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The global deployment of Biogeochemical Argo (BGC Argo), which is equipped with sensors that can detect biogeochemical

variables is in progress. In this study, we investigated the impact of these new data on the representation of the global

long-term ocean state estimation using the four-dimensional variational data assimilation technique. A twin data synthesis

experiment was conducted on the Earth Simulator for dissolved oxygen data obtained from floats, and the results showed a

clear decrease in cost function for all layers of the model as the quality of the float data improved. This indicates that the

further deployment of the BGC Argo can be effective in a dynamically consistent assimilation system.
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1. Introduction

Changes in the global ocean environment are becoming a
major societal issue. Many of them relates to biogeochemical
components, such as accelerated ocean acidification, changes
in the carbon cycle, and declining trends in ocean primary
production (e.g., Behrenfeld et al., 2006[1]).

An observation method for extensive long-term monitoring
of ocean environmental changes is the Argo Float, whose
system has been established since the 2000s (e.g., Argo
Scientific Team, 2001[2], Riser et al., 2016[3]). Recently,
instruments that apply this observation scheme to
biogeochemical variables (Biogeochemichal Argo floats:
BGC Argo floats) have been developed, and a global
observation network is being developed (e.g., Bitting et al.,
2019[4]).

To understand ocean environmental changes, it is important
to understand them through observations and to elucidate the
mechanisms through data integration using these observations
(e.g., Stammer et al., 2002[5]). Many findings have been
obtained from the integration of global observation data
(long-term ocean state estimation) using data assimilation
techniques (e.g., Osafune et al., 2015[6], 2020[7]).

In this study, we utilize BGC Argo float data, which has
been increasing in recent years, and investigate how the
coverage of these data can have an impact on state

estimations.

2. Data

The observational datasets used were available BGC Argo
float data from the Argo Information Center, temperature and
salinity data from the EN4 dataset compiled by the UK-MET
office (Good et al., 2013[8]), sea surface temperature (SST)

data from Reynolds, OISST. The BGC Argo float data we
used is only dissolved oxygen data and edited for two time
periods, 2002-2012 and 2002-2020, to make a
spatiotemporally sparse case (Case 1) and a higher coverage
case (Case 2). As control variables, we focus on the
oxygen-nitrogen ratio (O/N ratio) and the gas exchange
coefficient of oxygen (O2t).

3. Twin experiment implementation

In this study, we perform twin experiments with Case 1 and
Case 2 assimilation data independently on the basis of Doi et
al., (2015[9]). The Green's function method was applied to
optimize the model parameters (Menemenlis et al., 2015[10]).

4. Result and Discussion

The results of the twin data synthesis experiment are shown in
Figure 1. It shows the two-dimensional distribution of
dissolved oxygen at 100-m depth for the results of the twin
data-synthesis experiments using the Case 1 and Case 2
datasets. Comparing two cases with the result of without data
synthesis, we can see the overall concentration is well
controlled and closer to the observation. In addition, the
contrast between tropical, subtropical, and subarctic zones is
reproduced more realistically. The cost of dissolved oxygen
(difference between observation and model) of Case 2 is
smaller than that of Case 1. This indicates that the further
deployment of the BGC Argo is potentially effective in a
dynamically consistent assimilation system.

These are the results of optimizing the model parameters
O/N ratio and O2t from 8.625 and 0.200 before data
integration to 9.243 and 0.182 for Case 1 and 9.091 and 0.186
for Case 2, respectively. These parameter values are not
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necessarily consistent with the laboratory experimental values,
and it is possible that model representative errors and other
factors are artificially included in the optimal values. Careful
investigation will be needed to further interpret the dynamical
meanings they represent.
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Fig. 1.  Distribution of estimated dissolved oxygen at
100 m depth. Result of without data synthesis (top) and
results using data from Case 1 (middle) and Case 2
(bottom). Unit is pmol/L.



