
Prediction and avoidance of an abrupt 
change in the bio-geosphere system

• Faculty of Environmental Earth Science
• Institute of Low Temperature Science

• What is Abrupt Change?
• A hundred year-scale change occurring as 

consequence of anthropogenic changes which 
bring a positive feedback between geosphere 
and biosphere, and destroy a self-recovery 
mechanism of the earth



Under investigation
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Three topics in the program
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If the Global Warming continued
(End of 21C)

Born in Autumn

S
iz

e
[c

m
]

First year 2nd year
Feb. MayNov. Aug.

0

5

10

15

20

25

30

Feb. MayNov. Aug. Feb. MayNov.

Size of the Saury[cm]

It is predicted that the spring 
bloom in the end of 21C would 
move to the north  and the 
saury would be 30% smaller. It 
requires farther investigation.
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Photosynthesis efficiency reduced by UVB

+UVA

+UVA
+UVB

Oyashio Kuroshio

Phytoplankton in
Oyashio damaged by UVB

How is bacteria?

Ozone depletion-UVB Polar ocean influences

Ice forms in Okhotsk
inducing dense water
interannual variation

Ice formation observed in satellite images
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Proposal of avoidance method

Method to avoid an abrupt change（based upon 
the bio-geosphere system mechanisms）

Basic idea: enhance mechanisms in the natural 
ecosystem-geochemical cycles

Example
• CO2 absorption by enhancing productivity

Ex. enhance productivity on the shelf
ejected to deep ocean

Optimize biodiversity and carbon fixation
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Anthropogenic emission

Ocean absorption

Terrestrial absorption

Carbon emission and absorption rates
Sensitivity of terrestrial ecosystem is crucial

Field data of growth under climate change



2000 2100

Anthropogenic emission

Ocean absorption

Terrestrial absorption

Carbon emission and absorption rates
Weakening of global ocean conveyor belt,

change in plankton species



2000 2100

Anthropogenic emission

Ocean absorption

Terrestrial absorption

Carbon emission and absorption rates
Life style change and technology improvement
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Feedback with problems Beyond Kyoto Protocol

Hydrology
Water supply

Global warming Biodiversity

Energy
Material

Food supply

Population growth
Development

Health

Once each problem gets worse, it worsens the others.
Can we solve all problems together?
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