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Outline 

• Time Series of Satellite Ocean Color 
• Possibility of Phytoplankton Community 

Monitoring 
• Possibility of Use of Modelling for 

Management of NOWPAP area 



Major Ocean Color Sensors 
Available for Eutrophication 

Monitoring 
Sensor Satellite Agency Spatia l Year

Resolu tion 98 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

SeaW iFS SeaSTAR NASA 1100

M ODIS AQUA NASA 1000

GOCI COM S KARI/KOSC 500

VIIRS Suom iNPP NOAA 750

VIIRS JPSS-1/NOAA-20NOAA/NASA 740

OLCS Sentinel-3A ESA/EUM ETSAT 300

OLCS Sentinel-3B ESA/EUM ETSAT 300

SGLI GCOM -C JAXA 250

Long time series 
Geostationary 
High resolution 
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MODIS NPP 

JPSS SGLI 

Need Inter-calibration 
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Fig. 3. Distributions of surface temperature (a-d), salinity (e-h), NOx (i-l), DIP (m-p), excess nitrate (q-t), and CHL (u-x) in 2009 to 2011 and 2013. Black dots are sampling stations.
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                   in Japan Sea 
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⇐ Macro-algae bloom  
  (Brown Algae)  
in East China Sea 
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World average 
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ECS 

Environment Agency R&D Project 
S-13: Development of Coastal Management 

Method to Realize the Sustainable Coastal Area 
(2014-2018) Leader Tetsuo Yanagi 
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As you know, Japan Sea is located in the Northwest of Pacific region and semi-enclosed international sea area surrounded by Japan, Korea and Russia.
In the upstream of Japan Sea, East China Sea and China are located.

Tsushima Current transport water, heat and various kinds of substances from ECS to Japan Sea.
In recent years, rapid economic growth of surrounding countries, environment of ECS was changed.
Such change is serious issue for coastal management in Japan Sea.

In addition, Japan Sea is most impacted sea are by global warming.
In the past 100 years, water temperature has already risen over 1 Celsius degree.
The global average is 0.5 Celsius degree, so the speed of Japan Sea is two or three times of global average.

We focused on these two big environmental changes and study the coastal management in Japan Sea.



Research Method: Ecosystem Models 
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Prof. Hirose 
Kyushu University 

Prof. Morimoto 
Ehime University 

【Characteristic】 
Detailed classification of  phyto-
zooplankton 
 
【Objective】 
Understanding response of low 
trophic species to change of 
nutrient condition 

Prof. Guo 
Ehime University 

Low trophic High trophic 

【Characteristic】 
Simplification of phyto-zooplankton 
Data assimilation by DO 
 
【Objective】 
Forecasting long-term trend 

【Characteristic】 
Transportation of egg and larvae and its 
survival under environmental and feed 
condition 
 
【Objective】 
Effective/efficient setting of MPAs 

Japanese common squid  
(Todarodes pacificus) 

Snow crab 
(Chionoecetes opilio) 

Impact from the ECS Impact of Global warming 
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To achieve our project objectives, we developed three kinds of new ecosystem numerical models.

Two kinds of low trophic numerical ecosystem models and one numerical model for high trophic species were developed.

The first low trophic numerical model is developed to understand the response of low trophic species to change of nutrient condition.
Therefore, there are several parameters on nutrient, phytoplankton and zooplankton. By using this numerical model, the impact from the East China Sea was studied.

The other low trophic numerical model is developed to forecast the future environmental changes in the Japan Sea by global warming. 
So, the parameters of this model is simplified as much as possible.

We have also developed numerical model for high trophic species.
There are many marine species in Japan Sea. In them, we focused two specific species, Japanese common squid and snow crab.
Using this model, transportation and survival of egg and larvae of Japanese common squid and snow crab is simulated.
The results of this model were used for consideration of effective and efficient setting of Marine Protected Area.




Impact from the East China Sea? 
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Ratio of three different sources of 
waters in the surface of Japan Sea 

Ratio for utilization of three 
different sources of nutrient (N) 

Where is the main source of water and 
nutrient in coastal area of Japan? 

Deep water 

East China Sea River discharge 

Water Nutrient (N) 

Environment of Japanese coastal area is controlled by the ECS 
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Before consideration of coastal management in Japan Sea, we have to understand several important points.

The first is the relationship between the ECS and Japan Sea.
We understood the ECS influence on the environment of Japan Sea.
However, quantitative impacts are not clear yet, so we tried to understand the impact.

These figure show where is the main source of water and nutrient in coastal area of Japan.
We add tracer in the numerical model and calculated the ratio of three sources in each coastal areas.
Red parts in the circles indicate it comes from East China Sea and blue parts.
As you can see, impact from the ECS is observed not only in western part of Japan but also in eastern part of Japan such as Hokuriku and Tohoku region.
This result shows strong relation between ECS and coastal area of Japan Sea.





Where is origin of nutrient ? 
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(1) Bottom  

(4) Changjiang R. 

