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Surface currents were observed by high-frequency (HF) radars off the Keum River estuary from December
2008 to February 2009. The dataset of observed surface currents had data gaps due to the interference of elec-
tromagnetic waves and the deteriorating weather conditions. To fill the data gaps an optimal interpolation pro-
cedure was developed. The characteristics of spatial correlation in the surface currents off the Keum River
estuary were investigated and the spatial data gaps were filled using the optimal interpolation. Then, the tem-
poral and spatial distribution of the interpolated surface currents and the patterns of interpolation error were
examined. The correlation coefficients between the surface currents in the coastal region were higher than 0.7
because tidal currents dominate the surface circulation. The sample data covariance matrix (C), spatially aver-
aged covariance matrix with localization (Cg,) and covariance matrix fitted by an exponential function (Cy)
were used to interpolate the original dataset. The optimal interpolation filled the data gaps and suppressed the
spurious data with spikes in the time series of surface current speed so that the variance of the interpolated time
series was smaller than that of the original data. When the spatial data coverage was larger (smaller) than 70%
of the region, the interpolation error produced by Cg, (Cp) was smaller compared with that by C.
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Fig. 1. Observation points of surface current measured by high-fre-
quency radar at site 1 (Bieung-Do) and site 2 (Seochon) off the
Keum River estuary. Bottom bathymetry is contoured in 10 m inter-
val. Closed circles are the points of surface current measured by with
temporal coverage more than 70%. Open circles and triangles denote
temporal coverages of data acquisition 45~70% and 23~45%. Star is a
grid point used in Fig. 9 for the comparison of current speed time
series.
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Fig. 2. (a) A typical example of surface current vector in the ebb tide period in the study area on December 2008. (b) Partially observed

surface currents for weather degeneration on 25 January 2009.
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Fig. 3. (a) A map of temporal data coverage at all grid points. (b) The standard deviation of surface current speed in the grid points of tem-

poral data coverage more than 45%.
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Fig. 4. (a) The timeline of available
radial velocities at each radar site. (b)
The time series of the spatial coverage
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e
s
[}

FBAF 59 BEE FaIIhFig. 8a~b). AT} 0.8 o)
A 7L F Foll visl el FElE BolX|th, FAY F e
53701 B 5ol v 37 B A
pE A 9 FEYE 84 25 didiM Ax=+25A7F4] 0.7
olxolrt

7 BdE AHAT BN 34 AL B ), $E
3 9] Aol wet HalE
+ e Fig 8c~d9} ZAth F F Aol p & SUOEREH
+15A7H = A5 Aoz sy, ol W ol A
off Wt 7k A S o7 kA B4 Uehith e, B
AN 5, & FF FOZHE] 1745~23As HolR Agel|A
23]y STk ¥skE Bt}
pEES (1) 22 BEFle] gt g2 D&Y

AX) = exp[-[a(AXY +BAX)(AD) +c(AYYT]

o &2 L

(11

AP A% b, ¢, 4 5 -AAXYE HATL HA S BES B
& 7013, (11 T B5E O BESE BruE B
FEAE T8 & Ytk 2EYTES 2ed 489 B2 03

25As(37.5 kmy7HA] 819 Wl FE-E Table 13} 21, @&

A7 P

A

Table 1. Coefficients (a, b, and ¢) and exponent {(d) of the exponential
function fitted to the spatially averaged correlation coefficients within the
radius of 25As

a b c d
PulAx,Ay)  0.4x10% 0.2x10* 1.1x10* 045
Du(Ax,Ay)  04x10*  0.1x10%  0.4x10* 0.375

£ Fig. 8e~f2} T2 X E Bt

A &= Kim, et al.(2007)0] SFT 02 HE8 0580 £
F A}, Ak, A 2 A<F a, b, o= Kim, ef al(2007)
o] 3t ZrEHT =k 1/1008] A% 2he Zlold, o] F Q) ©E
sk R 8 I E AT 5798 Wk 98As~190As
WHelo] AnAE FEE el olgd AuAY FEE IS
HRT} i Frelt), REHrE g A8y HeE wE
15As% SF9S w] WEdo] 23 AHARE 12245231458 ¥
A%

