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natural anthropic

~1%

Elemental carbon

Textor et al., 2006




®ITIN=ERIS

® Primary/secondary particles

® Phase

« Liquid: droplets, often solution
« Solid:

Single / Aggregates
« Solid/Liquid

Droplets with solid inclusions
Aggregates with liquid films

® Mixed

internally or externally mixed
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Table 5.3: Primary particle emissions for the year 2000 {Tg/vr)®

Northern Southern Global Low High Source
Hemisphere Hemisphere

Carbonaceous aerosols
Organic Matter (0—2 um)

Biomass burning 28 26 54 45 80 Liousse et al. (1996),
Scholes and Andreae (2000)
Fossil fuel 28 0.4 28 10 30 Cook et al. (1999),
Penner ¢t al. (1993)
Biogenic (>11m) — — 56 0 90 Penner (1995)
Black Carbon (0-2 um)
Biomass burning 2.9 2.7 5.7 5 9 Liousse et al. (1996):
Scholes and Andreae (2000)
Fossil fuel 6.5 0.1 6.6 6 8 Cooke ¢t al. (1999):
Penner ¢t al. (1993)
Aircraft 0.005 0.0004 0.006
Industrial Dust, etc. (> 1 um) 100 40 130 Wolf and Hidy (1997):
Andreae (1995)
Sea Salt Gong ¢f al. (1998)
d< 1 um 23 31 54 18 100
d=1-16um 1.420 1.870 3.290 1.000 6.000
Total 1.440 1.900 3.340 1.000 6.000
Mineral (Soil) DustP
d< 1 um 90 17 110 — —
d=1-2um 240 50 290 — —
d=2-20um 1.470 282 1.750 — —
Total 1.800 349 2,150 1.000 3.000

4 Range reflects estimates reported in the literature. The actual range of uncertainty may encompass values larger and smaller than those reported here.
P Source inventory prepared by P. Ginoux for the IPCC Model Intercomparison Workshop.



Table 5.2: Annual source strength for present day enissions of aerosol precursors (Tg N, S or C Avear). The reference year is indicated in parentheses

behind individual sources, where applicable.
Northern Southern Global' Range Source —
Hemisphere Hemisphere @ |T| N pu— R I S
NO; (as TgN/yr) 32 9 41 (see also Chapter 4).
Fossil fuel (1985) 20 1.1 21 Benkovitz ¢f al. (1996)
Aircraft (1992) 0.54 0.04 0.58 0.4-0.9  Penner et ai. (1999b): Daggett ¢f al. (1999)
Biomass burning (ca. 1990) 33 3.1 6.4 2-12 Liousse ¢f al. (1996): Atherton (1996)
Soils (ca. 1990) 3.5 2.0 5.5 3-12 Yienger and Levy (1995)
Agricultural soils 2.2 0-4 "
Natural soils 3.2 3-8 "
Lightning 44 2.6 7.0 2-12 Price ¢f al. (1997): Lawrence ¢f al. (1995)
NH; (as TgN/yr) 41 13 54 40-70 Bouwman ¢t al. (1997)
Domestic animals (1990) 18 4.1 21.6 10-30 "
Agriculture (1990) 12 1.1 12.6 6-18 "
Human (1990) 23 0.3 2.6 1.3-39 "
Biomass burning (1990) 3.5 22 5.7 3-8 "
Fossil fuel and industry (1990) 0.29 0.01 0.3 0.1-0.5 "
Natural soils (1990) 14 1.1 2.4 1-10 "
Wild animals (1990) 0.10 0.02 0.1 0-1 "
Oceans 3.6 4.5 8.2 3-16 "
SO, (as TgS/yr) 76 12 88 67-130
Fossil fuel and industry (1985) 68 8 76 60-100  Benkovitz ¢f al. (1996)
Aircraft (1992) 0.06 0.004 0.06 0.03-1.0  Penner ¢t al. (1998a): Penner ¢t al. (1999b):
Fahey et al. (1999)
Biomass burning (ca. 1990) 1.2 1.0 22 1-6 Spiro ¢t al. (1992)
Volcanoes 6.3 3.0 9.3 6-20 Andres and Kasgnoc (1998) (incl. H,S)
DMS or H,S (as TgS/yr) 11.6 13.4 25.0 12-42
Oceans 11 13 24 13-36 Kettle and Andreae (2000)
Land biota and soils 0.6 04 1.0 0.4-5.6  Bates ¢f al. (1992): Andreae and Jaeschke (1992)
Volatile organic emissions 171 65 236 100-560
(as TgClyr)
Anthropogenic (1985) 104 5 109 60-160  Piccot ¢f al. (1992)
Terpenes (1990) 67 60 127 40-400  Guenther ¢f al. (1995)

4 The global figure may not equal the sum of the N. hemisphere and S. Hemisphere totals due to rounding.
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Chemical Conversion
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. Homogeneous-homomolecular: self-nucleation of a single species. No foreign

nuclei or surfaces involved.

