Japan Geoscience Union Meeting 2014 /0 d ,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgime

Union

AOS24-01 255311 F#fi:4 H 30 H 15:15-15:30

EIZ!K%%%%?@&%E?@% CHFERRRET Y VU R 206ER L Y 2 —B X U5

B OFER

Modeling of marine biogeochemical and ecosystem in Japan: future perspective and re
view during the last 20 years
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Modeling fish production in the ocean: impacts on biogeochemical cycles and ecosyster
service evaluation
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Marine organisms play fundamental roles in biogeochemical cycles in the ocean. Ecosystem models formulating chemical an
biological processes relevant to these organisms and materials have been developed in the past few decades, enabling quantite
evaluation of biological production, carbon and nutrient cycles, and their impact on the climate system. However, many of these
models consider trophic levels up to zooplankton. Although much of storage and flux of carbon and nutrients are observed i
the lower trophic levels, which is a good reason to focus on this level, importance of higher trophic levels has been increasingly
recognized. Here, we review modeling studies incorporating higher trophic levels than zooplankton, especially focusing on fist
production models. There are two major motivations developing the fish production model. The first one is that lower trophic
level models with zooplankton as the highest trophic level are sometimes controlled too strongly by parameterized zooplankto
mortality terms. Although parameterization of mortality terms is needed unless the model contains the apex predator (trophi
closure), inclusion of planktivorous fish components does decrease the arbitrariness of the biogeochemical cycle in the mode
The second reason to develop fish production models, the more classical reason than the first one, is based on the fact that f
stocks themselves have been major food resources for human societies. In this context, some recent models do not only inclu
commercially important large piscivorous fishes but also consider fishing fleets. Increasing concern for the conservations o
marine mammals and sea birds also enhances the model development. There are two different streams of the fish modeling
present: size-based and species-based approaches. We review their advantages and limitations and discuss future improvem
of preferable frameworks of the higher trophic models.
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The iron budget in ocean surface waters in the 20th and 21st centuries: projections by th
Community Earth System Model

=4 F15L ™ ; Lindsay Keitt? ; Moore Keith? ; Doney Scott ; Bryan FranR ; {5 il 1 ; &5 H F 1
MISUMI, Kazuhiro'* ; LINDSAY, Keith? ;: MOORE, Keitt? ; DONEY, Scott ; BRYAN, Frank ; TSUMUNE, Daisukeé :
YOSHIDA, Yoshikatst

LB ISR, 2 KERGI S 2 > 2 —, 3 1) T A IV T REET —I8 UK, 4 0y R — )V 9T
LCentral Research Institute of Electric Power IndustNational Center for Atmospheric Researébniversity of California at
Irvine, “Woods Hole Oceanographic Institution

We investigated the simulated iron budget in ocean surface waters in the 1990s and 2090s using the Community Earth Syste
Model version 1 and the Representative Concentration Pathway 8.5 futyrer@i@sion scenario. We assumed that exogenous
iron inputs did not change during the whole simulation period; thus, iron budget changes were attributed solely to changes i
ocean circulation and mixing in response to projected global warming, and the resulting impacts on marine biogeochemistry. Thi
model simulated the major features of ocean circulation and dissolved iron distribution for the present climate. Detailed iron bud
get analysis revealed that roughly 70 % of the iron supplied to surface waters in high-nutrient, low-chlorophyll (HNLC) regions
is contributed by ocean circulation and mixing processes, but the dominant supply mechanism differed by region: upwelling in
the eastern equatorial Pacific and vertical mixing in the Southern Ocean. For the 2090s, our model projected an increased irc
supply to HNLC waters, even though enhanced stratification was predicted to reduce iron entrainment from deeper waters. Th
unexpected result is attributed largely to changes in gyre-scale circulations that intensified the advective supply of iron to HNLC
waters. The simulated primary and export production in the 2090s decreased globally by 6 and 13 %, respectively, wherea
in the HNLC regions, they increased by 11 and 6 %, respectively. Roughly half of the elevated production could be attributed
to the intensified iron supply. The projected ocean circulation and mixing changes are consistent with recent observations c
responses to the warming climate and with other Coupled Model Intercomparison Project model projections. We conclude tha
future ocean circulation has the potential to increase iron supply to HNLC waters and will potentially buffer future reductions in
ocean productivity.
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Response of phytoplankton community structure to global warming

RERE SN s oI B TRE L v R 2
HASHIOKA, Taketd* ; HIRATA, Takafum? ; CHIBA, Sanaé ; YAMANAKA, Yasuhiro?

