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The Japan Sea is a marginal and semi-closed sea located on the western North Pacific. Below about 300m

depth is occupied by a relatively uniform water mass, and Uda (1934) named this water mass as the

"Japan Sea Proper Water (JSPW)". Hydrographic observations since 1950’s have revealed gradual

increase of potential temperature and decrease of dissolved oxygen (DO) (e.g. Gamo et al, 1986; Minami

et al., 1999). The cause of this warming and deoxygenation is considered to be weakening of winter

cooling associated with the climate change in the northwestern region of the Japan Sea where the JSPW is

formed. In this study, we investigated the temporal change of the JSPW in the northeastern Japan Basin

where the depth exceeds 3500m, using the high quality hydrographic data obtained during the period of

2010 to 2016. The vertical profile of potential temperature and DO averaged over the Basin consists of

three water masses, i.e., the “Bottom Water” of JSPW below 2500m depth, the "Deep Water" of JSPW

between 2500m and 1000m depth, and the "Upper JSPW" between 1000m depth up to the thermocline.

The Bottom Water is mostly uniform in both potential temperature and DO, and warmed by about 0.1C

and deoxygenated by about -3.7 umol/kg during the period. In the Deep Water, potential temperature

gradually increases upwards, while DO reaches its minimum at around 2000m depth and turns to

increase above it. In the Upper JSPW, both potential temperature and DO show much larger upward

increase compared with in the Deep Water. It is noted that temporal decrease of DO in the Upper JPSW

between 1000m and 500m depths is about 10-18 umol/kg. This decreasing speed is larger than that in

the upper part of the Deep Water. Consequently, another DO minimum layer became apparent since

2013 at about 1000m depth, the boundary between the Upper JSPW and the Deep Water. In contrast, the

potential temperature in the Upper JSPW warmed by about 0.1C, which is the same as in the Deep and

Bottom Waters. In the Yamato basin, warming and decrease in dissolved oxygen are progressing as well,

but no remarkable DO minimum layer could been seen. Several mechanisms are plausible and will be

discussed to account for the complicated including double minimum DO layers, such as 1) decrease in

the oxygen saturation by warming SST, 2) decrease of the JSPW formation and weakening of deep

convection, 3) change of the mixing rate with low DO and rich nutrients waters, and 4) increase in

consumption of DO associated with biological activity.
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The Japan Sea is a semi-closed marginal sea in the North Pacific Ocean. Dissolved oxygen concentration

in deep water of the Japan Sea, however, is higher than that of the adjacent North Pacific Ocean due to its

independent deep-ventilation. Gamo (1999) found that dissolved oxygen in bottom water deeper than

2000 m depth in the eastern Japan and Yamato Basins continuously decreased during the last 50 years at

about 0.8 μmol/kg/year of consumption rate. This long-term trend of decrease could be derived from

stagnation in the deep ventilation which associates with warming in the northern part of the Japan Sea

including coastal area of Siberia. Kumamoto et al. (2008) found temporary increases on the long-term

decrease trend and proposed a hypothesis: “Dissolved oxygen is supplied to the bottom water in the

western Japan Basin due to new bottom water formation only in severe winters. Oxygen-rich new bottom

water is transported to the Yamato and eastern Japan Basins within a few years along an anti-clockwise

deep current in the Japan Sea. Without the oxygen supply the concentration in the bottom water

decreases due to consumption for decomposition of organic matter”. Based on this hypothesis,

Kumamoto (2010) speculated that “true” consumption rate of dissolved oxygen in the bottom water is

about 2 μmol/kg/year and the bottom water of the Japan Sea will become anoxic within 100 years. Here

we measured vertical profile of dissolved oxygen in the eastern Japan Basin, Yamato Basin, and Tsushima

Basin of the Japan Sea in 2016 and discussed temporal change in oxygen concentration in the bottom

water in the past several years. During research cruises of Oshoro-maru-26th (July 2016), KIOST-Eardo

(September 2016), and Nagasaki-maru-447th (October 2016), dissolved oxygen concentration from

surface to bottom was measured on board using modified Winkler method. Uncertainty in oxygen

measurement was estimated to be about 0.2 μmol/kg from replicate measurements. The vertical profiles

of dissolved oxygen observed in 2016 were compared with those measured in 2010. Between 2010 and

2016, dissolved oxygen concentration in the bottom water of the three basins decreased about 5 μ

mol/kg in average and consumption rate was calculated to be about 0.8 μmol/kg/year, which agrees

with that observed during the last 50 years. According to Kumamoto (2010), during the past six years

dissolved oxygen concentration in the bottom water should decrease more than 10 μmol/kg if there was

no oxygen supply due to formation of new bottom water. Although these observational results imply

supply of dissolved oxygen into the bottom water between 2010 and 2016, dissolved oxygen

concentration in the bottom water in the eastern Japan Basin monotonously decreased from 2010 and

