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What is a sink and a source?
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Data: Takahashi, et al., Deep Sea Research Part Il: Topical Studies in Oceanography 56 (8-10), 554 (2009).
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sink source

Atmosphenc pCO; (~380 ppm)
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Seven cruises

A

— s
e = S

,

8l

Figy %
=7

UH
ih
L2} Universitdt Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG



700 ] I |

January ;2014 /LUdéritz source

xCO, (ppm)

200 ! | |
Fluorescence Chlorophyll-a [-
¢

23 22, 21 T |

Depth [m]
o &
o o
o o

w
o
o

Schmidt/Heene (IOW)

I I 1
14 14.5 15 15.5 16

Lonaitude [deal Zﬁ //\
it
b4 Universitdit Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG




Seven cruises

SST [°C]
=

16 - MW
14 4

]gt MSM17/3 MSMO7/2 M76/2 MSM18/4 D356 MSM19/1b FRS-258
" Feb ' Mar ' Apr  May ' Jun = Jul ' Aug ' Sep = Oct Nov = Dec

Jan T

f—

t

zﬁem-; e
}h'l.l Universitat Hamburg Leibniz Associztion /“

DER FORSCHUNG | DER LEHRE | DER BILDUNG




10°

15°

-20°

~——

l | |
300 400 500
fCO, [uwatm]

200 250 300 350 400 450 500 550 600 650 750 12 14 16 18 2
pCO, [uatm] CO, [umol kg™]

. . .;
L2} Universitdt Hamburg Leibniz Associztion
DER FORSCHUNG | DER LEHRE | DER BILDUNG




CO, pumps in the open ocean

Biological pump Solubility pump
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organic carbon pump in the open ocean
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high latitudes

regenerated nutrients preformed nutrients
PO, PO,°
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California 1,85 1598-15999 |Friederich et al. 2002
Peru 5,10 2004-2006 |Friederich et al. 2008
NW Africa 4,79 2005 |Steinhoff et al. 2012
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N-BUS 5,91 2008-2011
ApCO, [1atm] Arabian Sea 8,87 1995 |Rixen et al. 2006 _—
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A sink or source of CO, to the atmosphere?

source sink

CO._,- flux [mol m2 yr]

=

30 40 50 60 70
PO,° to PO, [%]

S-BUS

Leibniz Asxocizti



Conclusion:

A. The organic carbon pump takes up CO, in the N- and S-
BUS because in both systems preformed nutrients are
utilized.

B. A sink or source of CO, to the atmosphere?
The S and (N)-BUS are sinks.
because: organic carbon pump solubility pump

C. Upwelling system on the on shelf
1. The N-BUS is source
2. The S-BUS is a sink




Benguela System:

Organic Carbon Pump
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Preformed and regenerated phosphate in ocean general circulation
models: can right total concentrations be wrong?

0. Duteil!, W. Koeve!, A. Oschlies!, O. Aumont?, D. Bianchi®, L. Bopp*, E. Galbraith®, R. Matear®, J. K. Moore’,
J. L. Sarmiento’, and J. Segschneider®

Table 1. General deseription of the models used in this study.

Model OPA-PISCES  MPIOM- CCSM3-BEC UVIC omlp7- CSIRO MOM-P2A
HAMOCC BLINGv0
Ref. Aumont and Maier-Reimer Krishnamurty  Oschlies Galbraith Matear and Gnanadesikan
Bopp et al. (2005) et al. (2009) et al. (2008) et al. (2010) Hirst et al. (2004)
(2006) (2003)
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Are Upwelling Zones Sources
or Sinks of CO2?
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Plymouth Marine Laboratory, Prospect Place, Wesl Hoe, GB—Plymouth PL1 3DH, U.K.

Upwelling in the Ocean: Modern Processes and Ancient Records
Edited by C.P. Summerhayes, K.-C. Emeis, M.V. A ngel, R.L. Smith, and B. Zeitzschel © 1995 John Wiley & Sons Ltd.
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Eastern Boundary Upwelling Systems

California Paru NW Africa 5-BUS N-BUS Arabian Sea

Area m* 1,61E+11 1,73E+11 1,53E+11 1,39E+11 1,92E+11 3,57E+11 Messie et al. 2009
Duration 5 31536000 31536000 31536000 31536000 31536000 10368000 Messie et al. 2009
Upwelling
a) at the coast 10° m? st 0,90 1,58 1,30 0,61 1,69 10,00 Messie et al. 2009
b} shelf/slope 10° m?s? 0,27 0,72 0,44 0,20 0,51 3,57 Messie et al. 2009
Nutrients
a) Nitarte concentration /coast mmol m”~ 17,20 17,00 19,20 18,10 18,10 16,20 Messie et al. 2009
b) Mitarte concentration/shelf mmaol m™ 14,90 16,80 19,00 16,90 16,90 16,20 Messie et al. 2009
Supply
Nitrate mmol s m™* 19,51 38,87 33,21 14,52 39,23 219,77

mal N yr! 6,15E+11 1,23E+12 1,05E+12 4,58E+11 1,24E+12 2,28E+12
N/P ratio 10,39 8,90 15,17 11,49 12,73 11,15 WOA 2009
CPPC 9% 50,17 43,12 35,72 67,09 44,82 41,72 WOA 2009
Phosphate mol P yr 5,92E+10 1,38E+11 6,90E+10  3,98E+10 9,72E+10 2,04E+11
PO4a mol P yr 2,97E+10 5,94E+10 2,47E+10  2,67E+10 4,36E+10 8,53E+10
CO2 uptake Tg Cyr’ 37,78 75,55 31,36 34,00 55,41 108,45
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Atmospheric pCO; (~380 ppm)
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AirSea CO; Flux
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organic carbon pump in the open ocean
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CO, pumps in the open ocean

Biological pump Solubility pump
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CO, pumps in the open ocean
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