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I. PROPOSED PROGRAMME: 

   Healthy, Productive and Sustainable Asian Marginal Seas: Understanding changes 
in the marine environment in response to global climate change 

II. PROPOSER AND OTHER RECOMMENDED MEMBERS FOR THE PROGRAMME 
STEERING GROUP IF AVAILABLE: 

Co-Chairs: Prof. Jing Zhang, University of Toyama, Japan  
       Prof. SungHyun Nam, Seoul National University, Korea 
Members: 
    Prof. Anukul Buranapratheprat, Burapha University, Thailand 
       Prof. Takahiro Endoh, Kyushu University, Japan 
                  Prof. Guebuem Kim, Seoul National University, Korea 
                  Dr.   Jae-Hak Lee, Korea Institute of Ocean Science and Technology, Korea 
       Prof. Ren-Chieh Lien, University of Washington, USA 
       Prof. Xiaopei Lin, Ocean University of China, China  
       Dr.    Vyacheslav Lobanov, Pacific Oceanological Institute, Russia 
       Prof. Akihiko Morimoto, Ehime University, Japan 
       Prof. Charina Lyn Amedo-Repollo, University of Philippines, Philippines 
       Dr.    Nur Hidayah Roseli, Universiti Malaysia Terengganu, Malaysia 
       Prof. Tomoharu Senjyu, Kyushu University, Japan 
    Dr. Eko Siswanto,  Japan Agency for Marine-Earth Science and Technology 
       Dr.    Pavel Tishchenko, Pacific Oceanological Institute, Russia 
       Prof. Cesar Villanoy, University of Philippines, Philippines 
       Prof. Meixun Zhao, Ocean University of China, China 
Associate members:  
      Dr.    Mariko Hatta, JAMSTEC, Japan 
      Prof. Yoshiko Kondo, Nagasaki University, Japan  

        Prof. Hanna Na, Seoul National University, Korea  
      Prof. Jingling Ren, Ocean University of China, China 
       Ms.   Amrtatjuti Sereda, Pacific Oceanological Institute, Russia 

  Program Office Secretary 
      Prof. Emeritus Takeshi Matsuno, Kyushu University, Japan 

Details on the members’ backgrounds are given in the Implementation plan. 

III. PROGRAMME TIMEFRAME: 

  2021 to 2030 
  This program aims to achieve healthy, productive and sustainable Asian Marginal Seas 
(AMS), around which a large portion of the population of WESTPAC Member States resides. The 
program should be operated continuously for 10 years, since it focuses on contributions to the 
Ocean Decade. It consists of three stages. In the first stage (2021–2024), we will focus on 
cooperative interdisciplinary studies to understand the relevant phenomena and their changes in 
response to advancing global climate change and human activities in the AMS. In the second 
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stage (2025–2027), associated with the scientific findings, we will start communication with 
fisheries, meteorologists, and economists and other social scientists. Then in the final stage 
(2028–2030), the results of communication will be delivered to make recommendations concerning 
policy and society. During the duration of activities, committee members will be added and 
replaced according to the progress of the program. 

IV. JUSTIFICATION FOR THIS PROGRAMME: 

  Marginal seas in the Western Pacific Ocean are located within the boundaries between the 
continents or islands and the open ocean. Given the advances of climate change, it is essential to 
understand what happens in the AMS, which is a very important region for human society due to its 
productivity, fishery resources, and human population on adjacent land. Significant changes in the 
hydrological and biogeochemical cycles due to the changing climate, together with increasing 
human economic activities, will affect the ocean structure and ecosystem in the AMS. These 
environmental changes in the marginal seas, including coastal and shelf regions, strongly influence 
the area’s biological structure, fisheries, and marine ecosystems. For example in the East China 
Sea, a significant reduction of catch in the fisheries during the past half-century have been caused 
by not only over-fishing but also environmental changes, which directly or indirectly influence the 
food web structure of those regions. To maintain healthy and productive marginal seas, 
international cooperative studies by countries around the marginal seas are absolutely essential. 
  There are various scientific questions that need to be addressed by cooperative studies, 
such as quantitative evaluation of water mixing, nutrient transport, and biological response, which 
are often controlled by a complex combination of physical and biogeochemical processes. Since 
the marginal seas are close to areas of human habitation, they can be expected to interact both 
positively and negatively with human life. It is an urgent issue to evaluate environmental risk, since 
the marginal seas are strongly linked to human society. In particular, the AMS is located from 
tropical to subpolar regions along the Asian continent. The AMS connects each region like a chain, 
and it is necessary to consider the interaction between the seas, instead of just a single marginal 
sea. These marginal seas play a decisive role in the sustainable development and environmental 
adaptation/protection in confronting global climate change. Therefore, it is an urgent matter to 
advance cooperative studies to improve our common understanding of the changes in heat and 
nutrient circulation in marginal seas, which would affect the primary production, marine ecosystems, 
fisheries, and society. 
  Fortunately, we already have a framework for cooperative studies in the Western Pacific 
Marginal Seas, namely WESTPAC WG06 (2017–2021). In this WG, we have had opportunities to 
exchange information on cooperative studies in the AMS and have shared common interests to 
advance this cooperation. 
Through the WG, we 
established five sub-
groups organized by 
geographic region to 
clarify the topics: 1) the 
Sea of Okhotsk, 2) the 
Marginal Sea surrounded 
by Japan, Korea and 
Russia (MSJKR), 3) the 
East China Sea, 4) the 
South China Sea, and 5) 
material Exchange and 
Transport with the 
Kuroshio and eddies, and 
their mixing (ETK), as 
shown in Fig. 1. 

