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Production, Respiration & Export
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We have poor spatial coverage of NCP and Export

Croorn LUTZ ET AL.: SEASONALITY OF THE BIOLOGICAL PUMP cloon
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1 Seasonal rhythms of net primary production and particulate organic
carbon flux to depth describe the efficiency of biological pump in the
global ocean

Michael I. Lutz.! Ken Caldeira,® Robert B. Dunbar,! and Michael J. Behrenfeld?
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A model analysis of the uptake of carbon dioxide in the North Atlantic
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carries with it a cautionary reminder about interpreting what may be
short-term trends as signals of long-term climate change.
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speculate that the Mort glic carbon sink
Several observational studies have suggested  in the 19608, a long-term trend towards very  will probably rébound in the Mo Years, l l g e t

Changes in the North Atlantic Oscillation influence CO, uptake “The first task is to ensure

that appropriate
observational systems are

in the North Atlantic over the past 2 decades

Helmuth Thomas,' A. E. Friederike Prowe," Ivan D. Lima,* Scott C. Doney,’
Rik Wanninkhof,* Richard J. Greatbatch,'” Ute Schuster,” and Antoine Corbiére’
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Strongsr

Ocean, wherelong-term measurements of the
surface ocean’ partial pressure of CO, (pC0,)
indicate that its carbom uptake from the atmos-
phere has decreased in recent decades, perhaps
owing to climate change™. Thomas et al.’
challenge this mterpretation.

The Morth Atlantic is the largest ocean
sink for atmospheric CO, in the Morthern
Hemisphere, with half of the flux in the North
Atlantic being driven by the uptake of
anthropogenic CO, (ref 7). The detection of
long-term changes in this sink is challenging,
hemwewver, becanse the sink varies substantially
from year to year. That variation is largely
associated with the Morth Atlantic Oscilla-
tien (MAC, which is the dominant mode of
climate variahility in this region.

The MAD is a large-scale seesaw in atmos- — e W
pheric mass between a subtropical high-

Labradar Cument
inbermifiss

Ligh, |

We need reliable sensors
operating on autonomous
platforms!
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depth (m)

Lagrangian measurement of Export

NBSTs avoid
sampling bias and
allow shallower
deployments

Ship required for
recovery and
subsequent
analysis of particles
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Journal of Marine Research, 65, 345-416, 2007

An assessment of the use of sediment traps for estimating
upper ocean particle fluxes

by Ken O. Buesseler', Avan N. Antia’, Min Chen®, Scott W. Fowler*>,
Wilford D. Gardnerﬁ, Orjan Gustafsson7, Koh Haradag, Anthony F. Michaelsg,
Michiel Rutgers van der Loeff 19 Manmohan Sarin'’,
Deborah K. Steinberg,'*> and Thomas Trull'?

www.sciencemag.org SCIENCE VOL 316 27 APRIL 2007

Revisiting Carbon Flux Through
the Ocean’s Twilight Zone

Ken 0. Buesseler,** Carl H. Lamborg,® Philip W. Boyd,” Phoebe ]. Lam,* Thomas W. Trull,?

Makio Honda,® David M. Karl,” David A. Siegel,’” Mary W. Silver,’® Deborah K. Steinberg,*
Jim Valdes,*® Benjamin Van Mooy,* Stephanie Wilson®!

Robert R. Bidigare,* James K. B. Bishop,*"¢ Karen L. Casciotti, Frank Dehairs,” Marc Elskens,”

POC flux (mgm=-d")

Buesseler et al.:

Normalized POC flux
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Martz, DeGrandpre, Strutton, McGillis, Drennan.
2009. Sea surface pCO, and carbon export during
the Labrador Sea spring-summer bloom: an in situ
mass balance approach, JGR Oceans, accepted.
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Labrador Sea Carbon Budget
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Observations of Fluorescence from ALPS

*Excellent for: establishing bloom timing, extent, intensity, duration; Ground
truthing and filling in gaps in satellite data; identifying spatial patterns due to
e.g. fronts/eddies.

