NEW VIEWS OF
THE OCEANIC
CARBON CYCLE
FROM
AUTONOMOUS
LAGRANGIAN
EXPLORERS

Thanks to many, especially ....

Russ Davis and SIO IDG
Support: NOPP/DOE/NOAA
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Target: Biological pump and export of C to depth

Atmosphere (750
P ( ) ¥ Pools in Pg C
CO; 9
¥—— Fluxes in PgC y'l
————————————————— - L e R
' POC & PIC I 1DOC
phytoplankton (7-2) P {’““‘“@Q) g
% | Wﬁ i
% zooplankton : %"2 §
Ejij E'E“]I tus =il il E—_“}i_ltffi:i'i;.i | B {j E“‘s“{}fkﬁd B
“particulate matter” I F Uidies ¥
U N SRR i =R e N e o o e o i
_____________________ l_s_tf)_l_s_ R
ﬂ'.
e Deep Sea
(~36,000) oo
0.1
3800 m -
Sediments

Changes in particulates easily detected




Target: Biological pump and export of C to depth
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Target: Biological pump and export of C to depth
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Target: Biological pump and export of C to depth
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Lagrangian Profiling float

Fast Profiling
(diurnal profiles to 1000m)

Long Lived ~1 year

Real Time Bi-directional

Satellite Telemetry

T,S
Particulate Org C
Particulalte Carbon Flux Index
Scattering
Particulate Inorg C




Carbon Explorer observations of the
ocean biological pump started in 2001

 First obs. of natural iron fertilization of
phytoplankton POC by Asian dust
(Bishop et al., Science 298, 817-821,2002)

* First obs. of purposeful iron-stimulation of
carbon biomass and carbon sedimentation
in Southern Ocean during SOFeX 2002

(Bishop et al. Science, 304, 417-420, 2004).
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What
about the

Eipost!!

SOFeX
EXPLORER

records?

CARBON EXPLORER Jan 2002 to July 2003

558 profiling floats stayed N of polar front

i

66 S float stayed S of polar front
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“In Patch” Explorer 2104 North of Polar Front
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“Control” Explorer 1177 North of Polar Front
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SOFEX Carbon Explorers (ll)

Continuous daily record of
POC summer through
winter.

Clear link between mixed
layer depth and POC.

Systematics of Carbon Flux
at multiple depths.

FLUX at 800 m is not related
to overlying biomass.
Ballasting by CaCO,?

Demonstrates value of
grouped deployment
approach.
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The 66S Explorer braved ice for two winters
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SOFeX Carbon Explorers (lll)

South of Polar Front

Strong PP recovery with
salinity stratification as sea
ice melts.

Seasonality in subsurface
waters.

Carbon Flux Index: Lower
sedimentation than at 55S.




Towards a Carbon FLUX Explorer

Optical Carbon Flux Recorder
GPS,tracking

Main buoy/Strobe/RF
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Recorder

Depth
Recorder

Support DOE Office of Science, Office of Biological and Environmental Research




Image Processing: Particles resolved at 15 um size

y

9 Hour Timeseries (March.2004)

Image arriving particles
at 20 min intervals

“cleaning every 3 hours

Particles are tracked in three categories and across the entire image

J Bishop LBNL




Sequence 16.
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Animal Arrives with many more particles. Particles are disturbed.
Animal probably feeding on the particles as they fell into the trap




Sequence (20 Cleaning step)
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Carbon Sedimentation Flux
through 180 m easily detected
in a low productivity
environment.

First autonomous measure of
CaCO, sedimentation

So Far: 17 days of experience
with twin buoy instruments

recently: July-August 2005
North Pacific (Oyashio)
near Japan
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Can we have a Carbon - ARGO?




Prospects for a Carbon
ARGO look very good

Carbon Explorer Track record
1 Cal current 2001 Survive all weather
4 SOFeX 2002 -1 at 66S —_
3 N Atlantic A16N 2003 - 1 at60 N

1 HOT 2004
(lost on launch)

No major biofouling problems

POC sensor / scattering sensor
~8 float-years of data

Sensors outlive battery life of float
PIC sensor - 1 test on Carbon Explorer

Orbcomm telemetry saves power but
was poor poleward of 55. Irridium will fix




Sensor STATUS
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POC & PIC flux:

DOC components:

pCO,, TCO,, NO,, O,...




Sensor STATUS
POC

PIC

POC & PIC flux:

DOC components:

pCO,, TCO,, NO,, O,...

We are now ready
for an enhanced
ocean carbon
observing system
that is ...

Fast
Real Time
Robotic
High Frequency
Free Ranging
Low Cost