ATHEL ZFH7T THE S5 90% e AR EHE iz
zp g7golut, =g 2RERIS FEE B diigon gkeh,
ZHeRe] o8 T SRk A TS AYehE FzHER] Wt
7} AtHSon et al, 2007; 7 5, 2006). AL HELE H5
i 5 2] gol £25a571X] 0.7 o doln] BEESe] <)% e
Yot vl & A dFEY) slgfige] A FAAR
3hal T Aolrt AL FHef o8 AuiEm SIEE A
t} 3, £ ATl 29 Sl 15 Holds a5
A7} A 45 km (30As)elth ATl FEOoRE K7 FbA
o] glom PFo 7= AL} Qlth ol2dt gk H
Ae FAH o &5 wspt YeptA =9, e bgE &
o] gAEY weby p Bt FUSERE +15AsHT ¥
Agolx & 83ke-g Holu 2L Flo] Hi EXENE A= A
& g Fo) 45km Bt Fohe A9 Qe Sk A
S9] Gl A% Az AlFdh

5, (5), (8) 213 (1ol Tzl Al 7RA] FEAVES o] &
o] @eld F5AEE 90E W 233 9 ro] AMEEIA
ok, BT A CL (X)) 9 gEe] eiRIA] gsiet
AT = D3 AR G=exp{-[(AXP+HAY))282} S 712
8 AMEsto] 10y o] X 93ist F8 T F--4H(smoothed
covariance with localization) C%,,2 78It} k=10AsS A8
S 7 9,9 g8™e] R, ATl —=(AXPHAYY]=15A5]
A G=0370] B} i>11As8) G2 e AL3 F¢ 0,9 9
R e PR T =

o)
e >,
=2 T -

MEFEO! Hin

AR FEAHO), AYEE FAET FEAHC,), FFEE #
TFFEMCHE ol g3l BHe 5 ARE Bt 7} 3t
o2 BE A8 BAS vmadtl. 94 B 85 ARE
o] Az 3 EAE AE T T ok IR 54E A

ARG E: Qe oIs) Fel ¥ FH(126°15.5E, 35°
58.7'N, Fig. 1 BZ)elx 20099 19 22058 19 259704 1%
o} Foldrt 245 BSEFE 23U 114~124], 249 44]~54], 7
Al, 16X]~17A] 223 214], 259 4x18) 2070 BEEHA] 9ttt o]
AHM A7H ARBEEL 70% oPdold, T3 ARIAEE



sl kol 1t eojel®

Hege—k Obz. ~

" {
80 5753 o iomonie | &
A e A Cov iTitted) £ i
w4
E b
20 [ 20
< L
= 0 A e
20 & -20
! T T T T
01/23/7 0172413 6125119
DATE (mm/dd/hh)
H—«""”?)‘E—“T
Ces. -
40 ;—;‘—2 Cav:f;:z:)eo) 4
2 ~a- —a Cov.(fifted) -
- A
<2 0 i
g -
b
L4 e w40
» .
-80 -80
f T T T T
01/23/7 01/24/3 01724123 01/25/19

DATE (mm/dd/hh)

Fig. 9. Sample time series of the eastward (a) and northward (b) cur-
rent component; observed data (star), the objectively mapped data
using the sample covariance (closed circle), the smoothed covari-
ance with localization (open circle) and the fitted covariance (tri-

2y 125208 B7RKRIYEF 9.
A5 TEANC), AAERE TR TEAHCE,,), BEIS 3
TEFAHCE 1%“0‘}0% e Wk ke BEE gt ol fAF
si, AEE A7l BF vISsE gk Role §55 Sdsiitt
#A ¥IE ]‘30}04 B8 84 2E9) T/& o) xlzo] &
o1& WIF HA oA B Az 2) AlAY Fol
A st H°1L1'%(spiky) ARl 2k F-F(spurious data)
o oA o]= EA x|Ae] n)|AAFAS BE )
27t 24 9 2 e i el o1 F5AEEE o8
slo] Ay wiF-o)ct,
IWAY: I AsA5E0

.

