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A project under 7 projects in our group

GW Pro.,POMAL CREST



Introducing subtropical groups as new 4 components [eNEMURQ]
Yoshie-san’s invited talk in W4

Improving each process(e.g., OU kinetics) and introducing iron cycle
as new 3 components [NNEMURO?] My invited talk in W1

Improving physical condition: our high resolution model with 1/6 x 1/4
degrees in global domain Sumata-san’s talk in W9

Coupling with small pelagic fish as two-way Okunishi-san’s invited talk in S9

Future projection (Just published in GRL) & Model Intercomparison Project
(MAREMIP) (Hashioka-san’s talk on Oct 29t in Cambridge, UK)

eNEMURO + nNEMURQO? - xNEMURO? (probably, within 5 years)



eIron cycle in the water column
Introducing two iron components: dissolved & particulate forms
(Moore et al., 2004; Moore & Braucher, 2008)

*Nutrients uptake by phytoplankton
Michaels-Menten - considering acclimation to wide nutrient conditions

by Optimal Uptake Kinetics for multi-nutrients
(Smith & Yamanaka, 2008; Smith et al., 2009)

*Photosynthesis
Steele (1965) - no considering strong light inhibition (Platt et al., 1980)

«Sinking particles
Two types of sinking particle, small and large POMs, considering
aggregation process (Kriest & Evans., 1999; Aumont & Bopp, 2006)

*Optimum parameter estimation by genetic algorithm
1-D model assimilated to the observed monthly means of NO,,

SI(OH),, PS, PL, ZS, ZL, ZP at A4, KNOT, Station P, B1(Subtropical)
(Okunishi et al., in prep.)






or multi-nutrients,
the limited nutrient
determines Ks for
e others




S. L. Smith, Y. Yamanaka, M. Pahlow, A. Oschlies (MEPS, 2009)
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Results by an earth system model: UVicESCM
S. L. Smith, Y. Yamanaka, M. Pahlow, A. Oschlies (MEPS, 2009)



Above idea supported by simulations of uptake ratio for a couple of chemostat experiments.



Now is just
a box model only.

Smith et al.(Submitted)



Specific silicate uptake rate at switching N-  Silicate is NOT limited nutrient

to Fe- limitations is 1
Multi-nutrient OU kinetics: an increase
MM kinetics: a decrease
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The original NEMURO has no iron cycle.
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Dust depositionﬁ Vertical profile of
g mineral dust is given by

a function of
Remineralization sinking/dissolution.

dust
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Scavenging

Iron flux fro
sediment
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Scavenging rate is

assumed to be functions
of mineral dust and PON
flux.

Sinking

Mainly based on Moore et al.(2004), Moore & Braucher (2008)



Iron flux from dust deposition

FIUX_Fe= DUStIN x FefraCtiOn x adisso|ve

sFraction of iron in mineral dust Fraction of iron dissolving

I:efraction: 3.5% o4 dissolvezz'oo/0

Jickells & Spokes, 2001: 0.8 ~2.1%

Parekh et al.,2004: 1%
Moore et al.,2002,2004: 2%

Dust deposition (DustIN) is obtained from climate model (MIROC3.2) experiment as
mean value from 1945 to 2005, in which SST and SSS were assimilated to

observed value.

Iron flux from sediment

(Duce & Tindall, 1991;Zhu et al., 1997)

Iron flux from sediment is strongly correlated to organic carbon
oxidation in the sediment . (Elrod et al., 2004)

Iron flux from sediment is set to be proportion to sinking POC flux at
the ocean floor (Moore & Braucher, 2008)

3. = 0.68 nmolFe/m?2/day

iron”




Nitrate and silicate input
from river runoff
Cunha et al. (2007)
Treguer et al. (1995)

Iron flux from dust deposition
Moore & Braucher (2008)

Iron flux from sedimentary
source
Moore & Braucher (2008)

Offline-coupling




NEMURO (1959-2004) O New model (1958-1967)
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Iron limitation improves chl-a concentration in
the Southern Ocean, as the largest problem
of original NEMURO.

Push!! Animation will
start, if you are lucky.
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NEMURO (1959-2004)

New model (1958-1967)
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Depletion of surface nitrate in HNLC regions
Is also improved by iron limitation.
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NEMURO (1959-2004) New model (1958-1967)

90N &

60N

30N

0 90 180 270
Longitude

Observation (WOAO

*Depletion of surface silicate in the North
Pacific Ocean is improved by iron limitation.

Silicate concentration over the continental
shelf can be reproduced by introduction of
river flux



Latitude

FED concentration [nmolFe/ 1]
date= 0019671216120000

*The model represents difference of iron

60N
concentration between the Pacific and
30N Atlantic Oceans.
e eUnfortunately bugs in source code seems
305 to cause overestimate of iron concentration
related to dus osition in 'Ehe Atlantic and
603 ‘ Indian Oceans Bug fixed
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Iron observations
(Moore & Braucher, 2008)



small phytoplankton (coccolith, etc.) large phytoplankton (diatom)

NEMURO
(1959-2004)

Diatom dominates in the subarctic North Pacific

New model O \ O

(1958-1967)
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Improved phytoplankton biomass in the Southern Ocean
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Other small phytoplankton (PS)
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Lol Blue : nitrate limitation ongitude
Green : silicate limitation
Red : iron limitation

® The model adequately represents difference of
limiting nutrient for each area.

® Iron limitation in HNLC regions (the subarctic
North Pacific, the Equatorial Pacific, the Southern
Oceans)



 Now is just developed new ecosystem model based on
NEMURO, to introducing iron cycle, the optimal uptake of
multi-nutrient kinetics, two size of POMs with tuning by

genetic algorism.

 The new model greatly improved its model performance
compared with the original NEMURO.

 We could provide huge results of case studies, changing
Iron inputs according to your suggestions, as collaboration

with you.
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