h ol &30 ) A AT Aol & A(3)e A8 BHs}

ARion = Rion(L2) —~ Rion(L1) [m] ()
A= 8 AR iy ged e FHASEE FE F Ak
ARion
103 (A= - )

TEC = lel./m?) (5)

AANA fr1 & L1 T8ASFEH 1575.42 MHz0] 2, fro = L29te] 20542
MHz ojtl. 28X ARipne ol EF 058 4712 P IEE &3 89 3H3oz o
T 7M3AE P, P28 Ao s F3tu g, A(5)d 2 ddFo2H SRS ghol EojA X
ol ASFE 4 A Dok

2789 AZE o] Fe GE AYg THA3NY oy BFo2RE E2A4 A getA 9

M A& FARS: FF L 4 8 AL AP FAAFIRR o8 FAR WF F
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AN BEL

/

I 1 N2 A2 £A¢e 2824 Clynch et al. (1989).

ARFZ vhto] Fojof Bt} Al FAAFE FANEY FAANFE AP 9] 8o
Clynch et al. (1983)2] & AHS3IsTh 2§ 1olH & ups} e} 0] &332 B FH ¥
£ 350kme}t 7} 8k (Wild et al. 1988), A|ME3Fe] 2AALE 0] 5 B ¥l 233
o o} Ay FAANFZ TS ol & SRS AP LTLR N LA GE ol/fE A48
o] 1% A S=A1A o] AR W R2ol o] 2% At B F AR o8 AL 3 ¥ 7
olgl ¥ 4= glon WAsh e tl&3) 4.
TECs
TECv = ——— 6
' em) ©
o7l TECst Aoz 238 2034 TECvE FARToR 548 FAAS5, Q(F)
T+ 71€71 &< (obliquity factor)e]th. 71 &84 Q(E)E O&3 Z44.

3
QE)=) aiX” (7)
i=0
AT aie & 1ol FoA 3, o] GEL o] &ZF0] Fol 200km e} 600km Atejo] #A % 773
olg}l AP S Q45 least-squares fitA| AN HoAF grEold, AN X = 2E/nrE A
JRn. sl A E= 949 aEzol o



76 SEO et al.

E 1. 1&1¥%79 A+(ai) g

V&7 AL &t
ag 1.0206
ay 0.4663
as 3.5055
as -1.8415

[P 2= AuA A AL 23 |
[N %az}#— 23 |

| 53] %ja A5z B4

EEERER 4@5{1 FAATE FE|

|~

39 2. AAEY 388 8.

A LS Bl Aol TAIW BS2E FH22 1220001904 239 A48 A9 2
ARG QR F, GG SRS ARSI ldhel Z A4 5 FARAS el
B Astdth 29 2= WAL FPPAL 298 ZolTh

4. F3 A 2 92

A FH e o] FZ 054 P 2E £2717) ¢17] o £, 24 GPS #&7 (International
GPS & Geodynamics: 1GS)¢] &4 #Z4%F 3k}l Taiwane] TAIW #&2¢ 33 tolg
& AH8-3tglth. ITRF '92 (International Terrestrial Reference Frame 1992)¢] <] 3t TAIW 3
&2 FE N25%, E121.5%0[t}. o] do[E]& Rogue SNR-800 GPS 41712 #&5 o,
F2A 7= 1994 3@ 139%H 49 11974 309 Ftoloh. :ﬁd 3L 7 (349 139)
TaiwanA| g o] FAAF7 AstE BH5E 1012 HH ez ved Zleg R ARAE] &) §
O} AL ol = ZHAZE FEAEQ o) 250 YRS E R FET ] YA JeEE FAXE
o Hgh& A YAIR 124] 50801 2 H 232 A 54101, 30 &2¢e] AL vy
e BF BLoAA W 3A] Aolo] AL H &gk Ay 44l M SA]F o]t}
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TIME (HOUR) LONGITUDE
229 3. Taiwanol A &3 3 7549 I¢H 4. TAIW 3248 4oz
X4 W) s SN EY FHHE.

