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Global Warming and Typhoons

A typhoon is a cyclone that forms and develops over a tropical ocean.

Because typhoons are accompanied by strong winds and intense
precipitation, serious damage can occur when they approach or pass
over land. The energy source of a typhoon is the condensation of
water vapor in cumulonimbus clouds near its center. Because oceans
warmed by global warming will supply more water vapor, there is

Cloud Modeling

Clouds strongly affect climate through precipitation
and radiative processes. Physical processes in clouds

Climate Changes in the Stratosphere

Increasing concentrations of greenhouse gases cause warming in
the troposphere and at the same time cooling in the stratosphere,
which overlies the troposphere from 10 to 50km altitude. These
climate changes are associated with changes in large-scale

Permafrost Thawing and
Environmental Changes

Global warming has been accompanied by thawing of the
permafrost near the land surface. | ased thawing modifies
the ground water condition and ¢ es the topography
(shape of the surface). Major degradation of the boreal forest

Application of Satellite Data
Satellite data are used to study winds over
the sea surface and phytoplankton in the
- ocean, as well as to detect seasonal and
interannual changes in terrestrial
jetation. Aerosol and concentrations of
ace gases in the atmosphere are
the basis of satellite data.

(called “taiga”) and enlargement of lakes (called “alas”) can
be expected, and consequently the water and carbon cycles
at the land surface may change drastically. As a result, we
expect increasing emissions of methane, a greenhouse gas,
from the wetlands formed by this melting, are expected to
further affect climate.

range from microphysical processes at the millimeter
scale to dynamical processes at the kilometer scale.
Because treating all these processes explicitly is
difficult, better models of cloud processes for climate
studies are being developed.

circulation from the troposphere to the stratosphere, which in turn
affect ozone and methane distributions and the surface climate.

concern that typhoons may become larger, more intense, and more
damaging in the future.

How changes in Ice Sheets
effect Global Sea Level

Continental-scale ice masses (ice sheets) cover Greenland and
Antarctica today and are known to have existed over North
America and Europe about 20,000 years ago. Entire melting of
the current Greenland and Antarctic ice sheets would lead a
70m rise in global sea level; the melting of ice sheets caused by
global warming would contribute to considerable sea level rise,
even though it is a small fraction of the ice volume.

Terrestrial Ecosystems

Ecosystems that are composed of forests, grasslands, etc, and
extensively cover the terrestrial areas of the earth are rapidly
varying due to climate change and human impacts. Such
ecosystem change primarily appears as changes in the
productivity of the vegetation, and subsequently affects the
atmospheric CO2 concentration that affects global climate.
The resulting changes in species and decrease of habitat
could also possibly pose threats to human society.

Air Pollution and its impact
on climate change

Ozone and aerosol particles (e.g. PM2.5) have been
recognized as harmful to human health and
vegetation, and ozone is also an important
greenhouse gas because its impact on radiative
forcing is similar to that of CO2, especially around
megacities. Aerosols can reflect and absorb both
long- and short-wavelength radiation and can also
change cloud distribution patterns.

Asian Monsoon

The Asian monsoon is a seasonally reversing atmospheric
circulation pattern, caused by surface temperature contrast
between the Asian continent and surrounding oceans.
Various atmospheric, oceanic, and terrestrial processes, and
their complex interactions generate variability within the
seasonal monsoon and year-to-year variations of the
monsoon, all of which have large impacts on our socio-
economic activities. We are conducting research aimed at
deepening our understanding of these processes and
improving prediction skill of the monsoon.
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Madden’—]uliz;h Oscii'létion

The Madden-Julian Oscillation (MJO) is the dominant intraseasonal
(30-60 day) atmospheric variation in the tropics. It is usually observed
as a large collection of clouds, which occurs primarily over the Indian
Ocean and propagates eastward along the Equator. The MJO strongly
affects the climate both in the tropics and at higher latitudes through
its interaction with El Nifio, monsoons, tropical cyclones, and other
atmospheric phenomena.

