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We conducted optimization experiments with Green’s function methods to investigate the influences of 3-dimensional
distributions of vertical diffusivity on the ocean circulation in our system to improve the full-depth ocean circulation
assimilation system. Based on the preliminary results, to reproduce the observational temperature and salinity fields, the
strength of far field mixing around the subsurface, as well as deeper layers, was important. At the same time, we have been
developing a circulation model of CFC to assess the effects of changes in the diffusivity paramters. Based on the preliminary
results of comparison between previous products, CFC experiments seemed to be useful for the assessment of the diffusivity

sensitivities.
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1. Introduction

GOORC in JAMSTEC has been conducting observations
to investigate large-scale ocean circulations and the
relationships between the environment of the earth and has
been developing a data assimilation system to serve as a
good suggestion for the observational activities as well as to
interpret and assess various phenomena revealed by
observations.

Assessment of variability of the ocean circulation from the
surface to the bottom considering the meridional overturning
circulation is one of our targets of the assimilation system. It
has been well-known that the meridional overturning
circulation in the ocean is strongly influenced by the strength
and distributions of vertical diffusivity associated with
micro-scale turbulence. However, incorporating such
knowledge based on observational and numerical model
studies to reanalysis products has been in progress, to
improve the productivity of budgets in biogeochemical
materials as well as the overturn circulation itself. As one of
such activities, we conduct examinations to assess the
sensitivity of circulations to vertical diffusivity distributions
in our system and develop a method to show the results in
the assessment clearly.

2. Linear optimization of an OGCM considering
vertical structure of tidally induced Far-Field-
Mixing

Using the ocean general circulation model (OGCM) in our
data-synthesis system, we conducted a linear optimization
experiment based on the Green’s function method
(Menemenlis et al., 2005).

This model uses a linear combination of three semi-
empirical mixing schemes for interior vertical mixing below
the surface mixed layer. Toyoda et al. (2015) conducted a
linear optimization experiment to determine the weighting

factor for each schemes along with other physical parameters.
Recently, to improve the reliability of the dynamics
reproduced in our model, Osafune et al. (2021) implemented
geothermal heat flux and two tidally induced vertical mixing
schemes, a near-field mixing scheme of St. Laurent (2001)
and vertically constant far-field mixing scheme based on
Hibiya et al. (2006), and optimized the model parameters
including those in the mixing schemes. This optimized
model reproduces the abyssal ocean state very well, but there
was room for improvement in the reproducibility of the
upper layer.

In this study, we focus on the vertical structure of FFM.
Osafune et al. (2021) used the vertically constant profile for
FFM, assuming the wave-wave interaction as for the
mechanism causing FFM. However, there are other
mechanisms causing FFM, and the vertical structure depends
on the mechanism. We used a vertical structure of Tsujino et
al. (2000) used in our previous model. The FFM scheme
includes two unknown parameters related to the background
mixing (bgyr) and the mixing related to internal tide energy
(rrar). We replace these parameters to bpsg + bsr X
fear X G(2),Trar + TRar X ffar X G(2)), where bg,, and
r2, s are the first-guess (FG) values, G(z) is a vertical
distribution function as,

09+09x<1 t hz—1500>
. . an 750
B forz <1500
o= 2+2x<1 t hZ_1500>
5000
for z > 1500

We used f2,z and fi4z to control variables in addition to
those used in Osafune et al. (2021).

We show the vertcail structure of FFM in Fig. 1. bgyp in
this study is closer to FG than that in Osafune et al. (2021),
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and its vertical contrast is small. 745 in this study has a large
vertical contrast, has a similar value to 7,5 in Osafune et al.
(2021) near the surface, and to 145 in FG at about 1200 m.

blg — =
b_fim2d — rfimed ——
b_fim3d _fim3d
1000 1000
2000 2000
3000 3000
4000 4000
5000 5000

Figure 1. Vertical structure of FFM in first-guess (fg),
Osafune et al. (2021) (FFM2D), and this study (FFM3D)

0 02 04 06 08 1 12 14 16 18 2

We compared the temperature and salinity structure
estimated in this study and Osafune et al. (2021). It is shown
that various model biases including strong main thermocline
are improved in the estimation in this study (not shown),
although the modifications are not enough to be realistic.

These results suggest that the importance of considering
the vertical structure of FFM, but the representation of this
structure needs further refinement. We will consider
incorporating a scheme with better reproducibility of FFM.

3. Comparison of reproducibility of ocean
circulation by experiments forced by historical
atmospheric CFC

As shown in the previous section, an examination and
revisit investigation of the relationships between large-scale
ocean circulation and 3-dimensional distribution of vertical
diffusivity has been conducted by researchers who are
developing ocean modeling. The distribution of the vertical
diffusivity is considered to be important to determine the
distributions of chemical tracers as well as the meridional
overturn circulation. In this study, we conduct numerical
model examinations reproducing CFC distributions, based
on Green’s function method, to develop the methods for
evaluation of dependencies of vertical diffusivity
parameterization on the reproducibility of ocean circulation
in our assimilation system.

We incorporate absorption of CFC at sea surface and
circulation based on the advection and diffusion in ESTOC
4DVAR assimilation system. The boundary conditions of
CFC concentrations in the atmosphere at the sea surface are
given from observations. Then we develop a system to infer
the coefficients of absorption speed at the sea surface (global
constant) to reproduce the observation of CFC in the ocean,
which have been provided (for example) by GO-SHIP
observations. At this time, we focused on the development of
an essential method to evaluate circulations reproduced in
our 4DVAR assimilation system, and attempt to examine
CFC circulation reproduction to ESTOC Ver. 3 (vertical
diffusivity is set based on Toyoda et al., 2015) and Ver. 4
(vertical diffusivity based on Osafune et al., 2021), and
compare the results to investigate the advantage of the
incorporated method.

Our system tends to underestimate the concentration of
CFC in the mode water and intermediate layers, which have
not been improved through the optimization of Green’s
function method. The concentration in the intermediate

layers based on Ver. 4 was larger than that in Ver. 3,
reproductivity in Ver. 4 seemed to be improved. Causes of
the difference have not been well investigated yet, but might
be related to changes in reproductivity of mode water
formation and transports dependent on vertical diffusivity. In
addition, the concentration below the intermediate layers
was overestimated in Ver. 4.

At this time, we incorporated a method to evaluate the
effects of changes in vertical diffusivity. Next, we try to
conduct an actual evaluation of our system quantitatively.

ACFC11 (P16) 2005 [pmol/kg]
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Figure 5. Difference of modeled CFCs (left: Ver. 3 and right:
Ver. 4) from the observation along 65°E.
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