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Waves characteristics revealed by the applied geophysical

methods (2/4)
Jing-Yi Lin, Chien-Chieh Chen, Yen-Fu Chen

Abstract

Knowledge of the wave climate at near-shore sites is of great important for coastal
research and marine engineering. However, investigations of ocean and climate changes
based on the traditional ways, such as satellite measurements, aerial missions, and
marine buoys, could be limited by the observation conditions. The use inland
geophysical data could be very helpful to complement the investigations toward the
marine environment. In the present study, wave measurements recorded by the ocean
buoys around the coast of Taiwan were compared with microseisms observations at
inland broadband seismometers. The evaluation of near-shore wave heights over a large
number of study regions allows us to consider the reasons for differential prediction
performance in each study area. Most of the areas in Taiwan, including the northern,
eastern and western part, for instance, are strongly influenced by the north-eastern
monsoon, which results in a very good simulation result with relatively higher
correlation coefficient and non-linear relationship between the square root of seismic
energy and the observed SWHs in winter. During summer, except for the irregular
lashing of the typhoons, no specific weather system affects the area and produce larger
wave heights. Thus, the correlation between the wave heights and microseismic energy
is less evident and the value of b is close to 1. For the southernmost Taiwan, i.e. S group,
the relationship between offshore wave heights and the seismic energy at the inland
seismic stations is moderated strongly by the typhoons, affirmed by the better
correlation coefficient. However, even the seismic energy is high in winter, due to the
sheltering effect of the inland topography which prevents the strong wind, no significant
changes in wave heights can be observed.

We consider the seasonal and geographic effects recognized in our study provide a
useful guide to the model-estimated complexity in the wave heights prediction based on
the inland seismometers. First, we denote that the simulation could be insensitive for the
frequency band used for the estimation of seismic energy. Then, the seasonal effect
expresses that the wave height forecasting could not be performed by only using a
single combination of parameters for the whole year. A seasonal-depending parameter

set should be considered. Furthermore, under strong weather conditions, the correlation
3



between the seismic energy and wave heights is better but the relationship is not linear.
Finally, for a small area like Taiwan, most of the microseismic energy can be
transmitted though land, which should be evaluated carefully.

Keywords: microseisms; waves; weather buoy data; wave height; marine buoy;
seasonal variation; typhoon
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Bohdg R T 0 Hazgp ) 23R A Wk ehfic3] (background seismic noise model ) -
PRA R IARATA S R SRR T AL K S B A (new high
noise model, NHNM ) % <% 7] (new low noise model, NLNM) (B 1) - izu*
A TR IR AT L LB SER  BE BRI RE ST E A 2
FE A LA YR PSRBT B R E T F U] 4o McNamara
and Buland (2004)B’~?+ 2 Wy BRFH o w2 F % F ek A s Diaz et al
(2010)2F & A8 % = 1L § #07] 5 Vassallo et al. (2012)p]a& % & & ~ 2L § #
YV

WA THT R AP RAL DAL FFRAIBRE S EE 2 L g2 AP
1% 3 i¥*% (Rhie and Romanowicz, 2004; Kedar and Webb, 2005; Rhie and
Romanowicz, 2008 ) o i ¥ A4t 4 = < #f » % — #f 5 & ﬂ:%’;ﬁ’ (hum) > #4117 &
Btk A sl g enR IR T > e endy £ 4 L (infragravity Waves)
BARE AT EY 2T R B LG LA B R e

(Henderson et al., 2006 ; Uchiyama and McWilliams, 2008 ) - % = #7 2 ¥ % jick &
(microseisms) > 7 fe i * 4T F A L A daps B (primary microseisms ) £ i
H 4 ek (single frequency microseisms) % = =t jig# #5 ('secondary microseisms )
2 L % 4 ey #+ (double frequency microseisms ) » dﬁ 5’5 4 AT AT K E Y B
REBARE FRIEH AR LG ﬂ‘»@ vLZESUNE L T AR AL A R b g sl e AT
A A2 (Hasselmann, 1963) « 18  chid 8F 5§ 4 4oficds o ch- 200 3 R85
BES eApF 2 e 3 ;r’# s RN BFEE R LR B RN HT S et R 2
B2 g B S F i Bk EORMA R gRE N E BT AR
£ 5l e & a2 # (Longuett-Higgins, 1950; Stephen et al., 2003; Bromirski et al.,
2005; Aster et al., 2008 ) - #2453 Bromirski (2005) % 3 ERARCE Ve ol SR
VoA B ERE MRS D R s u ZH4EF 0.085-02Hz ek iEH 2 AR
( long-period double frequency,LPDF ) fg# # > * 4= 4o fic s & ( Primary

microseisms ); 14 % #f F 5 % 0.2-0.5Hz =@k #y & 4 (short-period double frequency,
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SPDF) M 0 * fL & fiek $ (secondary microseisms) o 47 4y b {{d »

