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GPS/EZAIBEREAAR (GPS/A) 1, GPSEIMITHMMOMEBEEZ KD Z & EFIC, FEAETHMHEBERD
MERREXRD S Z & TEEMBREHNZRHB T ZRCAFETHS. ZOFETIE, SBULDBERTERS
N2 BER7LADKELSMAESZSEREI 3y NTEICHETRETH S, KEZSMEBBICHEESINDEE
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DGPS/AMEMBEEEAEE DB ZTV, DA EBFEHBAHOEEICOVWTIAEN LK BT B &%
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BEL<CAVWOSNEEPRZFEDEHRICIZ Chen and Millero (CM) M=, (Chen and Millero, 1977) & Del
Grosso (DG) @3 (Del Grosso, 1974) &HnH Y. FIE IFEFIZEETH HUNESCORXE LTHEHOND, VT
NEEH, KB, EDREALTHET2LEAXT. CMRIF42, DCRIFT1IDFHRBTERIND, IRENLE
KEEEDBREICEVWTIEDGRDIF>ACMA LY NS VWEREE5 X 5, MHEDEITEEIL < TIXLLERN
IVWH, EH CRE) &E&HITEARL. KFE3000 mEURTIZ0.6 m/s 1TET D, MNIEEHICERICE DL
BRERA T, ZOBRBEBECTCORBICE DRI R INTE = (Spiesberger and Metzger, 1991a; 1991b;
Dushaw et al., 1993; Meinen and Watts, 1997) , T 5DMRIL. DGRDIFIHACMA LY HLBEEHIEWL
EWIELHERICE>TWVE D, DCROEFNARBEICOWVWTIEFTMAI k2 TH D, AR TIE. 20125FLL
BEORILHICH 1T B BEMBEEMRE A B & L7=GPS/AcousticEill T —4 #FHW\WT, MEHRADTE%
To7ze RARDFRIE. CNETOERIOEHEICI Y KEDERT—IDFATEL L & BRRDKE
AREV (FEAEDERSTI000 L) 728, DGR ECMR E THRICEHEERENE L 2 AKEER B
BLEERT—9HZWETHD,

HALHD20DEB R T2012~2016FICITHONZEH1200F v Y R—VEBITEONW AT —Y 2 FRHL
oo BEAIRTIZ, BEICRBESINEI~6BDMNS VYRRV =ZATARNATOT LA 2EHRT 5, %
DEBEN S VARVTEMD NSV RAT 2 —H EDOBEDOEFEERA, 101 VORWOBEETAES %, HIE
(£30-60ERTITHhN. 1EIDF v U R—2 TOERIEFEIZTH15EIFE TH D, BTITBIRI &ICT
V. 2O S CHERICIThbNE3-8E0DF v Uy R—VEBDTF— 9 EREICA VA= a VR LT, R
FICBWTIK, PLATRRIIFIETHY ., MWBREENICL D EMELE NS VARV Y THREEREL. WE
FroR—VEARFICET2E NI VARV DEREESE, TZORDEF v UR—VEARICET2T7LAE
RL&HRD, BREEICDVWTIE, FTREF v UR—VERRICEREIN/=XBT®CTD. XCTDEAID
FT—HICEDE, CMAEAIIDCREAVWTCEEL R EPFEEOHNETO7 7ML EF v U R=V T EITE
BT %, ZLTHEATIE. KERBEEERELEZIAT, 2FREICHEYRALBRTEENELLTIETIL
ERAV, BRPHARENRICERT 2FEROREZELE, BESEIO7 74 IVICEITIREZEZROBBZEL
ELTKRDD, BRI, 1 UN=JaVBRAIGS, PFLAMEBE EHICEF v+ U R—VEAIROSEDIFE
ZPEoNs, CMXZRWEFTIE. BEZFER7O7 74 IICHT 2ERIZT.0LUDIBYNILCKD S
hic, ¥+ UR—VEAIZ & ICERBTY L2 5RIEF1H0.9994, ZHERFZE0.0001TH o7, TNIFZEICH
B9 2&, £FREICHE-0.910.2 m/sOBEICHEYET S, —H. DCGREAVWALEFTIE, F150.9997, 12
#{{FZE0.0001, FSERMFEZICL T-0.5£0.2 m/sE WS EREF/, DGRDIFIHNCMA LW NSWRHEEE
RO EIIBEDHREBANTH S, LHL. DCRICE B FEFEELKRARALY IEKEHTHY. CMRAD
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Hbd, £/, DCGRZAWVWLBZAICRY., BREXRELFAUARDOZRE & OBICHBIRD 51, FVEARIFE