                                        
  One of the outputs for organizing future collaboration was the setting of monitoring areas, 
PEACE I and II (Fig. 1), in sub-region 3, which are located around the central and outer shelves of 
the East China Sea (PEACE, based on the previously organized informal framework, ‘Program for 

Fig. 1 Areas involved in this Program and the areas of PEACE I & II 
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East Asian Cooperative Experiments’). The WG came to share two common understandings: the 
importance of mixing processes and the need for long-term monitoring in the ocean, since water 
exchange and transport in and between each marginal sea are very important processes to 
maintain healthy and productive marginal seas.  
  Considering the potential contributions to the Ocean Decade, the constructive extension of 
the WG would be a worthwhile activity.  
  The program we propose here consists of two projects and several tools that allow the 
projects to be efficiently operated. The projects are oriented to form a common understanding on 
two scientific issues based on the outcomes of WG06, that is, 1) quantitative evaluation of mixing 
processes by physical and geochemical methods to understand the regional circulation and 
nutrient cycles, which will support a productive and healthy AMS, and 2) better forecasts of long-
term variations of processes underlying hydrological and biogeochemical cycles in the marginal 
seas responding to global warming, which would contribute to a safe, predicted, and accessible 
AMS. 

V. PROGRAMME OBJECTIVES AND EXPECTED OUTPUTS/OUTCOMES: 

The objective of this program is to advance our understanding of the marine environment 
and biological productivity responding to increased global warming and human activities in the 
AMS while contributing to the Ocean Decade through the exchange of information and knowledge 
on the key phenomena and processes in the individual marginal seas and their interactions. 
Common understanding in these marginal seas can be achieved via a broad interdisciplinary 
cooperative study and enhanced communication among oceanographers, fisheries, meteorologists, 
and economists and other social scientists. All of the scientific findings will be delivered to make 
recommendations for the public and 
society (Fig. 2).  
  Both of the projects will pursue 
these objectives in combination with 
various tools. Part of the understanding 
will be achieved with international and 
interdisciplinary cooperative cruises 
coordinated in this program. Through the 
period of WG06, we have partly started 
cooperative studies in individual marginal 
seas. In this program, we will maintain the 
framework established by the WG06 and 
expand the cooperative framework such 
as long-term monitoring and integrate the 
information obtained in the coordinated 
cruises to achieve a more accurate and 
convincing common understanding. 
  The other tools, such as 
standardizing satellite remote sensing data and sharing of new technology for chemical analysis, 
also contribute to the program’s goal, where the precision and reliability of the results can be 
guaranteed.  
 Common understanding in the ocean sciences will be applied to forecasting the fishery 
resources and local meteorology under global warming by communication with fisheries and 
atmospheric sciences. In the final stage of the program, recommendations for the public will be 
provided through collaboration with social sciences. 
  Capacity building occupies an important place in this program. We will encourage early-
career scientists in the WESTPAC region to participate in the scientific cooperative research and 
organize their own communities. Sharing the various tools included in this program could support 
them, and we expect them to commit to the joint oceanographic research and observations 
necessary for the coming decades. 

Fig.2 program objectives and expected outcomes 
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       Outputs of the program are summarized as follows. 
1. Recommend the means for sustainable AMS through quantitative evaluation of how the 
lower-level productivity is maintained by various nutrient sources and by tracking the ‘nutrient 
footprint.’ 
2. Produce continuous monitoring and data sharing stations/areas in the AMS for the long term 
to observe the changes, often episodic, of the ocean in response to global warming and climate 
change.  
3. Arrange opportunities to exchange information on new technology and to standardize the 
data quality and integrate the data. 
4. Support communication between the natural sciences and the social sciences and make the 
outcomes from the natural sciences useful for the general public through collaboration with social 
scientists. 
5. Promote international and interdisciplinary interaction of young scientists, including students, 
for long-term communication and cooperation into the future. 

        Outcomes of this program are projected through the following Ocean Decade Outcomes. An 
explanation of each outcome is provided in the Implementation Plan. 
☑ Outcome 1: A clean ocean where sources of pollution are identified and reduced or removed. 
       
☑ Outcome 2: A healthy and resilient ocean where marine ecosystems are understood, protected, 
restored and managed.  
        
☑ Outcome 3: A productive ocean supporting sustainable food supply and a sustainable ocean economy. 
         
☑ Outcome 4: predicted ocean where society understands and can respond to changing ocean 
conditions. 
 
☐       Outcome 5: A safe ocean where life and livelihoods are protected from ocean-related hazards. 
          
☑ Outcome 6: An accessible ocean with open and equitable access to data, information, and technology, 
and innovation. 
         
☑ Outcome 7: An inspiring and engaging ocean where society understands and values the ocean in 
relation to human well-being and sustainable development. 

          These outcomes from the program will also contribute to Sustainable Development Goals 
(SDG) 13 (Climate Action) and 14 (Life Below Water).   

VI. TERMS OF REFERENCE OF THE PROGRAMME STEERING GROUP: 

  The International Steering Committee of the Program will  
1.     Survey common interests of members, stakeholders and societies,  
2.     Establish sub-groups to promote the activities of projects and tools,  
3.     Endorse the outcomes from the projects and tools,  
4.     Arrange coordination of cruises and sharing data, 
5.     Promote communication with fishery scientists and social scientists, 
6.     Plan annual ISC meetings,  
7.     Draft reports to IOC/WESTPAC intergovernmental sessions if requested. 

