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Modelling of ocean biogeochemical cycles toward understanding paleo climate changes
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The ocean stores large amount of carbon (60 times larger than that of the atmosphere) and various chemical tracers, al
the deep ocean circulation significantly affects the carbon and biogeochemical cycles in the climate system. Actually, the dee
ocean circulation, especially the Atlantic meridional overturning circulation (AMOC), is believed to have an important role in
the changes in atmospheric CO2 concentration from glacial to interglacial periods.

Paleo proxy data such as d13C and 231Pa/230Th ratio suggest that the AMOC became shallower and reduced by up to 30
during the LGM compared with the present climate, and it is widely believed that the AMOC during the LGM is weaker than
that at the present climate. However, a couple of studies using another paleo proxy data, Nd isotope ratio, imply that the AMOC
during the LGM may be almost the same or even slightly stronger than the present one. This means that there is discrepan
among paleo proxy data themselves or their interpretation. Distribution of these proxy tracers is controlled by not only ocear
circulation but biological and chemical processes, and careful interpretation on changes in these proxy tracers is necessa
Explicit simulation of these proxy data with ocean biogeochemical model is very helpful for interpretation of proxy data because
they can quantitatively evaluate which processes are important for controlling the distribution of paleo proxy. Such simulations
are also useful for validating climate model simulations directly with paleo proxy data.

In this talk, recent attempts for simulation of paleo proxy with biogeochemical model are introduced.

1/1



Japan Geoscience Union Meeting 2013 /0 <9 ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘si—fime

Union

AOS25-03 00:203 00:50 190 14:45-15:00

00000000000000003000000000
Three-dimensional budget analysis of global carbon cycle estimated from a coarse-resolt

global OGCM

oooog
Hideyuki Nakand*

looooo
I'Meteorological Research Institute

gooodooobboobbooooooooobobboboboboodoD Db bbb bbb ooo o
O00000O0OSabineetal. (2004 000000 DO00O0O0OOO0OODOO0OO0OO0O0ODOOOODOOOOOODOOOOOOO
Mikalloff-Fletcher et al. (2006, 2007) Gruber et al. (2009) O O inversionmodeD OO0 000000000 OOOOODO
000000000000 0000000000O000000OO00O00000DO0O0O0DOUO0UOOUODOUOOo
0000000 Subtropical cell (shallowoverturt) 00 0000000000000 O0OO0O0OO0OOOOOOOOOOO
0000o00o0O00oo0O0 3000000000000 0oooO0o0oooOO0o0DUoODOoOoUDOoOooOOoUoooOOn
00000000o00oO00oo0o0odDo0o0Do0DoOoooDOOo0ooDOoOo300oDooobOoDooDoDOooDoOooDoog
g0o00odoO0o0o0OO0obO0o0oo00ooOdbOoO0ooOO0oOOo 3dboboooooooboooooooooodg

0000000 (Ixo5)0 00000000 (oGCM)U O DoOoOOoO (NPZD)ODOOODOOODOOODOOOODOOO
000o0o00oo00oo0oOo0ooOooOo0oOO0O0OoO0OOO0O3000000bOO0OoOOoUOoOoooUoO
0000 Nakanoetal. (2011,JQ) 00000000 0ONakanoetal. (2011 00 1x050 00000000 COREOO
00000000 18302000 000000 0OOODOODOODODOOOOO pCO2UbODODOODOOODODODO
pCO20 000000000 DUONNUNNUNDDOUONNUNNOOO0UOOUOOOOOD pCO2UO0UOnnOUn
0000000000000 0000O0O0O0U0OoO0oUOoDOOOoUOooOOoOn

3000000000000 00000000000D00O00000DO00U0D0DODoOOoUOO0oDoOoOOOO0n (A)oOo
O0000000ooo000oooooDooooooDooo0 BoOO sMHOODODODODODODODODOODODODOODODOOOO
Oo0oOo(@CUooo dAdt-B-CODODDODO0O0ODOOOO0OOOOOO @O InnMUIOOO0O0OOOOO0OOOOO00
JooooboooobooooobooooobbooobooobobodoDbooUDb oo oDbOoobooooo
00000500 000000000000000000O0O Mikalloff-Fletcher et al. (2006, 2007) Grubert et al. (2009)1
0000000000 D ORegional Carbon Cycle Assessment and Processes (RECCAR) D OO0 OO0O0OO0O0O0OO
O000000000000000000 inventoryDOOOOOD0OOO montgomery potentidl 0000000000
goooooooooooooooooooooo

