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The importance of deep ocean observations has been recognized. Sustainable deep ocean monitoring networks that use

autonomous profiling floats have been widely proposed by the ocean observation community and there is an increasing number

of deep-float deployment initiatives around the world. Deployed floats promise to provide unprecedented deep ocean information.

However, current deep-float data are known to have biases. This paper proposes a new approach to utilize ongoing deep-float data

by reducing the bias in global full-depth ocean state estimation. It reports results from comparative experiments with and without

deep-float data by using the proposed approach to examine the impact of data input from the ongoing deep floats on the ocean state

estimation. The results demonstrate that the available float data enables corrections of the modeled ocean state locally for each float.

Keywords: Ocean, Climate Change, Data Assimilation, Argo float, deep ocean

1. Introduction

The deep ocean has gained attention from climate researchers
since Fukasawa et al. (2004) documented bottom-water
warming in the abyssal North Pacific Ocean. However, deep
ocean climate change still includes large ambiguity, mainly
because deep ocean observations are too sparse in tempo-spatial
resolution.

After 2000, Argo profiling floats is capable of continuously
monitoring ocean properties upper 2000 m (e.g., Argo Scientific
Team, 2001). The success of the monitoring network (e.g.,
Riser et al., 2016) motivates the construction of a similar global
network for the deep ocean.

Recently, several types of deep floats have been developed or
released. Although interesting information about the deep ocean
state has been obtained, it is known that their data are sometimes
biased (Kobayashi, 2016). We propose a new technique to
blend these problematic but scientifically valuable data into full-
depth ocean state estimates (e.g., Osafune et al., 2015). Then,
we examine the impact of available Deep NINJA data on deep
ocean state estimation by comparing two data sets with and

without the deep-float data.
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2. Method

The data synthesis system is based on “Estimated STate
of global Ocean for Climate research (ESTOC),” by applying
a four-dimensional variational (4D-VAR) adjoint approach
(Osafune et al., 2015; Doi et al., 2015).

We propose an improved data process for biased Deep
NINJA data. We compared the data from each Deep NINJA
with a background ocean state of a monthly reference field. The
reference was made by a conventional optimal interpolation
of a monthly gridded ENSEMBLES (EN4) dataset compiled
by the Hadley Centre of the UK Meteorological Office (Good
et al., 2013) dataset on the basis of the World Ocean Atlas
2013 (WOA13) produced by the National Oceanographic Data

Center.

3. Results

Figure 1 shows the temporal development of the temperature
and salinity in the Southern Ocean area of 100-150°E, 60-70°S,
where Deep NINJA has been deployed intensively, for the
period of 2012-2016. The area average is determined for the
grid points and times where deep-float observations exist.
The results for the DN case (the case where DeepNINJA is
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Fig. 1 Temporal development of area-mean (a) temperature and (b) salinity for 100-150°E, 60—70°S. The black curves indicate deep-float

observations, and blue and red lines denote the reference and DN cases, respectively, averaging only where deep- float observations exist (see

the text for more details). Crosses denote monthly values and dots denote 6-month running mean values.

assimilated) tend to follow the deep-float data closely. The
root mean square difference values are reduced by 48% for
temperature and 50% for salinity from reference case (ESTOC
values), comparing the 6-month running mean values (dots in

the Figure).

4. Concluding remarks

These subtle but apparent impacts demonstrate the
importance of deep-float observations for estimating the local
deep ocean state. These results can contribute to global deep-
float network planning in the near future by helping to define the
deep-float observational density required to uncover deep ocean

climate change.
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