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Wide variety of Argo-type floats are being deployed all over the world. They include Deep NINJA and Bio-geochemical (BGC)

floats. The former can monitor temperature and salinity profiles of subsurface ocean upper 4,000-m depth. The latter can observe bio-

geochemical variables inclusive of dissolved oxygen. Here we show the impact of the data obtained from these floats on a long-term

ocean state estimate through observing system experiment. Data synthesis experiments were conducted by using a 4-dimensional

variational data assimilation approach with/without the float data. Deep NINJA data can improve the state estimation apart from the

deployment region due to forward/adjoint signal propagation. BGC float data successfully reduces the cost by approximately 3 %.

These results can contribute to international planning of global Argo-type float network construction and climate research.
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1. Introduction

Following the Argo international program, which successfully
archives global ocean coverage (e.g., Riser et al., 2016 [1]), deep-
ocean monitoring and observation of bio-geochemical variables
are tried by using Argo-like floats. However, the deployment of
such floats is still very limited.

An ocean state estimate is a new approach for the climate
research. There were a few challenges for long-term global
ocean estimations which are dynamically-self consistent (e.g.,
Osafune et al., 2015 [2]). Recently, super-computers enable us
to make state estimation for not only physical parameters but
also bio-geochemical ones (e.g., Doi et al., 2015 [3]).

Here, we carried on an ocean observing system experiment
with a 4-dimensional variational (4D-VAR) data synthesis
system “Estimated State of global Ocean for Climate Research
(ESTOC)”. The aim is to clarify the impacts of a newly obtained

float data on the long-term state estimation.

2. Observing system experiment

The used OGCM is version 3 of the Geophysical Fluid
Dynamics Laboratory (GFDL; NOAA, USA)Modular Ocean
Model (MOM3) (Pacanowski and Griffies, 2000 [4]). This is a
quasi-global model covering the region between 75°S and 80°N.
The horizontal resolution is 1° in both longitude and latitude and
involves 45 levels.

The data synthesis method is based on 4D-Var. An adjoint
approach is applied for physical parameters (Osafune et al.,

2015[2]), a Green's function approach biogeochemical ones (Doi
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et al., 2015[3]).

Data synthesis experiments were separately conducted with/
without the float data. The targeted floats are Deep NINJA and
available BGC floats.

3. Results

Figure 1 shows the estimated subsurface temperature
difference between with/without Deep NINJA data input. The
differences in Southern Ocean (Indian sector) and North Pacific
regions largely show improvement in the state estimation by
direct Deep NINJA monitoring. We can see the significant
difference subtropical North Pacific where Deep NINJA has
not been deployed. This is an advantage of the 4D-VAR data
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Fig. 1 A Observation System Experiment result of Deep NINJAs for
2012-2016 state estimation. Difference in the 3000m-depth

temperature estimation. The units are K.
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synthesis. Forward and adjoint signal enable to make such
“remote” corrections.

Figure 2 shows dissolved oxygen difference between with/
without BGC float data input. In this case, the difference has
well organized pattern since we made optimizations for global
parameters. The cost reduced by 3.05%, which reveals that the

data input has a subtle impact on the global state estimation.
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Fig. 2 A Observation System Experiment result of BGC float for 1957-

2011 state estimation. Difference in the 1000m-depth dissolved

oxygen estimation. The units are umol/L.

4. Discussions

These results can contribute to international planning of
global Argo-type float network construction, which is now
under debate in the Argo research community.

ESTOC is useful dataset for dynamical analysis of global
changes not only for physical parameters but biogeochemical
parameters. The obtained dataset by applying Deep NINJA
and BGC float data is promising one. We will promote climate

research by using these datasets.
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