ARG X DRI A FDERFY DAL (R 21) @
i v ek j4p I (Hasselmann, 1963) o b it 2 ek > & T F > é_i
A5 ek (swell) o Fd JF B TIIT AR K R AR & S s er ) e fe d 20
— TR R B ADR R R o TR e B e B F ] o 0 & i
o0 3 BHI LB AR R k2 PR T R > Wk s 2R AL R Bt
BB LR B A F g o HAEF SR8 B o HEd N Ee b2
AARITER R KM BET]s kgL #ﬁﬁﬁm#yﬂ“?fﬁﬁ%%%ﬁ
PFERMEFE S PREL AR EEKE @(%,L S o — Ak WA
BL R F FGR PR EEAER kT S R A 1 Mgn BldEiTa A bldeotd
Tk HorA 4 auh AR 3R (Stephen et al., 2003; Bromirski et al., 2005 ) -

TAE NG B Ay R AT s BT P ER
3 1 (Grevemeyer et al., 2000; Bromirski et al., 2005; Tanimoto et al., 2006; Stutzmann
etal., 2009)- @ Ardhuinetal. (2011) { % % 7 % — 1 BE ¥ ik /s = e 5 el 0
B B * At aama T P i Y g PS4 (random wave ) foia fLARE 5
AR R o

RIE 3t 5 Efed BA R 2 FE B o™ ;f ¥ 7
et al. (2011, 2012) 72 = entr M| © Ga = JL A ehg i B 1
¥ B *'\.L FArdk B 247 BRI A F M o a5
AEFEM - TR F ek B gt B A gl B
LR A G AT - Ferretti et al. (2013)R] 4% 4 'J?*
AL B el G S H A+ 2 &% (Ligurian) Js A1 E A
BF RiFiRfrr R TR E IR > 20 573 J”J s n‘vflv“ B T o
PRk F A ALERGTR 2R AT A EY P Rabesrd 015 1 0.5Hz

2 w3 P R ae £ 35 «nfw (Chi et al.,, 2010a and 2010b; Lin et al., 2014a and

2014b) fed Hana 597 3 > Chi et al. (2010a)fF ¢ %2+ 2006 & 7 A& B 3
(SHANSHAN) g% » R fid ;i F g 2 enh U+ F B4 ah i § 8 &
¥ ;ﬁﬁﬁ/ﬁ» BT AR ER o Td K R R Rﬁq ¢ BE b o }E‘/PJ«\?
e AR Tl B R AR S > Fi ek S R Al - TRk &
T RO > RETIEEI RGN L EEMZH 0 P ARE RETF R
RPE o e UELNIRT B < JR1E (R 2.2) - Linetal. (2014a)+* 5+ 2011 f7 5 $R ek
B PR ARY RRESEHN R IR B M FRARE BPRGM 0 R F o8
Ha gy W B (R23) BT ¥ PR ER X AR REEa Linetal
(2015b) B £5 e b B ARPF o 2 0.2Hz v b AEELR B A B R B Uk B
F s ephi it (B 24)-

o Ardhuin

AN
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B 2.2 ~ Chietal. (2010a) &% 2006 & B b 3 3 87 5 ¢ 0 F Io 3 Bipleb 7o F |3 B R, o
s P Kb R LR 2 F A5 2006 # e b 3P (SHANSHAN) B i 2 ipl sk chps iF

