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When CO, Is emitted, O, Is
decreasing!
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Circulation is critical for sustainability!
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Oxygen has been accumulated
In the Earth history!
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Radiation Balance on the Earth

Earth Radiation

Long wave

Sun

Solar Radiation

Earth
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Fig. 18.2. Spectral intensity distribu-
tion of Planck’s black-body radia-
tion as a function of wavelength for
different temperatures. The maxi-
mum of the intensity shifts to shorter
wavelengths as the black-body tem-
perature increases.
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www. LightEmi org

:t Image; http://www.ecse.rpi.edu/~schubert/Light-Emitting-Diodes-dot-org/
E. Fred Schubert "Light-Emitting Diodes" second edition (Cambridge
University Press, Cambridge UK, 2006)
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Goody and Yung, Atrmospheric Radiation: Theoretical Basis,
2nd. ed., Oxford University Press, 1989, p. 4, FIG. 1.1.



Planets and atmospheres

Mars

Thin atmosphere

{Almost all CO2 in ground)
Average temperature : - 50°C

Earth
0,03% of CO2 in the atmosphere
Average temperature : + 15°C

Venus

Thick atmosphere

containing 96% of CO2
Average temperature : + 420°C

GIRI1D (@}
Arendal pner

CALPHIC DESIGY  FHLIPPE REXACERICE
Sourcas: Cahin J. HamiBon, Views of the solar eysiem, wwiw planstscapes.com; Bill Amatt . The rine planats, 8 muiimedia lour of the solar syatem, wewseds. copbilizfinpnineplansts himl

IIZ UNEP(United Nations Environment Programme)/GRID-Arendal
http://www.grida.no/publications/vg/climate/page/3056.aspx
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Radiation Balance (Energy Flow)

Reflected Solar Incoming 235 Outgoing
Radiation 342 Solar Longwave
107 Wm* Radiation Radiation
J 342 Wm? 235 Wm?2
Reflected by Clouds,
Aerosol and )
Atmospheric Emitted by 40
Gases Atmosphere £ Atmospheric
7 Window
Emitted by Clouds
Absorbed by Greenhouse
67 Atmosphere Gases
324
Back
Radiation

+

Climate Change 2007: The Physical Science Basis. Working Group |
Contribution to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change, FAQ 1.1 Figure 1, Cambridge University Press.

Energy Cycle cannot be separated from Water Cycle!
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F1c. 1. The left and right hand sides of the figure, respectively, show the approach to states of pure radiative and thermal
equilibrium. The solid and dashed lines show the approach from a warm and cold isothermal atmosphere.

:I: Manabe and Strickler (1964) Thermal Equilibrium of the Atmosphere with a
Convective Adjustment, Journal of the Atmospheric Sciences 21(4): 361-385, Fig.1.
(c)American Meteorological Society. Used with permission.
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Fi1G. 5. Solid line, radiative equilibrium of the clear atmosphere
with the given distribution of relative humidity; dashed line,
radiative equilibrium of the clear atmosphere with the given
distribution of absolute humidity; doited line, radiative convective

equilibrium of the atmosphere with the given distribution of
relative humidity.

:I: Manabe, Syukuro, Richard T.
Wetherald (1967) Thermal
Equilibrium of the Atmosphere
with a Given Distribution of
Relative Humidity, Journal of
the Atmospheric Sciences
24(3): 241-259, Fig. 5.
(c)American Meteorological
Society. Used with permission.
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Climate System

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs .
Clouds
Atmosphere S e 2
A/ // /
/7 /
N, O, Ar, Volcanic Activity VI
H,0, CO,, CH, N,0, O,, etc. ’ ,” g ,’
Aerosols Atmosphere-Biosphere
Atmosphere- Interaction
Ice Precipitation
Interaction Evaporation
Terrestrial
Heat  Wind . Radiation _‘4uman Influences Ice Sheet
Exchange Stress
’
Seale—=Y. Y V o~

Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Hydrosphere:
Ocean

Ice-Ocean Coupling

Hydrosphere:
Rivers & Lakes

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems

1

Climate Change 2007: The Physical Science Basis. Working Group |
Contribution to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change, FAQ 1.2 Figure 1, Cambridge University Press.

