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- The first Synoptic Arctic Survey (SAS I), a coordinated multi-ship and multi-
nation pan-Arctic program, was conducted during late summer and fall from
2020 to 2022, involving more than 25 cruises from 11 different nations.

- To understand ongoing oceanographic trends, a second ship-based sampling
campaign (SAS II) is planned for around 2030.

[Map: SAS website by Maria Teresa Bezem]



- To ensure the success of the SAS II, it is essential to establish the Science and
Implementation Plan.

- In this talk, we present key science findings from the SAS I that could form the
foundation of the SAS II Science and Implementation Plan, and then propose
potential SAS II science topics on hydrography and biogeochemistry.

[Map: SAS website by Maria Teresa Bezem]
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6SAS I collaborative cruises in 2020
by Korea, Japan, and Canada/US

● Araon
● Mirai
● LSSL
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Low Oxy and highly acidified water on the Chukchi Plateau

Anomalous water



Possible origin of the low Oxy and highly acidified water

Hydrochemical Atlas of the Arctic Ocean

Bottom oxygen saturation (%)
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The Agreement to Prevent Unregulated High Seas Fisheries in the 
Central Arctic Ocean (CAOFA)

Bathymetric map of the Arctic Ocean and EEZ

boundaries (red lines). Orange regions are fishable
areas (< 2000 m). [WGICA 2020 Annual Report]

To better understand the area's ecosystems, and to 
ban commercial fishing until adequate scientific 
information (incl. Indigenous Knowledge) is 
available for management measures.

- Signed on 3rd October 2018
   Canada, Denmark, Norway, Russia, and US

+ China, EU, Iceland, Japan, and Korea

- Entered into force on 25th June 2021
Initially be in force for 16 years, 
with possible extensions thereafter 
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The Parties agreed to establish a Joint Program 
for Scientific Research and Monitoring (JPSRM).

- COP2 in June 2023
   JPSRM Framework approved

- COP3 in June 2024
   JPSRM Implementation Plan approved



SAS I research findings cited in the JPSRM Implementation Plan

SAS I findings
DBO findings

SAS I research findings were reflected in the JPSRM implementation plan by 
proposing a most urgent monitoring site, which is at risk of ocean deoxygenation 
and acidification, in the Agreement Area.

Distributed Biological Observatory
(DBO)

Synoptic Arctic Survey I
(SAS I)

[Nishino and 

Jung et al., 2023] [Nishino et al., 2016]



17Atlantic-origin water extension into the Pacific Arctic 
induced an anomalous biogeochemical event

CP

Ωarg

CP

➢ The appearance of anomalously low 
oxygen and acidified water on the 
Chukchi Plateau (CP) is associated 
with a change of large-scale ocean 
circulation.

➢ Thus, monitoring of 
marine environment and 
ocean acidification in 
this area (CP) would be 
important under a 
framework of such as 
the Central Arctic Ocean 
Fisheries Agreement 
(CAOFA).

➢ The CP is a part of fishable areas less 
than 2000 m indicated by orange 
region, and the anomalously low 
oxygen and acidified water may 
impact the marine ecosystem in the 
fishable area.

Nishino & Jung et al. [2023, Nat. Commun.] (issued a press release)

Low Ω water



18SAS I (2020–2022) covered the Central Arctic Ocean

Large-scale changes in ocean circulation occurred just before the SAS I period.
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- Atlantification caused decreases of silicate concentration on the Atlantic side.

- Freshening resulted in decreases of silicate concentration on the Pacific side.

- How will ocean circulation and nutrient distribution change during the SAS II?

Beaufort Gyre



[Torres-Valdés et al., 2013]

Export of nutrients from the Arctic Ocean

[Hátún et al., 2017]

Upper ocean (0–200 m) silicate (April)FW and carbon transport 
connecting to AMOC

[Gjelstrup et al., 2024; SAS webinar]

SAS II Theme:

Arctic-Atlantic 
Interaction

?



20SAS II (2030) science topics on hydrography and biogeochemistry

Large-scale changes in ocean circulation occurred during the SAS I period.

[μmol/kg]

Russia

Greenland

[μmol/kg]

Russia

Greenland

Ocean circulation and silicate 
at 10 m (1950s–1980s)

Ocean circulation and silicate 
at 10 m (2017–2022)

- How will ocean circulation and nutrient distribution change between SAS I and II? 

- How will these changes affect the AMOC and Arctic/Atlantic biogeochemical 
cycles and marine ecosystems? 

- Observations in a data deficit area and collaborations with DBOs are necessary.

Beaufort Gyre

[van Deelen, 2024]

Data deficit 
during SAS I



21Develop SAS II (2030) Science and Implementation Plan

- Changes in the marine environment and 
ecosystem in the Arctic shelves and 
gateways will significantly impact the 
Central Arctic Ocean through ocean 
circulation. Therefore, it is crucial to 
monitor the areas of the Beaufort Gyre
and Transpolar Drift at least on a decadal 
scale, as their locations are different 
between before and during the SAS I 
period.

- These major currents transport waters 
toward the Central Arctic Ocean along 
the Chukchi Plateau (via the Beaufort 
Gyre) and Lomonosov Ridge or 
Mendeleev Ridge (via the Transpolar 
Drift). These regions have relatively 
shallow seafloors and are considered 
fishable areas. Thus, observations there 
could also provide critical data for CAOFA.

- To observe changes over the next 
decade, the SAS II program will 
enhance its observation network in 
collaboration with initiatives such as 
Pan-Arctic DBO, BGEP, NABOS, ASOF, 
and others, as well as CAOFA JPSRM.
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