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Aerosol optical depths (summer average)
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Relocation of European cities according to 2070-2100
mean temperature and precipitation field (after Hallegatte et al., 2007)
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Importance of understanding atmospheric chemistry in
Mediterranean region
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Temporal variability : seasonal scale
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June 2005-May2011 MSG/SEVIRI-derived AOT
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A control of the aerosol seasonal variability
by rain
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Temporal variability : daily scale

Daily atmospheric concentrations in particulate Si (mineral dust) at a rural coastal site in Corsica
(Bergametti et al., Kluwer, 1989)

10%
| T | b bbb
PM10 standard excgeded
(s
103
z dry season: high Iy 5 AT
=} ’ background A4
b 10? g U‘J\ -------- .. %
= -
z w wet season: lo E
e ackground :E-
S all minima < rains ‘ 2
10 Iuh.“.. A | . } Lo Lll | l III il e
04.1985' 05.1985 | 06.1985 | 07.1985 | 08.1985 09'1985| 10.1985 11.1985 l 12.1985 01.1986 02.1986 | 03.1986 04,1986

0.4 1 1989 daily Meteosat-derived
1 AOT averaged over the
0.3 - western Med. basin

Relevance in term of
impacts (air quality)

i :
Munth (1959) (Moulin et al., JGR, 1998)

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



Temporal variability: inter-annual scale

A : Climate control

(Extended from Moulin et al., Nature, 1997; courtesy of C. Moulin, LSCE)
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B : Emission control

:> Anthropogenic emission evolution
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Temporal variability: inter-annual scale

B : Emission control

Anthropogenic emission evolution

Land use change - ecosystem evolution ( partly controlled by climate)
(dust / biomass burning / biogenic emissions )

MODIS-derived episodes of large forest
fire plumes affecting the western Med.
(Pace et al., JGR, 2005)

Year Period AOT;s,

2000 20-23 July 0.21+0.04 MODIS observations between 2000 and 2004
2001 25-29 July 0.24+0.09 show that the summer 2003 forest fire aerosol
2002 27-30 July 0.16£0.15 episode was the longest lasting and covered the

8-12 July 0.2240.06 largest area (Pace et al., 2005, JGR).

4-14 August* = 0.21+0.04
2004 15-17 August . 0.11%0.05

*heat wave

2003




Modelling of atmospheric climate /chemistry/ aerosols in Mediterranean
regions : a number of challenges !

Example 1 : Dust modelling e.g. RegCM : Dust module

a _
EZ =-V VZ+ |:H + |:V +TCUM +S;{ o RW,lS o RW,cum o Ddep +2Qp _QI

Transport Primary Removal Physico —
Emissions terms chemical
transformation
Particles and chemical species considered s

Qo °
—>
Trangport and
removal

Marticorena and Bergametti, 1995.
Alfaro et al., 1998.
Saltation

wind and-blasting

Surface properties

(roughness, humidity, vegetation)

Soil granulometry
10 pm - 10000 pm



Global dust model intercomparison :
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Importance of dust EMISSION size distribution:

Different approaches ...

Physically based calculation :
Established from wind tunnel studies

Calculate size distribution from saltation kinetic energy flux and cohesive binding
forces in soil aggregates.

Requires parameters that are not easily determined

-
sassl

Prescribed distribution :

e
—
!

From in situ measurements

=

=]

—_
|

From a scaling theory (Kok et al., )
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Dust aerosol diameter, Dy (um)
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-Impact on deposition (and so dust budget)

-Impact on optical properties ( extinction and AOD)

(a)-MODIS (b) - REF

(e} — Taylor diagram
RegCM
Nabat et al., ACPD
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Modelling of atmospheric chemistry/ aerosols in Mediterranean regions
: a number of challenges !

Example 2 : Secondary aerosol formation

Secondary aerosol particles dominate
the fine (PM2.5) particulate fraction

Western Mediterranean / corse . -
Moyannia annuslie (mi-2002 — mi-2003) dust w0 Eastern Mediterranean / crete
oncentrations en pg/m: 107

Annual Mean (mid-2001 — mid-2004 )

du BC
Sea Salt g 23 Q.41
NOg 0.34

0.06

—Hh  50% of fine aerosols

—y = Carbonaceous 50% of fine aerosols =
Aerosols Ammonium sulfate
[Central/Eastarn Europaan +
Ammonium POM ORIGIN ??? Turkey emissions]
Sulfate 2.86
2.39
(Nicolas et al., EAC2011) e (Sciare et al., ACP, 2008)
4.15

= Sulfate dominate in the eastern basin
Organics dominate in the northwestern basin

Relevance of PM2.5 for air quality, ecosystem impact, and
climate (direct and indirect effects)
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daily PM10 over Europe in summer 2001