(5) Yellow R. 

(2) Taiwan C. 

(3) Kuroshio C. 

TS 
(6) Dust 

Tsushima Strait (East)-DIN 

89 58 62 
10 31 21 

10 14 

Tsushima Strait (West)-DIN 

54 60 50 

26 19 19 
18 16 

11 

Bottom of ECS 
Taiwan Current 
Kuroshio Current 
Changjiang River 

Direct impact of river discharge on environment of Japan Sea: small? 
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We understood the relationship between ECS and Japan Sea.
But the original source is not clear, so we studied the nutrient circulation in the East China Sea.
We set 6 sources, bottom of ECS, Taiwan Current, Kuroshio Current, Changjiang and Yellow Rivers and dust.

The ratio is different in eastern and western part channels, but the main source of nutrient is deep layer of Kuroshio current, blue parts.
In addition to the Kuroshio Current, Taiwan Current and bottom of ECS are also main sources.
On the other hand, direct impact of river discharge is smaller than other sources.
However, we think river discharge influence through bottom of ECS, indirect impact may be big.
Most of nutrient of river discharge is consumed in coastal area and phytoplankton sink to the bottom of ECS.
The reproduced nutrient is transported to Japan Sea.
How much of nutrient is circulated in bottom of ECS may be next study.




Impact of global warming on SST? 
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 Scenario on climate change: 
       RCP8.5, RCP2.6 

1917-2017 
2000-2100 

August 

JMA 

Main reason: Strengthen and change of Tsushima Current 

Surface 
Temperature  
Increase 
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Next is impact of global warming.
Japan Meteorological Agency reported sea surface water temperature rose 1.3 Celsius degree in the southern part of Japan Sea and 1.7 Celsius degree in the northern part of Japan Sea in the past 100 years.
Next 100 year how water temperature rise?
We used two climate change scenarios, RCP 8.5 and RCP 2.6 and forecasted future water temperature in Japan Sea.

In 2100, SST in southern part of Japan Sea will rise 2.75 Celsius degree in scenario RCP 8.5 and 1.56 in scenario RCP 2.6.
Our study showed impact of global warming will continue in the future and the speed will be accelerated.
During 200 years, water temperature may rise 4 Celsius degree in the most worst case.
Such water temperature rising cause distribution of marine species in Japan Sea.

We also study the reason why water temperature will rise.
The main reason is strengthen of Tsushima Current, it cause increase of heat transport to Japan Sea.
The strengthen of Tsushima Current cause northward shift of polar front. Now polar front is located around 38-39 degree North.
But in the future, it shift to 40-41 degree North. Therefore, water temperature rise around polar front is much higher than other sea area of Japan Sea.
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Jun Aug Oct 

Dec Feb Apr 

Nutrient input from the ECS Change of primary production in JS 

Impacts from GW 

Impacts on ecosystems in the JS 

1960 2100 Nutrient condition in 2000, 2050 and 2100 
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Such environmental changes in Japan Sea will cause change of primary production in Japan Sea.
Nutrient input through Tsushima Strait change year by year.
When nutrient input is high, phytoplankton production in Japan sea increase.

Global warming also change the nutrient condition in Japan Sea.
Tsushima Current move northward, therefore the upwelling region will also move northward.
For this, more nutrient will be supplied along the coast of Korean Peninsula.




Impacts on ecosystems in the JS 
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2000 2100 
Survival of Japanese Common Squid Larva 

Survival of Larva of  Snow Crab 

2000 2050 2100 

Global warming 

Spawning ground 

2000 2050 2100 

Settlement number of  
Crab Larva 
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Such change of water temperature and primary production causes survival and transportation of marine species in Japan Sea.

We forecasted survival and distribution of larvae of Japanese common squid and snow crab in the future.
Water temperature rise have positive impact for survival of these species, and change of Tsushima Current causes expand of distribution of larvae of these species.

For example, the main fishery ground of snow crab is formed in offshore of Sanin coast, however in the future the area may expand eastern and northern part of Japan Sea.





Management in the NOWPAP area 

“Three Layer Management” 
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- Wide scale management 
      International cooperation 
 
 
- Middle scale management 
      Domestic cooperation 

 
 

- Local scale management 
      Local land-sea integrated management 

Dr. Yoshida, NPEC 
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Based on such outputs/outcomes of our project, our group proposed new idea for management of Japan Sea.

That is “Three layer management”. Three layers means three different scales.
The first layer is wide-scale, including the ECS and Japan Sea. 
Japan Sea is strongly influenced from East China Sea. 
To conserve marine environment in Japan Sea, it is necessary to manage Japan Sea and East China Sea jointly. 
Japan Sea and ECS, both are international sea, therefore to conserve marine environment in these area, international cooperation is required.

The second layer is middle-scale management which focuses on the Tsushima Current flow along Japanese coast. 
Tsushima Current transport various materials to coastal area. However, it will change due to the global warming.
To monitor the fluctuation of Tsushima Current is necessary to conduct coastal management in each coastal area. 
To strengthen of monitoring of Tsushima Current and sharing the monitored information among stakeholders are required.