©2017. Japan Geoscience Union. All Right Reserved. - MIS24-P0O3 -



MIS24-P03 JpGU-AGU Joint Meeting 2017

ZEBRATIO0IEDLKIERDH B N>, TDZ ElE. DCGRICL BT EDBREN, FETIEARL<LLL
HEREICHD I EHRELTWBAENELH S,
XBIAMXEIZWTNE L Acoust. Soc. Am.& V)

F—7—NK :BHRE®E. GPS/Acoustic&ifl
Keywords: sound speed in seawater, GPS/Acoustic observation

©2017. Japan Geoscience Union. All Right Reserved. - MIS24-P0O3 -



MIS24-P04 JpGU-AGU Joint Meeting 2017

Sea-level records analysis with empirical mode decomposition and its
variations: Boundary effect improvement and mode reconstruction
method

s s ]
*Z= ES
*Han Soo Lee'

1. EEXRZF

1. Hiroshima University

Sea-level records analysis with empirical mode decomposition and its variations: Boundary effect
improvement and mode reconstruction method

Han Soo Lee'

'Graduate School for International Development and Cooperation, Hiroshima University.
1-5-1 Kagamiyama, Higashi-Hiroshima 739-8529, Hiroshima, Japan

A common goal of most time-series analysis is to separate deterministic periodic oscillations in the data
from random and aperiodic fluctuations associated with unresolved background noise (unwanted
geophysical variability) or with instrument error. For many applications, the sea level records are treated
as linear combinations of periodic or quasi-periodic components that are superimposed on a long-term
trend and random high-frequency noise. The periodic components are assumed to have fixed or slowly
varying amplitudes and phases over the length of the record. Fourier analysis is one of the most
commonly used methods for identifying periodic components in near-stationary sea-level data. If the
sea-level data are strongly non-stationary, then more localized transforms like Wavelet transform can be
used. However, the sea-level is a naturally non-linear process and data with the non-linear interactions
among the physical processes with different time scales causing sea-level changes.

Empirical Mode Decomposition (EMD) is an adaptive (data-driven) method to analyse non-stationary
signals stemming from non-linear systems (Huang et al., 1998). It produces a local and fully data-driven
separation of a signal in high and low frequency oscillations, called intrinsic mode functions (IMFs), and a
monotonic trend (residual). Detailed information on EMD and EEMD are referred to Huang et al. (1998)
and Wu and Huang (2009). The CEEMDAN is an important improvement of EEMD (Torres et al., 2011),
achieving a negligible reconstruction error and solving the problem of different number of modes for
different ensemble numbers with signal plus noise. The improved CEEMDAN is a further improvement of
CEEMDAN for solving the problem of residual noise in modes and spurious modes (Colominas et al.,
2014). For the sake of paper length, readers refer to the relevant literature above for detailed algorithms
of EMD and its variations. For applications of EEMD, refer to Lee et al. (2012).

In this study, we illustrate two improvements in the signal decomposing and analysis process of EMD; the
boundary effect and reconstruction method for decomposed intrinsic mode functions (IMFs). We use the
mirror method for boundary effect and statistical significance test for reconstruction of IMFs to improve
the statistical significance of each modes. The artificial signal test show that the proposed mirror method
for boundary effect and the statistical significance test for reconstruction of IMFs improve the
decomposing results dramatically compared to the original artificial signal components.
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