Synoptic Arctic Survey

The Synoptic Arctic Survey (SAD)
towards 2020

@yvind Paasche, Are Olsen, Leif Anderson, Jeremy Wilkinson, Jackie Grebmeier, Tak:
Kikuchi,SungHo Kang, Carin Ashjiaand the SAS Community.

Second International Science and Policy Conference on Implementation of the Ecosystem App
Management in the ArcBergen, June 27, 2019



The Research Frontiers in the Arctic
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cWhat | ies hidden
unknown interior?

«Thereis no point in trying to calculate
or speculatehow Greenlandis built in
its interior; we live in the era of
empiricism,let us therefore first see,
often enough have a single solitary
observation overthrown an entire
systemof dogmasandtheories»

Fridtjof Nansen (1888)
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The old and the
new (and troublesome)
Arctic

(i) of
the Arctic Ocean will continue
for decades to come
regardlessof any reductions in
globalCO2 emissions

(i The scientificchallengesrising
from this makeoverof the Arctic
Ocean and its drivers and
consequenceare

and
too complex to be properly
understood through  single
disciplineapproaches

Paasche et al., (submitted)
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EddyCarmack

«Ourcurrentviewof the ArcticMediterranears decidedl§ r e gbecaus&istoficaeffortshave
focuseanregionsviththeresulthatwe sensehe partsbut notthe wholeA synoptiziewof the
ArcticOceanslackingandis sorelyneedeod

Motivations




Synoptic Arctic Survey
What is it?

Synoptic Arctic Survey is a bottomup, researcher driven, initiative aiming at
collecting empirical data in thrctic ocean that cannot be done in any other way than
through cruises! SAS will take place2®20 (+2021) involving the coordination of many
research vessels (not all ice breakers).

THE GOAL is to generate a comprehensive dataset that allow for a complete characterization ¢
Arctic hydrography and circulation, carbon uptake and ocean acidification, tracer distribution and
pollution, andorganismal and ecosystem functioning and productivity.

THE DATA will provide a unique baseline, which will allow us to track climate change and its
impacts as theynfold in the Arctic over the coming years, decades and centuries.There can be n
doubt that not only futuregenerations of polar scientists will benefit from such a baseline, but alst
decision makers.

There is a historical LEGACY dating back to The Maud Expedition (191825) where the
acclaimed Norwegiaresearcher Harald Ulrik Sverdrup was in charge of the science conducted a
the traverse of the NortheasPassage.



Collaborating for better Synoptic Arctic Survey
observations of the Arctic Ocean

A Coordinate nationally funded Arctic Ocean
cruises in time and space into a set of
intersectingsections

A To retrieve the full three ddimensional
structure of the Arctic, the distribution of
important chemical elements and ecosystem
propertiebasedon datafrom asingleyear

A Ultimate vision the first of repeated
decadal suveys of the Arctic Ocean

A Creating a backbone for Arctic Ocean
research



An international, researcher driven, initiative

Leif Anderson, Are Olsen, @yvind Paasche, Takashi Kikuchi, Carin Ashjian, Peter Schlosser, Jim
Swift,HeidimarieKassensSebastian Gerland, Jeremy Wilkinson, Jackie Grebmeier, Eddy
Carmack, Melissa Chierici, KumikaetsuScott, Jeremy Mathis, Jackie Grebmeier,Vidar Lien,
LiseLotte SgrensenJendHdlemannAndreyNovikhin, KyoungHo Cho, SungHo Kang, Karen
EdelvangMotoyoh Itoh, OlegTitov, Michio Yamamotd<awali, Vladimir lvanov, Coltatedmon

Bill Williams +++
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2014

2015

2016

2017

2018

2020

Idea conceived, Japalorway Marine Science week

First international SAS workshop,Washington DC

St. Petersburg
Gothenburg, develop SAS Science and Implementatlon plan

First draft of Science Plan completed
First national group formed, Sweden

National meeting Japan
National meeting Norway
UK, submitted 06hi (C
oNational 6 meetin§g§e
National meeting Denmark
Science Plan Complete
SAS Planning meetibpA

