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Abstract

In this study, the significant wave height and wave period of a specially designed observation system that
connected two drifting buoys to an ocean data buoy was observed for 23 days from February 7 to 29, 2020, and the
results were compared and analyzed. The results indicated that, in comparison to the ocean data buoy, the drifting
buoy exhibited greater variability in significant wave height over shorter time intervals. The wave period of the
ocean data buoy also appeared longer than that of the drifting buoy. The greater the observed significant wave
height and wave period from both the ocean data and drifting buoys, the more pronounced the differences between
the two observation instruments become. Moreover, the study revealed that the disparity in observation methods
between the ocean data and drifting buoys did not significantly affect the significant wave height characteristics, as
long as the period remained unchanged for up to half of the observation time.
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Table 1. Observational characteristics of ocean data buoy and drifting Buoy.

Buoy type Ocean Data Buoy(NOMAD, 6m) Drifting Buoy(Sphere, 40cm)
Platform
Period 30min 20min
Wind direction, Wind speed, Humidity, Pressure, Surface . .
. . . Pressure, Surface temperature, Sig. wave height,
Parameter temperature, Max. wave height, Sig. wave height, Ave. Wave period
wave height, Wave period, Wave direction P
Sensor type Acceleration (Hippy-40) GPS
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Table 2. Experiment configuration.for analyzing the effect of observation period time and period on significant wave height

Exp. No. Sampling method Number of data Sampling interval Sampling duration(s)
Exp. 1 1024 sampling 1,024 1 1,024
Exp. 2 512 sampling-1 (1~512) 512 1 512
Exp. 3 512 sampling-2 (513~1024) 512 1 512
Exp. 4 512 sampling-3 (1, 3, 5, ..., 1023) 512 2 1,024
Exp. 5 512 sampling-4 (257~768) 512 1 512
Exp. 6 256 sampling (385~640) 256 1 256

Table 3. Bias and RMSE for significant wave height and wave period between ocean data buoy and drift buoy.

Parameter interval Bias RMSE

O~1m -0.02 0.11

Significant wave height 1~2m 0.09 0.23
2m~ 0.44 0.76

0~5s 0.06 0.29

Wave period 5~10s 1.63 1.92
10s~ 3.63 3.86

Table 4. Statistics and linear regression analysis results of significant wave height using raw data at each experiment.

Sampling . R
Case method Bias (m) RMSE (m) slope (Correlation coefficient)
Exp. 2 -0.038 0.195 0.88 0.81
. . Exp. 3 -0.019 0.185 1.09 0.87
Slg'(%i‘f;gl;l{goh; n Exp. 4 0.174 0.183 0.91 0.98
T Exp. 5 0.008 0.184 1.02 0.85
Exp. 6 0.037 0.339 0.93 0.63
Exp. 2 0.002 0.016 0.98 0.99
. . Exp. 3 -0.001 0.016 1.00 0.99
Slg&iv; 518612%1; Im Exp. 4 0.052 0.052 0.85 0.99
R Exp. 5 -0.001 0.015 0.99 0.99
Exp. 6 0.002 0.024 0.98 0.97
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Fig. 2. Design of experiment for analyzing the characteristics of wave observed from ocean data buoy and drifting buoy.

= F Aoz wiAIstol 42 A 30 m 22E A
Asto] Fololoint. 28 7R BE52 AR 27T
1(F1EZ 20002)= 2€ 179704 °F 11493F, Eot
FROl(AAEHE 20003)= 39 1997H4] °F 424
TSI, Fig. 32 Sfolol 9ad E7T0l
Al22 AR Zold, EFHole sd71dH
= l%ﬂi 2o °F 30 m7HA] ]Eﬁé F o Qs A

sttt 227 Wgdle o BEe] IFe vAEA &
ot=7] f1sh Spike gtol WEhd [y} =L o] 71t
2let vlaret Ay, S8 HeiAe] Ao e
ot 7V deloll dad ERFole ¥ HAE Y
ofuA] @il o] SIS & 4 AU

o

1o, ol-ﬂ ru
o = l:l:i

N, ot il

[¢]