Eg—m-m Ckheservations
—ieieat.  Polyphemus - AEC

e Polyphemuas - SORGARM

(courtesy of K. Sartelef,
- CEREA)

Missing

EMEP stations 306!

mierogrammas/m3

Polyphemus model

[> -Importance of including photo-oxidation processes
( ozone chemistry / simulation of organic aerosol precursors)

[> ‘Biogenic emissions of gas-phase precursors
-BVOC from forest/
-DMS and organic from Marine
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Example : Biogenic emissions from 2 different models and impact on
ozone

Surface Ozone Max NO BVOC — JJA 2001

isoprene ear 2001 terpenes

a NotAir ISOPRENE emissions b NatAir SUM OF TERPENES emissions
69N 69N
32Tg 2
66N P 2 66N
63N ! : 63N
60N 60N
57N 57N
54N 54N

30 338 42 48 S0 54 58 62 66 70
b Change with NotAir BVOCs

36N X
20E 25€ 30E 35 15W 10w 5W 0 S5E 10E 15E 20E 25 30E 3SE

Cc D03 ISOPRENE emissions d D03 SUM OF TERPENES emissions

15W  10W 5w 0 5E 10E 15E 20E 25 J3OE 35€ 15W 10w SW 0 SE 10E 15E 20E 25 30E 35E
[kg km2 yr]

0 100 200 500 1000 2000 5000 10000 15000

Curci et al., 2009
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Towards the development of climate chemistry models ...

e.g : RegCM4-CHEM ozone simulation of 2003 heat wave

Ozone kpisode August 2003  Shalaby et al., 2012,
GMD

L3*W ha 15 g 15w
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55 550

TR

5N

AFH 40R

350 s

10w o Loeg arcp anr

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



A: Aerosol/radiation interaction : DIRECT EFFECT

Refractive index

Incident

Scattered

. aBysorption

Earth System Physics,

Extinction Efficiency
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Direct

effect Aerosol Short Wave radiative forcing
Incoming
solar flux Outgoing
ux =)>TOA SW Radiative forcing :
Fo difference of outgoing fluxes

without and with aerosol

All other atmospheric and surface
absorption variables being fixed.

scattering > 0. = warming of the system

< 0. = cooling of the system

_ =) SRF SW Radiative forcing :

difference of net flux at the surface

Fo.€ 0P

Aerosol optical depth AOD describes Always < 0. = cooling of the
the aerosol extinction due to the sum surface
of absorption and scattering effects.

;Earth System' Physits. fhe,Abdus— Salam lniemat_iona_l Centre for Theorettcall’hyslcs



Dust Long Wave radiative forcing

Atmospheric layers absorb and emit (grey body) in thermal radiation range.

TOA LW Radiative forcing :
difference of outgoing fluxes
without and with aerosol

—

All other atmospheric and surface
variables being fixed

=) SRF LW Radiative forcing :
difference of net flux at the surface

Always > 0. = relative warming of
the surface ...

li e

C
T :5'. ;
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Aerosol Radiative forcing in the Mediterranean region : RegCM simulations
Surface TOA

.IOL

Latitude (°)
(M) anep Buo

(MS) enem 1oys

Longitude ()

Fig. 14. Direct radiative forcing (in Wm'2) simulated in NEW 2000-2009, at the surface (left)

and at the top of the atmosphere (TOA, right), for total (top), longwave (middle) and shortwave
(bottom) radiations.
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Assessing the Regional climate responses to aerosol forcing ...

1 : impact of surface dimming on evaporation, water budget and
hydrological cycle in the mediterranean basin ?

SEEEEEs - kEESmupsmENEEs
RS P T T @
e W 8 S WS BN 5 1 41
: 2 : : 5d Emme SATINE. R S - I s
- SSwE NN i s
Sl L ﬁ 7 MAM S
y :é ! hoio
S ol
AN - A CERIES ==
A R, e - SON T e

P med./P
¢.001 0.005 0.010 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160 0.180 0.200 0.240 0.280

Fraction of precipitated water that evaporated inside the Mediterranean basin
by different seasons (DJF, MAM, JJA and SON). Schicker et al. ACP (2010)

—> Use of coupled ocean-atmosphere regional climate model é;
)
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2 : perturbation of temperature profiles

—=> Feedback on convection clouds, and regional dynamics

Temperature profile Sem I-d Irect effects

Convection

£ (rarosotioye SPECRN
‘ /%Stabilisation Q /

e Amplitude of the response depends on environment (
convective / unstable vs. Stable, surface albedo, ... )

@ Sensitivity to single scattering albedo ( aerosol composition ).