  Two co-chairs will be selected from the ISC members, and their terms will be two years with 
possible extensions.  

VII. MAIN ACTIVITIES TO BE CARRIED OUT OVER THE PROGRAMME TIMEFRAME: 

  This program includes two projects following the concepts described in Sections III and IV. 
Project-I is “Nutrient footprints of primary production – physical and biogeochemical processes in 
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the AMS,” which includes two topics: 1) mixing processes and nutrient transport for primary 
production and 2) behavior of hypoxic water in not only the marginal seas but also coastal waters, 
both characterized by the nutrient footprint. Project-II is “Long-term variations in the structure and 
circulation of the Pacific AMS in response to global warming,” which focuses on ocean structure 
and circulation changes reflecting the impact of global warming and the influence of them on 
fisheries and meteorology. The research flow and timeframe of these projects are shown in Fig. 3, 
and the structure of the program and details of the main activities are shown in the Implementation 
Plan. 

 
      

 A workshop will be held once a year with not only the contributing members but also other 
participants who are interested in cooperative research. Each workshop may take two or three 
days, including discussions on Projects I and II as well as sub-group discussions on tools. Through 
these discussions, several cooperative research groups will be organized. The research groups will 
arrange individual cooperative research plans, including efforts to seek/gather potential research 
funding resources to carry out the projects. The Program also provides opportunities to build up 
cooperative communities for early-career scientists. 
 Expected outputs from the Program are summarized for Projects I and II as follows. From 
Project I, quantification of the nutrient supply for primary production in the marginal seas will be 
carried out, which is expected to lead to adjustments in managing fishery resources in response to 
global warming and to provide beneficial information on how the fishery catch should be controlled. 
The contribution of nutrients from the land to the formation of hypoxia and/or OMZ will also be 
quantified, which will clarify the possible impact of human-induced environmental changes in the 
coastal waters and suggest how land use should be managed. From Project II, long-term changes 
in ocean states, for example seawater temperature, will be determined. Combining these findings 

Fig. 3 Research flow and timeframe of Project-I and Project-II. 
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with a numerical model could predict trends in the near future, which could suggest changes in fish 
species availabilities under global warming and possible ways to enhance protections against 
extreme weather. Prediction of the ocean’s state and local climate change may provide 
suggestions on fishing targets/methods and important information for making more accurate 
weather forecasts and establishing infrastructure to protect against climatic risks. 
  The program is established to share scientific information and encourage possible 
cooperative research. The major mandate of this program is to facilitate a common understanding 
of the role of the marginal seas in the WESTPAC region and then to achieve the healthy, 
productive, and sustainable AMS that can contribute to the Ocean Decade. 

  PROPOSED WORK PLAN AND BUDGET FOR MAY 2021–MAY 2030: 

Programme Activities Objectives Expected 
outputs/outcomes 

Date and 
Place 

Funding required 

IOC  

Other 
sources 

(i.e., from 
national/inte

rnational 
sources)  

Healthy, 
Productive and 
Sustainable 
AMS 

1st Stage  
 
workshop 
once a 
year   

Coordinate cruises 
and data sharing. 
Discuss various 
methodology for 

cooperative 
studies. Interpret 
and demonstrate 

results from model 
survey. Invite early-

career scientists 
who can build 
international 
cooperative 

communities.  

 
Understanding 
nutrient 
footprints. 
Establishment of 
data-sharing 
system. 
Recommend 
possible 
cooperative 
research groups 
as well as early-
career groups. 

2021 – 
2024 
 
Toyama, 
Japan; 
Seoul, 
Korea; 
Vladivostok 
Russia; 
Fukuoka, 
Japan 

8,000 
USD/Yr 

Possible 
but not 
fixed 

2nd Stage 
 
workshop 
once a 
year 

Accumulate 
scientific outputs 

through cooperative 
research. Provide 
an opportunity to 
communicate with 
fisheries and social 

scientists.  

Achieving 
common 
understanding 
of the nutrient 
footprints. 
Generating 
advanced 
information for 
fisheries and 
meteorology. 
Outputs for 
biological 
resources are 
expected 
through 
communication 
with fisheries 
and social 
scientists.  

2025-2027 
 
Qingdao, 
China; 
Chonburi, 
Thailand; 
Fukuoka, 
Japan 

8,000 
USD/Yr 

Possible 
but not 
fixed 

3rd Stage 
 
workshop 
once a 
year 

Accumulate 
scientific outputs 
with cooperative 

research including 
communication with 
fisheries and social 
scientists. Provide 
an opportunity to 
communicate with 

the public. 

Results of 
communication 
with fisheries 
and social 
scientists are 
integrated, and 
recommendatio
ns will be given 
to the public. 

