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Region specifics / Tomsk
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BACKGROUND cases (AOD.,, = 0.15, Tomsk)

420

v’ Reliable aerosol optical / microphysical model for West Siberia is absent
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METHOD 1 (RTE-Inversion, Optics)

RADIATIVE TRANSFER EQUATION —> J)(g)= I (90 1,0, 00 8! )(0)

Method of the RTE solution: statistical Monte Carlo method

* Vertical homogeneity
» Surface reflection — Lambert law

* Molecular absorption [/ ;(f >(9 ) =C-exp (— T, — T, 2 )I )
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METHOD 2 (Inversion, Microphysics & Optics)

‘ O Homogeneous spheres

Tax dS
X = f K_ .. ()L, 0.7 n K )dfdr O Spectral independent complex RI
r
min U In the total atmospheric column
' D(4,6,)] 7
b KD’QI) Volume scattering phase function /1 =0.44, 0.675, 0.87, 1.02 um /
b ()Ll 6.) [ Information source: RTE-Inversion
X=|D KD’QT) B
r(&) | Aerosol optical depth /4= 0.34, 0.38, 0.44, 0.675, 0.87, 1.02 yum /
r(}LK ) Information source: AERONET
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_ Aerosol scattering optical depth /1= 0.44, 0.675, 0.87, 1.02 um /
7.0 ) | | Information source: RTE-Inversion +AERONET




EXPERIMENTAL BASE
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AERONET &

Sun/Sky photometer CIMEL CE-318, Tomsk station, Summer, 2003 — 2009

Solar almucantar Level 2.0 (440, 675, 870, 1020 nm)
2. Acerosol optical depth Level 2.0 ( + 340, 380 nm)

U

Molecular scattering / absorption optical depth
4. Surface albedo

(U'S)



SELECTION STRATEGY

Aureole radiance at 3 deg. /azimuth/ is excluded
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SELECTION STRATEGY
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BACKGROUND cases (AOD.,, .~ 0.15, Tomsk)

OPTICAL CHARACTERISTICS

Date AOD ,401m AOD;450nm Zenith angle, deg

September 8, 2006, 01:28 GMT 0.23 0.08 75
July 16, 2004, 00:40 GMT 0.32 0.09 70
0,92 T T T T T T T T T T 0,96 T T T T T T T T T T T

1 Single scattering albedo l Single scattering albedo
0,90- - 0,94 - -
0,881 0,92-
0,86+ september 8, 2006 1 0909 July 16, 2004
072] _ T o75] 1

] —&— Inversion 0.70]
0,68 —{1— RTE-Inversion ] ]

0,644
0,60-

Asymmetry factor

40 550 660 770 880 990

*Notes

Wavelength, nm

0,65
0,60-
0,551 Asymmetry factor

40 550 660

770 830 990

Wavelength, nm

* Inversion: Inversion of Fredholm equation

* RTE-Inversion: Retrieval by RTE solution




BACKGROUND cases (AOD.,, .~ 0.15, Tomsk)

Measurement data

Date

A()])440nm

AOD]OZOnm

Zenith angle, deg

August 18, 2005, 11:25 GMT

0.28

0.07

71

Potential reasons of deviation from monotony /RTE — Inversion/:

O AOD errors

L Thin cirrus clouds

1,00
0,95 -

0,90 -

-~
-~

0,70 -
0,65 -
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BACKGROUND cases (AOD.,, .~ 0.15, Tomsk)

Measurement data /different seasons/

Date AOD , 400m AOD;20nm Zenith angle, deg
September 8, 2006 ~0.22 ~0.07 55-175
April 7, 2003 ~0.24 ~0.10 55— 60
February 6, 2005 ~0.20 ~0.10 70 - 75
= ! = 7 0,85 T T T T T T T T T T T y
1,00 Single scattering albedo T | Asymmetry factor/440, 675, 870, 1020 nm/
0,95- 1 080-
_ ] -
0,90 ] < 075 e%
| ¢ ] 7>, |
0851 13 o70- 9
0,80 , 1@
_ RéLA | Z 065 o
0,75 - RTEdnversion 4 8 ]
| Sept. 8,2006 April 7,2003 Febr. 6, 200 I W gep- G,
070/ —m=—0828 —m— 1024 —m—12:36 | < _
|—0—1020 —o0—1124 —0—1336 0.55.