I 39N BT FAREE T A 9140 oid Z A Zeirt 1k 2000 4ol 914
ol T AR F FARTE 2P 2ot olF 4 Aol A A8ES] HuE 2
491 A Y TAIW BZ48 FHLE W7 22U i o] S1A3AT. 28 5ol M 309 5
2H94.3.13 - 94.4.11) FARFFol W Y& B FEn} 7122 Y(day)FE e 2
oo, FA A7} 5ol i Fete g 5 30709 WshFAde] LS & F Yk /A FuRE
AL 4 A Adgte dds 13ed 43 F714¢] Jehdg £ & AUt ol & =l ¢
BUSFS A8 o2 Y, fGgFed T A48 #5328 @ A AZAETH 2
AT uZ A7 2 983 PP}

AT AFY] FHEE B A3t F RS ez AAE vz WA NOAAY]
SOLAR-DAILY &8 %ol A Taiwan2] 2 4ol &% A= F9] 813 TAO (Taoyuan)2] o
olBl ¢} w3ttt o] A= GPSE o148 Wyol opd Al A Holtio] s HE9 7o)
o 29 62 o] S50 (94.4.3 - 94.4.4) 2F D AR Aol TAO A2 RS w2 A
o2 FARSEL FHo] AL KA S Mol glod, T A Hujgh Aol Aol 8
TEC Z=2 veisttt. J832 P A=E o] 48 &3 Y] FUEE doluy] 918 B 2449}
o]l TAOS #3E (N25%, EI1215)9 A9 SR A5, A& /A& (21°01U]) S8 ETS
s At BAgol FAATE v BT 2 AT O B 29 A LEF DojA e
Zo] 2 TEC (2x10%%l./m?) WA 9A18g & & Adglod, o3 % 2 TECY IFYEE A
A 9F 30cmel & F3l= grelty. P I= H(chip) 312l Ao} 30mo] 2, o]of w}E AF o
24| (signal to noise)7} 1%9] 30cm ALZolmg 2 TECH P =R 2AXRTE Z38 @
& F U B9z IAE veEdg s #gE.



78 SEO et al.
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0 60 120 180 240 300 W 360 420 480 @ 540 600 @ 660 & 720
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29 5. Taiwan®] 309 ¢ 48" F4A Wt

£ 2. TAOS| 912\ o & HEe 94 E5e] 23U v,

2449 TEC TAO %349 TEC
AZHA) f184¥E 9149 H=m 3

(x10'%)  (x10'%)  — TAO

21  N248 EI20.9 40 42 2
8 28 257 1218 41 42 1
9 31 257 1209 39 41 2
13 2 26.1 1205 25 25 0
14 2 246  121.0 26 24 2
15 7 26.1 1223 16 18 2
22 17 261 1201 18 17 1
23 17 244 1204 26 26 0

Feln v 2 2 9 FA AR AL A 78 gl 4] % Klobuchar’s model (Klobu-
char 1987) 2] mZolr}. 9z C/A TET 23T FAAAE o] »dd L3119, 50 ~ 60%
5o o] 2% 25 A4 d & o) (Feess and Stephens 1987), o7l M= P 2 59] 7}
BAYE AHSIRE Rde] AFRE/ F o g AR AARd. OY 7S P A=E £33
o] 43 sH3AE P1& Klobuchar’s modeldl] 283 Ax}e} o] Ayl 23 AAE FF<
(3¢ 29¢) w23 Zolth. TAOS] HZAARTY 23 A YeE AW, F 71X 23A 9
Fgol MBS & 4 .
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2 6. TAO thojg 9}¢] vz, 229 7. Klobuchar’s model#}2} v] iZ.

5 4 2

GPS 9AXo2RH $AHE P 3= o]43l9 2 TEC (2x10%l./m?)s] FYLR o
229 FAALE FPY 5 IR olAB FFWYL FAA SHA Y Y F o] 23
mapping & 7H5 8 3, 958 T8 AdAML #ES Fa A AAY o) 2F M= g+
A& Aotk el ol FFA4E P 2E $41717F £9F A, GPSE o4 i A
o3 o] &F HAIZ A E AR shgEtE g AR o FYEAM P REE S A
gukdle] ALY 4 glES 3t AS (Anti-Spooping) 7t AAE fol= P A= E o] &34 o
%9 FAAFE 3 WY Aol ©2H, A=F o §3h WY ET ALE ol ET N
ol f Fdstng gog $FAF L HAASE o 4% FAAF 274 de] o
#ag.
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