|

26%, 76%, 90%% TR w] Al

7R FRAEE ol g3ted ARH ElSEe] 70% 0Pl AlEe]
thstol ®bg <5 A ‘v“i—}J} ofd 54& zt=A Hlasiyl

faEe PEEA 304 4
$505 AR okt F W

t‘r(ﬂg 10). 3 Ws Q&
58l we} 93| Fell 1

e Az FAL A WA e Aesk BT T 1
DA A b
% $uE Rl A3 wNE AHgSH B AEst

ZO/\OE

H—°r 20 oo =Tl A= Xa% oA 3

£ 239 114]9] 50%0)2 1 SjofE= 25 70% ol*kﬂaic} o] 71 4E 5= Q7] wjiel P ML HA #ESES Ao A o
7+ B9 A2 A8E HA 27 o)4dsle] FHAMES B okt AE PN f&0) E98E HAFETKFig. 10a~d). 84
Surface Carrent(Obs.) 2008.12.31.22 Surface Current{sample_OY) Surface Current{smoothed_OT) Surface Carrent{fitted_OF)
ril
TN @ o
aw b
b
? i
36VON! " g
A\ /
\ v
126°60°E 126°00E I‘E 126°00E

26"00F 26"24’8

= wi
126°00F 126°24E 126°00 1267248

3N

358N

Surface Current{sample_OI)

Surface Cnt( ]

Surface Current{smoothed_OI) -

126°008 126°00E

126°24E

126°00E 126°00°E 128°24E

Fig. 10. The left column panel is the observed current field in the region with data coverage of (a) 26%, (¢) 76% and (i) 90%, the next
column panels are the current field mapped using the sample covariance matrix (b, f and j), the smoothed covariance matrix with localization
(c, g and k), and the fitted covariance matrix (d, h and 1) from (a), (¢) and (i), respectively.



2 o} - oW - AT - A
Uncertainty
sample covariance smoothed covariance fitted covariance

oM 2008123122 (26%) -
® H
023 o n s
o ¥ y
2 : .
36°00N Chrpa08s L
E SO0 g
3
- km
6510
l;.ém/x &
126°00E 126°30°E
t:’“‘ .
@ od © 288
00 000 o s 0~
%8::‘.0 Ogoguo 20
8060 soono :u
0f H
36°00N 3
000000
00 0
8%,
5
1&3:1/; lé.ém/s
—
126'00'E 126°30E 126°00°E 126°30'E
R 2009.32.02.09 (90%) RS
' o0
® o008 ggﬁg ®
[es) g0
03 8a50
03,0338 b 30
30°°°u= goooo
823008
a
36°00N Oéogo
26 D OO
R
R
® '
10cmv/s & lgmh
12600E 126 30E 12600 12650 12600 126%30°E

Fig. 11. Left column panels (a, d and g) display uncertainty ellipses corresponding to the mapped current vector field for different spatial
coverages using the sample covariance matrix in Fig. 10, middle column panels (b, e and h} do uncertainty ellipses using the smoothed cova-
riance matrix with localization, and right column panels (c, f and i) do using the fitted covariance matrix.

1, S AR ASFEEHA )l wet BAHE f5EE0 o
2rh= Ze ¢ 5 Joh
3 ARA5E0] 26%% AY A2 1248 319 B &

9] ZFFEI A7) WakelA] go] Afolufar, I Hke| A}
S8 Tl wet 247 e AE & ¢ ok X H3st 37
T 38408 He B2 SRR EE g FEAE 592 3
TFATO R 2SS SR RE S B sE uf BIHE T &
9 Wk 97171 43 dE2A velgtt 2748 Asd5E
o] 76%%}F 90%2! 1€ 243} 24 2o Al 7R TEARS A}g3)
e o BE 59 B5E f5uE e 2 AR A7)
o} Heke Holw B f530] #5845 v F=y

wxoltt, A5% FYIMT Al 7HR] TEARE AMEEl] Bt

=AY
07 Qo] e B3k 459 BlEE A ARVSE]

upe} 137 42 g4 @3he] A getd o s Al
Alg}, FEARS ARSI 1 f5o] 58] vet ojuE
QM8 Zh=A] golry] H5ked (12)9 2ol 23 e()E AXtatS
THEmery and Thompson, 1997).

e(X) = N[d(X)-dX)T (12)

