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A total station plan combined with “Chikyu” and DONET:
simultaneous observation from seafloor to atmosphere
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Intensive XBT measurement reveals short-period gravitational internal
wave in the sea: its impact on GNSS/acoustic seafloor geodetic survey
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Microscale ocean disturbance that affects the GPS-A seafloor geodesy
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Seafloor geodetic observations accomplished several monumental works in the fields of seismology and
geodesy. Many seafloor geodetic works were performed using the GPS-Acoustic ranging combination
technique (GPS-A) [e.g., Gagnon et al., 2005, Nature; Sato et al., 2011, Science; Kido et al., 2011, GRL;
Yokota et al., 2016, Nature]. In this technique, we observe using vessels (or buoys) on the sea around the
seafloor acoustic mirror-type transponders set within the range of 1 - 3 km. Seafloor absolute positions
were determined using this acoustic data, the attitude data and the GPS data on the vessels. Although the
GPS-A technique achieved establishment of the stable and sophisticated seafloor observation network, an
observation precision (1 o= 2 - 3 cm: horizontal) remains lower than other geodetic observation
techniques.

The observation precision is affected by ocean disturbances strongly. We have reduced this effect using
analytical approaches in this decade (Figure). In that process, spatial and temporal changes of undersea
sound speed structures (SSS) were approximated as fields modelled using high-order temporal functions
[Fujita et al., 2006, EPS]. In the recent study, we found out a possibility that spatial biases of the SSS were
also able to be modelled by using the similar method. These methods could make contributions to
upgrade the precision of the GPS-A data. In this presentation, we’ d like to review our current analysis
flow and discuss effects of these analytical approaches.

Additionally, we remark the SSS modelled in our analysis. Although it was just noise for us, it is able to be
considered as an important parameter visualizing an ocean event. The obtained SSS has very small spatial
and temporal scales, a km-scale and an hour-scale, and is difficult to be acquired in other observations.
Therefore the GPS-A may have possibility to open a new window to see a microscale ocean event.

Acknowledgements: We thank the Geospatial Information Authority of Japan (GSI) for high-rate GPS data
for kinematic GPS analysis, and for daily coordinates of the sites on the GSI website.
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Impact of explosive cyclones on the deep ocean in the North Pacific:
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Comparison between temporal variation of sound velocity derived
from GPS/acoustic and CTD measurements

R AR TR’ A TR B RE
*Ryo Matsui', Motoyuki Kido? Chie Honsho?, Fumiaki Tomita'

1. RIERZRZREZARRL. 2. RIEKRZXERNZEEHIAR
1. Graduate School of Science and Faculty of Science, Tohoku University, 2. International Research Institute for
Disaster Science, Tohoku University
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12B8IC, GPS/ABAHOHESINZNEERHEESDERE ("1h) RT—ILOEHICOWTEHEPEE
TbaRBITE2NEIDNEMRIEL. £, XBT 5HRl%=60EE T BEREEER TIT O EREEHER =X
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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
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BRERA T, ZOBRBEBECTCORBICE DRI R INTE = (Spiesberger and Metzger, 1991a; 1991b;
Dushaw et al., 1993; Meinen and Watts, 1997) , T 5DMRIL. DGRDIFIHACMA LY HLBEEHIEWL
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To7ze RARDFRIE. CNETOERIOEHEICI Y KEDERT—IDFATEL L & BRRDKE
AREV (FEAEDERSTI000 L) 728, DGR ECMR E THRICEHEERENE L 2 AKEER B
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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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