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Self-introduction
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Various clouds = various brightness = different efficiencies of light-scattering (cooling the Earth)
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Radiative Forcing and Climate Change



Ra Jatlve Forcing — —

Radiative Forcing:

* Contribution to energy balance mitted by ’

e Concept to assess global warming Eamitindd by Glourds
Absorbed by

Atmosphers
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Equilibrium condition
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Equilibrium + perturbation
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Radiative Forcing (by wavelength)—
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Missing energy comes from gas absorption
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Radiative energy flux depends on wavelength,
while optical properties of atmospheric gases/particles depends on wavelength.

2hc?
B,(T) = /Is(ehc/szT _1)

128

Liou (2002)
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v" Energy flux from Solar beam: H,0, O,, Cloud, Aerosol
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Anthropogenic Radiative Forcing-ﬂ//i

Radiative forcing of climate between 1750 and 2005

CC: {pprm}, M2 (ppb)

Cancentrations of Greenhouse Goses fromm O to 2005
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Industrial Revolution: Steam Engine

by Newcomen, 1712; Watt, 1769

Natural
processes

Human activities

Radlatlve Forclng Terms

Long-ived
greenhouse gases

Ozone

Stratoapheric
water vapour

Surface albedo

Total
Aerasal | Cloud albedo

{Dlr.ct.ﬁlcl
effect

Linear contrails

Stratospheric
005

Solar Imadlance

Total net
human activitles

-2

-1 0 1 2

Radiative Forcing (watls per square metre)

Human activities role as an additional radiative forcing into climate systems after 1700s.
Greenhouse gases have strong impact to heat the Earth with less uncertainties,
while aerosols has strong impact to cool the Earth with much uncertainties.




yel RadiatW

2007.6.17-21, Beijing (photo by Seiki)

At Beijing, it is likely to be foggy even though it is not cloudy.
Aerosols (Atmospheric Pollution) overcast sky to decrease energy exp(-1) near the ground,
particularly around industrial regions.
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Aerosol radiative forcing at the surface by multi-satellite/ground observations.
Kim and Ramanathan (2008)

Surface net
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A}osel Indirect Radiative Forcmg//A
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_ Aerosols Distributio '

LLCERERIE] After 1980s, NASA has led observation
projects using satellite remote sensing.
(e.g., ISCCP, ERBE, A-Train)

We can estimate radiative forcing by
Cloud and aerosols quantitatively.
=» Improving Climate Models
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General Circulation Model



gwl Circulation Models (GCMs)

Observations (local/global, long/short, accurate/coarse)

empirical (%

Approximation,

%

Approximation,

assumption assumption
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D ment o

Mid-1970s

Mid-1980s

i

Rivers Overturning

Circulation Interactive Vegetation

General Circulation Models contain:
» Geophysical Fluid Dynamics
(fluid+thermo+gravity+Coriolis+salinity)
* Atmospheric circulation
* Oceanic circulation
* Phase change/lLatent heat
* | Vapor <~cloud,rain
* Sea-water <& sea-ice, salinity

* \Vegeration, urbanization, cultivation
* River
* Soil (heat/water transport)
* Ice-sheet
» Radiation (e.g., Solar Incidence)
* (Gas absorption
* Ravleigh Scattering
* | Mie Scattering by Cloud, Aerosol
» Chemistry (e.g., ozone hole)
e Chemical Reaction
* | Wet deposition pn
* Emission




2 x CO, AT (°C)
Fixed Clou

All Feedbacks %

Anvil Cirrus
>200km

b _..._.‘ BT 1T 1T =
-9 -3 -1 1 4 6 8

2007 ‘- , Hansen et al. (1997)

1988, Dr. James Hansen@NASA suggest Global Warming
1988, IPCC is established

Recently, it is found that poorly resolved cloud

causes the most severe error in climate change.

IPCC-AR4



%IcnaJrCIoud R
@ The Earth Simulator, Japan

Reproduction of Madden Jullian Oscillation (Miura et al., 2007)
=» horizontal resolution=3.5km (<=>30000 times heavier than conventional ones: dx~ 110km)

MTSAT=1R IR1 06122005.15T Knchl linly, 2006-12-30 04:30 NICAM JAMSTEC/FRCGC




~ Cloud Optical Properties (classic)

Descartes Rainbow is introduced in “Discourse on Method (A £ Et)”(1637)
Snell’s law: refraction theory

SINO e e m:refractive

sindh Ve m index

Application of Maxwell’s law to sphere

e El = RE/,  El=TE,
. - El = R.E!, E! =TE:.
s.t.
£ _cos #; — mcos, _ mcos #; — cos#,
) " cosf; + mcosé,’ " mcos#; +cosé,’
5 i B 2 cos f; T 2 cos f;
/' ' / " cos#; + mcosé,’ —p— 6; +cosd,
P i S Deriving a major angle to concentrate
HDRRF :
energy fluxes after Nth refractions.

color purple vyellow red -
1 | Myater il
mo 1.3435 1.3341 1.3318 6. = cos -
0.(deg) 58.80 59.35 59.48 ‘ﬁ’ -
O(deg) 4058 4191  42.25 32
Obs.




~Cloud Optica
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ies (advanced)

Phase Function

rrrrrr

Scattering Intensity

Polycrystalline Regime——+—— Single Crystals -

Scattering angle

Liou (2002)
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Temperature (°C)

Bailey and Hallett (2010)

Current topics of my research

1.

Ice Nucleation Modeling:
Aerosol/Supercooled liquid water =2 Ice Crystals
2. Estimation of the Impact of Non-sphericity of ice crystals




Global Simulation (now under g0ing)

Infrared Brightness Temperature
i Glibal IR 12:00—12:30 UTC, 2006/06/15 NICAM NDWS, 12:00 UTC, 2006/06/15
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Meyers+Hex PhlII|p5+Hex Phillips+CoI Satellite obs.
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Differences by schemes

Ice Nucleation Scheme: Meyers et al. (1992) or Phillips et al. (2006)
Ice Crystal Shape: Hexagonal Plate (Hex) or Hexagonal Column (Col)
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Climate Simulation in the Future (unlimited...

None knows the sufficient spatial resolution,
and the sufficient combination of cloud/aerosol interaction.
(Do uncertainties converge or not in the future ?)

 GCMs need fine spatial resolution to resolve cloud as much as
possible.
» dx~3.5km is the finest at this moment.
=» dx>1km is challenging in the next step
(more than 3.53 times heavier)

* |tis better to treat many species of cloud/aerosol particle as
much as possible.
=» Cost~N?2 x M2: N/M is the number of cloud/aerosol.
(N=5, M=24 at this moment)