2028-2030 
 
Quezon, 
Philippines; 
Seoul, 
Korea;  
Toyama,  
Japan 

8,000 
USD/Yr 

Possible 
but not 
fixed 
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IMPLEMENTATION PLAN 

 1. STRUCTURE OF THE PROGRAM 
 2. PROJECTS IN THE PROGRAM 
 - Project I: Nutrient footprints of primary production – physical and biogeochemical processes in the 
AMS 
 Case Study I-1: Stratification and nutrient supply for primary production in the central and outer 
shelves (East China Sea) 
 Case Study I-2: Eutrophication, red tide and hypoxia in the upper Gulf of Thailand (South China 
Sea) 
 Case Study I-3: Nutrient supply and oxygen-minimum zones (Sea of Okhotsk) 

 - Project II: Long-term variations in the structure and circulation of the Pacific Asian Marginal 
Seas (AMS) reflecting the impact of global warming 
 3. TOOLS 
 4. OUTCOMES PROJECTED FOR THE OCEAN DECADE 
 5. MEMBERS OF INTERNATIONAL STEERING COMMITTEE 

1. STRUCTURE OF THE PROGRAM 

  The program consists of two Projects and seven Tools. Projects have specified scientific 
objectives as ordinary cooperative studies. On the other hand, ‘Tools,’ a new category adopted in 
this program, will be developed and then shared along with information and methodology in order to 
efficiently advance cooperative research. The contents of the tools and how they manage and 
promote the projects with various procedures and technologies are shown in Fig. ip-1.  
      
         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  The tools are categorized into several activities: arrangement of cooperative and/or 
coordinated cruises, a framework to share and/or exchange cruise data and participants, a panel to 
standardize the remote sensing data of satellites, development and sharing of new technology for 
chemical analysis, development of new approaches for observing platforms and sensors that are 
linked with numerical studies, and promotion of communication with social scientists. Creating 
opportunities for the exchange of students and young scientists is also one of the tools. The details 
are explained in section 3. 

Fig. ip-1 Structure of Program 
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2. PROJECTS IN THE PROGRAM 

Project I: Nutrient footprints of primary production – physical and biogeochemical processes 
in the AMS 

Considering the food chain/web in the ocean, the highest-level biological resources are 
supported by much larger amounts of lower-level biomass. To find the level of the ocean’s 
sustainable productivity, we need to know 
how much biomass could be generated 
through primary production. Primary 
production is based on the nutrient supply 
in the ocean’s euphotic zone (Fig. ip-2). 
Quantitative evaluation of the transport of 
nutrients into the euphotic zone in a certain 
marginal sea, which we call the ‘nutrient 
footprint’ here, provides useful information 
on the variation in upper-level biological 
resources. Determining the origin of the 
nutrients for primary production is one of 
the most important issues in evaluating the 
changes in biological production caused by 
global warming in the marginal seas. 
Marginal seas are surrounded by multiple 
countries, and we need to integrate the 
information obtained by each country, 
which will require close international 
cooperation. The details of several case studies in this project are described below.  
  To achieve common understanding of the nutrient footprint for primary production in the 
East China Sea (ECS), we coordinate field observations to evaluate the vertical transport of nutrients 
in the cooperative monitoring areas, PEACE I and II. Vertical nutrient transport could be estimated 
from quantitative determination of vertical mixing and the nutrient gradient, which are strongly 
controlled by stratification. Understanding the relationship between the intensity of vertical mixing 
and stratification could provide crucial information on how global warming changes the nutrient fluxes 
into the euphotic zone, since stratification would be subjected to global warming.  
  Another target is hypoxic water (or oxygen-minimum zones) formed in the bottom layer in 
the marginal seas, including coastal waters. Hypoxic waters are found in various regions, such as 
the ECS, the upper Gulf of Thailand, and the Sea of Okhotsk. However, the process of hypoxic water 
formation should be universal, while principal factors could depend on the region. In this project, we 
share the information and tools on the hypoxic waters of the various regions and try to find a way to 
sustain a healthy marine environment. The behavior of nutrients, dissolved oxygen, and organic 
matter in the bottom layer will be determined in the relevant areas. Vertical mixing also affects the 
formation of the bottom hypoxic waters.  
  The first step of this project in the ECS is to collect data on vertical mixing, that is, the 
turbulence intensity that determines the vertical mixing, and the vertical profiles of nutrients along 
with the intensity of stratification in temperature and salinity through coordinated field campaigns, 
mainly in PEACE I and II. Data collection is done not only for physical processes but also for 
information from chemical tracers. Chemical tracers could provide the history of water masses that 
carry nutrients. Information on the hypoxic water in the three case studies described below is 
exchanged, and universal processes over the individual sites are surveyed. The coordinated data 
collection will be carried out through the first stage (2021–2024). We will hold workshops once a year 
to share the collected data/information and have discussions on how to combine the physical and 
chemical data.  
  In the second stage (2025–2027), based on an understanding of the nutrient footprint for 
the primary production obtained through the first stage, our work will be extended to higher-level 
biological processes, such as secondary production and fishes, through communication with fishery 

Fig. ip-2 Schematic view of food chain in the ocean 
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scientists and a survey of historical information in the literature. Further accumulation of data with 
coordinated campaigns will also be carried out. An understanding of the hypoxic water in the case 
studies will be gained, and possible changes will be predicted for the complicated coastal 
environment under global warming. During this stage, we will communicate with social scientists to 
‘translate’ the results of natural sciences for the general public. We will hold a workshop once a year 
attended by oceanographers and fishery scientists. 
  Based on the accumulation of data obtained by coordinated cruises and continuing 
discussions in the workshops, in the final stage (2028–2030) we focus on estimating how global 
warming changes the nutrient source for primary production and the formation of hypoxic water. 
Communication with social scientists will also be enhanced. A few social scientists will be invited as 
steering members, and a workshop will be held once a year. 