—=

nﬁ of ©
0[|

4 rr r[r
o
52 4

2.2, M 212

5l 7 lakolot ERelo] B

o)
|\
N
N
rr

30427} 2022 2o]7t Qlo] HA| ZAkmE FESISirh
ERRolo] TE AIAF A1 20209 2 7Y RH HE
ZH(Spike)ol LHERY7] A<l 29 2997441 9] A =& At
S5ttt F 79 HRFo| T WSTIKo] F 23U G
fHo 2 APd BFHO| (RS 20003)2] TEA=
£ ol-gsto] fojutare} nJrT7l £ H|u- B4
E3F S FTV R OIEP = &7 9] atolo] whE {2
TRl ARz Bl W 7719 Abm Tl JgFe
olE 7] 98l YA] A2 HEo| 7153t ulte Jr) A
Fol(=HH T 22107)°14 20199 8¢ 1047 20¢
o =" AZE ARSIt mlEt: Hol: 9
33°04'N, = 126°01'Eell $1#I5tH, 2008 5-€ i
T AN TES AR Fofiiolet FUE 6
m AEry Fo|&2 7HEE Al oI A(HIPPY-40 AA)E
Kaato] ARgRith 20199 8€ 1097 20¢-2 Al



846

Drift BUOY(20002) |

29.50 I

2925

29.00'

37°N | . "
28.75' |

28,501 |
28.25 |
.

56.25 56.50 56.75' 129°E 57.25 57.50° 57.05

N
ofll
AN
N
_]u:
N
e
el

ol

el 37 - oA

29.25'

. :‘g
. ;:0?‘

29.00

37°N |

Yh ket
2875 %

| S .

Sk |
RN

| T

28.25 il 4

56.50"

28.50'

56.25' 56.75' 129°E 57.25' 57.50' 57.75'

Fig. 3. Trajectory of drifting buoy from February 7 to 17 (ID: 20002, left) and from February 7 to March 19 (ID: 20003,

right).

d= AARN olf+= 7t 242 3 mol g 1 m
o|5}7} WAYsto] w1 =olof e F-oluta A& B4
< mhelet 4= S Ao 2 wastel”] Wiiolth

7R 7]1&E TE A 1% 712 1,024
N BAZARE 7|FC 2 (Exp. 1) 72 T 1 m olsket
3 m olgo R Z4zZy FESHAT Exps. 2, 3, 5+ oY
7)/gHele BE AmE 1/28 9 51270 #5 As
E ¢, 5, 7IRUE 47 S vRol Attt
(Table 2). Exp. 4= 5 A=+ 5L T=5 371
280222 59 Aol Exp. 62 TF F=#
5P HA 27 NFE 1/425670 2 £<1 Aot Ztzt
O] Aol A Arte fojmtils niete o] YA A4s
of 9A A3F WAPH(Zero-up crossing method)=
A-goto] A&ttt 9 AR v o zE
B o}-5-2 ot A5 o o] uAtd-E e
2 51, thxof FdsHA olofA= FATAIE ot
2 Aot Hyoltt.

2.3.

2 AFolAE 71 BEgH 9 B =l of
sl A (1)~(3)9 Bias, RMSE(Root Mean Square
Error), 8 AT R)= ol-&5te] Hlw k3l

A ey

Hr

Bias = LN 1N= l(xf —v;) (1
RMSE= \/ % ;N: (@i —w)? 2
L a=2) () “

R e 2

A7A x4 N7Vl e] Foluparel mk7] g,
£ BRFo|9 fojntuet mprolnt. g oty 77}
S Rolet mRHole] fouta W upr] Pt
oltt, T AolA B4 3re] ool 7Ihe4E & W]
ol ARt A ojmjgitt, 4] (3)9] AL pE ©]
f3to] T HZko] ATTAE BASIoH A
T 19 7RSS o] B2 Ao 2 A Hr

E3, s dolet mRFole] fomE 0~1
m, 1~2m, 2m o/ e® 37to g mFT)E 5% Tt
Ao FASHA 3702 o] H| ettt

3. Zat Y a3

3.1, oo A o7



SF7I gl BFFoloA TEE frojual B mpa7] Bl 24

847

(a)
6 I
—Dong-hae buoy

gs - |— Drifting buoy -
54
(]
T 3
4
=)}
wn1r

0

b

14 ——Dong-hae buoy |
— 12 |—Drifting buoy MM ]
< 10| 1
2 l
o 81 ! i
ie Wﬁ W ] ”w m f L ‘MW
S 44 P Ml g M i .