The last layer is small-scale local management.
Coastal areas of Japan Sea is influenced from global and regional environmental changes.
In such situation, appropriate land-sea integrated coastal management would be required.





EXAMPLE of wide-scale management: 
International surveillance network 
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Potential 
monitoring point 
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This is one example of our proposals on management in the first layer of three layers management.
We proposed to establish international surveillance network.

Tsushima Strait is located at the entrance of Japan Sea, and it is efficient to monitor at the Tsushima Strait in order to find impacts 

If we monitor the impact of global warming, we should cover the whole of Japan Sea, because water temperature is rising all areas.
However it is difficult to cover all area, therefore we proposed two potential key monitoring sites.
As I informed, due to the global warming, Tsushima Current move northward. 
For this, environment in polar front area will be change dramatically.
To find such change as early as possible, monitoring in coast of Korea and Yamato Basin will provide useful information.
In addition to these monitoring sites, each country conduct regular monitoring, and to use such existing monitoring is necessary.

If we focus on river discharge from Changjiang river, 

To find environmental changes in the ECS and Japan Sea, international surveillance network and continuous monitoring is necessary.

There are many focused issue in this area. In these we selected three main issues.
The first one is impact of global warming, water temperature rise will be occurred in whole of this region.
To detect such change as early as possible is necessary for mitigation in each country.
Therefore we proposed international surveillance networks.

In addition to global warming, nutrient control is other serious issue in this area.
Impact from land to ocean is decreasing in recent years due to the effective measures by countries. 
However, past negative legacy is not clear yet. Our study suggested the impact of bottom environment of East China Sea.
From such point of view joint international surveillance network would be required.
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Surveillance network Monitoring items Monitoring methods 

Global warming 
Water temp. (surface, bottom),  
Ocean Current (direction, velocity),  
DO, Nutrients (N, P) 

Ship survey,  
Remote sensing,  
Argo float 

Nutrients Nutrients (N, P), Phytoplankton, 
Chlorophyll a 

Ship survey,  
Remote sensing 

Low salinity water Salinity, PAHs, POPs Ship survey 

Collaboration with International Organizations 
・IOC/WESTPAC 
・NEAR-GOOS 
・North Pacific Marine Science Organization（PICES）AP-CREAMS 
・NOWPAP 

EXAMPLE of wide-scale management: 
International surveillance network 



Middle scale management・Domestic cooperation 
Conservation of marine biodiversity/ecosystem  
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日本海の生物多様性の保全といった観点からの提言として、
動的海洋保護区の活用と、東シナ海共同管理を提案します。

従来、日本の制度における海洋生物に関する海洋保護区は、ある特定の海域で特定の期間、漁を自粛するといった、固定型の海洋保護区でしたが、
年によって、海洋環境が変化し、再生産に寄与する海域も変化します。特に温暖化の影響などで、劇的に変化する可能性もあることから、従来の固定型海洋保護区では対応できなくなると思われます。そこで、その年の環境条件に合わせて追加的に保護海域を設けるといった動的保護区を導入することでより効果的な保全につながると考えています。
また、本プロジェクトではスルメイカを対象に研究を進めてきましたが、スルメイカは植物・動物プランクトンの低次生態系と、マグロやブリなどの高次生態系をつなぐ重要な生物であり、日本海の生物多様性といった観点からも重要な生物と考えられます。
ところが、近年、度々報道されているように、漁獲量が激減しており、また、日本のみならず中国、韓国においても重要な水産対象魚種となっています。
100年後にはスルメイカの産卵場として東シナ海の重要性が増すといった研究結果が得られており、早急に共同管理体制を構築していくことが必要だと考えているところです。




EXAMPLE of local-scale management: 
Land-sea Integrated management  

24 

0

200

400

600

800

1000

19
53

19
58

19
63

19
68

19
73

19
78

19
83

19
88

19
93

19
98

20
03

20
08

20
13

Sn
ow

fa
ll 

(c
m

) 

1976 

2006 

0

10000

20000

30000

40000

50000

60000

70000

80000

1947 1975 1985 1990 1995 2000 2005

Toyama Bay 

Land use Snowfall Rice paddy 

Change of natural and social environment 



25 

EXAMPLE of local-scale management: 
Land-sea Integrated management  
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Forest-Village (Sato)-River-Ocean 
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Ministry of the Environment, Japan 

Forest 

Village 
River 

Ocean 

EXAMPLE of local-scale management: 
Land-sea Integrated management  

Groundwater 



Conclusions 
• More than 20 years of time series of satellite 

ocean color is available to use eutrophication 
monitoring (Need inter-calibration) 

• High resolution satellite available recently 
• Change of N/P ratio in East China Sea 

changes phytoplankton community 
• Ocean color satellite is becoming possible to 

monitor phytoplankton community 
• Prediction by numerical modelling is useful for 

management in near future 
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