Case Study I-1: Stratification and nutrient supply for primary production in the central and outer 
shelves (East China Sea) 

The sources of nutrients flowing into the euphotic zone can be divided into three parts: 
rivers, deep water, and the atmosphere. For example, in the case of the East China Sea (ECS), they 
are mainly from the Changjiang river, the lower layer of the subsurface water of the Kuroshio, and 
deposition of terrestrial nutrients from the atmosphere (Fig. ip-3). Climate change would alter the 
structure of nutrient 
sources and transport in 
the ECS and possibly 
change the structure of 
primary production. While 
fishery science has studied 
the relationship between 
climate change and fishery 
resources in the long term, 
such work usually 
discusses this relationship 
by considering the lower-
level production a black 
box. In this project, we aim 
to evaluate the overall 
capacity of primary 
production in the marginal 
seas through a quantitative 
understanding of the 
nutrient transport for primary production.  
  Global warming may change the stratification in the ocean, which strongly controls the 
vertical mixing, and may influence the vertical flux of nutrients from lower layers into the euphotic 
zone. A quantitative understanding of this nutrient flux caused by vertical mixing could provide the 
nutrient footprint of primary production. The project will estimate how changes in the ocean due to 
global warming have influenced the biomass in the marginal sea, and this information will provide a 
meaningful contribution to the Ocean Decade. 

Case Study I-2: Eutrophication, red tide and hypoxia in the upper Gulf of Thailand (South China Sea) 

  Determination of the nutrient footprint is also important in the upper Gulf of Thailand to 
understand the environmental issues in coastal waters, since the control of the nutrient discharge 
from land is still a serious issue considering, for example, the balances of primary production, red 
tide and hypoxic water. Seasonal variation in those phenomena is associated with the influence of 
monsoons. Red tide is usually intense during the southwest monsoon, when river discharge is very 
large and wind is directed landward. The situation eases during the northeast monsoon, when the 
discharge is low and the wind blows seaward. Those factors highlight the importance of river-borne 
nutrient sources and the flooding time of a water mass controlled by seasonal river discharge and 
circulation. A sub-surface hypoxic water mass was found to develop in the north part of the gulf from 
the mid-southwest monsoon period to the onset of the northeast monsoon season. Intense hypoxic 

Fig. ip-3 Schematic view of nutrient supply for primary production and 
hypoxic water above the bottom. 
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water devastates ecosystems and coastal aquaculture, especially shellfish farming in the shallow 
areas near the river’s mouth.  
  The sources of organic material needed to support the development of hypoxic water in the 
area may result from red tide or direct organic loading through river and groundwater discharges. 
Red tide itself may be partly stimulated by nutrients from groundwater. This raises two research 
issues: the contribution of organic material to eutrophication and hypoxic water development and the 
contribution of nutrients from groundwater discharge to those in the water column. In addition, the 
continuing global climate change could influence the nutrient footprint and the resulting coastal 
environment. These issues are what we need to understand to prepare for the changes that could 
have an impact on the sustainability of coastal resources, food security, society and the economy. 
To achieve such understanding, interdisciplinary cooperation among physical, chemical and 
biological oceanography is strongly needed. The process studied in this project would extend beyond 
individual regions. 

Case Study I-3: Nutrient supply and oxygen-minimum zones in the Sea of Okhotsk 

  The Sea of Okhotsk is one of the most biologically productive seas in the world. Its coastal 
regions are important for understanding the productivity of the sea and various consequences. One 
of these regions is the northeastern slope of Sakhalin Island. This site is a feeding area of grey 
whales. There are three potential sources of nutrients into the euphotic zone of this area: a) Amur 
River; b) deep waters that are supplied by an upwelling mechanism; and c) atmospheric precipitation 
from offshore oil-production platforms. The Shantarsky Archipelago located in the northwestern part 
of the Sea of Okhotsk is another high-productivity area that is a feeding area for Bowhead whales. 
This wild area has no anthropogenic impact, and many rivers flow into it. The main nutrient source 
is probably river runoff. There are oxygen-minimum zones (OMZ) in the eastern part of the Sea of 
Okhotsk offshore of the western coast of Kamchatka Peninsula. OMZ may also be responsible for 
the mortality of marine organisms occurring along the coast of Kamchatka Peninsula in autumn 2020. 

  Unfortunately, there is large variability in the biological processes necessary to estimate the 
upper-level resources from the primary production. Even if we quantitatively estimated the change 
in the ‘nutrient footprint’ in response to climate change, it would be difficult to extend this to the upper-
level fishery resources with natural sciences only. Oceanography could provide the means of 
possible lower-level biomass change, but it is necessary to present evaluation results, such as those 
for fishery resources, as information that is meaningful to society to fulfill the goals of the Ocean 
Decade. Therefore, we collaborate with social scientists such as in the fields of environmental 
management and fishery economics. The approaches and methods in the social sciences could 
provide help in predicting the economic change corresponding to global warming, based on changes 
in the ‘nutrient footprint.’ This collaboration with social scientists could provide possible solutions to 
sustain a healthy and productive AMS. 

 In Project I, we will investigate the nutrient footprints in the marginal seas, which contribute 
to the primary production and are related to the formation of hypoxia and/or OMZ. The structure of 
the ecosystem is expected to be clarified through the identification and quantification of the nutrient 
sources, namely, how many nutrients are supplied into the euphotic zone from the deep water of the 
open ocean, the atmospheric deposition, and the submarine groundwater discharge (SGD). 
Quantifying the contribution of nutrients from offshore to primary production will verify the possible 
change in fishery resources responding to global warming. Furthermore, by quantifying the 
contribution of nutrients from the land to the formation of hypoxia and/or OMZ, we will confirm the 
possibility of human-induced environmental changes in the coastal waters. Such an understanding 
of the nutrient footprints could provide important insights on how the fishery catch should be 
controlled and how land use should be managed. 