boooooobobobooooooooobobooboooooobobobobooobooooboobOobon
booboobobobooooooooboboboooobooooboboboooooooboobOobOoboooooon
ooo0ooooooooodoooo0UooooO00ooOo000oDoOO00U0o0ooooDoOOoUOoDOoOoOO0n 23500
0000000000000 000000000000000000000D00O0O0OOOOODODOO Subtropical Celld
obooooooobOoboboooooooobooboboooooooooboobobooooooobooboboooon
000000 NaturalCarbord 000000000 QOQC CarbonD 00O OOOOOOOOOOOOOOOOO

ooooooobooboooNADWOOOOooOooooooooooobbooboobooobooooobooooDbo
gbooooboobooboobobooboobooboobobobbobboobooboobbobobooban
ooooooooooooo0oooooo0oooooOoo0oOoooD30o0oDOo0oOo0oOoDOoOOUODOb0O NADW OO
obooooOoboooobooboooon

booboooobobooboooobobobobooobooboboboboooboooobOobOobooooonoo
gooooboobooobooboboboooobooooboboobooooboooooboboboooDoD

goooo:0boo,00b0bo0bood
Keywords: carbon cycle, OGCM

1/2



Japan Geoscience Union Meeting 2013 0/0)

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. Iapa n

Geoscience
nion

AOS25-03 00:203 00:50 190 14:45-15:00

2/2



Japan Geoscience Union Meeting 2013 /0 <9 ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘si—fime

Union

AOS25-04 0 0:203 00:50 190 15:00-15:15

O00000o0oboooooooboobooooooobooooco2nuooon

000
Effect of seasonal change in gas transfer coefficient on air-sea CO2 flux in the wester

North Pacific

0 0000002 00002%00003%500000°2
Xuanrui Xiong*, Yoshio Masud3, Taketo Hashioky Tsuneo Ond, Yasuhiro Yamanaka

00000000000 00,200000000000000000,30000000000 0000000
LGraduate School of Environmental Science, Hokkaido Univef&Byaduate School of Environmental Earth Science, Hokkaido
University,?National Research Institute of Fisheries Science

oooooo

00000000 pCO20 00000000000 ODOOODOOOOOOOO pCO2000O0ODOODODOOODDOO
gobooboooboooboooobooboobooboooboooboobooobOoobooboOobooobooboOoooo
ubbooooboobobobooooooobobobooooobooooboboboooooobOoboboOoboooon
j300000f0opoo00oooo0oooo0ooDoo00oooo00oDOoOoOooDoOoDOoOoOoO co2upopoood
oboooooboooog

ooooboobon

000000000000000000D0000000D00D0O0O00O0O000 CCSR Ocean Component Modeld O
O O 00O North pacific Ecosystem Model Used for regional Oceanographyt O 0 0 0 0O (COCO-NEMURQI OO OO
000000 (120-18 ED10-60°N) D 00O OOOOODO 1/4°x 1/6°00000 2600000000000000
000000000 MIROC O Model for Interdisciplinary Researchon Climate] 0 0 0 000000 10000000
000000000000 Global Ocean Data Analysis Project (GLODAPYWorld Ocean Atlas MIROCO OO OO OO
goflo0ooOooOoOOobOOoO0OOO0ObOO 100000 O0bObbO 1000 bUObObOObDOobOoUOOOgDbDOn

O00=00000 CO20000000000000000000000000000O0O0 (dpCO2 =pCO02sea-pCO2air)
O000000Takahashietal., 2000 0 0000000000000 O000O0O0OOOO0O0O0OOO0ODOOOOOO0OOOO
Oo0oO00o0oOoOoOoOoOoOoO0O (Wanninkhof et al., 1992)

gooooboo

00000000 dpCoOzICco20 0000 Ib0UibOUOoOoioOoUOooUOoOoDO0UOODUDOOoUDOoUOOOoD
cCo200 0000000000000 000N0N0N0N0N0N0N00000ODDODODO00000N0N0N0n0nOOOdpCO2000
gooooooboboobooooboooboooobooooooooooobooboooobbooboooobooobooo
Oo0O0O0O0O0O0O0ODOODOOOOdpCO20000O0O00OO (40°N)DDDODODOODOOOOOOOOOOODODODOUOOT
O000O0000U0U00ooooooooo co00popooOooOooooOoooooog dpcozzco20ddngg
booobOoboooobooboooon