2

o 1 L | L

02/09 02/14

02/19 02/24 02/29

Fig. 4. Time series of (a) significant wave height and (b) wave period from Dong-Hae ocean data buoy and drifting buoy.

Table 30| Uebd viel o] sjefr|/do) et 75
ol9] Fomal 0~1 mel FHllAl Biast -0.02,
RMSE+= 0.112 ZH2ZF Yttt 1~2 m&} 2 m o)<l
T A Bias7t ZH2F 0.099F 0.44, RMSE= ZH2¢
0.239}0.762.2 Hech, #7HE SAZS B fojnf
17} 52542 Bias?t RMSEZF 5 712 A2 8491
T AT 2 m vl F9-oll= Bias7F0.1 mECh
2] e A folntart B wfollis s/
o|et wRHFO|ZF FARE AFS Bk kst 2
m °14e A7 E T FEAE|T ] thao] Aol &
Holzl apA|gt, A|ZHStol| A= GARRE WE wElo] 1t
et ES sl 1/dAol o) Hlsl mFRol7t §-o)ut
I FE QlojA =7t sl A, D g A W
A F=EE A

ES SF)Rolet - R0l mET]7L 0~5
% 7oA+ Bias?t 0.06, RMSEZ} 0.292 247} 1}
WA, 5~10% 73 10% o4 1| A Bias7t

K

1.63%}3.63, RMSE7} 1.929} 3.86& ZHzF B Qith,
F717 oSS D Ao AR BAFE HAS &
4 9lon, 5% u|gto| A= A L] Zpol7t §I%ict. Fig. 4
o| A B o] S| dHtolo A BFHo| Kt mp37] 7}
o] 27 vehgch a8 o2 §outirr) o] o]
of sjdates oE71E Aol AFS Bt

g7 Rolet mFFolo] BAA HIE Fof f
olnrie} mpa7] & Fojgt AvE Hrt shA|T
vt 2 dE T o5 7F dojd uff Zpolrt EA

H

e & 5 gtk ol sllgnEAst 21
e A SHEAD, ERY) Aolet sy
sol(AH) B WAlel] B BEAAY A 7]

g Ao AmE Tt 2 m ool L Hat
R 7JAAgeIA S Abulo] $ ghe] Ajzhast
e GAsHA bt Bt e FAA sl
P\ golsl mRolzke] Bgte] Aolst 2A Vet
e olgo] talAE TS ALH A @ 27 A7



848

(a
551
L]
sl
o .
45 '
° L)
34T
a
Z3s5p
£
~ 3r °
E
Sos5)
k2
e
o 2r
= y=0.7902x+0.2154
@ asp R?=0.8506
.
L] (]
05
R L[] [ ]
o °

. . . . . . . . . . ,
0 0.5 1 15 2 2.5 3 35 4 45 5 5.5
Sig Wave Height (m) - Moored Buoy

N
ofll
AN
N
_]u:
N
i)
el

el 37 - oA

®)

o

©
monee o

@ wme e @e

Wave Period (s) - Drift Buoy
~

0 @M copunIN

y=0.524x+1.6715
R%=0.6671

I I I I I . . )
2 3 4 5 6 7 8 9 10 1" 12
Wave Period (s) - Moored Buoy

Fig. 5. Scatter plot of (a) significant wave height and (b) wave period from Dong-Hae ocean data buoy and drifting buoy.

