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T've got the price of oil sky-high by knacking
out your largest competitor. You can start
selling more oil at double the price.
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"We'll be working with our allies to
reduce greenhouse gases. But I will not
accept a plan that will harm our economy
and hurt American workers."

-- U.S. President George W. Bush

When it Comes to Kyoto, the U.S. is the
"Rogue Nation"

The rest of the world has decided to proceed
with the Kyoto pact despite Washington's
withdrawal. TIME.com's Tony Karon explains
why that may be bad news for U.S. global
leadership
http://www.time.com/time/world/article/0,8599,168701,00.html

Overview of Global and Climate Change
and related
International Projects

Takuji Waseda
May 17, 2005

Global Environmental Policy

GLOBAL WARMING
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IS THIS ALL YOU NEED TO KNOW AS A POLICY MAKER?
NO WAY!

What is happening in the Earth?
What do we know about the planet
that we live on?




. Surface temperature and the radiative equilibrium
The Earth is the 3 planet of the solar system and has a temperature of the planets of the solar system
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Benefit of the Greenhouse Gases . .
RS It is not just CO,!
Palfukos fov sty nshe ‘ 0u=-g°gr§9'rg;9-wave SRS There are other greenhouse gases and the largest
sl ik U L i W contribution comes from water vapor

[From Bigg, 1952a] Almasphere
T

Table 1.2. The greenhouse gases

]\ Basic absorption

.7y Greenhouse (ias wavelengths (pm) Contribution
gases
Water vapour {H,0) 266,274, 627 35-T0%
Re-radiation Carbon dioxide (CQO,) 4.26, 7.52, 1499 25%
! 8 Chlorofuorocarbons (CFCs) typical bonds:

) L 9.52, 13.8, 154 11%
e e DB R ; Methane (CH ) 343, 6.85, 7.27 3%
: Rediation Nitrous oxide {N,0) 4,50, 7.78, 1698 294,

@ from Earth Ozone (0,), sulphur dioxide < 1% each
Absorbed \_I (30;), other oxides of nitrogen,

carbon monoxide (CO), ete,

Just like wearing a sweater...
We NEED greenhouse gases to survive




Why are the temperatures in the poles and the
equator different?
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Wind and currents transport heat from the equator to
the poles. That is why the Earth’s temperature

difference is small. L. .
Atmospheric circulation

Energy
moves Ferrel cell
poleward - ]
- \ —Hadley cell
Risi i
% ' |
fnie
/ f Hadley cell
ndi
¥ 4 cooldry arl?
———————— Ferrel cell
Note: Coriolis effect deflects > = u ﬁ;{:&w
the wind to the right (left) in o o

the northern (southern)

hemisphere cold, dry air

Outgoing radiation Incoming radiation
SR R ! T T T T T r/ T L]
300 s Tt 4
2

£
£

'EEEF 200 !ﬂ E \R
% 1|:||:|:,':rIF § = § h\q
RE o & =S
L Z Z
a i Q (] 1 [] i 1 1 i C)

Bl G0°S 40 20 1] 2 40 'EHIHEI'N
1-5 HERRIZAHD S ARS8 04— (SR LR o i &
HLThaiEHc = (El) oRESH (ALWMERMcLS
f#) (T. H. Vonder Haar and V. E. Suomi, 1970: Scrence, 163, 667

-668.)  Zonal Average Radiation shown as a function of latitude
(Meridional variation)

But the temperature on the Earth is relatively moderate...
why is this?

Wind Driven Ocean Currents




Circulation in the deep ocean — cooling in the polar region

r =
The Atlantic Thermohaline Circulation

- A key Element of the Global Oceanic Circulation -
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Land surface processes
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Carbon Dioxide concentration in the ocean




Volcanic Activity — Mt. Pinatubo

AT, (K) AQ — QBO ensemble avr, DJF 91/92

aerosol.

response.

Surface temperature
changes during the
Boreal Winter (Northern
hemispheric winter).

Anomalously strong
Arctic Oscillation

The impact of Pinatubo

The earth temperature is maintained through subtle
balances among physical, chemical and biological
processes
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... and of course, human activities are a part of the system

an-thro-po-gen-ic : resulting from the influence of human
beings on nature
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But the earth temperature in the past was not at all
moderate...

Warm
= |
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Thousands of years ago

So, what is the big deal about anthropogenic greenhouse
gases?

1. Itis a climatic forcing that the Earth has never
experienced
2. We do not know the consequence

WORST SCENARIO
RUNAWAY GREENHOUSE EFFECT

Temperature rise
Positive feedback!