2o B¢ VEIRE Bk LATRIEERE > S AR RIRG A L B o
13
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B 23~ Linetal (2014a) fu¥f 2011 & §F 5 0B #0874 ¢ v- 405 Rk RRATFHA £ A F i fe
A BTG () 78 Ay Rk OBSOL chiy 247 {ei /7 § R (b) 255 A RR
BTz BF A F AT E S (c) B AR E K% OBSOL thi #4534 # ;5 (d) OBS09 il it
Eﬁﬁ%MBiﬁﬁ;(@CB%QH%O&u%%mWﬁﬁL§(ﬂSMB DR A A S ok B
BT s (g) OBHz#gga B4 &3~ W & (f) fv (g) » » | 2wk EHHTE B
Prig o Il S ARk Ad T N R A Rh EFRE - IVALTEOEERE - (Q)FR Kk &
EprR ekt B B R RN ,?%**Wﬁ“%%*’@%$F§W@i%°m%&ﬁ§
BAERF > RB e EF 2B o T Y PR RAABHE > L RRAEIrEE -

e
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B 2.4 ~ Linetal. (2014b) .44 2010 # ¥ 4 B b &%= § @ 1t g RNLB ¥ Zplshehit B 453 ~ 7t

BT 58 b B RCER D Sk B Pt ] o B TR B > 0t 0.2HZ 1 s B e R 2
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Em AR o BRE LG SRt F RS
AT R P RESA A BREREE R AP, ’?Iﬁ,%}k 2
BB epck B gL en R I 4p B B 7% (Ardhuin et al., 2012; Lin et al., 2014a ) ( &) 2.3
o1 25) 0 i FROFHAAT *%fWPT 3ARTE R B ALT G0 AR pe TR A
fo st en R hig UHF’H{(%@? FeFifg it A RpVLREEE Fa
AR RARTE 2 Bl SRS i 2R R G %]EEE (Ardhuin et
al., 2012; Ferretti et al. 2013)o % Ardhuin et al. (2012)#@%-:".;‘19‘»% iy B ok
R A2 (o7 1) TRP TR F ok B B2l G5 ¢ Tk
#E iﬁ»-F)s‘ff'% B & §E 2 F "}3 R e o

E(f.t) 2 a(f,6,) [F(f., t +7)]70Fm) (1)

dv EFnsmanms (F) fomm (1) s e 5 Ffstrn)p] 5 s
5 USRI o 1 et Bk s s b ehmigp e s o000 b (£ 0 p)

SEEAE S oo~ 4 (Fm) it camc 4t by ER SR R SR i L 8

BAE o BB € BT PR 0 64 3 e enAp B fadic 0 @ it B
G Y T R R G Tee S o SRR % B e B
BLAv B A F ant g b B g Flane s 22 0.2Hz~0.6Hz fii it B ok B F A
kg ap it (B 26) 23w %F BRlk? kb I F ok i &
kg AE e FRPELE (F27)

N

. s (E) .ot
0 e 8 e £=0.0725 Hz 7 £=0.12 Mz

’ 3 2= corr=0.71 b e corr=0,83 34(

. b=0.84 ' b=0.66 e

" (

1o 128 « »

(b)
NB: f is the
. wave frequency ¢
f=0.10 Hz

corr=0.85

be=0.67

Wave power spectral density (dB)

'

"S:eisrr;i.c povJer sp;ctral der'\“sit;(dm
B 2.5~ d R Bl B foy RRM Bt BTN % o FR A7 FAF P B K2 Bk
W o AR B thiic (corr) fere s B (b) BEE R FHEIfoA LT A D RHFI R
% % i+ (Ardhuinetal., 2012) -
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FOAE AFT R P gy DU B0 F kA g V& IR ke A5 (Chi et
al., 2010a and 2010b; Linetal., 2014b) (B 4b) » %324+ 11 % T 7|58 3 k5 i

Sobs (0)=Sr (M) FSD (0)  +enriie e (2)
St (@)=W(®)FET (@) e 3)
Sb (0)=W(®)FED (®) +enviiiiiiii e 4)
Flp oo

(Er (0))/(Eb () )=(St (0))/(Sb (@) )-1. e (5)

H ¢ Sobs(®)Sr(w)frSb(w)~ % 5 &% F &4 F (o) PF o fick # sd 97

Jerdp s B~ 2Reh 3 i R et ¥ B ‘frb%%}k LB R B B W(o) 5 B AR g
Er@ﬁrﬂo@wia,%_ﬁ%ﬁ%é [He b frd & FlF BT D] o ¥
o F|t > d N5 WFE A L h AR o LinEantE Y 5 Sh(e) (T
q‘?“TLe‘%\'m%%’iﬂbL> GREH T A F R 0 TR T § RRF P\—‘"‘/F‘ “é‘ x
PR BT i o Fpt > BH KW AP Y A el A RS I At
ﬁPmZﬁ’#ﬁ T A7 27 3 R W F R g mﬁriimsb g__?ec‘
fex ) o ZAE KA ITE o