N
-

il
ool
pats

u
=
e}
i
i

ST gHo1 2] 2f wtare} Pt vhal

1 me 1.7 mel™, o w=71= 12.8%, ¥
71E 6.822 2 YEPHH. EFH0l9] X uhal
m, B #ilE 1.61 molH, Hd =7l
, Bt o7 53528 22 YEhd e E9,
= A2 s F7VERole] mF7| 7 A4 FH
£ R SIth ol:= HIPPY-40 AlAollA U= £ C
Z Fig. 5(b)et @Al ¥ & Aot Huh et
al.(2012)9] 7oA mF7] P55 S| FFo=
A7} oA I e 3 BTk 2 Al
M 1,02429] A7 st uh7] AFE AIRKE0R
)0l FFer webEn olef g2 wtEr] JEjvt
# =4% Wave unit A IAE AR sz &
7tz ol /WA=t Bavt Qe (E)A e HAA
e+ 714D,

w571 28 1795 24 23401 3 m ol
o] w2 opalrh sk 249 179 ol it A%
oA H7tes A7l dFer ARt vt oA =
< Tt 7F UEREAL, A7]9ke] Fell = vk 18Y
7HA] oA A7} A} wobAlE B Bt 249 23
doll= 2 4.3 me| Fojutart A=A, ST 7
ol ol FFE 7R 2ol Hestke A7
ool YFo = wekd:. of A9 714 dRel whet s

NF

N

N

\n
o= =
B oo

fr e
¢ |
SIS R

H
-
o

olo
=

= sk Aol ST, feln i oy
TS 7P gol W AL 4 A

Hrolet wRHol7h = o] tEfhE W (Fig. 5(a),
utzlol A sig7Iol7t ERolol Bl uha7]
7F i AA vehde e BoluA] 1 zto|7F A4
SFAHFig. 5(b)). ERL, 7130l BFF-0] 11
Frojupate] et A7 y=0.7902x+0.2154°]1
R’=0.85°0% ABTA}L 555 & 4 Uit 157
of diside AEEATE y=0.524x+1.67152%
R*=0.66°] 31t

32, B ARFY 270 2 ontn S

G710 2] 71E T WHQl Exp. 12 71EL

= AZE 710 whet fojutar ] 2ol & K Tt
B Fomtar7t 1 m oletd WiETE 3 m ol gl ¢
of| ¥i-5Ado] o 27 UERdTh Table 40114 & 4= 9%
13 m o143l Aol #= Alzte] 1/2(51270 B&54
2)Ql Bxps. 2, 3, 5°141+= RMSE7} 0.2 melst2 F4
Aoz folgt AE Koy, T A7 1/4(256
7M=E &< Exp. 69141+ RMSEZ} 0.33 m ©1/do]3lch.

ol thE AFS vl3h 1 grol ThS FE & 4 U9

fu
- T}

O



SF7I gl BFFoloA TEE frojual B mpa7] Bl 24

849

@
4.5 T T T
4

E
3.5
o
T 4
e
& .d
z 3%
k=) m— \Nave Height(Exp.1
2 —6— Wave Height(Exp.2

250 —#*— Wave Height(Exp.3

—~4—Wave Height(Exp.5
Wave Height(Exp.6
|

)
)
)
—*— Wave Height(Exp.4)
)
)
1

2 | | | | | |
10 20 30 40 50 60 70 80
Observation Time (2019.08.10.(int. 1,024s))
4.5 o
O Exp.2 o
Y% Exp.3 o
* Exp4 o
s Exp.5 * _."‘
4l .

©

i

B

o

X

L

A35F

E

=

2

©

I

o 3r

>

©

=

=)

[47]

25F
2 hJ 1 1 1 1 ]
2 25 3 35 4 4.5

Sig Wave Height (m) - Exp.1

Fig. 6. (a)Time series and (b) scatter plot of significant wave height from Marado ocean data buoy by each experiment on

Aug. 10, 2019.