. Homogeneous—heteromolecular: self-nucleation of two or more species. No foreign

nuclei or surfaces involved.

. Heterogeneous—homomolecular: nucleation of a single species on a foreign

substance.

. Heterogeneous—heteromolecular: nucleation of two or more species on a foreign

substance.
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FIGURE 10.10 Gibbs free energy change for formation of a droplet of radius R, from a vapor
with saturation ratio S.
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pressure & &, is the saturation vapor pressure with respect to
a plane surface of water at the temperature of the system.
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100 km grid box, 528,000 cubic meters of liquid water
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Ice Crystals of the Atmosphere
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Ice crystal shape as a function of formation temperature and
supersaturation with respect to ice. Right axis gives
approximate height and pressure of crystal formation where
P o is standard atmosphere pressure. Figure adapted from

Bailey and Hallett (2009), courtesy of Dr. Bailey.
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IPCC, 2021
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® Aerosol/clouds absorption?
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TABLE 3. Scattering cross section (per molecule) and Rayleigh op-
tical depth (7,) for dry air containing 360 ppm CO,. Rayleigh optical
depths are given for a location at sea level, 1013.25 mb, 45° latitude,
and at MLO at altitude 3400 m, pressure 680 mb, and latitude 19.533°.

TR Tr

A\VAYS (sea level, (MLO,

(pm) o (cm?) 45°N) 680 mb) King factor
0.250 1.2610E—25 2.7137E+00 1.8264E+00 1.06308
0.255 1.1537E—25 24828E+00 1.6710E4+00 1.06215
0.260 1.0579E—25 22766E+00 1.5322E+00 1.06130
0.265 9.7206E—26 2.0919E+00 1.4079E+00 1.06052
0.270 8.9496E—26 1.9260E+00 1.2962E+00 1.05979
0.275 82552E—26 1.7766E+00 1.1956E+00 1.05912
0.280 7.6282E—26 1.6416E+00 1.1048E+00 1.05850
0.285 7.0608E—26 1.5195E4+00 1.0227E+00 1.05793
0.290 6.5462E—26 1.4088E+00 94813E—01 1.05739
0.295 6.0785E—26 1.3081E+00 8.8038E—01 1.05689
0.300 5.6525E—26 1.2164E+00 8.1868E—01 1.05643
0.305 52638E—26 1.1328E+00 7.6238E—01 1.05599
0310 49084E—26 1.0563E+00 7.1092E—01 1.05559
0.315 4.5830E—26 9.8629E—01 6.6379E—01 1.05521
0.320 4.2846E—26 9.2206E—01 6.2056E—01 1.05485
0.325 4.0103E—26 8.6304E—01 5.8084E—01 1.05452
0.330 3.7580E—26 8.0873E—01 5.4429E—01 1.05421
0.335  3.5254E—26 7.5868E—01 5.1060E—01 1.05391
0.340 33108E—26 7.1249E—01 4.7952E—01 1.05363
0.345  3.1124E—-26 6.6981E—01 4.5079E—01 1.05337
0.350 2.9289E—-26 6.3031E—01 4.2421E—-01 1.05312

Bodhaine et al., 1999

0.500 6.6614E—27 14336E—01 9.6480E—02  1.04935
0.505 6.3951E—-27 1.3763E—01 9.2624E—02 1.04929
0.510 6.1421E—27 13218E—01 8.8959E—02 1.04923
0.515 59015E—-27 1.2700E—01 8.5475E—02 1.04917
0.520 5.6727E—-27 1.2208E—01 8.2161E—02 1.04911
0.525  54549E—-27 1.1739E—01 7.9006E—02  1.04906
0.530 52475E—-27 1.1293E—-01 7.6002E—02  1.04901
0.535  5.0499E—27 1.0868E—01 7.3140E—02 1.04896
0.540 4.8615E—-27 1.0462E—-01 7.0412E—02 1.04891
0.545 4.6819E—27 1.0076E—01 6.7811E—02  1.04886
0.550 45105E—=27 97069E—-02 6.5329E—-02 1.04882
TR Tr

