Today’s Outline

* Day 2 - Tuesday 09/04 Atmospheric composision
Morning

« Keynote: Y. Balkanski, Aerosol compositiion, optical properties and their link
with climate

« Student Presentation
« Course 1: Yin : The thermal feedback of forest to local and regional climate
« Student Presentation

Atfternoon

« Course 2: Hauglustaine : Tropospheric chemistry and climate-chemistry
interactions

« Student presentation

« Course 3: Bousquet (video) : Atmospheric methane : from global to regional
changes over the past 30 years + student presentations

« Course 4: Bréon: Remote sensing of vegetation dynamic. Methods, difficulties
and results
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Reflected Solar
radiation : 107 W/m?2

Radiation budget

Incident solar
radiation : 342 W/m?2

Outgoing infrared
radiation : 235 W/m?2
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Greenhouse gases increase in the last 35 years
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Observed temperature change from 1850
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Recent plateau 1n temperature record (relative to
mean 1961-1190)
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A partir de 1850, la température moyenne de la Terre s'est élevée de 0,8 °C par rapport
2 la moyenne des températures établie sur la période 1961-1990, dont 0,6 °C au cours
des cinquante derniéres années. Mais, depuis une quinzaine d’années, cette hausse
a ralenti. Ainsi, & compter de 1995, le réchauffement est de 'ordrede 0212 0,26°C

par décennie contre 0,1 & 0,3 °C par décennie durant les quarante années précédentes.
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Different climate forcings
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Comparison of observed and simulated temp. changes
relative to the 1961-1990 period

Dufresne et al., 2012
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Different climate forcings and their relative strength

Global Climate Forcmgs
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Simulated increase of aerosol optical depth (1850-2100)
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Different aerosol shapes (SEM)
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Total aerosol Optical Depth as seen from MODIS retrieval
_JAN to MAR 2001
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Importance of organic aerosols (Zhang et al., 2007)
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Processes for aerosol formation and loss

EMISSION OF GASEOUS PRECURSORS EMISSIONS OF PRIMARY PARTICLES Aﬁ‘er Raes et al (2000)
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Representation of the aerosol in the INCA model

INCA Aerosol Tracer Overview
Dust / Sulphate / Black Carbon / Organic Matter / Sea Salt / Nitrate / Ammonium
One N(umber) and several M(ass) tracer per aerosol mode

Insoluble Modes Soluble Modes
Super coarse Ngg Mg
Coarse Necr Mp Myos = Ncs Msos Mysa Mgs Mnos MNH4
f

Accumulation N1 Mge Mpoy => Nas, Msos Myisa Mg, Mpom, Mss Minos Minus
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Differences in simulated zonal aerosol distributions
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Load [Tg]
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Uncertainty in the water associated with the aerosol
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Steps to compute aerosol direct radiative forcing

Complex
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FIG. 1. Calculating radiative transfer

' | Spring School PKU-LSCE on Earth System Science 17
.) Apr08-11 2013



6\_

35

What are optical parameters?

Optical Parameters to Compute the Aerosol Direct Forcing

v Light can be either scattered or absorbed. Both processes lead to
extinction.

We define 3 parameters in order to compute the Aerosol Direct
Forcing:

1/ Aerosol Optical Depth (AOD)  often noted T
2/ The asymmetry parameter (or the phase function) g
3/ The single scattering albedo often noted 0,

AOD is a measure of the integrated vertical column of aerosol
present,

Asymmetry parameter gives information on the ratio of backward
to forward light scattering,

The single scattering albedo measures how absorbing a particle is.
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Definition of the Scattering coefficient
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Where o'is the cross-section of the particle, o=ILr
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Which strategy to reduce uncertainty in aerosol radiative forcing?

1 Change in albedo due to aerosols

Aa, =T (1-4)1[2(1-R)* Bf,Ma, f (RH) — 4R Ma, f (RH) (1- @,) [@,)]

T | =—— —— H_I
cloud fraction T
surface albedo

upscatter fraction

+{f(RH) for upscatter
burden
mass extinction coefficient
hygroscopic growth factor mec
« absorption coefficient »
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Radiative Forcings from the ESM IPSLCMbJ5a
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Radiative pertubation from mineral dust
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Aerosol effects on radiation and clouds
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Ship Tracks seen from space (from Durkee et al., 2000)
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Aerosol first indirect effect

Pourcentage of liquid water in low-level clouds
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Published estimates of the aerosol indirect effect
Anthropogenic changes in net radiation at the TOA
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Modelling aerosol-chemistry/ climate interactions in an Earth System Model
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Aerosol Optical Depth at 550 nm (11 years running-mean)
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b. Total Indirect Aerosol Radiative Forcing
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Radiative forcing (W.m?)
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The role of aerosol absorption

Apr08-11 2013
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Vers une approche simplifiee?

Yearly Zonal Mean Aerosol Optical Depth
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Zonal mean albedo from global models
Mpyhre et al., 2012
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Radiative Forcings from the ESM IPSLCMb5a
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Aerosol indirect effect
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Low-level clouds

(a) present—day pericd

(a) totol liquid woter content (g/m?)

Spring School PKU-LSCE __. ___ . _, .. __._..__ 38
Apr08-11 2013



Optical depth from aerosols produced by fires

Tosca et al. (2012)
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Radiative forcings due to aerosol from fires

0,12
s
0.10 28
o=
008 § !
03
0,06 '8 035
— o
0.04 8 046
00
0.02 §. 08
0,00 a1
025

o 80"t 180*

180* 0w
b) Net surface SW radiation (W m?)

SO*N

o ~N

&
IlllllllllllllllIllllllll

asn

I I LEEL X

0 .
44°s 12

&
E
3
; -
8
-
g

I T T TTTT
8a

Spring School PKU-LSCE on Earth System Science 40
Apr08-11 2013




surface air temperature (°C)

precipitation (% change)
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