LJAMSTEC,? b K%
LJAMSTEC,?Hokkaido Univ.

In recent studies using high-performance liquid chromatography (HPLC) pigment data, empirical relationships between tota
chl-a concentration and a phytoplankton size/PFT fraction on a global scale are shown. For example, a fraction of diatoms in
creases with total chl-a concentration. The same tendencies can be seen in the most of the hindcast experiments by current F
models of MARine Ecosystem Model Intercomparison Project (MAREMIP) and Coupled Model Intercomparison Project Phase5
(CMIP5) although the reproduced absolute values of a phytoplankton fraction still has large uncertainties. Then, two different
mechanisms can be expected as potential responses of phytoplankton community to global warming. One is a possibility that tt
phytoplankton community structure (i.e., relationships between a phytoplankton fraction and total chl-a concentration) can be
significantly changed by changes in ecosystem dynamics under global warming condition (e.g., changes in grazing pass/streng
decomposition/mortality/respiration rate and phytoplankton stoichiometry). Another possibility is that the plankton community
shifts to the other stable states associated with changes in total chl-a concentration (e.g., by decrease/increase in nutrient sup
to the surface ocean by changes in stratification) while maintaining the current relationship between a phytoplankton fraction an
total chl-a concentration. To clarify impacts of both effects, we analyzed model results of future simulation, which was conducted
by CMIP5 and MAREMIP under the RCP8.5 emission scenario. PFT model more than half showed that relationships betweel
phytoplankton composition and total chl-a concentration are stable against environmental changes associated with global warr
ing. In these model results, changes in phytoplankton composition are mainly caused by plankton community shifts associate
with changes in total chl-a concentration. This result suggests the possibility that current empirical relationships obtained by
HPLC would be maintained in a future environment. Based on this hypothesis, we project a potential future community structure
of phytoplankton using a multi-model ensemble mean of future changes in total chl-a concentration with the empirical relation-
ship of HPLC. Some other models projected large changes in the community structure in specific regions and seasons. The
results also suggest potentially important mechanisms, regions and seasons.
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Introduction to our on-going development of an adaptive model for plankton communities

in the North Pacific _ _ N
Introduction to our on-going development of an adaptive model for plankton communities

in the North Pacific
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This presentation will introduce our on-going efforts, as part of a CREST project funded by JST, to develop a new prototype
model to represent the biodiversity and adaptive capacity of lower-trophic ecosystems in the North Pacific. The ultimate goal i
to develop a computationally efficient representation of the community-level interactions of the producers (phytoplankton) and
consumers (zooplankton) with each other and with the marine environment. This of course includes the adaptive response ¢
plankton communities to changing environmental conditions, and later potential feedbacks, including for example the impact o
plankton communities on controlling nutrient concentrations. We will present the size-based model of phytoplankton communi-
ties that is already under development and one scientific result already obtained, regarding the size-scaling of growth paramete
as commonly applied in large-scale models, in terms of the more commonly measured parameters for nutrient uptake kinetic:
This scaling relationship provides a basis for consistently incorporating observed allometries into models based on Monod growt
kinetics. This new simplified model of phytoplankton communities accounts for biodiversity via size-scaling of phytoplankton
traits and for flexibility of the C:N ratio of biomass.

Fig. 1. Traits, which define how organisms respond to environmental conditions, have evolved subject to inescapable biophy:s
ical constraints. Thus have arisen trade-offs in competitive ability under different conditions, here illustrated for typical small
phytoplankton adapted to low-nutrient, high-light conditions, which have high affinityl¢w maximum uptake rates (V,.)
and relatively less allocation to chlorophyll/light harvesting ability, vs. large phytoplankton adapted to high-nutrient, low-light
conditions, which have low, high V,,.., and relatively more allocation to chlorophyll/light harvesting ability. Maximum
growth rate [i....;) iS constrained by the opportunity cost of allocating resources to the various processes necessary to suppol
growth.

F—"7— R plankton, ecosystem, model, traits, trade-offs, adaptive
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Numerical analysis of the influences of the meso-zooplankton mortality
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A benthic-pelagic coupled ecosystem model to clarify nutrient cycles in coastal areas
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A challenge to investigate envwonmental factors which determine spawning migration
variability of small pelagic.
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