Fig. 10914 AIAE Al 7HA] 3RO R MG fho]l Z3E
NE LAHE WFRE L3 Brd o2 YehfglthFig. 11). 2
Zht 59 23ks Al 7R B BF 3 ARESE] T
7Fskd 227} Zolzict, shAIRL, frgel #58 el Hisl 2
5 Aol AEE 59 247 #ds] A

IA AgE5EC] FUE A, " FEAE F88 #
&8 AREBIgETrel wet exke) Z717h gt 3 AR
EEEo] AlY 2 20%d v, F5E A B A3 7
T TR E AR 15 Pt tE FRACE AEE
& ozte] ujs AAEA A3, 25 AFe) B5E T H
olFFE AdEd 159 2 TR ST, il #59



A Qe ) Sz 82

Tl oAk o8le] Ank. olHd B BN ARYE
£0) Z7RIIE Yebdeh, Webd 304 AnEsEo) B8

O
h

Aolsle FIET TRAS AHEER 4B E
HolAlA Bk, Az FA

2 &) 7k
SrdE BataEatel Qs A=
H f59 oats vlus Bd 308 AR 580 90 %E ¥
& wel B0 HTTRA] 8 B 129 Qb 3
H oz 7o) Fdd A7) 7HH, 208 ABBEEC] 76 %

4
Y wiz ST Fz} BT ool FuE

)= AR

AR AR F5F0] 70% o131 AREN Al 7k FEA
SR AEE F5019 AR WA RS vws) B (Fig
12), AzBdet 22} 7P 22 A9t A3t 37 AL
= AR AU E o 5 Ut A RSe] oXE thEA R vlw
3 2] sl AET Abs ohA] FxbEoR Hiel Bolkr)
ARFTEAE AR Aole A SANE 4.9 cs, EE

% 5.0 cnys©] 31, A58t FHEE FHEARS ARE ALolE
AR 22 efs, HEWHE 3.1 em/so]H, TR W EREARS
AREEE 9ol FAEER] 4.3 cm/s, BEMERO] 4.7 cm/s 01
o BEE A9 AESS 249 A7 HERE 5.0 emyskot &
o} ATFHH L] ZF7) 50 ecm/s AES FE5E 7 BE o)#3
k= O 35 542 10% F2ol agsi).
E 9

A8 T BN S {3k ek A7)E FRAF AR
of AN AEFT Yol Puh B2 AS 2187} 23EoglE
2ol wet HLAHKim et al., 2007). TF A2} 100% A3
UHE BEE 39 ufghs 2R 48 Zlolt &, 59 1RE
< FFEA g A5 FEATe] A} Hiolth B oA
Kim ef al.(2007)0] AMS-3F vhel 78 Wl 0 2 F5d Bal()S
Ze F did FEAARE As 3R telEosn ZRAk 8
o) Boldg ZA] gl e, JBHE 7E 5 A At
A7 ¥ 7T A& &2 TRe) % ol 94 F Axe
F83] Aok sAut, 3EALY] QA% 29 zhol| ule} Zr1EHA B
o AR o7 HA3) Bzt 93 f5AE 9k oA TR
Am A5E gal A=Y, T JyEe ) Y8l 3
A= ol T BS A5 AsFY 5557 ox)

)

| BsiFel disk A9 fdE A% 23
7113k}, B Aol ARE R =T em/so T, o] Zhe Al

2:9] 7\t eabe]] sEI). Fig. 12004 A17HA AHEEE50] 70%
oIl AE dist At Al-EH H eAEe 24
3 FEE tlaligel g8 71 exprt g}

FEAIFe] FHEEE BEA] o ue) k3t (Fig. 5~7). A
FATE FTHOZRE o 15As o) Bl A= #
Agle] BT A4 A 07 e EXF 2tk TR 15As
ghellA AdAlGE #59R] wet F3H4 Wst Aot 33k
o7 s AT (Fig. 8a~d)= THOEFE F 15As ol¢]
A Aol wet 2 o R hastA Rl FHCERE 15As
woh | XeME ABASTE Al el B2 g st 2
t Aol wel wo] 7ttt g, S A7t 15As
oIl AFEAME FFT FBATT 07 oo E L 4

- ool
wol7] wge] o] 7t Bit AAS L¥ES A5 0

ol

g
[xs!
ft

RS =
el dgahd g Eitele s Aoy EldoR W
Aol = AHEY AmEc] 2 9FE T B ATl
2 oAt 2t B o® W Ao $ix|gt FHEN #
S8 AREY 7|9RE 2ol S5 (9% 2L THA 06
E 3w A Bl weisivh & @M o9 2
oz JNE dRAT B2 7459 BE BAE F319 A
A3kt I T FEALS Tale] ARgSRITt
PP FEAT BHEL- 243 PP F AR ()] 49~250
e W gke Hell e wiE AR™Eo] FaliAA] sk

&
o

o
BN
r A

%
=Y
ox.