Arctic Sea-lce Reduction

¢ Due to global warming, Arctic sea ice has been
decreasing significantly since the late 20th century.
Climate models indicate that by the mid 21st century,
the Arctic Ocean will be ice free at the end of summer.
Such sea ice reductions will affect not only the Arctic
environment but also the global climate and human
activities.
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El Nifio is a well known phenomenon, occurring once every
few years, in which the sea surface temperature in the eastern
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and modeling studies are necessary to improve our undefstéhdiné' of
the mechanism of global changes in the Anthropocene, and the efforts
of the JAMSTEC will help to inform policies for mitigation of and adapta-
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Ocean Current Forecast

Ocean currents change position and magnitude over

periods ranging from several days to several months. %
Sometimes ocean currents meander over distances of e
several hundred kilometers, and large eddies separate

Marine Ecosystems

Spatial and temporal changes in the amount (biomass) of
plankton and their species diversity, and the relationship

. 1 4 L fi e e P i
i | rom these meanders. Predicting such variations is h\\ between these changes and the global environment, are o
tlon tO g IObaI Warmlng. . d important for detailed investigation of climate variations % studied by means of shipboard and satellite-based "
- anddispersion of marine biochemicals. observations. Because plankton are the base of marine - .
: L ¥ \ ecosystems, changes in their biomass, distribution, and : - e T -
- CO2 = 90N species composition influence not only the ecology of fish,.sea
" (ppPm) =N 2'8;02”%3' N birds, and marine mammals, but also COzabsorption into the AUV (Autonomous Underwater Vehicle)
1000 1 i ocean, which in turn affects global warming. - k "
g i RCP4.5 i The next generation of deep-sea cruising
- i RCPS 30N ' il L - autonomous underwater vehicle will be able to
800 1 RCP8.5 - i LA "'Sr . . g Ham automatically collect oceanographic data (such as
B . 8 .-\ _ Primary Productivity Profiler : — = { salinity, water temperature, dissolved oxygen and
4 1 The primary productivity profiler is an —_‘ = —— pH), which are required to clarify the mechanisms of
_ gt 600 30S fwn observation buoy equipped with a Green house Gases and - | global warming over extensive areas.
R T fast-repetition-rate fluorometer, a CTD, H
- 60S P . 4 |
a0 o e ol the Carbon Cycle in the Ocean (L '4
kL O e S S N BN B 0 B B o B B sensor. The profiler is supported by an ) Increases in atmospheric levels of greenhouse gases such
- T T T T T T - i i |- A "
" g 1850 1900 1950 2000 2050 2100 Year 0 SOF |60F '90E 120E 150° 1 SeCRyieee w R o =0 :::;";::;r dﬂ:ﬁ;‘;c:: mzvce:‘::;;p;"d as C'Oz, which cause global warming, have bec.ome the
. 0 1 2 3 NSRS o T T e e [y ar ablTtyin subject of public concern. The amount of CO2 in the ocean S—
' r - M T h . s is about 60 times that in atmosphere, and therefore | |
) CO2 concentrations estimated by the earth system model Projection of surface temperature anomaly in 2100AD E;z'zglgﬂ:;t’"e'gv in the upper ocean | observation of the variability in CO2 air-sea exchange and L 1 | i
. Using the earth system model, MIROC-ESM, the CO2 concentrations are This projection is computed using our earth system model, MIROC-ESM, . in the biogeochemical and physical cycles of CO2 in the ==t
[ estimated from antk ic CO2 and uptake by biosphere. which considers processes within and between the atmosphere, ocean, land, X

ocean is important.
¢ For the future emissions and land-use scenarios, four representative

and biosphere. In the wide range of estimated atmospheric CO2 concentra-
 scenarios (RCPs) in the IPCC 5th assessment re'port are used.
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JAMSTEC's Challenge

Looking back on the Earth's very long history, we learn that during the recent 100 year
human-dominated epoch, called the Anthropocene, global change has progressed very
rapidly compared with most previous episodes of global change. We are continuing
observational and modeling studies of the atmosphere, ocean, land, ecosystems,

and their interactions, in order to understand global change in the Anthropocene.
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