2016 (JMA, 2016). This discrepancy could be resolved by decrease in organic matter flux from surface to

bottom waters and/or increase in circulation rate of the deep current of Japan Sea. We will continue

observations, including primary production and direct measurement of the deep current, in the Japan Sea

in 2017 and 2018 and discuss further these results. This work was supported by Environment Research

and Technology Development Fund (ERTDF), the Ministry of the Environment, No. A-1002 “Mechanism

elucidation and future forecast on the decreasing trend of dissolved oxygen concentrations in the deep

water of the Japan Sea (2010-2012)” and No. 2-1604 “Global warming impacts on thermohaline

circulation and subsequent biogeochemical change in the Japan Sea (2016-2018)”.
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In the Japan Sea, there is independent thermohaline circulation: the origin of the deep water is the

surface water in the northern Japan Sea because the surface water in winter due to evaporation and

freezing is dense enough to sink toward bottom. Therefore, the deep water of the Japan Sea is lower

temperature and higher dissolved oxygen than that of the adjacent North Pacific Ocean. The long

time-series datasets of water temperature and dissolved oxygen in the deep water of the Japan Sea

suggest that the thermohaline circulation in the sea had been weakening due to the global warming in

recent decades. The production of chlorofluorocarbons (CFCs: CFC-11, CFC-12 and CFC-113 in this

study) began in the 1930s and atmospheric CFCs had increased sharply since the 1960s. CFCs enter the

ocean via air-sea gas exchange and do not hydrolyze in seawater. When surface water sinks into deep

water by active thermohaline circulation, CFCs concentration of deep water was rewritten by mixing with

surface water having high CFCs. Therefore, CFCs of the deep water at present has recorded the

information of thermohaline circulation since the 1930s. In June 2011 and October 2012, we obtained

vertical CFCs profiles in the eastern Japan Basin and Yamato Basin. The CFCs decreased with depth until

above 2200m and then were almost constant at all stations. Therefore, the bottom water was defined as

water below 2200m in this study. Although the CFC-11 and CFC-12 of the bottom water in the Yamato

Basin were about 1.6 and 1.8 times higher than the Japan Basin, respectively, the CFC-113 was only 1.2

times. Apparent age of the bottom water calculated by CFC-12/CFC-11 ratio showed almost the 1960s

regardless of area. If surface water sinking into the bottom water by the thermohaline circulation occurs in

a similar scale every winter, the apparent age should show more recent age because atmospheric CFC-11

and CFC-12 had increased sharply since the 1960s. The result suggests that the sinking of surface water

had hardly occurred after the 1960s. On the other hand, apparent age of CFC-12/CFC-113 ratio in the

bottom water showed almost the 1980s regardless of area. Because CFC-113 has been released in

atmosphere since the early 1960s, the result indicates that surface water sinking into the bottom water

had occurred even after the early 1970s. These different results may depend on the follows: time history

of each CFC in the atmosphere is different and the scale of thermohaline circulation had been changed

after the 1970s. We estimate the deep and bottom waters formation rates from 1930 to 2011 at the Japan

and Yamato Basins by using simple box model with CFCs. The estimation period is divided into old period

from 1930 to 1975 and new period from 1976 to 2011 in consideration of atmospheric CFC-113 time

history. The formation rates after 1975 have decreased by 21-30% in the deep water and 15-41% in the

bottom water compared with those before 1975. There is no doubt the deep ventilation in the Japan Sea

after 1975 has slowed down at least less than half that before 1975. Comparing the effect between the

study area, the decrease in formation rate in the Yamato Basin are greater than that in the Japan Basin.

These results may suggest that the dynamics of the deep and bottom waters formation, such as the route

of deep circulation, had been changed by the sudden weakening of the thermohaline circulation after

1975. This work was supported by Environment Research and Technology Development Fund (ERTDF),

the Ministry of the Environment, No. A-1002 “Mechanism elucidation and future forecast on the

decreasing trend of dissolved oxygen concentrations in the deep water of the Japan Sea (2010-2012)”

and No. 2-1604 “Global warming impacts on thermohaline circulation and subsequent biogeochemical

change in the Japan Sea (2016-2018)”.
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Ocean acidification causes significant damages on marine ecosystems in polar regions and coral reefs

etc., together with global warming. Japan Ministry of Environment has conducted measurements of

hydrogen ion concentration, pH in about 2100 fixed stations covering the whole of coastal area in Japan

since 1987, in the monitoring program to monitor quality of water pollution. In this study, by using these

data, situations of ocean acidification in coastal waters in Japan were examined, which have been difficult

to understand in detail so far. 

Apparent 368 acidification and 18 alkalization trends were detected. Among them, 78 acidification and

13 alkalization trends were statistically significant. Progressing speed of ocean acidification in coastal

waters is averagely at -0.0015 pH/yr, which is comparable to the estimates at the other fixed monitoring

stations in open ocean, such as JMA 137E line, BATS and HOT program stations. Some industrial port

sites including Ishinomaki in Miyagi, Tomakomai in Hokkaido and Tokyo Bay in Tokyo prefectures show 10

times as fast progressing speed as the average. We would clarify the mechanisms of the differences

among local regions, and possible influences on marine ecosystems, in future study. 