¢

AT T4 FEREA WEQ SoR W

O]tq, ol sl L7+ FZof Q3 sHo] wj-L 2+ 20 T /IS

WA =& Flo|th(Kim et al., 2007). R I
ZH= 243 4SO Fuhd AEREe] 24K S 9
o] Bzt 2nE gA "ok FHEH FEAF e FEE <o
g e SAE 2 A Seroltth B AtellA k=10As7}
AREE FRA ko] EAIAE (e-folding distancey= 14.14As0)
o} wbs] A3} 3] A48 AR Aflo] #ER50] 9l
T THORHE 14As o "o vt F AA 7ke] Aol
¢ ZoAA ke ZiE WhHETh

Fig. 11604 T 22 5F0] 70% o142l Aol
g7t AEE ks ANSIE W el AkEd
oAe] @} thE TS AMESIE W] eAfR) Fof
A3l TS A gshs Zlo) B FFHOR efdshal expr) #

AR (mapping)d F o= Yrisict. sARL, 3744

#)o}3

]

N
DR > <

bl
sl

E:;a\ mean uncertainty ‘v:‘p\ a,:{’”
O ool b) ©
803°
%ogogm? £4) oo 00
8 $00°°% 8° gzgoo
s '
36°00N °Ros
()
osooogooo &0
288572
=
lli.ém/s & ll;.émh 16.2111/!
12600F 126°30E 126 00F 126'30E 126°00E 12630

Fig. 12. Time averaged uncertainty cllipses corresponding to the mapped current vector field in the region with data coverage more than
70% using the sample covariance (a), the smoothed covariance with localization (b), and the fitted covariance (c).



o

24

AR EE A7 26%R1 B--(Fig. 11b)elle A&7 A5€ 79
EHE A7 QojdTE A544E 2Pt STRIIH 25
o] Y& wel= 93t g7t 849 A AV 2
TFHAA SRS 227} AA F7ret] B 455 0] 831 o
HA WEth 30T ARATEEE AT ErRE 2Es] A=
$ RE e HaF A ARSHE OE F 7] FRANE AR
S wRoh SRS QAR F7HER] Aoyt A e B
SrthFig. 12). 3], ¥8 A5 gEE0] vy W& AVleln 4t
EH5e] eapt AohFig. 1lc). ulehr] 2 dsiders 3
7 AREEEC] 70% OIFtE Be ol 2E3 B34
& o]&3le] 58 B8k Zlo] Agsitia ekt

HE5F5ole Aouda) 7)1Pdeel Jd Ao &
7Y QA3 237} 28Eo| Qi o]E|gt exR= iR S
A & A3ES 7he @ Ueidt £ dreMe e
9 & F7] ¥EE A ¢a 94 BSEE ARSI 2
Wz BAo) o3t 548 gtk Fig. 9olA A ¥zl 9
3 ARERSole A B5A R viE] WESA ¥oP k& (spiky)
81349l Ag ¥ (spurious data)o] Uk AR, B}
U E5AEE Ssie Awy 248 A3 o)ddd #5 #t
2ol 23 A5 04 AASK: o] oF Hojr},

o
?_
=
=

-

= O

HF radar GDOP(70%)
- - .:z )
. R
.
sel
48
e 10 0 30 a0

Fig. 13. Map of Geometric Dilution of Precision {GDOP) for the HF
radar measurement domain,

