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Using multiple ocean general circulation models (GCMs) with multiple ecosystem models including marine biogeochemi-

cal cycles, we will improve the ability to simulate the present status of ocean climate and ecosystems and clarify effects of cli-

mate change on marine biogeochemical cycles and ecosystems. Especially, our aims are future projections of the impact of

climate change on marine ecosystems and oceanic uptake of anthropogenic carbon dioxide. We will also produce data sets to

be used for future projection of fisheries resources in both coastal and pelagic oceans.
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1. Results of high resolution biogeochemical cycles
and ecosystem models

We have published results using a super high resolution
model, the Ocean general circulation model For the Earth
Simulator (OFES) including a simple ecosystem model
(Nutrient-Phytoplankton-Zooplankton-Detritus, or NPZD
type), with a horizontal resolution of 0.1 degrees [3, 4],
cooperating with researchers in the project "Understanding
and Forecasting High-Impact Phenomena in the Atmosphere
and Ocean" (project representative: Wataru Ohfuchi). We
also have published studies on the impact of ocean carbon
sequestration and redistribution of injected CO, using the
physical field of the OFES model [1, 5].

Using the high resolution model forced by high resolution
satellite wind fields, we have successfully simulated the sea-
sonal variability of surface chlorophyll influenced by the
meso-scale eddies and upwelling associated with the strong
offshore wind jets in the eastern tropical Pacific (Fig. 1). In
March, upwelling generated by the wind jets in the Gulfs of
Tehuantepec, Papagayo, and Panama brings up cold and
nitrate-rich waters from subsurface layer, where the tropical
spring bloom occurs and is transported offshore. The Costa
Rica Dome develops with wind fields west of the Gulf of
Papagayo and it supports high chlorophyll by the nutrient
supply with upwelling [3].
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2. Eddy-resolving and none-eddy modeling for chemi-

cal tracer simulation

To investigate the dependence of the simulated results on
the model spatial resolution, we have performed numerical
experiments with models of different horizontal resolution
(0.1 and 0.5 degrees) for chlorofluorocarbon (CFC-11),
which is an ideal tracer for evaluating models because it is
inert biologically and of purely anthropogenic origin. The
global inventories from the models 4.90 x 10® moles (0.5
degrees model) and 5.10 x 10® moles (0.1 degrees model)
are nearly the same as the observed data 5.44 x 10® moles.
The distribution is also well simulated in the models: high
inventory in the Southern Ocean and in the North Atlantic
Ocean where deep and bottom waters are formed (Fig. 2).
Although the models and observed data generally agree well,
their detailed structures are different: The high inventory
between 60°S and 30°S captured in the eddy-resolving
model is much better as compared with coarse resolution
model, however, the high inventory in the northwestern
North Atlantic and in the Labrador Sea is better in the 0.5
degrees model than in the 0.1 degrees model.

3. Interannual-decadal variability of carbon cycle sim-
ulated with the 3-D NEMURO model
Using a 3-D ecosystem model (COCO-NEMURO), which
consists of the CCSR Ocean Component Model (COCO,
developed by the Center for Climate System Research
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Fig. 1 Distribution of monthly climatological mean surface chlorophyll concentration (mg m~) from (a) SeaWiFS with

QSCAT wind stress (vectors in N m?), (b) model, (c) simulated sea surface temperature (°C) and horizontal velocity at

25 m depth (vectors in cm s™'), and (d) mean nitrate concentration (mmol N m~) upper 75 m depth and thermocline

depth (contours in m, 20°C isotherm depth).
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Fig. 2 Horizontal distribution of CFC-11 inventory from the model with 0.5 degrees resolution
(a), 0.1 degrees (b), and the data-based estimation (c).

(CCSR), University of Tokyo) coupled with the North pacif-
ic Ecosystem Model Used for Regional Oceanography
(NEMURO), we have conducted a historical experiment
from 1760 to 2002 [2, 9]. The data is used for future projec-
tion of fisheries resources in both coastal and pelagic oceans
[6-8, 10]. In this experiment, we also simulated the carbon
cycle with two boundary conditions for atmospheric pCO,:
one using the historical increase in atmospheric pCO, from
pre-industry (historical run), another with a constant pre-
anthropogenic concentration of 278 ppmv (control run) in
order to quantify the anthropogenic carbon cycle. The mod-

eled surface ocean at the Hawaiian Ocean Time-series
(HOT) shows a long tern shift in carbonate equilibrium to
lower pH and lower saturation states of the carbonate miner-
al aragonite, which are consistent with the observations. The
model also simulates the Pacific Decadal Oscillation (PDO),
which is a dominant climate variation in the North Pacific
(Fig. 3). Associated with surface temperature decrease after
the climate shift during the mid 1970s, primary production
increases and CO, flux decreases in decadal time scale with
interannual variability. We will continue to analyze more
detailed results to understand the relationships between cli-
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Fig. 3 Simulated sea surface temperature anomaly difference between the averages during 1977-1996 and

1956-1975 (left panel). The right panels show the time-series of anomalous surface temperature (a), CO,

flux (b), and primary production (c) averaged in the red box in the left panel.

mate change and oceanic uptake and also between the natu-
ral and anthropogenic carbon cycle.