71 A5tk
Figs. 63 7 20194 8% 104(3317} & %9)

nEtE ST AR 25

AIZPASH )2t AHE = (b)
Zoldt, #a17} =2 7 2(Fig. 6), Exp.
1=+ 7o s fojnae] A ARbisE AmE



850 232 - Az - AFE - w0 - B21% - ol AF
@
1 \ I \
Wave Height(Exp.1)
—&—Wave Height(Exp.2)
—_ —&—Wave Height(Exp.3)
£08F ——Wave Height(Exp.4) 7
= —#*—\Wave Height(Exp.5)
.qi'; Wave Height(Exp.6)
T
o 06
@ Y
= X
o 0.4%

02 ! ! ! ! ! ! ! !
10 20 30 40 50 60 70 80

Observation Time (2019.08.20.(int. 1,024s))

(b)
T o Exp2
*  Exp.3 i
* Exp4 ‘...'
09n " Exp.b o

© 08

N

o

]

. 07

E

_-E)O.B

[}

T

2

%z 05

=

=]

w04

0.3

02 * 1 1 1 1 1 1 1 |
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Sig Wave Height (m) - Exp.1

Fig. 7. Same as in Fig. 6 but for on Aug. 20, 2019.

H, = XS 1/42 E21 Exp. 62 HEAol 27 Z] 2 RMSE+= Exps. 2, 3, 50014 29k &= 715 2
e thFig. 6(a)). ESF Fig. 6(b)ollAE Aol W2 &9 Bxp. 49 T= AIgto] 1/4%1 Bxp. 6OllA]
Bxp. 6°] 7P W8kl Bxp. 42 of4 W2 #= 41L& RMSEZ} Ztt. Biase ZF A E -0.001~ 0.002%
Bt 1 m olstel 49+ 3 m o4l 739} mpzkrt ke k& Hol {oJoHA YEst o, Exp. 494+



7] olot ERHolo A BT folnta 9 w7 vl B4 851

Bias7} 24 Uebsth oharrt W2 4-9(Fig. 7), Exp.
49] foutil= %547]7}5‘} 7<° I Bxp. 6°] thA&
o S Bl

9] A1kE Ao KA B 715 28 &9 Exp.
49} = XS 1/42 &9 Exp. 6ol4 B A=
o §-oluka o] 2pol7t A vreRyitt @E}*‘] frojuta
E AFET Slo] S Ao B 7)o WSt
A FFETE=AS G 5 AT BS A2 71E
H) 50%(G127W7HA = f<lstt, F7tdea gto g &
&1 25%(25671) 7]?1‘ 2= o] ztol7t FSist
At &, sig7dFelet ZRFoIZe] TS B

i}owlﬁt w5 APPOI 1/27¢1= 5717} Wgte] ¢l
£ 3 folutn 540 27 Ak vl g AL
ot 2= 9lalt}, o] =T Fj|oF7| At AAtY]| tis] ok

FAFRolsh BRRoloH BEH golnme} o]
AR5 ) AL S QLSS SJulshARt AR A
Az Qutslerlols At BEn ol 9jg &
7149l A7} W s,

9919 55l e Ak sole] Rl 2718 2
=2 Aol 99 U Lol B2l Ashes @
ZA 29 AASKA. o714 AATE 20209 29 7
AR 20974 2397+) Trqmsﬂr 577 BE7
8 L gAfslsle) it ek ool ol 8 2

S5tel T2 A7HY 2717} foluti Ahze] m A
F 2Apelelc),

A7) oleh ERFololA At 778§
o129l RMSEE= 0.11~0.762, 5719 RMSE+=
0.29~3.86 247 LeRgeh. E4, §2J5e] Biasc
-0.02~0.44, T5719] Biasi 0.06~3.63°] Wl

%t} RMSES} Bias 25 017l 5845, 15
717k A48 5 PEAu|7re] Aol7k 2A ettt
3, Sl olo A BESH WALl 1,024% B9
1% 37] B8 202 B3 A0 S0 5122
AL fOIF ATE BYom, BE FL 252 &
72 032 72 Fo]7} A

€ As :
& dFolAE g7 dolet 2RFolE 2K 94

G o zﬂm o E%avﬁﬁ, il
o AAE G ot AL W o2, B2 4A

Al 2

o] 7]/\1—;& —_.‘11—%7]/&)4- 1] I'OHo}:ﬂA]— 71—,&]
L Z}*ﬂtﬂ 0410*0411/\1/\‘5“ 7, (KMA2018-00420)
o Ao $Y=GIG Sl L EFY
o] = AR= Lot L 7ATERY 7| AEEA 7]

12 AR ZEoA A 2 =Y.

REFERENCES

Doble, M. J., Bidlot, J. R., 2013, Wave buoy
measurements at the Antarctic sea ice edge compared
with an enhanced ECMWEF WAM: Progress towards
global waves-in-ice modelling, Ocean Model, 70,
166-173.