;Earth System' Physits. fhe.Abdus- Salam lniemat_iona_l Centre for Theorettcall’hysncs



Example , impact in manennn raninn -
(RegCM ' N
JJA 1996-2006) )
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Fig. 4. MNMeridionmnal cross section of heating rates and precipitation anormalies

calculated frorm the standard (S TI>, IDUST-CITI L)y expenmentt for Jwuamn—S i

(J 7 ) 1996 — 2006 annd spratially averaged for 1S5STWW - 15 E (see box i Fig. Z2d).

(=) Turbulent Imixing. () convective, and (c) radiative heating rate anormabes.
(cdld) CTCorresponding precipitation anomaly (DUST - DNCOIDOUI=ST)
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Additional Issues when assessing impact of aerosol with climate models ..

mm/d
MEG-CTL ®y P
(JJA 2001-2010)

CTLp - CTL
( JJA2001-2010)

CTLp:

a random
perturbation (limited
to 1.E-3.qv, SST) is
applied at the
boundary during the
run.

Not possible to isolate an aerosol physical feedback from
internal variability response of the model
Ensemble runs needed / intense calculation

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



B : Indirect effects ...
O Aerosol /cloud microphysic interactions

Top of the
\ atmosphere \ \

oo o : i
O
& O oo OG
— Indirect effect, - . . .-
oniceclouds = -~
Surface and contrails
Scattering & Unperturbed Increased CDNC Drizzle Increased cloud height Increased cloud Heating causes
absorption of cloud (constant LWC) suppression. (Pincus & Baker, 1994) lifetime cloud burn-off
radiation (Twomey, 1974) Increased LWC {Albrecht, 1989) (Ackerman et al., 2000)
Direct effects Cloud albedo effect/ Qaud lifetime effect/ 2" indirect effect/ Albrecht sﬂ‘eﬂ/ KSsmi-diract eﬂ'ect/
15t indirect effect/
Twomey effect

O Aerosol deposition on show

O Impact on climate via biogeochemical effects
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MEDITERRANEAN SEA : THE LOW NUTRIENT LOW CHLOROPHYLL

VERY POOR BIOMASS IN SEAWATER: HIGHLY TRANSPARENT WATERS

Chla as seen by satelites

(ocean color) Boscetal.,, 2004

I ‘ I [ TN
001 008 005 007 010 03 05 070 100 300 500 1000 3000 60.00
mgChl m?

eon average, an ocean with low Chla concentrations because low nutrient
concentrations during 6 months of the year

Atmosphere aerosol (Dust + anthropogenic) is an important
source of nutrients in nutrients depleted regions (P,N,I:e -

T,
A
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In situ aerosol fertilisation experiments:

+
DUST

seeding

CONTROL

T T T
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an) BN RE R R CHLA

DUNE PROJ.
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The biogeochemical impact is determined by:

Anthropogenic sources
VS.

Atmospheric control
Natural sources

*Deposition flux
Chemical state of the nutrient when

deposited to ecosystem (solubility, (&) Atmospheric processing
Bioavailability).

«Aerosol size distribution

Mediterranean Sea

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



Gas phase scheme Example : Iron dissolution modelling

Meskhidze et al., 2005
Solmon et al., 2009
1: Assume an initial mineral composition for the dust

X e

Anthro.
aerosols

Table 3. Concentration of Major Minerals in the Soil and Clay Fractions of Surface Soils in the Gobi Desert and in Mineral Dust
Originating From These Soils
In Soil.” % wt In Mineral Dust and Used as Initial
Mineral In Silt In Clay Condition for Model Simulation._b % wt
Anhydrite 6 0 6
CaSO,
Calcite 12 0 11
CaCO;5
Albite 18 8 17
NaAlSi;Og
Microcline & 5 8
KAISi30g
[lite® 18 42 20
Ko.6Mgo.25Al 3513 5019(OH),
Smectite/Montmorillonite® 7 15 8
Nag Al 4Mgo6514019(OH); - 4H,0
Hematite 5 & 5
FCZO'_:,
Quartz 21 10 20
Si0,
Kaolinite 5 12 5
A1LSi,O5(OH),
Total 100 100 100

Earth System Physics, The Abdus Salam International Cenae vor Theoretical Physics



The biogeochemical impact is determined by:

Atmospheric control

*Deposition flux i
P Anthropogenic sources

VS.

Chemical state of the nutrient when
Natural sources

deposited to ecosystem (solubility,

Bioavailability). Atmospheric processing

*Aerosol size distribution

Oceanic control

‘Biological and nutrient state of the mixed layer
Ocean Mixed Layer processes

gy =~
“;:_'.. "i



OCEAN MIXED LAYER PROCESSING

dissolved forms ~ bioavailable

. From C. Guieu
Atmospheric inputs, wet and dry CNRS/LOV

ballast
./ effect/
scavenging (-) _ (L
diss./desor g
p (+) _
v adsorption (-)

nutrient pool [« \
| maintain

/ uptake (_ (+) (Fe) POM

| & Som !
regeneration (+) "»i)/lﬂlytoplankton
bacteria
| POC export Il«» :

zooplankton
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RegCM developments ...

