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We developed a biogeochemical and Carbon model (JCOPE_EC) coupled with an operational ocean model for the
North Western Pacific. JCOPE_EC represents ocean acidification indices on the background of the risks due to ocean
acidification and our model experiences. It is an off-line tracer model driven by a high-resolution regional ocean
general model (JCOPE2M). The results showed that the model adequately reproduced the general patterns in the observed
data, including the seasonal variability of chlorophyll-a, dissolved inorganic nitrogen/phosphorus, dissolved inorganic
carbon, and total alkalinity. We provide an overview of this system and the results of the model validation based on the
available observed data. Our conclusion is that even in the area that the observational data is less available, by using
our operational system (JCOPE_EC), we can provide the useful information related to ocean acidification indices, pH,

pH2s and aragonite saturation in the North Western Pacific around Japan.
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1. Introduction

Ocean acidification poses a serious risk to marine
organisms and ecosystems, including finfish and coral reefs
in subtropical regions, and species or groups of organisms in
polar regions (IPCC 2013) [2]. The effects of ocean acidity
have previously been reported and the effects of
acidification are predicted to increase, with great risks to
marine organisms (IGBP, 10C, SCOR, 2013) [1]. The global
economic loss of organisms from ocean acidification has
been estimated at $24 billion, $0.7 billion, $37 billion, $65
billion, and $30-375 billion for molluscs, echinoderms,
crustaceans, finfish, and corals, respectively. All organisms
except echinoderms could be seriously affected, and
substantial economic losses are likely (IGBP, I0OC, SCOR,
2013) [1]. These issues therefore can no longer be ignored,
and urgent action is necessary. International society has been
deeply concerned for such future impacts from ocean
acidification, and try to make a construction of international
collaboration system for future concerns.

To improve our insights into the drivers of ocean
acidification, we aimed to develop the JCOPE further to
incorporate a new marine ecosystem and carbon cycle model
(hereafter JCOPE_EC), driven by the physical processes
represented by the JCOPE2M maodel outputs (Ishizu et al.
2018 [3]; Ishizu et al. 2019 [4]). In this report, we report on
the quality of the model outputs by comparing them with
available observed data. The present version of the
JCOPE_EC includes damping terms for the climatological
states of dissolved inorganic nitrate (DIN), dissolved
inorganic phosphate (DIP), dissolved inorganic carbon
(DIC) and total alkalinity (ALK) and so can be used to
determine the distributions of ocean acidification indices in
the North Western Pacific, with a constraint to the
climatological information.

2. Results
2.1. Ocean Acidification Indices pH and Qarg
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Figure 1 shows the surface pHinsitu (PHz2s) and Qarg
values calculated from the model outputs for temperature,
salinity, DIC and ALK (Figure la-d). The pHinsitu ranged
from 7.85 to 8.10 in the northwestern Pacific area (Figure
9a—d), except in winter and spring (January and April) for
the East China Sea near the coast of China (Figure la-b).
The values in the side of Pacific basically ranged from 8.00
to 8.05. The values were lower (7.85-7.90) in the Okhotsk
Sea and the Japan Sea throughout the year, and on the Pacific
Ocean side along the Kamchatka Peninsula and Kuril Islands
from winter to spring (Figure la-b). In the Kuroshio
Extension region (140°-180°E, 30°N), the pH values were
low during July (summer). The values were highest
(8.10-8.15) in winter (January) and spring (April) (Figure
1a) between the subtropical and subarctic regions in the area
corresponding to the Kuroshio extension. The values varied
with latitude along the 165°E line (Figure 2a). The highest
and lowest values occurred in February or March and June or
August, respectively, in lower latitude regions around 20°N
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Figure 1 Horizontal surface distributions of pHinsiu (a-d), pHzs (e-h),

and aragonite saturation (Qarg; i-1) in January, April, July, and

October from the model outputs.,

and 30°N, but the opposite occurred at around 40°N and
50°N (Figure 10a).

The pHzs values were lower in the northern region and
higher in the southern region (Figure le-h). The lowest
values (7.5-7.6) occurred in the Okhotsk Sea and along the
Kamchatka Peninsula on the Pacific Ocean side in winter
(January) and spring (April) (Figure le—f). The highest
values (8.10-8.15) were found in the subtropical region at
latitudes below 20°N. The pHzs values increased in summer
(Figure le-h, 2b). The amplitudes were larger in the
northern region than in the southern region. The lowest and
highest values at each latitude occurred in April and August,
respectively.

The surface Qag values (>3.5) were high in the
subtropical region, and low (2.0-3.0) in the subarctic region
(Figure 1i-l). The values were lowest (1.0-1.5) in the
Okhotsk Sea and along the Kamchatka Peninsula and the
Kuril Islands on the Pacific Ocean side in winter (January)
and spring (April). The values increased in summer (July),
with similar spatial variability in autumn (October). The
time-series at longitude 165°E showed that the Qarg vValues
were highest in August-September and lowest in April
(Figure 2c), and the seasonal variation was similar to that for
pH2s (Figure 2b).
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Figure 2 Time series of surface pHinsiu (), pHzs (b), and
Qarg (c) at latitude 165°E from the model outputs. The
purple, blue, green and red colors show the data for 20°N,
30°N, 40°N and 50°N, respectively.