065{—=2—1120 41524 41436

440

675 870
Wavelength, nm

055 060 065 070 075 080

RTE -Inversion

0,85



BACKGROUND cases vs. MODELS

Averaging strategy
* All ascending steady SSA spectral trends
 All descending steady SSA spectral trends

* SSA values at 870 and 1020 nm are excluded in some cases

— 04—
Single scattering albedo | 0,72-
1 o0

ST T —o—WCP
—a— OPAC
—a— Background

0,68-

0,83 0,66-
0,86- 0,64
: 0,62

| ———WCP
0,82 —=— OPAC 0,58-_ . 55_
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BIOMASS BURNING cases (A0D,,,, > 0.4)
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Measurement data
Date AOD, 400m AOD450nm Zenith angle, deg
May 29, 2004, 00:30 GMT 0.65 0.15 70

1 T T T T T T T — T - T
0,95+ dV/dnr
0,90 0,1 3 :
0,85 '
o81s albedo |
0’75_ ingle scattering ] 0,01 :

] —m— Biomass bumning, Tomsk /AERONE"I ] ]
0,65 —0— AERONET, May 29 il
060 1 —a— Inversion, May29 I

g RTE-nversion, May 29 ]
0,50_' ] ] —@— Inversion, Optical residual
0,45 Asynmet'ryfacltor | o8 I - o L
500 600 700 800 900 1000 0,1 1 10
Wavelength, nm Radii, ym



Aerosol absorption: HIGH vs. LOW turbidity
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TOMSK
1. AERONET Level 2.0, high AOD, 2002 — 2008

2. Aircraft sensing data, low AOD, 1986 — 1988, 1997 — 2009

O Aethalometer, in situ measurements, 0 — 5 km

3. Background model, low AOD, 2002 - 2009

I T I

0,96 | . Single' scaitteﬁng albedo -

02®._ -~ 0+~ 000000 @om-____ Tl

0,88 |

0844 o AERONET Level20 | !

{—o— Aircraft model
—a— Background model
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BLACK CARBON content and specific absorption

Morphology
d Internal mixture: H,O, (NH,),SO, and BC

L Maxwell Garnett effective medium approximation

Retrieval technique / Schuster G.L. et. al. 2005 /

0 Column-averaged concentration

aVv . .
[BC]=pBC'fBC'fd1 dlnr, fBC=F((n_m.l)MGﬂ(n_m.l)AERONET)

nr
O Specific absorption

o’ = (l—a)j)rj
BC [BC]

Parameter H,0 (NH,),SO, BC

Refractive index 1.33 -1.96-10" 1.53 -107i 1.8 - 0.74i

Density, g/cm? - - 1.85







BLACK CARBON content and specific absorption
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Latitude, BC Specific absorption, Number
Site deg fraction, % m?/g, A =550 nm [BC], mg/m? of retrievals
Moscow 55N 1.8 9.4 SD =2.0 4.4 SD=2.4 | 287/2001-2009
Yekaterinburg 57N 1.1 10.3 SD=14 3.0 SD=2.0 80/2006—-2010
Tomsk 56N 1.7 9.2 SD =1.5 5.2 SD=3.8 | 113/2003 -2010
Yakutsk 61N 1.2 11.3 SD =2.5 2.3 SD= 1.6 54 /2004 - 2009

SD - standard deviation
* — Schuster G.L. et al. Black carbon and specific absorption from the Aerosol Robotic Network, 2005

Latitude, Specific absorption, Number
Site deg m?/g, 2 =550 nm [BC], mg/m? of retrievals
Krasnoyarsk* 56N 93 SD =1.7 - 78 /2000
Mauna Loa* 20N 9.9 SD =1.2 - 662 /2000 — 2001
Mexico City* 19N 9.6 SD =1.0 - 263 /2000 —2001
Bratts Lake* SON 10.3 SD =1.2 - 243 /2000 —2001




BLACK CARBON content vs. Latitude
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*Schuster G.L. et al. Black carbon and specific absorption from the Aerosol Robotic Network, 2005



BLACK CARBON content vs. AOD
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