Anthropogenic

sponsibili
for my action:
/ ‘
| qessu res

Bio.Geo.Che
coupling

Bio.Geo.Che
coupling
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Thank you
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RegCM4 Regional Climate Model
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Chemistry/ aerosols in RegCM4

e Tracer model / RegCM4

a _
EZ =-V VZ+ |:H + |:V +TCUM +S;{ o RW,lS o RW,cum o Ddep +2Qp _QI

Transport Primary Removal Physico —
Emissions terms chemical
transformation
e Particles and chemical species considered s

Simple aerosol scheme

SO, | SO, - BC oty OC qutal organic arb DUST @ bins
QJ;}Z " e o SEA SALT
Aqueous and gazeous Hydrophific Hydrophobic Hydrophilic | Hydrophobicf& | 0.01-1 1-2.5 255 5-20 .
corversion (20% at (80What (50%at 0%at um urm um um fine coarse
{Qian et al, 2001) EITission) ErTSs1C) eSS} errfssion,) 0 6 6
CBMZ gas phase

'S02','S04','03','N02','NO’,'CO’,'H202','HNO3",'N205','HCHO",'ALD2','ISOP','C2H6",
'PAR’,'ACET’,'MOH','OLT’,'OLT’, TOLUE', XYL','ETHE', PAN’,'CH4','MGLY",'CRES;:OPEN:IS
OPRD','ONIT','HCOOH', RCOOH’,' CH300H', ETHOOH', ROOH’, HONO', HND4", 02" —

g @ ©



Natural emissions

Dust aerosol on-line module in the ICTP RegCM4 model

No cloud microphysics interaction |

:> ° [=]
Transpor( and (SWHLW)

0.01,— 20
< o L pm ° L Radiation scheme
(=]
removal o

DUST

Marticorens and Bergametti, 1995,
Alfaro et al., 1998, o
Saltation o

> wind '\0 © U' a absorption ar
‘ Q - Slll -blasting diffusion - —
o emission 5[ o ]md
O%W% O Surface propertlm
T s o} SRR -

Seil grsnulometry
10 pm — 10004

Sea-sal t
Film droplet injection Jet droplet injectio
(Schwarz and Lewis, 2004)
Biogenic
(isoprene

)
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Pollen modelling ?

STEP 1 : (fast)

% Use of IPSL/ LSCE emissions prescribed directly to
RegCM ( period and frequency to be determined).

<+ Implementation of a pollen tracers : sizing and
relevant parameters ( affective diameter, hydrophilic
character, etc) to be defined

STEP 2 : ( longer + post-doc required )
< Implementation of on-line emission modelling.
- two paths possible
1: activation of CLM 4 interactive vegetation /
coupling of phenology dependant functions (same
parameterisation than used in IPSL approach).
2 : coupling of ORCHIDEE with RegCM

I would tend to support 1 for intercomparisons

o= =
i
€| =



Last point :

Activities for ATOPICA workshop in Trieste

-RegCM
-Chimere
e ?

Thank you !
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Anthropogenic
gressu res

Bio.Geo.Che
coupling

Bio.Geo.Che
coupling
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Dust aerosol on-line module in the ICTP RegCM3

model
No cloud microphysics

interaction !

0.01,~ 20 um
O¢ o Radiation scheme
—> ° o) © o
Trangportand (SW+LW)
Marticorena and Bergametti, 1995. remova| o
Alfaro et al,, 1998, © ©
Saltation
_ absorption
wing 7o Sand -blasting diffusion 5[@}
XY emission ot .o

Surface properties

(roughness, humidity, vegetation) ﬁ _ OF e 1

SOI| ranulomet
10 pr% 10000 w%y

RegCM3 regional
climate model




A close up of a field of view of Fine Particles collected on the East Mediterranean Shore. Most particles
are either spherical sulfates (similar to ammonium sulfates in appearance) or short aggregates of
diesel particles.

Scoarse
512 x S5S12z2




Cubes of 3-7 ym sea salt particles, attached to a
mineral, from the coarse fraction. Sea salt (Na, CI)
particles were found at both particle size fractions.
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Q &
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x5000 Spm
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Typical Irregular Mineral with very rough porous
surfaces collected at the coarse fraction. A spherical 1.5
Hm coal fly ash is seen at the top, and a “crushed” spore

at the upper left corner.
5 T

13coarse



Oil Combustion Cenosphere rich in Ni and V
collected in the coarse fraction. These are typical
particles emitted from combustion of heavy oil.
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