Project II: Long-term variations in the structure and circulation of the Pacific AMS reflecting 
the impact of global warming 

Background 
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  The mid-latitude marginal seas form one of the regions where global warming and/or climate 
change signals strongly appear due to the area’s semi-closed features. Since the Pacific Asian 
marginal seas span a distance from subtropical to subarctic regions of the western North Pacific, 
they are predominantly influenced by the monsoon and seasonal variations. Therefore, climate 
change would appear in interannual variations of the ocean state with large amplitude seasonal 
variations.  
  The sea surface temperature (SST) in East Asian waters, including the East China and 
Yellow Seas as well as the Marginal Sea surrounded by Japan, Korea and Russia (MSJKR), is 
exhibiting a considerable increase at a rate of +1.14°C per century, which is a significantly higher 
rate than that of the global and North Pacific means (+0.55 and +0.53°C per century, respectively). 
It is feared that the SST increase may induce the frequent occurrence of meteorological hazards 
such as abnormally strong typhoons and low-pressure “bomb” events accompanied by strong winds 
and heavy rain through the increase in water vapor supply to the atmosphere from the oceans. In 
addition, tropical and subtropical species of not only fishes but also benthic life and shellfish have 
been frequently reported in the coastal areas of the Pacific Asian marginal seas. In particular, the 
regime shift in species in the southern MSJKR since the late 1990s is considered to be caused by 
the northward extension of tropical and subtropical ecosystems, which may influence future fisheries 
in the region via change in the ecosystem.  
  The long-term variations due to global warming and climate change bring structural changes 
in the oceans. It is known that the deep water in the MSJKR has its own thermohaline circulation 
system that is becoming weaker year by year via the increase in water temperature and increase in 
stratification, which inhibits vertical mixing. In addition, a decadal-scale variation in temperature has 
been detected in the deep water of the MSJKR, which is associated with the Arctic Oscillation, one 
of the well-known climate patterns. Such long-term variations could change the distribution of 
materials and the biogeochemical cycles through a change in the background flow condition. Indeed, 
oceanic acidification associated with the CO2 concentration in the sea water has been suggested in 
the abyssal MSJKR. Clear bi-decadal variations in dissolved oxygen and nutrient concentrations 
synchronized with the deep-water temperature variation have also been reported. These long-term 
changes in nutrient distribution may significantly affect the ecosystems in and around the seas. 
  Mesoscale water dynamics is also a very important component of the circulation in the 
MSJKR. Long-lived anticyclonic eddies are distributed all over the basin and play a significant role 
in the transport of trapped water in their cores and the vertical motion of water masses, thus 
influencing nutrient transport. Other important mesoscale phenomena include cascading along the 
slope of Peter the Great Bay in the northwestern part of the sea in winter, transporting a huge amount 
of sediments and organic matter into the deep 
ocean, and summer-fall upwellings along the 
coasts of Russia and Korea. Both of these 
processes are responsible for cross shelf-slope 
water exchange and ventilation of the coastal 
area as well as forming a spatial pattern of nutrient 
footprints. 

Generally, the environment in a marginal 
sea is subject to the boundary conditions in the 
upstream and downstream regions and the 
atmosphere over the sea, as well as the 
conditions on the land surrounding the sea (Fig. 
ip-4). For example, it is suggested that the 
interdecadal variations in temperature and 
dissolved oxygen concentration in the abyssal 
MSJKR are related to the SST variation in the 
East China Sea through the atmosphere over the 
seas. Recent numerical simulation suggests that 
the volume transport of the Tsushima Current in 
the MSJKR is determined by the winter wind 
conditions in the Sea of Okhotsk. Recent studies 
indicate the interdecadal variations in the 

Fig. ip-4 Schematic view of circulation in the 
MSJKR and ECS  
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meridional overturning circulation of the MSJKR, are linked to intermediate and abyssal currents 
within the basins as well as air-sea exchanges of heat, freshwater, and momentum. 
 Therefore, for the prompt detection and better prediction of the oceanic changes in this region 
due to global warming and climate change, long-term continuous monitoring of oceanic conditions 
in both broad and focal areas is important. However, complex international borders in the Pacific 
Asian marginal seas prevent us from collecting timely observational data in international waters. A 
practical way to accomplish long-term monitoring in this region is to set several monitoring 
stations/areas in the territory or EEZ of the related countries and to exchange the time-series as well 
as cruise data obtained at each monitoring station/area through an international data repository. One 
such location would be the northwestern slope of MSJKR in Russian EEZ to monitor the cascading 
of dense water ventilating the deep layers of the sea. 