2.2.  Reproducibility for
Variables

The correlation coefficients between the JMA observed
data and the model outputs for each region for 2015 were
calculated for chlorophyll-a, DIN, DIC, pHz and ALK
(Table 1). The observed data and model outputs could be
compared as they overlapped in time and location. The
natural logarithm values of chlorophyll-a were calculated, as
the plankton concentrations were not normally distributed
but followed a lognormal distribution [6].

The correlation values were 0.57, 0.88, 0.86 and 0.87 for
chlorophyll-a; 0.72, 0.88, 0.87 and 0.95 for DIN; 0.74, 0.87,
0.78 and 0.92 for DIC; 0.48, 0.69, 0.48 and 0.35 for ALK;
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0.74, 0.86, 0.81 and 0.90 for pHzs; and 0.99, 0.98, 0.98 and
0.99 for Qarg, in the subtropical region, the subarctic region,
the Kuroshio Extension and the Japan Sea, respectively
(Table 1). Scatter plots (not shown) showed that the
parameters were highly correlated with each other (not
shown for DIP, DIC and ALK).

Table 1 Correlation coefficients for chlorophyll-a (Chl-a),
DIN, DIC, ALK, pHas and Qarg between JMA observed data and
the model outputs for each region in 2015 (Figure 1). The
observed data and model outputs that matched in time and place
were compared. Values in brackets indicate p-values the
significance level of 0.05 and the significant level of p < 0.05.

Only for Chl-a, logiwo (Chl-a) values were evaluated.

Parameter Subtropical region Subarctic region Kuroshio extension  Japan Sea
Chlorophyll-a— 0.57(0.07)  0.88(0.07)  0.86(0.12)  0.87(0.15)
DIN  072(0.004) 088(0.12)  087(0.1)  095(0.11)
DIC 0.74(0.09)  087(0.20)  0.78(0.17)  092(0.26)
Alkahmty  048(0.09)  069(020)  048(0.17)  035(0.26)
pHas 0.78(0.09)  086(0.20)  081(0.17)  0.90(0.26)
(O 099(0.09)  098(020)  098(0.17)  0.99(0.26)
3. Conclusion

We developed a nowcast/forecast system related to ocean
acidification indices, by using new biogeochemical model
(JCOPE_EC) for carbon processes, based on the physical
background of a numerical model product, JCOPE2M, which
is a three-dimensional operational eddy-resolving model
product. Comparison with observed data for 2015 showed
that the JCOPE_EC model adequately reproduced the basic
features of chlorophyll-a, DIN (DIP), DIC and ALK. The
seasonal variability in these biogeochemical variables was
similar to the observed (climatological) variability, although
the modelled seasonal variability in chlorophyll-a and ALK
deviated somewhat from the observed.

The JCOPE_EC also represented the ocean
acidification indices pH and Qarg, based on the model outputs
for temperature, salinity, DIC and ALK. The simulated
values were consistent with observed data, although the
pHinsitu and Qarg Values in some parts in the Okhotsk Sea and
the Japan Sea from winter to spring were lower than
expected (Figure 1a—d, i-1). This is probably a consequence
of the uncertainty in the climatology data for these
parameters, and should be investigated more fully.

The current version of the JCOPE_EC system includes
climatology damping conditions for some biogeochemical
variables, which highlights that the present model is
diagnostic. To investigate the mechanisms that drive the
modeled ecosystem and the carbon cycle, we will develop a

- Earth Simulator JAMSTEC Proposed Project

more prognostic model without climatology damping in
future studies, based on the present model. We also note that
there is an extreme lack of publicly available observed
biogeochemical data for the Okhotsk Sea and the East China
Sea. We hope that the availability of observed data will
improve, as, with more data, we can reduce the uncertainty
in future model outputs for these regions.

Acknowledgement

We acknowledge the consistent support from the Sasakawa
Peace Foundation of the Ocean Policy Research Institute
(OPRI-SPF).

References

[1] IGBP, IOC, SCOR (2013) : Ocean Acidification
Summary for Policymakers — Third symposium on the
Ocean in a High-CO2 World International
Geoshpere-Bioshere Programme, Stockholm, Sweden.

[2] Intergovernmental Panel on Climate Change (IPCC)
(12013 ) : Climate Change 2013 : The Physical Science
Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on
Climate Change, ed. Stocker T F, Qin D, Plattner
Gian-Kasper, Tignor M M B, Allen S K, Boschung J,
Nauels A, Zia Yu, Bex, Midgley P WM,
1-1535 pp. Cambridge, UK: Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA.

[3] Ishizu M; Miyazawa T; Tsunoda T; Guo X ( 2018 ) :
Development of a nowcast/forecast system of ocean
acidification, Gekkan Kaiyo, \Vol. 50, No. 5, 2018 (in
Japanese).

[4] Ishizu M; Miyazawa T; Tsunoda T; Guo X ( 2019 ) :
Development of a biogeochemical and carbon model

related to ocean acidification indices with an operational
ocean model product in the North Western Pacific,
Sustainability, 11(9), 2677,
https://doi.org/10.3390/su11092677.



https://doi.org/10.3390/su11092677



