
Export (new) production

in N-depleted

extratropical oceans:

 Implications of N2 fixation

Kitack Lee

Pohang University of Science and Technology
(POSTECH)

Korea



 Biological pumps Biological pumps

N2 Fixation: CO2 + P, Fe  O2 + CH2O

NN22    COCO22

Surface Ocean

NONO33
--    COCO22

CO2 + H2O + Nutrients  O2 + CH2O

(NO3, PO4)

Surface Ocean

CO2 + H2O + Nutrients  O2 + CH2O

Deep Ocean

Nutrients-rich

oceans

Nutrients-rich

oceans
Nutrients-poor oc

eans

Nutrients-poor oc

eans

NH4
+

Net transport

of organic C

 negligible C removal  C removal

22



Marine NMarine N22 fixation fixation

[Westberry & Siegel., GBC, 2006]

Other unicellular cyanobacteria

(Synechocystis sp.)

“Increase of an importance of unicellular cyanobacteria that

are expressing nitrogenase” [Zehr et al., Nature, 2001]

 20 40% of the total export

production

[Karl et al., Nature, 1997]

N2 fixation at HOTN2 fixation at HOT

 no detectable nitrate

 >25oC
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What about NWhat about N22 fixation in fixation in

extratropical oceans?extratropical oceans?

20oS 30oN20oS 30oN

in the eastern N. Atlantic (46oN) 

 [Westberry & Siegel., GBC, 2006]
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• Goal:

Study site

¢° To measure the exchange rate of CO2 at the air-sea

interface using multidisciplinary approaches

Gas Exchange Experiment in 1998Gas Exchange Experiment in 1998

(Gas Ex-98 Cruise)(Gas Ex-98 Cruise)

May 2

19



Cruise track GCruise track Gasas E Exx-98-98

The SF6 remained
in the warm core eddy

 Cruise period:

May 25 – July 26, 1998

(after the spring bloom)

 Cruise period:

May 25 – July 26, 1998

(after the spring bloom)
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CO2 sink region

Some key measurements duringSome key measurements during G Gasas E Exx-98-98
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CO2 sink region

Some key measurements duringSome key measurements during G Gasas E Exx-98-98

The goal is to demonstrate “the importance of export

production in N-depleted extratropical oceans (46oN)”

The goal is to demonstrate “the importance of export

production in N-depleted extratropical oceans (46oN)”
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Estimations of N, C-basedEstimations of N, C-based

export productionexport production

Net air-sea CO2 flux (Fair-sea = k  pCO2)

Diffusion (KV)

_NCT
Lateral exchange is negligible 

_NO3

 N-based export productionN-based export production

   = •ƒNO3 + KV(dNO3/dz) + W

 C-based export productionC-based export production

 = •ƒNCT + Fair-sea + KV(dCT/dz) + W

Advection (W)

C

N C

N

C

N

C
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1. Gas exchange rate (1. Gas exchange rate (kk))

Steady/short term wind

• k = 0.0283 WS3 (Sc/660)-1/2

         (Sc: Schmidt number)

Best Fit (Cubic)

direct covariance method

[Wanninkhof & McGillis., 1999; McGillis et al., 2001]

Using the dual-deliberate tracers, 3He and SF6
Using the dual-deliberate tracers, 3He and SF6
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2. Vertical Diffusivity (2. Vertical Diffusivity (KKvv))

[Kim et al., JGR, 2005]

(fM)

Vertical distribution of [SFVertical distribution of [SF66]]

Vertical Diffu

sion

SF6 release

Mixed layer

Obtained KKVV = 0.3 cm = 0.3 cm22 s s-1-1

Fickian diffusion equationFickian diffusion equation

 FFSS =  = KKVV (dSF (dSF66/dZ)/dZ)
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N-based export productionN-based export production

 N-based export production

    = [•ƒNO3 + KV(dNO3/dz)] x (C/N = 7)

StormPre-Storm After-Storm

_NO3

Diffusive flux of N
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N-based export productionN-based export production

StormPre-Storm After-Storm

_NO3

Diffusive flux of N

10.2 mmol C m-2 d-1

22.6 mmol C m-2 d-1

4.4 mmol C m-2 d-1

 N-based export production

    = [•ƒNO3 + KV(dNO3/dz)] x (C/N = 7)
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C-based export productionC-based export production

 C-based export production C-based export production

    = •ƒNCT + Fair-sea + KV(dCT/dz)

StormPre-Storm After-Storm

_NCT

Diffusive flux

Gas Exchange (Fair-sea)
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C-based export productionC-based export production

 C-based export production C-based export production

    = •ƒNCT + Fair-sea + KV(dCT/dz)

Pre-Storm

Mean decrease rate

Export production

54.5 mmol C m-2 d-1

_NCT

Diffusive flux

Gas Exchange (Fair-sea)
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C-based export productionC-based export production

 C-based export production C-based export production

    = •ƒNCT + Fair-sea + KV(dCT/dz)

Storm

_NCT

Diffusive flux

Gas Exchange (Fair-sea)

Export production

92.6 mmol C m-2 d-1
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C-based export productionC-based export production

 C-based export production C-based export production

    = •ƒNCT + Fair-sea + KV(dCT/dz)

After-Storm

Mean rate

_NCT

Diffusive flux

Gas Exchange (Fair-sea)

11.2 mmol C m-2 d-1

Export production
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Comparison between N and C-basedComparison between N and C-based

export production estimatesexport production estimates
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10.2 mmol C m-2 d-1

54.5 mmol C m-2 d-1

22.6 mmol C m-2 d-1

92.6 mmol C m-2 d-1

4.4 mmol C m-2 d-1

11.2 mmol C m-2 d-1

5.3 times 2.5 times4.1 times

 Large differences (3 5 times) in two production estimates

What causes these differences?

N N NC C C
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Rates of increase in N on isopycnal surfaces

 = 26.97

Rate of increase

(36m)

(60m)

(150m)

Evidence: NEvidence: N22 fixation-supported fixation-supported

export productionexport production
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Rate of increase

Evidence: NEvidence: N22 fixation-supported fixation-supported

export productionexport production

Rates of increase in P on isopycnal surfaces

 = 26.97
(36m)

(60m)

(150m)
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(_N/_P)

16 (Redfield ratio)

(36m)

(60m)

N increase rate P increase rate

Evidence: NEvidence: N22 fixation-supported fixation-supported

export productionexport production

(150m)

Regeneration of excess NRegeneration of excess N
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Increasing rate of N*

 N* = NO3 – 16 x PO4

   N* > 0  N excess

              (N2 fixation)

   N* < 0  P excess

 N* = NO3 – 16 x PO4

   N* > 0  N excess

              (N2 fixation)

   N* < 0  P excess

Evidence: NEvidence: N22 fixation-supported fixation-supported

export productionexport production

Indication of

N2 fixation!

Indication of

N2 fixation!

 C export in N-depleted study site (46oN) was substantial.

N2 fixation (by Picoplankton Synechococcus) was probably a major

contributor to this export production
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Global implicationGlobal implication

 Distribution of N concentration for August Distribution of N concentration for August

Dark blue color

¢° N-depleted regio
n ( 0 µM)

World Ocean Atlas 2005 

Implication:

N2 fixation can be a non-negligible contributor to expor

t production in colder waters in much part of N. Pacific a

nd N. Atlantic
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