Activities and expected outputs 
i) General statement 

  In this project, we are trying to organize the setting of monitoring points/areas in the Pacific 
AMS and to establish a data exchange system through an international repository. Then, we aim to 
achieve a common understanding on the long-term variations reflecting the impact of global warming 
and climate change. Such common understanding will provide important information for forecasting 
future fishery resources as well as serious climate change raising the threat of meteorological 
hazards, and it will show the sustainability of healthy and productive AMS. This information will 
contribute to other scientific fields related to ocean sciences through the evaluation and management 
of the risks posed by serious changes in the ocean’s state. 
ii) Monitoring with autonomous data collection system 

 To better understand the processes underlying changes in circulation and biogeochemistry 
impacting hydrological and biogeochemical cycles in the rapidly warming AMS, we are activating 
autonomous data collection for essential ocean variables using time-series observation platforms 
equipped with appropriate sensors at key sites. Furthermore, we are identifying the processes 
responsible for long-term trends and regime shifts, decadal and interannual oscillations, and extreme 
events (e.g., marine heatwaves) in the MSJKR and neighboring Pacific AMS (Fig. ip-4). Since the 
regional warming modifies the processes of exchanging heat, freshwater, materials, and energy 
among and beyond the Pacific AMS, it is increasing important to better resolve the process 
continuously, particularly for the 2021–2030 period of the Ocean Decade. We are coordinating 
process-oriented cruises to collect more and better data by efficiently utilizing the autonomous data.  
iii) Usage of satellite data and numerical model reanalysis 

  Remote sensing data by satellite and numerical model reanalysis products have been 
merged with the observed information after standardized validation and calibration to help better 
understand those processes. The data will be exchanged and shared for cooperative studies to 
generate enhanced information on the healthy status of Pacific AMS, along with useful indices 
representing the patterns of changing hydrological and biogeochemical cycles. The information is 
being developed with fishery scientists and social scientists to be released to the general public. 
iv) Target processes 

  Since the MSJKR is a deep, semi-enclosed sea connected to the Pacific through narrow 
and relatively shallow straits and has its own ventilation system to refresh the bottom water, 
hydrological and biogeochemical cycles modified under the rapid warming in this region are affected 
by air-sea exchange processes and lateral transport through the straits as well as internal circulation. 
Specific target processes include decadal oscillations of the ventilation system and meridional 
overturning circulation in the MSJKR, volume transport across the Pacific AMS such as the inflow 
and outflow from/into the MSJKR, decadal and interannual mean sea level variations in the MSJKR 
and neighboring Pacific AMS, air-sea and lateral heat and freshwater exchanges, typhoon-ocean 
interaction processes, eddies and fronts, internal waves/tides, and turbulent mixing.  
v) Timeframe and expected outputs 
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  Metadata information on existing and planned in-situ observations in the MSJKR and 
neighboring Pacific AMS will be integrated to develop a data exchange repository through the first 
stage (2021–2024). During the first stage, we will establish new observation platforms such as ocean 
research stations at the key sites in the region, sort out the metadata information, hold workshops to 
share information once a year, and design the data repository. As a test case, the data exchange 
repository for the MSJKR will be developed during the first stage. In the second stage (2025–2027), 
the data repository for the MSJKR will be extended to include other regions in the AMS. During the 
second stage, we will further collect data via coordinated cruises and autonomous platforms and 
generate advanced information for fisheries and the general public, and we will start to communicate 
with fishery scientists and social scientists to better use the information (e.g., marine heatwave index). 
Based on the data and enhanced information integrated into the data repository, we will provide an 
practical service for the general public with indices representing the patterns of changing hydrological 
and biogeochemical cycles. Furthermore, this information will be translated by social scientists into 
clear language for general dissemination in the final stage (2028–2030), thus contributing to the 
outcomes of the Ocean Decade (e.g., predicted and accessible AMS). 

 In Project II, we will share the data and information related to long-term variations in the 
marginal seas. A common understanding of the long-term variations would provide important 
information on fishery resources and local climate. For example, a long-term increase in seawater 
temperature due to global warming is expected to change the composition of fish species in the 
MSJKR. Determining the temperature increase could suggest possible adjustments of fishing targets 
and/or fishing methods. Furthermore, an increase in the sea surface temperature would have a 
crucial influence on the local climate system, such as increasing precipitation and frequency of 
abnormal weather. Prediction of the climate change based on long-term monitoring data could be 
applied to making more accurate weather forecasts and to establishing a protective infrastructure 
against climatic risks. 

3. TOOLS 

The tools used here are working groups, where we prepare an environment to discuss each 
special issue and exchange information. Through the activities of these tools, a system to exchange 
ideas and information on various issues can be established. Making the exchange operate more 
smoothly is one of the goals of each tool. In practice, during the workshop held once a year, group 
discussions will also be held on specific tools, in addition to the plenary discussions on the contents 
of Projects I and II.   

Tool I: Arrangement of cooperative/coordinated cruises 

  Marginal seas are located in complicated regions bordering on various national territories. 
But of course there is no boundary in the natural ocean, and we need seamless data throughout a 
space to understand natural phenomena. The arrangement of cooperative cruises is very important 
to generate mutual data in a cooperative group. Even if cooperative cruises are difficult for some 
reason, coordinated cruises are important to share data and achieve a common understanding. 
Although there are international regulations on research cruises in the EEZ of foreign countries, in 
practice the personal relationships of the scientists involved are very important in arranging 
cooperative/coordinated cruises. This group has already established the necessary relationships 
among scientists through WG06, and we have the basis of this tool. However, it is necessary to 
maintain these relationships with continuous cooperation and to expand the framework for further 
cooperation in the broader region. Such long-term cooperative observations have been implemented 
in the MSJKR under CREAMS/PICES and NEAR-GOOS projects since 1993 and 2011. It is very 
important to continue these monitoring lines and enhance observational parameters by cooperating 
with these programs.  