Our talk will also provide a tendency of ocean acidification/alkalization in each prefecture, and a

diagnostic estimation of aragonite saturation rate (ΩAR) to see an influence on crustacean in present.
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Many previous studies have reported that ocean acidification could give negative influences on marine

calcifiers. However, the influences of ocean acidification on edible marine species, especially on

cold-water species, are poorly understood. Juvenile Japanese surf clam was exposed to five levels of pCO2

(400, 600, 800, 1,000, and 1,200 μatm) during 20 weeks and these effects on its growth and stable

isotope compositions of shell were examined. The clam is important in local fisheries and inhabits on the

upper subtidal sandy bottom in northern Japan. 

 

We found non-significant effects of elevated CO2 on weight (whole body, shell, and soft tissue), shell

length, shell width, and shell height during experiments. Meanwhile, shell thickness at a region that grew

during experiments thinned in a pCO2-dependent manner. These results suggest that effect of ocean

acidification on juvenile Japanese surf clam was not the shell dissolution but the inhibition of shell

formation. 

 

We studied the contribution of acidified seawater on shell calcification by stable carbon isotope

composition (δ13C). The δ13C of the shells collected from the external margin of the outer shell layer

showed significant positive correlations with pH (R = 0.56, p < 0.05). The regression slope of the

relationship between shell δ13C and pH was roughly the same as that between δ13C of dissolved

inorganic carbon (DIC) of seawater and pH, and calcification of the experimental specimens might be

strongly affected by acidified seawater. Thus, by measuring δ13C of molluscan shell and DIC of seawater,

it might be possible to estimate the contribution of acidified seawater to calcification. 

 

The concentration of carbonate ion which is necessary for calcification decreased with increasing pCO2.

Because of the influx of acidified seawater into the extrapallial fluid, the decrease in carbonate ion in the

extrapallial fluid might induce a thinner shell formation. Therefore, in acidified seawater, Japanese surf

clam might have a poor pH regulation of the extrapallial fluid.
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Ocean acidification is anticipated to affect marine ecosystem services and human activities such as

fisheries, aquaculture, tourism and recreation. However, extent of the impacts is expected to differ

spatially. Thus ocean acidification may widen regional gaps of economic conditions and pose a social

security threat in future by damaging specific local industries. Things might be further complicated

because suitable habitats for the calcifiers, such as corals, scallops, oysters, pearls and shrimps, are

projected to become sandwiched between migrating northern and southern limits regulated by ocean

warming and acidification, respectively. Considering such backgrounds, this study aims to call for

stakeholders’ attention to the possible impacts of ocean acidification on local societies in Japan by

sharing fundamental scientific knowledge through everyone’s common interests: economic values. 

 

Change in economic values of Japanese coral reefs was calculated by the product of changes in the area

and health condition of coral reefs. The area was assumed to be regulated by annual maximum and

minimum water temperature and minimum saturation state of aragonite (Ωarg) (Yara et al., 2012; 2016).

The health condition was assumed to be deteriorated by 15% per Ωarg (Chan and Connolly, 2013; van

Hooidonk et al., 2004). The change in economic values of Japanese fisheries and aquaculture was

assumed to decrease by 10 through 40% per one pH unit of the water (Wootton et al., 2008). 

 

Currently, calcifiers account for one-fifth of total fish catch in Japan (Ministry of Agriculture, Forestry and

Fisheries, 2015). The annual economic values of tourism and fisheries profited by calcifiers in Japan were

estimated to be 14,107 and 779-2,399 million USD, respectively (Cesar et al., 2003; Ministry of

Environment, 2010). 

 

The economic values of Japanese coral reefs were projected to increase by mid-century because of

expansion of coral reefs in response to ocean warming (Figure 1). However, the economic value will

decrease dramatically in the latter half of the century, due to possible extinction of coral reefs caused

coral bleaching and ocean acidification. As a result, the total loss of economic values of Japanese coral

reefs in this century was estimated to be 22-67 billion USD for tourism and 5-6 billion USD for fisheries by

the end of the century. 

 

Likewise, the total economic loss of Japanese fisheries by ocean acidification was estimated to be 15-37

billion USD by the end of the century. However, the impacts of ocean acidification are considered to be

spatially different. For example, it is more concerned that the impacts on local industries are relatively

prominent in such prefectures as Hiroshima, Okayama, Hokkaido, Fukui and Aichi where calcifiers

currently account for the local fish catch by more than 30%. 

 

It is obvious that global mitigation of ocean acidification such as reducing CO2 emissions is essential to

alleviate the impacts of ocean acidification. On the other hand, adaptive strategies would also be needed

for aquaculture of calcifiers, which are very important for the local industries. Such strategies will only be

achieved after consensus building among various stakeholders including citizens, policy makers and both

natural and social scientists.
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