=)

=

—A«

gl P A L m nhgf B
&y
*rm'\

M

#RE

-

S FRRREERNEL R Ay

AR R BT ORES G o Ak E - BAEN o §ARARBESY 3
2 ""%F’*“’"@&@g&r’?&%@%C’mu\ZOJri Fmﬁr”"iLI—&] P’fig?\ﬁ}
b T HAE R BEEORGF e BRI RISy AR A P EN B EL
mod Bk BH-Y A 4 agidse B (Larsen 1973; Weaver 1965) - #8473 E'J%“ﬁ“zi 7
RlE BN d BEL ek A2 e B (Fraser 1965 and 1966; Maclure et al.
1964) o i AR T Od LIVER A 2 PR RESE L IVER B G AP 0 aHE
A M 3 RAFE 301 3 0.2Hz 2 B (Fraser 1966 and 1966 ) - Chen et al.
(submitted) " 47 & #pE + 2 BT RS FR AL A F BRI Kf A F’“fr‘ig LLES
o s RBAERE? 2012 02HZ 2% oA AR N ER R
BAUIE e 3 2 BARE > VoA A WRAF R GE BARA R ATiE 2 o x&i? +o
K,ért TARER T A4 B RO BT s REEY € X T R+ 3 (Breiner
1964; Eleman 1966; lyemori et al. 1996 and 2005; Tsegmed et al. 2000; Yamazaki
2012 ) - Honkura et al. (2004)f= Guglienlmi et al. (2004) 4 &[4 &) P i fri % ;‘ﬂ(Love
wave) € B e IR o A MAF T RRE F T4 (Rayleigh wave) #7ig =
-3 > w8 %BW”'%6%#%mﬁ*&&mﬂkﬁﬁﬁ%°qLﬂﬂ

A2
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2 ERARER

APFEL AR AR P HUMF R A IR ERE  YTERAB I PR

AR B o ek Boa B A B M fheha 490 mﬁ%ﬁf 4;; g 2 5 (FULB)
foirv g Lk (LIOB) = B E B 5 L X ehp B o frik B TR 478 R
&m&m%%&%$%%%%?%@ﬂ%%,* ¢j%&%§% % 2 [ e
GRVERE RF e fpE B ARk AP 2R A BRI R TR

APWE AT HRAN L BT EFF AT RS BEE T E ] ARE P
Fopr A Bl 3 R APM - T AAARERE > AT 2
BlbAed FRATH RER LR b it BB B A FARAp I 0 (e F FRPIEEF £
WEA T FERA (4 02~08 Hz)» THERBHMERS > Fla R H R 3 Io
Bk BB AN Fo LRk (5 02~05Hz) # F (B 2.8) 0 2L g o k3t B picds
B RS R AR RS E S SR (B29) FletiEik o v 0~1 Hz
SR REFAF R R AR o ¥ b BT R Lk e T IR X A 5 RUE

VA B HERAY B o A R R E RN I Rhafrb B HIE B S G

z%ﬁ&%aﬁbﬁﬁﬁ&&@boﬁ&%&ﬁbﬁ&&é%%ﬁ P e g

P RE TSI d e b o A F RS oD PIRE A LR

IS b & mmLﬁMl(ﬁzmﬁﬁqu PSS Bom s ﬂ%“ﬁd

Pro B ok Bac B 7 A RABITY S ARRE o A AEh B0 R 2 i M A
F

ﬁP’ﬂW%m%ﬂﬁmﬁﬁg R SERN L
BoABAEES A (B 212) — S kB R B P| 2 FEARARIE T » uE
3u§(@2ﬂ)’aﬁ7¢%ﬁiFﬂﬁﬁ°ﬁkn&ﬁﬁwmﬂgf T 4
R EL AR R - AR 0 AP BRRT %é&ﬁ%%
Z el AR EE 0 B B0 AR B G R Rl sk LR T o V‘Lé%@?w‘
BEARIERF AT (B 21348 2.14) -

(a) (b)

LIOB.HHZ.2015.032_041_2Hz - FastSTFT * FULBHHZ.CWB_BB.01_2015.032 - ... -FastSTFT
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