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Wh a't | s a &Ki | | er

A In marketing terminology,a o0 ki | | eis anpgofiwére that is so
necessary or desirable that it proves the core value of some larger
technology.

A For example, consumers would buy the more expensive hardware
just to run that application. A killer app can substantially Increase
sales of the platform on which it runs.

,\

0One mark of a good computer |s/
of software specifically written for that machine that does .»
something that, for a while at least, can only be done on that / .
ma ¢ h i rSeevel Levy (Wired Magazine), 1985
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0One mar k odceaastag estrdate Is the appearance of
applications specifically written for that solution that does something
that, for a while at least, can only be done with that solution. O
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OurMarket: Eart hos Car bon

Temporal Evolution of Carbon Accumulation

Anthropogenic Carbon Reservoirs, 1765-2011 A Anthropogenic emissions adversely affect
400 | | | | . the socio -economic stability of human
society and global marine  -terrestrial
3001 = ecosystems.
2001 & A The ocean has absorbed ~40% of CO,

emissions since the beginning of the

r g industrial era.

A There has never been a greater need for
delivering timely, policy -relevant science
on the magnitude and evolution of the
human -impacted global carbon cycle.
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A } Goal: Use ECCO framework
400 7860 7850 7900 7950 3000 to address this prObIem

Khatiwala et al. Nature (2009); Biogeoscience (2013)
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Why 1 s Carbon a oKi?adl e

A Our existing user base and open -source tools (community and
transparency)

A Data -assimilation technology + solutions spanni

A Property conservation and bu key for ocean
A Realism of Darwin and BLIN
A Diversity of ECCO prod

AQur oOecosy
ArcGIS StoryMaps, N



Use Carbon to Strengthen
ECCO Connections between
Programs

Existing Connections
Carbon Connections

Additional Constraints on Circulation
Ocean Carbon Sequestration
Coastal Regions and Tides
Air-sea Fluxes

Sea-ice loss and carbon response
High-latitude productivity and fisheries
Poleward migration of plankton
New ecosystem services

Ice -sheet retreat and coastal productivity
Arctic river discharge
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Flagship ECCO Carbon/BGC Products

ECCO Simulation

Region of Interest
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Carroll ;E) glz 2020, M\;e;rlgﬁ’aznodl? Verdy et al. 2017 Nguyzecr;zelt al.
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- - 2P + Macro 2P +2Z + 15P + 16Z 35P + 16Z 350P + 16Z
Recent Darwin Ocean Ecology Studies R B BT S RT
That Use ECCO Products (Since 2019) Prokaryotes
} Inomura et | Zakem et al. Tsakalakis| Juranek et al. Dutkiewicz | Follett et al.
Carbon Cycling:  (Carroll et al. 2020, 2022) Elolp)N=| al. 2022 | 2020 etal, 2020; etal. 2020 | 2022;
(1deg) 2022; Wu | Dutkiewicz et al. Archibald et al.
Nutrient Cycling: (Gupta et al. 2022; Follett et al. 2021) etal. 2021; 2022; 5
2021b Meiler et al.2022; SerraPompeii
. . ] Wu et al., 2020 et al.in review;
Plankton Ecosystem Dynamics and Diversity: (Juranek Dutkiewicz et
et al. 2020; Dutkiewicz et al. 2020, 2021, in prep; al.in prep.
Tsakalakis et al. 2021; Wu et al. 2021; LLC 90 TR
Treguer et al. 2021; Follett et al. 2022; ECCOV4 2020: '
Archibald et al. 2022; (1 deg) Follett et al.
Manizza et al. 2019, 2022, in revision) 2021; Hyunetal
2022; Jonson et
i i l.in review:W
Methylmercury in Marine Systems:  (Wu et al. 2020, :t !},fg‘;ﬁ; :
2021; Zheng et al. 2021) Zhang et al. 2021
Statistical Analyses and Province Definitions: :;'&%go ;a;_ou
(Sonnewald et al. 2021; Hyun et al. 2022; Darwin 2020:
Jonsonn et al. submitted ) (1/3 deg) Carroll
etal.
Links to Satellite Products: (Dutkiewicz et al. 2018; 2022
Jonnson et al. in review; Serra-Pompeiietal. inreview) el Manizza Kuhn et al. 2019; Raut et alin
(~18km) et al. Gupta et al. 2022 prep.
: ; . : . 2019, Treguer et al.
Links to Ger_10m|c Data: (Mieller et al. 2022; S ool
Raut et al. in prep.) T
LLC 4320 Wilson et al. 2019
First Applications of Global Bacteria/Archaeal (=2km)
Community Structure: (Zakem et al. 2020) and Inclusion Recent manuscripts (since 2019) associated with a combination of ECCO

of Cell -level Macromolecules  (Inomura et al. 2022)

physics (rows) and levels of ecosystem complexity

(columns)