Evaporation of water

. B

Increase of the greenhouse gas (water vapor)

The earth would become like the Venus!

Simulated ranaway greenhouse effect by changing the solar constant

Surface Temperature (+25%—Control) I
e &0

Hss
50

45

NCAR coupled atmosphere-
ocean general circulation
model in the control run
(green), and in runs with the
solar constant increased over
the standard value by 2.5%
(red) and by 25% (blue).

Runaway Greenhouse Effect may be an extreme case.
To answer to the question of what are the impacts of the
anthropogenic increase of the Greenhouse gases on the
climate, we first need to understand the mechanism of
how the climate system is maintained and what causes
its change over time.

A NEED FOR CLIMATE RESEARCH




TIME SCALES OF THE CHANGES
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Pacific Ocean Interior
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Teleconnection — Atmospheric bridge over
ocean basins and continents (fast process)
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Teleconnection — Atmospheric bridge over
ocean basins and continents (fast process)

Enhanced convection in the
western Pacific
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Regime shift — associated with Pacific Decadal Oscillation
monthly values for the PDO index: January 1900-December 2003
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Variation in the future

temperature

diurnal signals as well ...

GLOBAL CHANGE
DECADAL + INTERANNUAL
CHANGE

... and seasonal, intra-seasonal,

TIME

50yrs

IMPACT --- Downscaling the phenomena

IPCC Emission Scenarios

The global climate of the 21st century
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Figura 5: Tha global climate of the 215t century will depend on natural changes and the response of the climate system 1o human activities.

Impacts of global warming http://www.ipcc.ch/press/sp-cop6.htm

Figure 11: Projected Changes in Annual
Temperatures for the 2050s

Annual mean temperature change (° C)

The projected change n annual temp eratures for the 2050s compared with the present day, when the
climate model is driven with an increase in greenhouse gas concentrations equivalent to about a 1%
increase per year in CO;

The Met Office. Hadley Centre for Climate Prediction and Research.

Impacts of global Warming http://www.ipcc.ch/press/sp-cop6.htm

Figure 12: Projected Changes in Annual
Precipitation for the 2050s
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Precipitation change (mm day-1)
The projected change in annual precipitation for the 2050s compared with the present day, when the
climate model is driven with an increase in greenhouse gas concentrations equivalent to about a 1%
increase per year in COp

The Met Office - Hadley Centre for Climate Prediction and Research




Impacts of global warming http://www.ipcc.ch/press/sp-cop6.htm

Figure 13: Sea Level Rise Commitment

Figure 18: People at Risk from
a 44 cm sea-level rise by the 2080s

19905 Level of Flood Protection

Impacts of global warming http://www.ipcc.ch/press/sp-cop6.htm

Figure 17: Vector (insect)-borne Diseases

Arnerica & Africa
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Source: Modified WHO, as cited in Stene (1995)

Assessing the local impacts - Typhoon

Shift of typhoon genesis
location due to ENSO

During El nino

-- shift towards the east >
During La nina
-- shift towards the west
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Assessing the local impacts — Typhoon
variations at different time scales
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Assessing the local impacts — Typhoon
Impact of global warming
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TOWARDS THE CONSTRUCTION OF AN IMPROVED
COUPLED MODEL

Japanese project at the Frontier Research System for
Global Change (JAMSTEC)
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THE EARTH SIMULATOR (JAMSTEC)
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5 times faster
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The Earth Simulator eenter

Earth Simulator — atmospheric model

Earth Simulator — ocean model

SUMMARY

1. The constituents of the earth system are: atmospheric,
oceanic, land, ice, biological, chemical and geological
processes

2. Climate change results from the interaction among
different processes, naturally

3. The global warming due to anthropogenic GHG alters
the natural variations of the earth climate

4. To assess the impacts of that, there is a worldwide
modeling effort under IPCC emission scenario

5. Prediction skill has improved but more work is needed

6. Impacts of global warming requires further research
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Homework: ——

Do some research on possible impacts of climate change related to
the global warming and discuss the vulnerabilities of our society

e.g. increase of diseases in South Asia, increasing storm damages in
the Pacific Islands, extreme events (droughts, heavy rainfalls,
high/low temperature etc.)

Suggested reading:

IPCC third assessment report Climate change 2001:

The scientific basis and/or Impacts, Adaptation and Vulnerability

(TS or full report) @ http://www.ipcc.ch/