Establish SSG, fall 2018

Germany + @
Russia

Planned year of the Synoptic Arctic Survey (&KHO)



Woods Hole Oceanographic Institution ABOUTWHGI  A-Z WHOI LABS/GROUPS LISTING

2019 Synoptic Arctic
(SAS) Workshop

HOMEPAGE MATERIALS Q

The Synoptic Arctic Survey (SAS) - International Planning and
Coordination Workshop

May 15-16, 2019
Woods Hole Oceanographic Institution
Woods Hole, Massachusetts, USA

There will be an open coordination and planning workshop to continue planning the Synoptic Arctic Survey
(SAS) project on May 15-16, 2019 at the Woods Hole Oceanographic Institution in Woods Hole, MA, USA. The
SAS is a developing international program envisioned to mount a coordinated, multi-nation, oceanographic field
based effort on a Pan Arctic scale quasi-synoptically over two summer seasons (2020-202) to achieve the
baseline understanding of the fundamental structure and function of the linked Arctic carbon-ecosystem-
physical systems that will permit detection of ongoing and future changes. The goals of the workshop include
planning coordinated field sampling, international data sharing, education including graduate student
participation, post field-season data synthesis, public outreach, and involvement of indigenous communities and
identifying additional measurements (e.g., atmospheric measurements) or approaches (e.g., modeling) that
would contribute to accomplishing the goals of the SAS. The SAS is a ground-up effort and wide participation,
including all professional levels of scientists, graduate students, and science managers across multiple disciplines
and indigenous community members, in the planning is welcome!

Synoptic Arctic Survey

Funded by:

Links
SAS Agenda

SAS Workshop Travel
Information

SAS Science Plan
SAS Home Page

Ashjian Intro Goals



What are the present state and major ongoing
transformations of the Arctic marine system?

How does primary production and
associated availability of nutrients
vary between Arctic regions?

Does northward range
expansion of subarctic
species vary regionally

and are any of these [ Marine
species likely to Ecosystems

establish permanent
populations in Arctic
regions?

How does carbon flow
vary across regional
ecosystems of the
Arctic?

What is the contribution of the Arctic
Ocean to maintaining the global ocean
carbon dioxide reservoir and uptake?

R g 4 R q3

Training
Education
Outreach

Carbon
Cycle & Acidification

What are the input and fate of
terrestrial and subsea carbon to the
Arctic Ocean?

What are the changes in water mass sources,
sinks and transformations?

What are the states of,

Rg2 and changes in, heat and
freshwater budgets in the
Arctic regions?

Physical
Oceanography

Rq1

How are Arctic Ocean water masses
and circulation responding to changes
in sea ice properties, and
atmospheric, advective and
freshwater forcing?

What are the magnitude, drivers, and
impacts of Ocean Acidification in the
different regions of the Arcti©cean?



Synoptic Arctic Survey Observations

The gateways

| Full depth stations

The shelf seas Every 20 nm

The deep basin Closer over ridges

and shelf slopes

Some previously
sampled regions

Physical, chemical and
biological measurements

Some regions not : According to latest
previously sampled protocols




Canada, USA
JOIS/AONBGOS (Williams/Proshutinskguiy
LIAMPA (Michel,ouig

Davis Strait (Lee/Azetsscott Armstrony

Sweder

Norway, GO5ars(IMR)
KPH(Nansen Legacy) 2021

—

UK, highlight topic

Bathymetric and topographic tints

-5000-4000-3000-2500-2000-1500-1000 -500 -200 -100 -50 -25 -10 O 50 100 200 300 400 500 600 700 800 1000 (Meters)




Global Ocean Ship -Based Hydrographic Investigations Program
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program and to revise

the 1994 WOCE o5 a,"‘ GO-SHIP 2012-2023 Survey (61 Lines) Design Map - February 2016
manca — RS e jcomm s
manual.