WV (sea level, (MLO,

(m) o (cm?) 45°N) 680 mb) King factor
0.885 6.5638E—28 1.4126E—02 9.5067E—03  1.04745
0.900 6.1339E—28 1.3200E—02 8.8841E—03 1.04742
0.905 5.9985E—28 1.2909E—02 8.6880E—03 1.04741
0.910 5.8668E—28 1.2626E—02 8.4972E—03 1.04740
0915 5.7387E—28 1.2350E—02 83117E—03 1.04740
0.920 5.6141E—28 1.2082E—02 8.1312E—03  1.04739
0.925 5.4929E—28 1.1821E—02 7.9556E—03 1.04738
0.930 53749E—28 1.1567E—02 7.7848E—03  1.04737
0.935 52601E—28 1.1320E—02 7.6184E—03 1.04737
0.940 5.1483E—28 1.1079E—02 7.4566E—03 1.04736
0.945 5.0395E—28 1.0845E—02 7.2989E—03 1.04735
0.950 4.9335E—28 1.0617TE—02 7.1455E—03 1.04734
0.955 4.8303E—28 1.0395E—02 6.9960E—03 1.04734
0.960 4.7298E—28 1.0179E—02 6.8505E—03 1.04733
0.965 4.6319E—28 9.9682E—03 6.7087E—03  1.04732
0.970 4.5366E—28 9.7629E—03  6.5706E—03  1.04732
0.975 44437E—-28 9.5630E—03 6.4360E—03 1.04731
0.980 4.3531E—28 9.3681E—03 6.3049E—03 1.04730
0.985 42649E—28 9.1782E—03 6.1770E—03  1.04730
0.990 4.1788E—28 8.9930E—03 6.0524E—03 1.04729
0.995 4.0950E—28 8.8125E—03 5.9310E—03 1.04728
1.000 4.0132E—28 8.6366E—03 5.8125E—03 1.04728
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Figure 3.11 Polar diagram of the scattered intensity for Rayleigh molecules: (1) polarized incident
light with the electric vector perpendicular to the scattering plane. (2) polarized incident light with the
electric vector on the scattering plane, and (3) unpolarized incident light.
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FIGURE 15.2 Pattern of light scattering (scattering phase function) by a particle in the Rayleigh
regime. The scattered light intensity pattern is symmetric in the forward and backward directions,
totally polarized at 90°, and independent of particle shape. Incident beam enters from the right. 11
indicates the circular component independent of 6; 12 is the 8-dependent term.



Gustav Adolf Feodor Wilhelm Ludwig Mie
(1869 -1957)
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" 1. Beitrdge sur Optik tritber Medien, spexiell
kolloidaler Mctallisungen;
von Gustav Mie,

1. Die mannigfachen Firbungen der Metalle im kolloidalen
Zustand haben im Laufe der Zeiten recht verschiedenartige
Deutungen erfahren. Fruher neigte mun sehr zu der Meinung,
daB die betreffenden Metalle (besonders das Silber) in mehreren
verschieden gefiirbten Modifikationen auftriiten. Spiter ist die
Meinung aufgekommen, daB die Farben auf optischer Resonanz
beruhten. Diese Meinung ist besonders eingehend von
F. Ehrenhaft!) begrindet worden. Endlich hat neuerdings
J. C. Maxwell-Garnett? nachgewiesen, daB sich die Farben
von kolloidalen Metallen, wenn die suspendierten Partikelchen
des Metalles sehr klein sind, aus der Theorie, die L. Lorenz?
fur optisch inhomogene Medien entwickelt hat, einwandsfrei
orkliren lassen. Die Theorie ergibt fiir eine feine Metall-
suspension, in denen die Dimensionen der Teilchen im Ver-
gleich zar Wellenliinge und auBerdem zu ihren gegenseitigen
Kntfernungen sehr klein sind, eine ganz bestimmte Absorptions-
kurve, die sich aus dem optischen Konstanten des Metalles
vorher berechnen 148t und demnach, obwohl sie durchaus ver-
schieden von der Absorptionskurve des soliden Metalles ver-
liuft, doch gar nichts mit Resonanz in dem Sinne, in dem
dieses Wort von Ehrenhaft, Wood u. a. gebraucht wird, zu
tun hat. So konnte Maxwell-Garnett unter anderem die
rote Farbe vieler Goldlssungen, die Khrenhaft als Resonanz-

1) F. Ehrenhaft, Wiener Sitzungsber. IIa. 112, p. 181. 1903; 114.
p. 1115, 1905.