gogooocoooobfoooooooopoooooooooooooooo0ooDooooooobooLoogo
Oo000O00cCco20000lfooooooooogggdpCOICO20 00000 DODOOOOOOOOOOOOOO
000012000000000000000000C0OO00000CODO0O000DO0O0OOOOODOOO0 (28°N, 147
°E)YOD0000O dpCO20r -’ JOoQpOocCco2000000f0foooOoooo0ooooooooooooooDooOon
0000000000000 00O0O0O000oooOooOO0 dpCOo2r +' 00000000000 0DOOOOoOoOOO
ooooooooooobobobooooooobooooooboobobobobobooboooboooooooDog
00000000000 CO200000000000000000O0OD0D000000ODOOOOOUOOn (46°N,158°E)
00000 dpCOo2r +’0O000CO20000000000000000OOODOoOoDODOoOoOoOoOoOoODOOOOO
0 dpCO20* -'JU000Q0OQ0OCCOCOCOO0O00000OOO0OOO0O00OOO00OObOODOOOOoOOOoOoOoOoOoOooon
000000000000 co2u00U0iUboOooUOooUOoDO00O0 (D0DooOoOoOo)boboOoooo

goooo

gooooooooooobooogooco2ioooogoooboooooobooooooboooooDpoDoooo
o0oooooogooooboooo co2ogpgoooooooooobo=000ooooooOoboooooooooD
O0000000dpCO20 CO20000OOOODOODOOOOODOOOODOOOODOOOODOOOOOOOBOOO
go0oOQoQoOoOo pCO20000000000O0OOOOOODOOODOOOODOODODODODODOODOOODOOOOODOO

1/2



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]’;‘;g‘;‘sgiem

Union

AOS25-04 0 0:203 00:50 190 15:00-15:15

uboobdoboobobodgbobooboboobobboboboobobooboobobooboboobab

googo
Takahashi T. et al. 2009: Climatological mean and decadal change in surface ocean pCO2, and net sea-air CO2 flux over tt

global oceans. Deep Sea Res. Il, 56, 554-577.
Wanninkhof R. 1992: Relationship between wind-speed and gas-exchange over the ocean. J. Geophys. Res. - Oceans,

7373-7382.

0o0o000o:00b0000,pCo2,000000,CO200000,000000,00000
Keywords: gas transfer coefficient, pCO2, air-sea CO2 flux, Ecosystem model, North Pacific, seasonal change

2/2



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

AOS25-05 00:203 00:50 190 15:15-15:30

Oddoodoodboodoooodoodootdoodoodboooooooogn
DO0o0o0o0oooooopooodg

Insights into the production processes of N20 in the western north Pacific by using a ma
rine ecosystem isotopomer model
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Nitrous Oxide (N O) is a significant anthropogenic greenhouse gas and a stratospheric ozone destroyer. Although the estima
tion of global N;O flux from ocean to the atmosphere is 3.8 TgNyrthe estimation varies greatly, from 1.8 to 5.8 TgNyr
This is because previous models had estimatg® Boncentration from oxygen concentration indirectly. In fact, marip® N
production processes are very complicated; hydroxylamine oxidation during nitrification, nitrite reduction during nitrifier den-
itrification and nitrite reduction during denitrification produce@®and NO deduction during denitrification consumes
Therefore marine DO production processes are poorly understood quantitatively.isbtopomers (oxygen isotope ratio (delta-

180), difference in abundance fN'°N'0O and!'>N'*N'6O (SP), and average nitrogen isotope ratio (d€ltd)) are useful
tracers to distinguish these processes and had reveat@gidduction processes in various ocean environments.

In this study, a marine ecosystem model including the tw@®Nroduction processes (hydroxylamine oxidation during nitri-
fication and nitrite reduction during nitrifier denitrification) and isotopomers cycle is developed, in order to understas@d the N
production processes quantitatively and make the equationg©fp¥oduction processes. We applied this model to the water
above the 220m depth at the JAMSTEC time-series subarctic and subtropical sites (K2 and S1) in the western north Pacifi
The observed DO in the waters above the depth of 1000m at K2 show high concentrations, nearly 33 permill of SP values,
isotopically heavy delta?N values and isotopically heavy delt% values compared to S1. These results suggest that the age
of water mass above 1000m at K2 is high and the water accumula@s\ith progression of nitrification compared to S1.