Complex System
Sub-systems are interacting mutually
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The Earth Simulator
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An extremely intense typhoon appears in the future expt. (AS)
with MIROC ASST (max sfc wind 68.8 m/s, CP 877.6 hPa)
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GLoBAL MeaN WARMING:
MobeL ProJecTioNs CoOMPARED WITH OBSERVATIONS

1 ]
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Figure TS.26. Model projections of global mean warming compared to observed warming. Observed temperature anomalies, as in Figure
TS.6, are shown as annual (black dots) and decadal average values (black line). Projected trends and their ranges from the IPCC First
(FAR) and Second (SAR) Assessment Reports are shown as green and magenta solid lines and shaded areas, and the projected range
from the TAR is shown by vertical blue bars. These projections were adjusted to start at the observed decadal average value in 1990.
Multi-model mean projections from this report for the SRES B1, A1B and A2 scenarios, as in Figure TS.32, are shown for the period
2000 to 2025 as blue, green and red curves with uncertainty ranges indicated against the right-hand axis. The orange curve shows model
projections of warming if greenhouse gas and aerosol concentrations were held constant from the year 2000 — that is, the committed
warming. {Figures 1.1 and 10.4}

Climate Change 2007: The Physical Science Basis. Working Group |
Contribution to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change, Figure TS.26, Cambridge University Press.
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Climate Change 2007: The Physical Science Basis. Working Group |
Contribution to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change, FAQ 9.2 Figure 1, Cambridge University Press.
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1.5F |
5
| B
2 .
:
5 S

Z1EEDEBIZKY,

i CCITHBASN TV -EBE
::-; }f ‘ﬁulﬁbibf:o
3 2 20005 ETOT—HT
“ | | EHSNT=FIG),

1980 1985 1990 1995

Years

1.5
o lo  »e
2 05 ] !
2 0.0 g &
Z -0.5 2
T -1.0 &
S 10 =
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Reprinted figure with permission from Marsh and Svensmark, Physical Review Letters, 85, 5004-5007, 2000. Copyright 2000 by the American Physical Society.
http://link.aps.org/doi/10.1103/PhysRevlett.85.5004

Readers may view, browse, and/or download material for temporary copying purposes only, provided these uses are for noncommercial personal purposes.
Except as provided by law, this material may not be further reproduced, distributed, transmitted, modified, adapted, performed, displayed, published, or sold
in whole or part, without prior written permission from the American Physical Society.
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Socioeconomic development interacts with natural
climate variations and human-caused climate chang

to influence disaster risk

Vulnerability

Weather and
sesnallegkt ‘ DISASTER

Climate

Events ‘ RISK

IPCC 2012: Special Report on Managing the Risks of Extreme Events and
:I: Disasters to Advance Climate Change Adaptation. A Report of Working
Groups | and Il of the Intergovernmental Panel on Climate Change, p.4,

Cambridge University Press.




Increasing vulnerability, exposure, or severity and
frequency of climate events increases disaster risk

CLIMATE

MNatural
Variability

Anthropogenic
Climate Change

Vulnerability DEVELOPMENT

Disaster Risk
Management

Weather and
Climate
Events

DISASTER
RISK

Climate Change
Adaptation

:I: IPCC 2012: Special Report on Managing the Risks of Extreme Events and
Disasters to Advance Climate Change Adaptation. A Report of Working
Groups | and Il of the Intergovernmental Panel on Climate Change, p.6,
Cambridge University Press.



Economic losses from climate-related disasters have
increased, with large spatial and interannual variations
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IPCC 2012: Special Report on Managing the Risks of Extreme
Data from Munich Re, 2011 Events and Disasters to Advance Climate Change Adaptation. A

Report of Working Groups | and Il of the Intergovernmental

Panel on Climate Change, p.10, Cambridge University Press.
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What is downscaling?

Bridging between the climate model results
and the impact studies

T snuscpumEe
(Takayabu Izuru, “Down-scaling system applied for representing local climate in Japan,” 2010, p.3
http://g-rsm.wikispaces.com/file/view/5.5Takayabu.pdf)
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If you fix the return period If you fix the precipitation level,
(or frequency), you will have the return period will decrease
an increased precipitation
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