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Reef-scale modeling system for evaluating and predicting coral responses to future env
ronmental changes
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Coral reefs exhibit significant spatiotemporal variations in temperature,sg&em parameters (dissolved inorganic carbon,
total alkalinity, pH, CaC@ saturation state, etc.), flow field, etc. Therefore it is difficult to regard any coral incubation experi-
ments as those simulating actual environmental conditions, because many experiments are conducted under steady or gradu
changing environmental conditions. Reconstruction of reef environments by numerical hydrodynamic simulations is getting
close to practical use level with the developments in computer simulation technology (e.g., Watanabe et al. 2013). Developmet
of a sophisticated coral-response model coupled with a reef-scale hydrodynamic model is an effective approach for evaluatin
and predicting reef responses to the changes in various environmental conditions. For this purpose, we recently developed a co
polyp model (Nakamura et al. 2013), which can well reconstruct the coral responses to ocean acidification, flow conditions an
others. We then incorporated it into a reef-scale model based on a 3D hydrodynamic model (ROMS) following the Carbonate
System Dynamics (CSD) model (Watanabe et al. 2013). The developed model system was applied to the Shiraho fringing ree
Ishigaki Island, Japan, and it was confirmed that the model system well reconstructed the spatiotemporal variations of the ree
environmental parameters. According to IPCC (2013), p@d reach at ca. 935atm and sea-level will rise to ca. 0.45-0.82
cm for late 21st century if we select the RCP8.5 scenario. Therefore we analyzed four different scenarios: (1) present conditior
(2) high pCQ (7935 piatm) condition, (3) high sea-level condition (63 cm higher than present), and (4) high a@thigh
sea-level condition. The simulation result of high-pCé»ndition indicated that the coral calcification rate will decrease to ca.
75% from the present condition. When the sea-level will be 63 cm higher than the present condition, the calcification will in-
crease to ca. 107% because both the mass exchange between the corals and their ambient sea water and that between inside
outside of the reef will be enhanced due to higher flow condition. When both, p@Pease and sea-level rise will occur, the
calcification rate will decrease to ca. 77%. This rate is lower than the present condition but it keeps higher than the case only witl
high-pCG;, effect. The results imply that comprehensive evaluation of concurrent multiple environmental effects is important for
future predictions.
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