dlok - o -

AT - 2

B Qor] Hrke AR5 oA 48RS 7Isker A
(GDOPY 2% exteh= ¢xs] vttt A789 <] & GDOP
= 2.80]2 2] A=A 2.4 v9)o]th(Fig. 13). Kaplan er
al 2005y 1F3} gojtE #5845 AZ ol GDOP7L 28
o 2 AHEY] AZE ARSI GXIT B Aol GDOP
groll BAIgle] A7HE AR EEFO] 70% oVl FHEE BF
AREEIGITE w2 e AME 5SS GDOPll e
glo] B% B53M & Ak 7HFE Aolx, 145
QA= ot g 55 daiMut 29 Reolvt. AT, #5
B F452 GDOPY) 23 A aa R 5o SH LA
Z y3sln g 9= {59 Halo] V18K gt Fig. 84 &
oko 28E 727} 15As 014 BolRl oM I A
7} F43] £ B2 07 ZAadglor, ol tiiE GDOP
7} 2.0 oAl BEFHENN doizl AaEol o TSI
GDOP7} 2.0 0]3}Q] ASXPEDE ANE-3lY] F8T FRAT
BXE el ol FA4% WdlE £Y 4 JAARE Bl 9
 FEAE AEE I Yol Hol EolEA doh
AToIME Kim ef al(2007)°] E5 vie} 2L 4 7] 7}
ABA 54 gl A= i) o]52 1) S 75
HaA7F S5 Hax e 25 ZolEks 71, 2) S
o] Agado] FAE 4= o 7MY, 3) £59 dEAEg
17} 3E o s 598 Rolehe 7PgEelth 7MY e #
NS fEARle] XA (bias)o] §l= Rolgks 7PPo|EE
12 wEsl] gaiMde 2940 gl 83| B8 35 Jaot
FEA1E AL Eojol & Aeoluh, 7MY 2)e & ATaelA F
g dpape] 2FolmE A 4 gl 7Pgolet. B AtelA
pn e ANEI] WSS W) T o R AolE RAAT 0.5~0.8
219] Zolgith. o)F T FHAL Akl el AR
o) Wigdo) i JWE 5 Sk A0 E JIEARE B Aol
£ Aite RAE Ylo] FAEKITh dkoZ 58 X ¥
FAR] §EAE adel fodel] igh B4o) Fasitt

B dFore 3)0 78S v R 8 ol ¥ E IR
ARG AT o) B0 FEE FERAE ARESISIT AR AE
FEFo] 70% o)l AHEIAM AR 48 §5 2FEAY
EI= Fig. 149 2o} 4598 30d0® Hashd S
Eyalgk R4 24.8 em/s(25.0 em/s)0) L, BHE BFHARE F
sk R4 3.6 cm/s(3.2 em/syt Hol 37H B
9] 15% vigio|th, FARE} G B3R A9Foe
2015 Bty BN 4 EEEAE T doly AAAA

re

o]

1o ox
™ of

A B He
o

]

ha)
>

o
b

u (eals) v (omss)
15 =57, 36 36
aj)-
ol ®
g 30
T s 28
£
<
36°'N
~ 20 24
55’
, 18 Fig. 14. The standard deviations of east-
50 12 ward (a) and northward (b) current
126°E 10 20’ 30 40° 126E 10° 20° 30 40’ component in the region within tempo-

Longitude(E)

Longitude(E)

ral coverage more than 70%.



e At uFat dejre BEw Bl ik 29 RSiE A8 25

Aoleld 2 gholn 7} glojr) MARH Aol Ze grojrk.

e A FHelA T3 M gjaljoMe At ofeidt BFEAER
T alo)E FASIY ST EERHAE ALLsle] BEEE
Ahg ARESIGlo B R B ATofA olgd I3 dEARS 33t
2 Byt BEgA E90E Ades Eela d3E e Fax|A)
dgtet. ghom kel ogiHo] x| gk 7ol gt o
Fx Fasi),

Aol ARRE #E A8 FHoRRE g fjo] wie &
2 ALE Asolth 90d B3 B {FEAEE ARSI O
B RS 389 RO £ ole 5AEe] Helvka a9

o] F50] A ol Bl vk el g3l 4%
37} AWE L FAE dIAE FHY F5E FAH= o=
ok b B Aol AEE BT SRAb ols 5 B
§ FEAe] AL o A9 AgAle 449 5 SlETle] o)
g A77E Fasht ol e o el FE A
A2 £X(Fig 8)9 B2 ¥-E(Fig. 14y} A8z o
Aa7krel dist Brt ddE oo} shal, 2R} vER