«Conversion of data into quantitative rates of NCP still elusive.
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Bio-optical observations of export from floats
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Light side scattering sensor (POC proxy)
Boss et al. (2008)

Export observed in eddy using integrated
LSS — not found in fluorescence from
satellite or float.



Bio-optical observations of export from floats

Bean attenuation (POC proxy, CFl — carbon flux index)
Bishop et al. 2002, 2004, 2009 in press

Figure 2A from Bishop et al. 2004
_SOFeX float 2104 o
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*During bloom, 2 yM — 9
LM POC and deepening of 1
KM contour clearly indicate
growth and export.

CHA ePossible to estimate export

10000 flux from CFI or changes in
integrated POC standing
stocks.
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Autonomous measurements of NCP and Export using
oxygen sensors on floats and gliders

CO, + NO, + PO, + H,0 = Org + O,

cloot1 LUTZ ET AL.: SEASONALITY OF THE BIOLOGICAL PUMP 10011
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Riser & Johnson (2008)
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NCP from O, on gliders

*Data collected near the Hawaii Ocean Time Series on autonomous platforms
observe oxygen production in the deep euphotic zone.

*Mass balance calculations used to calculate NCP agree reasonably well with
historical data.

Glider data from Nicholson et al. (2008) 0.6-1 mol C m-2yr-1(DEZ)

1.6
/ """"""""" Entrainment
12} O2 inventory o™
Profiling float data from NCP (no mix) ,
Riser and Johnson (2008) : - 2 -1 o
1.6 mol C m? yrl (EZ) 0.8 NCP (K =1.0cm™s ) mj*-,j
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NCP and export from O , on floats

Production zone SOM at 22 °N

a Oxygen (umol kg™)
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Low latitude NCP partially observed (Riser & Johnson, 2008)

Annual pattern changes with latitude

e of metabolism

*Observe some NCP at low latitude
*Observe some EP at high latitude
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Remineralization rates at 43 ©S

Z774’

B Argo
® Fedy et al. (2004)
—— power law fit, b =-0.2

O 2 4 6 8 10 12 14
C remineralization rate

(umol C kg'1 year'l)

Derivative of the particle flux
attenuation function

b-1
oF z
R~— =R, | —

cz
Martin et al. (1987)

Martin ‘b’ exponent found using
binned oxygen rates appears to be
larger than trap-based values
(usually -1.3 to -0.6).

This can be reconciled by: oxygen
gradients, trapping efficiency,
active transport.



Low productivity STG

Summary of rates calculated

of NCP above Z,
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NPP (mmol C m 2 day'l)
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Spatial trends at 42 °S

Floats are located in a transition region
between the permanently stratified,

oligotrophic South Pacific subtropical gyre
and the seasonally stratified, mesotrophic
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Pacific Profiling Float: Physical model

PWP model of mixed layer physics with biology added (Musgrave et al., 1988).

*NCP constrained by measured data (model solves for NCP using a least squares fit).

T

ki

’;
20W 43;;@’ @J&‘jﬁg 30w b

*PWP does a reasonable job of
reproducing the annual
temperature and mixed layer
depth

«Compensation depth, Z, is
calculated from the I of Siegel et
al. (2002) and the incident
radiation from NCEP
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Float 1D Model

Model NCP = 2.1 mol C m2 yr-1 ?
EPy.000 fOr float 5901048: s
year 1 = 2.0 mol C m2 yrl =
year 2 = 3.0 mol C m2 yr1)
Model explains erosion of SOM due to
MLD-Zc proximity
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PWP model adapted to CO , for Labrador Sea ASIS
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What Next?

CO, + NO, + PO, + H,0 = Org + O,
ISFET ISUS

Expect: Increased number of optical and chemical (O,, NO5", pH)
sensors on floats and other autonomous platforms.

What should be done?
-Quality control of chemical data at Argo data centers is not
currently supported...

-Modelers need to begin thinking about integrating float data into
regional models.

-Sensor developers need to continue to improve sensor
performance.