A Decadal global ocean coverage of a set of level 1 variables,
measured according to strict protocols.

A Heat, Carbon, OA, Oxygen, ventilation rates etc.

A Data are quickly made available (e.g. at CCHDO) and
synthesized into global data products (GLODAP)



SAS ambition 0 to create an Arctic GO -SHIP

\

NB:The circle represents the size of the
Arctic Ocean, smaller than you might think

Adopt a GO-SHIP model for Arctic
shipbased field work

Given: the large variability, the larg
number of available ships, the lar
interest in Arctic research, and the
small size of the Arctic Ocean

This should and can be done duril
a single year,

repeated every decade,

and have aecosystensampling
program




Data Synthesis

A Merged, homogenized, consistent data products are much more useful than individual dai
A At some point a SAS data product should be prepared.
A For hydrography and biogeochemistry; should be patterned after GLODAP,
A securing internal consistency using crossover checks on deep data.
A Therefore, we must ensure that the individual cruises overlap in space.

Global coverage of GLODAPv2.2019, with data from 840 cruises (Olsen et al. ESSD, 2(



Synergy with other large community initiatives
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YOPPIs the flagshipactivity of PPPwith the aim
of enabling a significant improvement in
environmental prediction capabilities for the
polar regions and beyond, by coordinating a
period of intensive observing, modelling,
verification, userengagement and education
activities

Core phase May2017to June2019

MOSAIC_.

International '
Arctic rift WY ’
Expedition -

The primary objective of MOSAIC is to develop a
better understanding of these important coupied
system processes so they can be more accurately
represented in regionablnd globakcale models.
Starting Sept 2019, ending Oct. 2020



SAS2030A UNOs Decade of Ocean

The United Nations has proclaimed
a Decade of Ocean Science for
SustainableDevelopment (20212030 to
support efforts to reverse the cycle of
declinein oceanhealth and gather ocean
stakeholdersvorldwide behinda common
frameworkthat will ensureoceanscience
can fully support countries in creating
improved conditions for sustainable
developmentof the Ocean
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2021 United Nations Decade
of Ocean Science
2030 for Sustainable Development

Restricted Distribution IOC/EC-LI/2 Annex 3

Paris, 18 June 2018
Criginal: English

(of UNESCO)
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UNESCO, Paris, 3—6 July 2018

Fifty-first Session of the Executive Council

INTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION



First international SAS workshop,
Washington DC (2015)

St. Petersburg, German Consulate (2016)

Gothenburg, start develop SAS Science
and Implementation plan (2016)

First national group formed, Sweden (2017

National meeting Japan and Norway (2018)




Thank you for your attention

«Becauseof its [The Arctic] remoteness, the severity of
its climate, and the logistic problems which these two
factors impose, efforts at scientific study must be
made on a geographic rather than a on strictly
disciplinary  basis. It s for this reason that
interdisciplinary  and international  collaboration is
here even more important than elsewhere, é »

Proceedings of the Arctic Basin Symposium, October
1962.

https://synopticarcticsurvey.w.uib.no

19



https://synopticarcticsurvey.w.uib.no/

The Great Arctic Transition

Transition

A winter icefree Barents Sea will/can
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Papesubmitted
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Developing the Synoptic Arctic Survey
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The Norwegian Contribution

GO Sars Crown Prince Haakon




The Norwegian Contribution

The Nansen Legacy transect;
cruise map 2018

0 100k N SNV Qruise plans Nansen legacy, RV Kronprins Haakon:
Y ! N 2019/ 20: Seasonal studies of biological communities,
" el botveen contors: 00m , BB | interactions and biogeochemical processes
| P Transect P1 to Plce (76-83aN, ~30-35cE)
4-27 August 2019
28 Nov-17 Dec 2019