EEsl viEF S5 303 A Ak a7 e

g4 B

AT ALl 153t HolriE Abdslel RFHFE 2008
128 197 20095 28 28U7k4] 902 F<t 3 A7k 1AL
BHEIGE B AT Ane k) e 7 e
weh GAF o FHo] olFofAA] ohz ToEe] sl

g go] dEd AmE BES] sl WA FHs Ak

(e}
T - =) =
BZaRe 37 AR BA

A L

o] v A4S Soluw, B4 6y
M2 08310 BOHOE AFT AR ek 45212 (mapping)

FsIon], e FEUEIY A7, T4 B4l 8t
ZAIRCE AL 270 ko] sk Lo v diiE
1 2R daAle7E 0.7 o)ate 2 da) gold
& AT 7RI e A sliehd 2 el F
128 A= 7)4 X (baseline)s whel e e

©

2,
e

i

2
£ i

tlo & 12 1o 2
N
12
2

ool
2o

T
JE oM
T
i
o =
=Rk
Emn@
FA
H oo &
C oo
N
okl T ot
N
M [
T3
OOJr:u
¥
e He
=
g8
o
o
A=
o
oft
ey

5 %
5B
o
o)

f

Y

F 1AIE ol B3k ok (spiky) B
FE-(spurious datays &% B7bHo] ojAlgtn 5
F AL AkE e AR 9 As0 BAaker) ok &
ot ARL FHE 580 70% o3 e A93ler 309
TS AMESlaL, FRHA 58] 1 olal Wi W Hat ¥
BARS ARgEl BzE 0Ab7) Fan 87 937 e Aol b
B ggsit B A7AgS ALH 90 FoF e A ¥
A E5E0] 70% oPdololA xAslet T FRANE AN
S Aol AR BT A} 7P Aokt go g AER4o)
193 (bias) F=, 53 E70] wAddArs Lok a9 9
A0 R Aol £4 BFBae] 48a7e] oidt 477 4

3, Aol mhe 24t AP wte] i A7) ek

o?‘).:
Og
)
re
=
;
ORI ol
o
1
r
1o
S

o
E
fw

8

O o 2
%

k

Ab A}

B e SRR A RES A% Alvs A
A QT A el o] XYt FAskR 008U IS
Ariselas A+ T2 Mdow £ AnFyi
o] =88 F 7 3, A ojgh, A B, & 2%, & W T
of Al ZPAbgkcE

I8

NS, o3, £, a3, o3, 9, B9, 2006.
NEHF 43 WEA 9 AF HFEolUZ 359 #5 M2E
Fo Wk s et A (uieh), 11: 37-48.

A3, oldE, &9, Aad, o3, HWF, 2008 AvkE A
Qtedoll i HE radarel] 218 #5d X8l57] B258Fe] ¥l
g oberel A (uleh), 13(1) :56-66.

o, &, W, A, EFH, das, AT, 2008
78T Agkelol X HF radar® 8 42 48, o=
gloreha] X tch), 13(1): 42-55.

ole, HAg, &9°|, D, A9, FA, A, AFT,
2003. 3HA AJ3IQE Al A FH AGrS £E. F=
oFsts) 2j(uleh), 8(2): 138-150.

Barrick, D.E., M.W. Evans, and B.L. Weber, 1977. Ocean surface
currents mapped by radar, Science, 198: 138-144.

Beckenbach, E., and L. Washburn, 2004. Low frequency Waves in
the Santa Barbara Channel observed by high frequency radar, J,
Geophys. Res., 109,c02010, doi: 10.1029/20031C001999.

Boyd, J.D.,, E.P. Kennelly., and P. Pistek, 1994, Estimation of EOF
expansion coefficients from incomplete data, Deep Sea Res., Part
I, 41(10): 1479-1488.

Bretherton, F.P, R.E. Davis., and C.B. Fandry., 1976. A technique for
objective analysis and design of oceanographic experiment
applied to MODE-73, Deep Sea Res., 23: 559-582.