4. Effects of iron on phytoplankton distribution using

a global 3-D ecosystem model (NEMUROQO)

In some areas of the oceans with high levels of nutrients,
phytoplankton do not grow as much as expected based on
nutrient concentrations. It is hypothesized that the lack of
iron is a limiting factor for growth of phytoplankton. In fact,
the present version of the global 3-D NEMURO model has a
bias in that the modeled primary production is higher than
the observations in the Southern Ocean and in the eastern
equatorial Pacific Ocean, both of which are known as HNLC
(High Nutrient, Low Chlorophyll) regions. To improve the
model, we developed an iron cycle model, which is com-
bined with the NEMURO model. Preliminary results with
this new model show a significant improvement: chlorophyll
in the Southern Ocean and eastern equatorial Pacific Ocean
is lower by about 50 % compared to the previous model
(Fig. 4). We plan to conduct a hind-cast run using this
NEMURO model including the iron cycle.
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Fig. 4 Diagram of the ecosystem model (NEMURO) with iron cycle (top left). Annual mean chlorophyll-a from satellite observa-
tion (top right), the original version of the NEMURO model (low left) and the NEMURO model with iron cycle (low right).

V. V. Navrotsky, L. S. Smith, K. Tdokoro, A. Tsuda,
O. Yamamura, Y. Yamanaka, K. Yokouchi, N. Yoshie,
J. Zhang, Y. I. Zuenko, V. 1. Zvalinsky: NEMURO - a
lower trophic level model for the North Pacific
marine ecosystem. Ecological Modeling, 202, 12-25,
doi: 10.1016/j.ecolmodel.2006.09.016, 2007.

[8] K. A. Rose, F. Werner, B. A. Megrey, M. N. Aita, Y.

Yamanaka, D. Hay, J. Schweigert, M. B. Foster:
Simulated Herring Growth Responses in the
Northeastern Pacific to Historic Temperature and
Zooplankton Conditions Generated by the 3-
Dimensional NEMURO Nutrient-Phytoplankton-
Zooplankton Model. Ecological Modeling, 202,

56

184195, doi:10.1016/j.ecolmodel.2006.09.016, 2007.

[9] M. N. Aita, Y. Yamanaka, M. J. Kishi: Interdecadal

Variation of the Lower Trophic Ecosystem in the
Northern Pacific between 1948 and 2002, in a 3-D
implementation of the NEMURO model. Ecological
Modeling, 202, 81-94, doi:10.1016/j.ecolmod-
¢1.2006.09.016, 2007.

[10] S. Ito, B. A. Megrey, M. J. Kishi, D. Mukai, Y. Kurita,

Y. Ueno, Y. Yamanaka: On the interannual variability
of the growth of Pacific saury (Cololabis saira): a sim-
ple 3-box model using NEMURO.FISH. Ecological
Modeling, 202, 174-183, doi:10.1016/j.ecolmod-
¢l.2006.09.016, 2007.



Chapter 1 Earth Science

HERBRBIZALICHE S EESRE B O 2 W & IS B9 % WF e

Fuv s NELEHE

HTH 2 SRR WEEET e RS HERE BRI T v 7 1 TR L v —

E

i FEg!, AHE AR, IR ', B B4, BH R
* 1 EVERTSERSEREME  MERIREE T o v T 4 THIE R v Y —

*2 LB R Kb ERBREER E T 7E R

KT T =l NI EFEERREWEBRE MARAIEHERERET NV EH VT, EXEGI OB TOEBRE
ol L BAED?S100EBF TORKFIICHET Z2HEEIT O DDOTH D . ZMHGECHMS O R LAEERE T
W% B 72 FEBRAS RO A E IR - AT % 8 U C L RIS X 2 AR TR A O, WIS & B Tk R FWILE IS
WTORR T OSSR ELE BIgd . 546 BB S M2 E ol K9G8 £ 7 v (OFES, Ocean general circulation model
For the Earth Simulator) |2, iy i 1 7 2E BE & € 7 v (NPZD, Nutrient-Phytoplankton-Zooplankton-Detritus) % ## &
SRZET VK DB EED S | BEREAN K PEEOROFEE I D ARRET L, AR CORITRMEHIZL 2
ryau 74 VEBERN L. o, GRG0 5 720, FEAE S L 72 k@ 2 % & $OIFES (Ocean-Sea-Ice
GCM for the Earth Simulator) |CINPZD €50 L —H — 2 M ARAZETNVICE D RIEEOEWICEL 570 DR
BMEOENEFH 7z, F72, OFESIC X ) 4 5 N7zl i MG B3 & B v Clg i i~ o AL i S5 A EBRZ AT, B
WIS X 2 LR FZOBRRLILEBEBICOVWTHREZ T LD, SOOI HHESORLRIARROBELZRARL 20, X
DI ETE R AR B T %2 2NEMURO =% 5 v (North pacific Ecosystem Model Used for Regional
Oceanography) # . ¥ K8 € 7 )VCOCO (CCSR Ocean Component Model) IZ#& S 72 EFNVIZX 5, ARER - 1%
FWEBEBHERZITV ., TT VA RPEEOHERFIIBT 2 ZHILRFZRED EARPEELZICHILTVDE Z L,
AR BT 2 10 EHBL O R BEE B KO Z IS L7zl AR AL > T, ZHILRFE 7T v 7 AL RME
BRSO ND LD ol Gtk KMEET) - ARERET) - WEIC X S RILRFERINEOL B o MR BH T 572
DT, EICHNT 2 ED 250 TH .

FoU N RIS, WL, SR, BRI R IR 7L, K

57