March 2020 (dates to be confirmed)
May 2020 (datesto be confirmed)
2019/20 Moorings and physical processes (datesto be
confirmed)
12-27 November 2019 (mooring service/ A-TWAIN)
January 2020 (physical processes, datesto be
confirmed)
August (mooring service and physical processes,
datesto be conformed)
2021: Prolonged transect further into the Arctic basin

{ /| M1-M4: Moorings

Yellow points: Geological cores the
P1-P7-Pice: Process stations Nansen
Additional moorings north of Svalbard + A-TWAIN moorings LEG ACY
on northern shelf break

www.nansenlegacy.org



The Norwegian Contribution

The Barents Sea Ecosystem Survey
The Fuglgya-Bjgrngya transect (seven stations) and the Vardg Nord transect (eight stations).

The Institute of Marine Research (IMR) Monitoring Programme samples two standard transects in the B:
Sea: theFuglagyaBjgrngydransect (seven stations) and théardagNord transect (eight stations). Theiglaya
Bijgrngyal N} yaSO0 A& aLX Al AVYR §2aziKSOamM2yay bRNDK
times a year with WR nets from 100 m and/or bottom to the surface. The data in teort are from bottom
to-surface hauls (160 m).

Water temperatures along thEuglgyaBjgrngyaransect range from & to 9C, with the seasonal high in August and the seasonal low
in February. Peak zooplankton biomass is found from June to August in the northern section and from May to July in the southern
section.Zooplankton biomass has been steadily decreasing over the duration of theséirnes, most noticeably in the northesection.
This is alsseen in the weakening (reduced magnitude) of the peak biomass period in the northern section and to a lessar théent
southern section.

This is a cooperation between Institute of Marine Research (IMR) in Norway (Contact persom@aaidsenrandi.ingvaldsen@imr.no
and Polar Research Institute of Marine Fisheries and Oceanography (PINRO) in Russia.

Main objective of the network:

1. Describe water mass distribution and properties

2. Document ocean climate variability as pafrtong time series

3. Relate ocean climate variability to variation in recruitment, growth, condition and size of comnfisktial
stocks Observations are taken by IMR from research vessels.

The programme is carried out in cooperation wiRhissia (PINRO) coordinated under the Joint NofRagsia
Fisheries Commission. The current meter mooringshied once a year.



! : «The field for future exploration is

Scientific work of the Maud 1922
1925; Harald U. Sverdrup, 1926.

From no chang® to all about changg legacy
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The Maud Expedition (1918 -1925) &
The Oceans (1942)



Variable Sampling
Physical and chemical measurements
Pressure CTD
Temperature CTD
Salinity CTD + Niskin
Dissolved Oxygen CTD + Niskin
Nutrients (NO;/NO,, PO,, SiO;) Niskin .
CFCs and SF¢ Niskin P hySICaI
Dissolved Inorganic Carbon Niskin C h em | Cc al
Total Alkalinity Niskin
pH Niskin
8'%0 of H,O Niskin
Methane Niskin
Dissolved Organic Carbon (DOC)  Niskin
Particulate Organic Carbon (POC)  Niskin
" Water column ecosystem measurements
Chlorophyll Niskin
Primary production Incubation
Viruses Niskin
Bacteria Niskin
Phytoplankton composition Niskin
Microzooplankton Niskin

Meso-and Macro- zooplankton

Icthyoplankton

Fish

Marine mammals

Other Carbon transformation rates

Benthic measurements
Meio- and Macro- fauna

Epifauna
Other Carbon transformation rates

Epontic Communities

Seabirds

Bio-Eco

Bongo nets, Multinet, Optical
Instruments, Acoustics

Aluette or Tucker Trawls, Acoustics
Trawls, Acoustics

Passive acoustics, Visual observations
Selected process studies (e.g., grazing,
reproduction, sinking, respiration)

Box Core or Multicore or other corers

Benthic camera, Beam trawl
Selected process studies (e.g., grazing,
reproduction, sinking, respiration)

Under-ice imaging, ice cores, sub-ice
sampling
Visual Observations

The measurements



