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Introduction Tracer budget Carbon pool partition Summary

» Determine the biological pump functionally and oceanic CO, uptake

C02 COZ

l T Hard-tissue pump

PIC

Buesseler et al., (2020): 10.1073/pnas.1918114117; Henson et al., (2009): 10.5670/oceanog.2009.109;
Boyd et al., (2019): 10.1038/s41586-019-1098-2; Sarmiento et al., (2002): 10.1029/2002gb001919.
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Introduction Tracer budget

Carbon pool partition

Summary

Traditional Approaches to Constrain the Biological Pump

Laws et al., (2000 & 2011)
Henson et al., (2009)

Li and Cassar et al., (2016)
Dunne et al., (2005)

-
g
=
=
2
o
a

wn
=]

Spring
Summer

Depth (m)

Repeated DOC sampling 234Th-238U deficiency Sediment trap



-

Introduction

Stoichiometry of the Biological Production/Consumption

106 CO,+ 16 HNOy+1 H;PO,+122 HyO 22 (CH,0);06(NHs),H:PO,+1380,
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3 Slide adapted from Yui Takashita (MBARI) L
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Johnson et al., (2017): 10.1002/2017jc012838
Claustre et al., (2020): 10.1146/annurev-marine-010419-010956




Tracer budget

Main Processes Influencing the Change of Tracers in the Seawater

(OF e
I F s (Air-sea Diffusion)

Fp (Evaporation and precipitation) 04 L ©
0
e
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Y ’l.'-l 3 F,,, (Biological production)

Mixed layer
—

Fy 4 (Horizonal advection)

F,, (Entrainment) h

Fy, 4 (Vertical advection)

F, (Diapycnal Diffusion)

Modified from Yang et al., (2018)
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Tracer budget

Main Processes Influencing the Change of Tracers in the Seawater

T F s (Air-sea Diffusion)

Fp (Evaporation and precipitation) o{} ©
0
o” O

SrOG
’ﬁ\%’ —7 Fy,, (Biological production)

Mixed layer
—

Fy 4 (Horizonal advection)

F,, (Entrainment) h

Fy, 4 (Vertical advection)

Fy,(Diapycnal Eddy Diffusion)

Modified from Yang et al., (2018)

DIOC: {iLJO\% Fobs— Fyiix = Froa— Frp—
(Under the steady-state) TA: E Fpiom Fops = Fuiin— Fya— Fep
EXpOl‘t ~ NO;: E FBi0§= Fobs = Fviie— Froa— Fep

0,: i FBioi= Fobs = Friie=Fr.a -

POCbbp: i FBioi= Fobs— Fyiix = Froa— Frp—
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Tracer budget

Parameterizations of Abiotic Terms

. e d[DIC]

1.1. Diapyncal diffusion: Kz -

1.2. Entrainment: %A[DIC]M
h 0 0l . D_IC dSal

T T Vekf d[gzlc] 3. Evaporation and precipitation: < X==|gp
0

Fgio= Fops— Friix— Froa— Frp—
2. Horizontal advection: V;,,-XV[DIC]},r 4. Gas exchange: K X (pCO; ¢oq—PCO3 4ir)

Ancillary parameters:

1. Meteorological variables: wind speed, wind stress, water current, air pressure, and air xCO,
(satellite or earth system model);

2. Horizontal gradient: O, (GOBAI_O,), NO; (WOA2018) and SODA_EHTZ (DIC and TA)

Emerson and Stump, (2010): 10.1016/j.dsr.2010.06.001; Bushinsky and Emerson (2015): 10.1002/2015gb005251
Fassbender et al., (2016): 10.1002/2015GB005205; Huang et al., (2022): 10.1029/2021GB007178.
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Year-round observation in the Subarctic Northeast Pacific
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Huang et al., (2022): 10.1029/2021GB007178
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1troductiorn Carbon pool partitior Summary
Intr tion Tracer budget Carbon | partition Summar

Multlple Fluxes in Euphotic Zone Tracer Budgets (1-D)
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Sensor Limitations Budget limitations

TA
DIC

NO;
0,

POCy,,
PIC,,,
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Introduction Tracer budget Carbon pool partition Summary

Net Biological Production Constrained by Multiple Tracer
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v

No direct sensor (empirical estimate from T, S,and O,)  » Vertical mixing parameterization

Derive from measured pH and empirical estimate of >

TA

» Strong horizontal gradient
Influence from external sources: N, fixation
(for NOj5) and anthropogenetic carbon invasion

Low accuracy in the subtropical ocean (for DIC)

Calibration/quality control
(many floats lack an air-calibration mechanism)

» Sensitive to sensor accuracy

» Bubble term parameterization (high wind)

» May miss some signals if the sampling frequency
is greater than the residence time of O,

Empirical estimate from b, and remotely sensed » May miss particles that sink out of the euphotic zone
POC:PIC between two sampling periods

9
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Introduction Tracer budget Carbon pool partition Summary
Net Biological Production Constrained by Multiple Tracers
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Alkire et al., (2012); Fassbender et al., (2016, 2017); Haskell et al., (2021); Huang et al., (2022)
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Step 1:0rganic and Inorganic Carbon Partition

Total Organic Carbon (aka NCP)
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Williams et al., (2018): 10.1029/2017jc012917 11



Step 2:POC and DOC Partition

Total Organic Carbon (aka NCP)  PIC Production Suspended particles
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Huang et al., (2022): 10.1029/2021gb007178 12



-

Tracer budge Carbon pool partition Summary

End-member Nutrient Ratio for POM and DOM Production

Global compiled dataset
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Carbon pool ps

Step 3:Particle Sinking Flux Partition
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Alkire et al., (2012); 10.1016/j.dsr.2012.01.012; Huang et al., (2022): 10.1029/2021gb007178
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Carbon pool partition Summary

Export potential Sinking flux
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» DOC production validation ( float estimate vs ship)
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Huang et al., (2022): 10.1029/2021gb007178
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Toward persistent, autonomous observations of the export of distinct biogenic carbon pools

Iron Flertlllzatlon CO, flux

Modified from Haskell et al., (2021)
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Iron Fertilization

Caveats and limitations

» Invalid TA estimate under the artificially enhanced TA
condition

» Potentially modified nutrients ratio (C:Npgy and C:Npo)
in the bloom induced by iron fertilization

Best Practice in the Fieldwork

» Instrument and Sensor configuration
Autonomous Platforms: BGC-Argo or seaglider
Required sensors: CTD +pH+ O,+ by, + NOj-
Desired/future sensors:
1. Secondary carbonate parameter sensor (TA, Briggs et al., 2017)
2. Bio-optical PIC sensor (Bishop et al., 2022)
3. Microstructure profiler (diffusivity measurement, Roemmich et al., 2019)

» Shipboard samples collection:
1. Sensor calibration/validation (TA, DIC, pH, O,, NO;, POC, and PIC)
2. End-member nutrient ratio (POC/PON/DOC/DON, or bottle incubation)

Thank You For Your Attention!
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