Lightning Round: Showcase of Ongoing
ECCO -related Carbon and Biogeochemistry Efforts



Revealed by BG&rgo

Matt Mazloff (UCSD/Scripps), Ariane Verdy,
Sarah Gille, Ken Johnson, Bruce Cornuelle

Key Points:
A BGC-Argo pH obs enable constructing a 20141 2020 Southern Ocean pH baseline map

A Comparison to ship obs reveals a pH decrease above 1500 m of up to 0.02 per decade
A This trend is widespread with magnitudes reflecting the overturning circulation.

A Mapped climatology available at http://sose.ucsd.edu/

A Manuscript in review at JGR Oceans



http://sose.ucsd.edu/

Yoshihiro NakayamaHokkaido University. Optimization and evaluation of a
high-resolution, regional, EasAntarctic ocean biogeochemistry model with
novel insitu physical and biogeochemical observations

Comparison between GLODAP and model (January mean and summer time observations (North-south section))

A Regional ECGDarwin , DC@moicm)
simulation of East Antarctica '
with melting ice shelves

A Horizontal grid spacing of =3
4 km with 50 vertical levels.

Salinity [psu]

A MOdel pe”Od 19922016 ° | = .. ’ " éS?muIated distributions of T, S DIC, NO3, PO4, ;
A Bath metr based on ETOPO : ' o B : SiO2, ALK, and O2 are consistent with observations.
. y y ! I K € The spatial pattern of these yelds is consistent with
with recent updates of more 1B | water mass distributions (CDW & AABW), strongly

controlled by ocean lateral boundary conditions.

accurate bathymetry for the
continental shelf offshore of

East Antarctic ECCO-Darwin regional conyguration

Totten Ice Shelf. ' e W ;

A Atmospheric forcing provided ' : / i
by ERAnNterim and boundary
conditions from global ECEO
Darwin simulation




Clément Bertin (La Rochelle Universit®iogeochemical RivadRunoff Drives
Intense Arctic Ocean Outgassiigig revision, Geophysical Research Letters)
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A Regional ECGDarwin setup reproduces
Southeast Beaufort Sea dynamics

A Simulated surfaceocean DOC agrees well with
satellite observations

A Captures the observed seasont@-interannual
NPP and COlux amplitude and variability

NPP (TgC mth)

A Based on LLC 270 EGT®win (Carroll et al. 2020)

A 2 distinct DOC pools

A Daily terrestrial runoff from the Mackenzie River
(2000;2019): freshwater, river temperature, and 6
biogeochemical tracers

A Interannual DOC, DIC, and alkalinity runoff
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Alexander Hayward (University of Otago), Southern Ocean Temporal Modelling of
phytoplankton groups using ECCO Darwin and Pigments

Distribution of pigment samples 19¢52021 Training dataset phytoplanl_<ton biomass in different
(n =14 500 oceanographic biozones
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Pat Wongpan (University of Tasmania):
Antarctic Underice Phytoplankton Blooms

Totten

Ice Shdf

A Improve coastal seie algal habitat representation BCC@arwinby
implementing accurate, dataonstrained landfast ice distribution over
the last 22 years (20@@022) in East Antarctica

A Include the biological hotspot of séee near ice shelves by developing
the first regional oceaice model with semconsolidated ice (platelet
ice), and its accurate biogeochemistry

A Estimate the primary production from undése phytoplankton blooms
by combining and leveraging detailed observations, including Argo
floats and taggedeal data, with a statef-the-art dataconstrained
ocean biogeochemistry model (EGD@&rwin)
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Jonathan Lauderdale (MITWhere does Southern Ocean upwelling cause G@gassing?

Locationsof particlesupwelling from 200c2000m
are guided by topographicinteractions,indicating
upwellingof DIGrich waters

Strongupwellingregionsnot associatedvith strong CQ outgassing
¢ localcompensatiorby physical/biologicaprocesses

Udintsev/Eltanin
Fracture Zones

ECCO-DARWIN
Upwelling passive
tracer at 200m

# of particles

CQ fluxes from Bushinskst al. (2019);

Upwelling particle locations from Braey al. (2021);
Outgassing (Red/+ve), uptake (bluad), ECCDarwin
CQ flux attribution using Lauderdalet al.(2016).