Chapman, R.D., LK. Shay, H.C. Graber, ].B. Edaon, A. Karachint-
sev, C.L. Trump, and D.B. Ross, 1997. On the accuracy of HF-
radar surface current measurements: inter-comparisons with ship-
based sensors, J.Geophys. Res., 102(C8): 18,737-18,748.

Choi, B.H., 1980. 4 tidal model of the Yellow Sea and the Eastern
China Sea. Korea Ocean Reserch and Development Institute
(KORDI), Report 80-02, pp72.

Emery, W.J. and R.E. Thomson, 1997. Data analysis methods in
physical oceanography, Elsevier 638 pp.

Gaspari, G, Cohn, S.E., 1999. Construction of correlation functions
in two and three dimensions. Quart. J. Roy Meteor Soc., 125:
723-757.

Haus, BX., 1.DD. Wang., J. Martinez-Pedraja, and N. Smith., 2000.
Remote radar measurement of shelf surrents off Key Largo, Flor-
ida, USA. Estuarine, Coastal and Shelf Sciences, 51: 533-569,

Hisaki, Y., T. Tokeshi, W. Fujiie, K. Sato., and S. Fujii., 2001. Sur-
face current variability east of Okinawa Island obtained from
remotely sensed and in situ observational data. J. Geophys.Res.,
106(12): 31057-31073.

Houseago-Stokes, R.E. and P.G. Challenor.,, 2004. Using PPCA to
estimate EOFs in the presence of missing values, J. Afmos. Oce-

i &



2 GHo} - o3

anic Technol., 21: 1471-1480.

Kaplan D.M. and John Largier, and Louis W. Botsford, 2005. HF
radar observations of surface circulation off Bodega Bay (north-
em California, USA), J. Geophys. Res., 110, C10020, doi:10.1029 /
20053C002959.

Kim, 8.Y,, EJ. Terrill, and B.D. Cornuelle, 2007. Objectively map-
ping HF radar-derived surface current data using measured and
idealized data covariance matrices, J. Geophys. Res., 112: C06021,
doi:10.1029/2006JC003756.

Knight, P. J., Howarth, M. J., 1999. The flow through the northern
channel of the Irish Sea. Continental Shelf Research, 19: 693~
713.

Kovacevic, V., M. Gacic., I. M. Mosquera., A. Mozzoldi, A. Mazz-
zoldi., and S. Marinetti., 2004. HF radar observations in the
northern Adriatic: surface current field in front of the Venetian
Lagoon. J. Marine Systems, 51: 95-122.

Lee, S.H. and Beardsely, 1999. Influence of stratification on residual
tidal currents in the Yellow Sea. J. Geophys. Res. 104(C7):
15679-15701.

Lipa, B.J., and D.E. Barrick., 1983. Least squates methods for the
extraction of surface currents from CODAR crissed-loop data:
Application at ARSLOE, IEEE J. Oceanic Eng., 13(2), 507-513.

Lipa, B.J., and D.E. Barrick., 1996. Comparison of direction-finding

 HEF

g

and beam-forming in HF radar ocean surface current mapping.
Phase 1 SBIR Final report. Contract No. 50-DKNA-5-00092.
NOAA, Rockville, MD.

Lippahardt, B.L., Jr., A.D. Kirwan Jr., C.E. Grosch., J K. Lewis., and
J.D. Paduan, 2000. Blending HF radar and model velocities in
Monterey Bay through normal mode analysis, J. Geophys. Res.,
105(C2): 3425-3450.

Paduan, J.D. and Graber, H.C., 1997. Introduction to HF radar, real-
ity and myth. Oceanography, 10: 36-39.

Prandle, D. 1987. The fine structure of near shore tidal and residual
circulations revealed by H.F. radar surface current measurements.
J. Physical Oceanography, 17: 231-245.

Son, Y.T,, S.H. Lee.,, C.S. Kim., J.C. Lee., and GH. Lee., 2007. Sur-
face current variability in the Keum River Estury (South Korea)
during summer 2002 as observed by high-frequency radar and
coastal monitoring buoy. Continental Shelf Research, 27: 43-63.

Wells, D., and Beck, N., 1987. Guide to GPS positioning (second
print), Canadian GPS Associates, Fredericton, N.B.

20100 11€¥ 29 duHse
20109 12€ 99 FFE A
2GR FHY