Our model is constrained by the observed nitrate, chlorophyll a a@iddéncentrations and deltdN values of nitrate, phy-
toplankton, zooplankton and-® and SP values of dD at K2 and S1. In the case applied to K2, the observed subsurface
N> O profile cannot be represented just by abiologicaDNprocesses (gas exchange and vertical water exchanges). This result
suggests that biological JD processes occur in the subsurface water at K2. Moreover, from the results of sensitivity studies
about SP values of D, we estimate that MO is produced only by nitrification at K2 and the ratio of ®l production to nitrate
production during nitrification is 0.22%, which is within the range of previous studies, from 0.13 to 0.37%. Furthermore, the
results of sensitivity studies about delfaN values of NO suggest a higher contribution of archaeal ammonia oxidation during
nitrification than bacterial ammonia oxidation. In this presentation, we will also show the simulated results applied to S1, where
the observed isotopomer ratios suggests both contributions of hydroxylamine oxidation during nitrification and nitrite reduction
during nitrifier denitrification to the subsurface® production.

0O 0O 00 0O : Nitrous oxide, Marine ecosystem model, Stable isotope ratio, North Pacific, Isotopomer
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Modeling North Pacific lower trophic ecosystem. |: Coupling an eddy-resolving OGCM

with a PFT model
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An eddy-resolving ecosystem model of the North Pacific is used to investigate the impact of mesoscale eddies on the basin-sce
nitrate circulation and supply to the euphotic zone. A simple Plankton Functional Type (PFT) model, i.e., a NPZD ecosystem
model with iron limitation on nutrient uptake is coupled to a three dimensional off-line ocean circulation model. The model
horizontal resolution is about 10 km in latitude and longitude. The focus is on the North Pacific Subtropical Gyre (NPSG) where
nitrate in the euphotic zone is low by downwelling due to the Ekman convergence. Recent observational and model studies reve
that the mesoscale eddies have significant impact on oceanic biological production in subtropical gyres. Although there are mar
studies on mesoscale eddies, a basin-scale picture of impact of mesoscale eddies on nitrate circulation and supply to the euphc
zone is presently poorly known. In the Kuroshio Extension (KE) region, the mesoscale eddies exchange water across the frol
and affect the biological production. In addition, recent model studies show that the mesoscale eddies contribute to the formatio
and transport of the Subtropical Model Water (STMW). Although it is suggested that the STMW forms in the KE region and is
transported to the NPSG, the effect of the STMW on the nitrate circulation and impact on the biological production in the NPSG
is not clear. In addition, the STMW is thought to be important in forming of the Subtropical Countercurrent (STCC) which has
large mesoscale eddy activities in the NPSG. It is expected that the seasonal variability of the STCC dominates the seasor
variability of biological production. The results from the eddy-resolving model are compared with results from a low-resolution
model. The results of sensitivity experiments to model parameters model parameters are also shown. It is expected that trac
experiments and analysis of nutrient budged reveal eddy effect on the basin-scale nutrient circulation and supply to the euphot
zone in the NPSG.
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Phytoplankton competition during the spring bloom in four Plankton Functional Type
Models
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Vertical profiles of phytoplankton derived from marine ecosystem models
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Observations of marine ecosystems are usually difficult due to vast spatial extent of the ocean (both horizontally and vertically)
Even if satellite observation technology develops, it usually observes only an ecological state of a surface layer of the ocear
Marine ecosystem modeling is a powerful method to overcome the issue, and expected to fill gaps of scientific knowledge har
to obtain by the observation. Numerous marine ecosystem models have been developed within a scientific community, but thel
exist only some models that cover the global oceans to describe a detailed phytoplankton community structure (Phytoplankto
Functional Types). We hereby compare vertical profiles of phytoplankton structure on a global scale, derived from numerica
models, that cannot usually be obtained from the observations.
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Modeling North Pacific lower trophic ecosystem. II: A selection-based model and phyto-

plankton diversity
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Evaluation of Global Change effect on Pacific saury using ecosytem models
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Development of a fish migration model for pelagic species
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The Kuroshio and Oyashio regions in the western North Pacific are important spawning and nursery grounds of various fist
species, such as sardine, anchovy and chub mackerel, and also good fishing ground. The environmental conditions affect fi
productivity in the regions. For example, in the Pacific stock of Japanese sardine, both of temperature during the larval stage ar
prey availability during the early juvenile stage are important factors regulating their survival and recruitment processes. Growtt
rates during the larval and juvenile stages are directly affected by environmental conditions, such as temperature and forac
density, playing a key role in survival dynamics. Predation is recognized as the major source of mortality during these stages
although environmental factors are linked to survival potential. Therefore, survival process is controlled by multiple factors. This
complexity makes it difficult to understand survival dynamics in relation to environmental fluctuations. In the present study,
we tried to develop a fish migration model considering the prey-predator interaction between anchovy (prey) and skipjack tune
(predator) with environmental conditions in the western North Pacific, and discussed the importance of prey-predator interactiol
as a determinant of fish distributions.
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