#) J. C. Maxwell-Garnatt, Phil. Trans, 203, p. 385, 1904; 205,
p.287. 1906. Fiir den Brechungsexponenten von Gelatine-Silberemulsionen
wieg auch F. Kirchner in seiner Leipziger Dissertation die Giltigkeit
der Lorenzschen Formel nach (Aup. d. Phys. 13. p. 239. 1004).

3) L. Lorenz, Wied, Ann, 11. p. 70. 1880.

Aqaslon dor Phgsie  TV. Folga. 24 25
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Ludvig Valentin Lorenz (1829-1891)
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2 N
Qext = =; > (2n + 1)Re(a, + bp), (a) @ ITIN=RIS

X n=1

9 N
@sca =x2 2 (2n+ 1)(|an|2+ |bn|2), {1b)
n=1

4 N
szsca n=1
2n + 1
nin+1)
Si(u) = g 2ot l [anTn () + bp7r(u)], (1d)
n=1n{n+1)
N 2n+1

So(p) = nz=:] it D [anTn (1) + bpmn(p)], (1le)

which are, respectively, the extinction efficiency, scat-
tering efficiency, asymmetry factor, and complex scat-
tering amplitudes for two orthogonal directions of in-
cident polarization.

(

nin+ 2)

n+1

g = Re(ana;H + bnb;;+l)

R.e(a,,b,‘,)] s (1c)

S1|2 and | S3|2 are the scattered intensities.)

nh(cosO) and t,(cosO) are obtained from L, (cos6), which are h-order Legendre polynomials
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Qest(x m)_ est :%
72'7' X

]

(2h+1)Re(a, +b,)

ol
I

1

Q™ (x,m) = 2 = %i(zhﬂ)(\ahf +[p,[)

sC

Q* (x,m) = —

Tr

If the imaginary part of the refractive index is zero:

2 2 2
8 m”—1 6( m —1

G =7 2 ) G, =7 2
3\m~+2 5\m-+2

The first order approximation gives the Rayleigh scattering

=cx (1+c,x° +cx' +-+)
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a, (m,x) = v, (), (mx) - my, (mx)y', (x)

G, () -G, (), ()

b, (m, x) = my, ()", (mx) -y, (mx)y', (x)
mG, (X)), (mx) - G (x)y, (mx)

Mie scattering coefficients a;, e by, are a combination of Riccati-Bessel functions vy, e &
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N~x+4x1/3+2

Wiscombe, 1980
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Mie results:  Extinction Efficiency
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Mie results: Phase function (m=1.33)

o™~ x=0.1
x=1
o x=3
=
RS
5
6}
=
2
=4 |
(=)
20 T
0 e L L L T

Phase function

0 20 40 60 80 100 120 140 160 180

Scattering angle

Single particle results

/\ \ _______

‘) I L 1 1 L L
0 20 40 60 80 100 120 140 160 180

Scattering angle

@ITIN=RIS



Smel Pertacles (8} LRarge Harinces (o)

—_— ——-
InCiaanrt Incicent
Dz saarm
Size. =maller tThan ona - eTh he wave Sire aporoximataly one - fowrth the waevelengih of light
lenght of light Desrcaiplion: acattoring conocentmiod in farsara dicoction
Deoscripi-on: sywmmairc
Loruor Poarticke e (=)
A ook Y -
- A — ———a —
2- W = AL e iy~ 38
2 e A e~ ey — —
_— RN R e e e e e
T e . — - AR S e R
1rcidont fam” ety t L el S H:?:“:A e e Smm e Ty
S — B — et oy .
. = = -

Size: larger then the wavelength of ligpht
Descriplion: sxarsms concantration of scettoring an forward deocton:
davelopment of maxrme and mininnn of scettoring ot

wricler angles

@ITIN=ERIS

A=055pm x =457
=04 pum
A=055um > - x=9.14
r==0.38 pm
y»— x=1599
r=1.4 pm

Fg. 6.3 - Diagrammi polari delfintensita nel piano di diffusicne per particelle
sieriche a debolmente assorbenti, di raggio r, e per radiazione incidente non
polarizzata di lunghezza d'onda A=0.55 pm; x=2rr/A, & il parametro di Mie.
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