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Abstract

Since the early 1990s, sea level trends in the western tropical Pacific (WTP) have
risen rapidly and trends in the eastern tropical Pacific (ETP) has fallen slowly or
been near zero. However, the sea levels were flipped into a downward trend in the
WTP and an upward trend in the ETP over the recent few years. In order to
identify whether this sea level shift is a short-term variability or a part of long-term
change, this study analyzed both satellite altimeter data since 1993 and result from a
global ocean circulation model using ensemble empirical mode decomposition
(EEMD) method that decomposes the sea level fields into ones with different time
scales. Our analysis show that high-frequency components on the time scale of 1.5-4
years are characterized as the inter-annual EI-Nino Southern Oscillation (ENSO)
variability, whereas low-frequency components on the time scale of 7-20 years are
closely associated with the recent sea level shift in the tropical Pacific. The
low-frequency sea level modes indicate a close connection with the ENSO-related
low-frequency wind variability. The dynamical ocean response is demonstrated by
conducting additional experiment with the ENSO-related low-frequency surface wind
forcing, which confirms that the climate-related wind has played a crucial role in
suppressing the sea level rise (SLR) in the WTP, while strengthening the SLR in the

ETP over the recent few years.
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Fig. 1. Sea level trends from (a) 1993 to 2010 (b) 1993 to 2015 (c¢) and 2011

2015 based on satellite altimeter measurement data.
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Fig. 2. Example of EMD process. (a) Original time series (blue line). Local
maximum (red dot) and minimum (yellow dot). Upper envelope (red line) and lower
envelope (yellow line). (b) Black line is mean time series of upper envelope and
lower envelope. (c) Blue line is a time series that removed the black line(b) from

original time series(a). (d) The first intrinsic mode function of time series.



( Original signal )

l

Adding white noise
wy (1)

vy

l

EMD

Adding white noise
wy (1)

Adding white noise
Wi ()

Component ¢; 4

EMD

Component ¢;

EMD

Component ¢;

y

Ensemble average

m
1 ; ;
Ci= Ez ¢j (=12-nj=12-m)
j=1

Fig. 3. Algorithm of EEMD (obtained from Park and Choi, 2017).




23 g

Zhang and Church, (2012)= 3|74 & AHEste] 7|5 WeAd 3t s da

e ﬁ%%’i}iﬂ‘&, R4S} g FAX WS A FUEYT AF 5

Regional Ocean Modeling System (ROMS) 3R =
(Navier-Stokes) W7 2o e HP 3} FAUAZA (Boussinesq) A} 2484
T A= 7 A F9-ollA u, AstelA

v, sl dx, A, £, 92 Artehs Arakawa CAAR AAE AT O
[e=]
PN

QA A2 (Primitive)= AFE3F

o

Uh(Arakawa and Lamb, 1977). 52 Z A= S-coordinate

= do=
(stretched terrarin-following coordinate)E AHg-sto]l M9 A, 35, T-%% & 5
T AYEE = F Slo] AYel M A vbgshe o AE Fe] A

AeatE Fol=&E /EESItHSong and  Wright, 1998, Shchepetkin  and
McWilliams, 2005). B3, x| 318}, 225, AAFe, W S8&= 9 44
S x&star 9lo] dfFgee] uerdt FokollA AFE-E Al Qlth(Haidvogel et al.,
2000; Marchesiello et al., 2003; Di Lorenzo, 2003; Wilkin et al., 2005).

2 ATE S MY RS YR 10 xRS AL FAHH L
% 30709 F(layer)= ZHe A AT SR o) Fig 45 ATtol A &4
T AR Ty FAREE YEpdt FHEFES o
LMD  (K-profile  parameterization, The Large, McWilliams and Doney
parameterization, Large et al., 1994) 237155 4 &3stlon di7]-ajs AAS

o A5 &4S B3t al7] Yéll bulk formula (Fairall et al., 1996)5 AF-8-3}9th.

2d2 WO0A20018] 7|40 S AEHS AREste]  x7IFgioH,
NCEP/NCAR®] #7|3F H+t 7

1534 ¥A4A4 g oz 60:d7F 2H7d 3h(spin-up)
S ARTE 6007 kY5 o] F NCEP/NCARS] €49 AEA 714A5E AHE-3)

O
E
o] 19483 1€3E 20159 12€971#] »d AHRES S35 o}

_10_



Fig. 4. Model domain and bathymetry (in meter).
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tropical Pacific region.
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Fig. 7. The intrinsic mode functions and residue of sea level variability of R1.
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Fig. 9. The intrinsic mode functions and residue of sea level variability of R3.
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Table 1. Correlation with low-frequency of MEI and low-frequency of R1, R2, R3,

and trade wind.

Region 1 Region 2 Region 3 Trade Wind

MEI index -0.97 0.58 0.85 0.76
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Fig. 17. Low-frequency variability (IMF5+IMF6) for R1, R2, R3, MEIL, and Trade

wind. Each variability is normalized by their standard deviations.
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Fig. 19. Comparison between satellite altimetry (blue) and modeled (red) sea level
variability for (a) R1, (b) R2, and (c) R3. Correlations of satellite altimetry and
modeled sea level are 0.94(a), 0.85(b) and 0.91(c) in each region.
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