Tool II: Satellite remote sensing data 

  Satellite remote sensing data are very useful and powerful in detecting the horizontal 
distribution of, for example, the sea surface temperature and chlorophyll. However, satellite 
chlorophyll data are strongly dependent on the water quality in the various regions, particularly in the 
coastal and shelf waters. Although satellite data are commonly distributed worldwide, in situ data 
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and methods of validation and calibration of the satellite data have not been unified over the various 
coastal and marginal seas. Therefore, it is necessary to standardize the data as well as the 
procedures of validation and calibration. 

Tool III: New technology and standardization for determining nutrient footprints 

  Recently, we have had opportunities to use a nitrate sensor to determine the vertical 
structure with high resolution compared to conventional water sampling. Furthermore, portable 
sampling and analysis tools for chemical properties are now under development. If this new 
technology could be shared among cooperative research groups, it would make the quality of data 
higher and more unified, and it would increase the amount of data significantly. Enhancement of the 
data’s quality and quantity would make the level of collaboration much higher. The exchange of 
information on new technology could be helpful for not only the projects but also wider communities 
of ocean sciences. Although nutrients discharged with submarine groundwater discharge are 
important for the coastal environments, the origins and mechanisms related to SGD strongly depend 
on individual areas. Therefore, it is important to standardize the survey methodology and to analyze 
and evaluate the protocol in order to determine the SGD. This tool would cover the methodology to 
improve the data collection of SGD. 

Tool IV: Sharing monitored data obtained from various platforms 

  Shared data obtained in the AMS, not only from the cooperative research but also from 
various platforms (e.g., moorings and floats) in the ocean, are important to achieving a common 
understanding. Platforms equipped with appropriate sensors provide a useful and cost-effective 
approach for long-term and continuous monitoring of the ocean’s state, while such platforms are 
mostly limited to the marginal seas and built in the territories or EEZ of individual countries. To 
activate such autonomous data obtained at the ocean observation platforms in the wider Pacific AMS 
for cooperative studies, a framework to exchange the information and establish a repository seems 
useful and would play an important role in implementing the long-term and continuous monitoring of 
the region. 

Tool V: Numerical model prediction 

  Modeling of marine biology and ecosystems related to ocean dynamics has become 
important for better predictions, and this approach should be fully utilized in this project. Therefore, 
climate change and other global issues must be considered in modelling marine ecosystems in the 
region. High-resolution hydrodynamic modeling coupled with ecological modeling as well as 
observational data will be used to study the impact on the ecosystem by global warming and climate 
change in the AMS. Furthermore, optimal design and/or adaptive observation techniques utilizing 
model prediction and data assimilation could be used for effective observation. 

Tool VI: Communication with social sciences 

  One of the important outputs expected of the Ocean Decade is a direct contribution to 
society from ocean sciences. However, ocean sciences, most of which are natural sciences, do not 
have an effective way to communicate their findings with the general public. One effective procedure 
is to translate the results of natural sciences using social science to form outputs suitable for the 
general public. Here we will prepare the framework to work with social science to translate the results 
of natural sciences, as it pertains to Healthy, Productive and Sustainable Asian Marginal Seas. 

Tool VII: Exchange of students and young scientists 

  We need to move more directly to attract the next generation, since cooperative studies 
should continue over a long-term period corresponding to the Decade and even longer on the time 
scale of climate change. Preparing an environment to freely discuss international and 
interdisciplinary common interests and concerns, including issues in the social sciences, between 
the generations is an essential tool of this program. We expect practical procedures for exchanging 
young scientists, including students, will be established through the program. 

4. EXPLANATIONS OF THE PROJECTED OUTCOMES OF THE OCEAN DECADE 
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☑ Outcome 1: A clean ocean where sources of pollution are identified and reduced or removed. 
  Better understanding of ocean circulation and biogeochemical cycles through the marginal 
seas and material transports will provide important information for maintaining a clean ocean free of 
pollution, even though we do not directly study the behavior of pollution in this program. 
      
☑ Outcome 2: A healthy and resilient ocean where marine ecosystems are understood, protected, restored 
and managed.  
  The goals of this program are strongly related to a healthy and resilient ocean through a 
quantitative understanding of the marine ecosystem, for which we can provide useful knowledge and 
information to keep the environment of the AMS as natural (healthy and resilient) as possible. 
        
☑ Outcome 3: A productive ocean supporting a sustainable food supply and a sustainable ocean economy. 
  Quantitative understanding of lower-level biological production from this program will 
provide essential information on the marine food chain, which is one of the key factors in the 
sustainable management of fisheries, a major part of the ocean economy. 
         
☑ Outcome 4: A predicted ocean where society understands and can respond to changing ocean 
conditions.  
  The observational approaches of this program will enhance the ability to now-cast the states 
of AMS more accurately, which will contribute to better forecasts of the environments and ecosystem 
with numerical ocean models. The information generated through this program will help make model 
results more realistic, which can be used to effectively and efficiently monitor the current status of 
the marginal seas and to guide in situ sampling as a way to continually improve models. 
          
☑ Outcome 6: An accessible ocean with open and equitable access to data, information, and technology, 
and innovation. 
        One of the most important benefits of this program is the sharing of data and information, 
along with the discussions facilitated by the program. 
 
☑ Outcome 7: An inspiring and engaging ocean where society understands and values the ocean in 
relation to human well-being and sustainable development. 
  Natural sciences, particularly those like ocean sciences, usually do not interact directly with 
human society. Therefore, in this program, we will create a channel to communicate with fisheries 
and social sciences, and the results from this program will be distributed to the public not only directly 
through scientific explanations but also through their interpretation by fisheries and social sciences. 
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