Hisaki, Y., 2021, Validation of drifting buoy data for
ocean wave observation, J. of Mar. Sci. Eng., 729,
1-13.

Hisaki, Y., 2018, Wave hindcast in the North Pacific
area considering the propagation of surface
disturbance, Prog. Oceanogr., 165, 332-347.

Huh, Y., Hwang, C. S., Kim, D. H., Heo, S., Kim, J. Y.,
Lee, K. W., Hong, S. D., 2012, Performance
evaluation of wave observation system using GPS, J.
Korea Soc. Mar. Environ. Eng., 15, 357-362.

Jeong, W. M., Oh, S. H., Cho, H. Y, Baek, W. D., 2019,
Characteristics of wave continuously observed over
six years at offshore central east coast of Korea, J.
Korean Soc. of Coast. Ocean Eng., 31, 88-99.

Kang, Y. H, Seuk, H. B., Bang, J. H., 2015, Seasonal
characteristics of sea surface winds and significant
wave heights observed marine meteorological buoys
and lighthouse AWSs near the Korean peninsula, J.
Environ. Sci. Int., Vol.24, 291-302.

Melville, W. K., 1996, The role of surface-wave breaking
in air-sea interaction, Annu. Rev. Fluid Mech., 28,
279-321.



852

BN
ofl
M

P

L=Reu

Tolman, H., 2002, User manual and system
documentation of WAVEWATCH-III version 2.22,
Technical Note 222, NOAA/NWS/NCEP/OMB, 133.

Tolman, H. L., Balasubramaniyan, B., Burroughs, L. D.,
Chalikov, D. V., Chao, Y. Y., Chen, H. S., Gerald, V.
M., 2002, Development and implementation of wind
generated ocean surface wave models at NCEP,
Wea. Forecasting, 17, 311-333.

Waseda, T., Sinchi, M., Kiyomatsu, K., Nishida, T.,
Takahashi, S., Asaumi, S., Kawai, Y., Tamura, H.,

- ZElZ . ‘_H._g_

Lyl - 3A1E - o)At

Miyazawa, Y., 2014, Deep water observations of
extreme waves with moored and free GPS buoy,
Ocean dyn., 64, 1269-1280.

Woo, H. J., Park, K. A., Byun, D. S., Lee, J., Lee, E., 2018,
Characteristics of the between
significant wave height at Ieodo ocean research
station and satellite altimeter-measured data over a
decade (2004~2016), J. Korean Soc. Oceanogr., 23,
1-19.

differences

* Researcher. Hyeong-Jun Jo
Observation Research Department, National Institute of
Meteorological Sciences
hjjo543@korea.kr

* Senior Research Scientist. Baek-Jo Kim
Observation Research Department, National Institute of
Meteorological Sciences
swanykim@korea.kr

* Principal Researcher. Reno Kyu-Young Choi
Observation Research Department, National Institute of
Meteorological Sciences
renochoi@korea.kr

* Senior Researcher. Min Roh
Ocean Space Development and Energy Research
Department, Korea Institute of Ocean Science &
Technology
rohmin@kiost.ac.kr

* Senior Research Scientist. Ki-Ryong Kang
Earthquake and Volcano Technology Team, Earthquake
and Volcano Bureau, Korea Meteorological Administration
krkang@korea.kr

* Director. Chul-Kyu Lee
Observation Research Department, National Institute of
Meteorological Sciences
chulkyu.lee@korea.kr



	해양기상부이와 표류부이에서 관측된 유의파고 및 파주기 비교 분석
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	REFERENCES


