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Fig. 1 Projected northern limit of coral and coral reef distribution in seas close to Japan, obtained by
using projected monthly-mean sea surface temperature by a high-resolution climate projection model
and three simplified indices which express the northern limit of coral and coral-reef distribution, in 2000
through 2099. The isothermal lines of 18C (green lines), 13C (blue lines), 10C (red lines) in the coldest
month represent the northern limit of subtropical coral reefs, high-latitude coral reefs, and high-latitude
coral habitat, respectively. Thin and thick lines denote the model results in each year and the 10-year
average of each 10 years, respectively. Black thick lines in the left upper panel denote the observed

values (NOAA OISST) averaged from 2000 to 2008 (nine years)
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Fig. 2 Projected probability (frequency) of high water temperature appearance that potentially induces coral
(a) bleaching (1=DHM<2) and (b) severe bleaching or death (DHM=2) in the Ryukyu Islands, obtained by using
projected monthly-mean sea surface temperature by a high-resolution climate projection model and a simplified
evaluation metric for stress of corals on the water temperature (Degree Heating Month DHM), in 2000 through
2099. A color scale for the probability (frequency) is shown on bottom of figures. The probability of 1 or 0.5
represents that such high water temperature appears in every year or five times a decade, respectively. The
probability is shown only in oceanic regions in which corals exist currently
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Fig. 3 Projected northern limit of coral and coral reef distribution and probability (frequency) of high
water temperature appearance that potentially induces severe bleaching or death of corals (DHM=
2) in seas close to Japan, obtained by using projected monthly-mean sea surface temperature by a
high-resolution climate projection model and simplified indices, in 2000 through 2099. Definition of the

simplified indices is the same as in Figs. 1 and 2
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Abstract Global warming and associated increases in water temperature is considered to be a crucial factor for
future corals, by inducing coral habitat migration toward higher latitudes and intensifying chances for coral
bleaching and death. Using projected monthly-mean sea surface temperature in the 215 century, we quantitatively
evaluate the potential effects of global warming on corals in seas close to Japan. Our result shows that the
temperature-determined northern limit of subtropical coral reefs, which is currently located in the southern
Kyushu, is expected to migrate northward, up to the northern Kyushu, and that the northern limit of coral habitat,
currently located in Niigata and Chiba Prefectures, is estimated to go up to Aomori and Iwate Prefectures, by the
end of the 21* century. In the Ryukyu Islands, on the other hand, both frequency and area of coral bleaching or
death are expected to be intensified. Particularly, intermittently experienced high water temperatures which
result in bleaching or death of present-day corals, will appear perpetually in the latter half of the 21 century.
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