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Atmospheric aerosol and its interaction with
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Atmospheric aerosol (PM): collection of solid and liquid particles suspended
in the atmosphere
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Atmospheric aerosol: effects on Earth radiative
balance

Radiative forcing of climate between 1750 and 2011
Forcing agent
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Figure 8.15 | Bar chart for RF (hatched) and ERF (solid) for the period 17502011, where the total ERF is derived from Figure 8.16. Uncertainties (5 to 95% confidence range)
are given for RF (dotted lines) and ERF (solid lines).

IPCC, 2013

RF: net flux at tropopause
ERF: net flux at top of atmosphere

IPCC: Intergovernmental Panel on Climate Change
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IPCC, 2013
RF: net flux at tropopause

ERF: net flux at top of atmosphere
IPCC: Intergovernmental Panel on Climate Change
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IPCC, 2013
RF: net flux at tropopause

ERF: net flux at top of atmosphere
IPCC: Intergovernmental Panel on Climate Change

First-Year Workshop
Sara Valentini

UNIVERSITA DEGLI STUDI DI MILANO

DIPARTIMENTO DI FISICA




Atmospheric aerosol: effects on Earth radiative
balance

Radiative forcing of climate between 1750 and 2011
Forcing agent

| EXTINCTION

+

co,
Well Mixed

Greenhouse Gases Other WMGHG

Ozone Stratospheric }+:

m(d) = — 1
complex refractive index

Stratospheric water
vapour from CH,

Surface Albedo

Land Use } éﬁf

Anthropogenic

Contrails

| g S

< Aerosol-Radiation Interac.
B

Aerosol-Cloud Interac.

High uncertainties
(comparable to estimates)!

-
I N 1

Solar irradiance j|

I L L I L I L I

-1 0 1 2 3
Radiative Forcing (W m2)

Natural

Figure 8.15 | Bar chart for RF (hatched) and ERF (solid) for the period 17502011, where the total ERF is derived from Figure 8.16. Uncertainties (5 to 95% confidence range)
are given for RF (dotted lines) and ERF (solid lines).

IPCC, 2013
RF: net flux at tropopause
ERF: net flux at top of atmosphere

IPCC: Intergovernmental Panel on Climate Change

First-Year Workshop

UNIVERSITA DEGLI STUDI DI MILANO
DIPARTIMENTO DI FISICA

Sara Valentini




Atmospheric aerosol: effects on Earth radiative
balance

Radiative forcing of climate between 1750 and 2011
Forcing agent

' co, | EXTINCTION
Well Mixed
Greenhouse Gases Other WMGHG +
g Ozone Stratospheric }+ m( /1) — — 1
() : . .
3 s g complex refractive index
E:C_J Surface Albedo Land Use } éﬁf
= ‘
<€ Contrails
| g S
( aerosor-adiation NEEE, | High uncertainties
Aerosol-Cloud Interac. (comparable to estimates)!
© | | '
: i i ] ]
5 Sdarimadance | f .~ |Scattering vs absorption
-1 0 1 2 3 ; :
Radiative Forcing (W m?) (cooling vs warming effects)

Figure 8.15 | Bar chart for RF (hatched) and ERF (solid) for the period 17502011, where the total ERF is derived from Figure 8.16. Uncertainties (5 to 95% confidence range)
are given for RF (dotted lines) and ERF (solid lines).

IPCC, 2013
RF: net flux at tropopause
ERF: net flux at top of atmosphere

IPCC: Intergovernmental Panel on Climate Change

First-Year Workshop

UNIVERSITA DEGLI STUDI DI MILANO

Sara Valentini DIPARTIMENTO DI FISICA




Atmospheric aerosol: effects on Earth radiative
balance

Components of Radiative Forcing
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Atmospheric aerosol: effects on Earth radiative
balance
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Aerosol mixing state: impact on aerosol optical
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Aerosol mixing state: impact on aerosol optical
properties
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Atmospheric aerosol: effects on visibility

Watson, 2002

Visibility: the greatest distance at which a black object of
suitable dimensions can be seen and recognized when observed
against the horizon sky [WMO, 2008]
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Atmospheric aerosol: effects on visibility

Watson, 2002

Visibility: the greatest distance at which a black object of
suitable dimensions can be seen and recognized when observed
against the horizon sky [WMO, 2008]

Air quality related value
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Air quality related value

Objective definition?
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Atmospheric aerosol: effects on visibility

Watson, 2002

Visibility: the greatest distance at which a black object of
suitable dimensions can be seen and recognized when observed
against the horizon sky [WMO, 2008]

Air quality related value

Objective definition?

Not routinely monitored
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PhD research activity - 15t Year
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PhD research activity - 15t Year

* Multi-wavelength measurement of absorption coefficient of atmospheric
aerosol samples collected with different time resolution

— Participation to the international collaborative project CARE (Carbonaceous Aerosol in
Rome and Environs), for the determination of absorption and scattering coefficients of
samples with high time resolution

— Paper (Costabile et al., Atmosphere - submitted)
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PhD research activity - 15t Year

* Multi-wavelength measurement of absorption coefficient of atmospheric
aerosol samples collected with different time resolution

— Participation to the international collaborative project CARE (Carbonaceous Aerosol in
Rome and Environs), for the determination of absorption and scattering coefficients of
samples with high time resolution

— Paper (Costabile et al., Atmosphere - submitted)

« Tailoring of a model to reconstruct atmospheric light extinction (IMPROVE
algorithm) to obtain valuable and site-specific visibility estimates
— Poster presentation at Congresso del Dipartimento di Fisica
— Poster presentation at European Aerosol Conference (EAC) 2017
— Paper (Valentini et al., Atmospheric Environment - accepted)
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PhD research activity - 15t Year

* Multi-wavelength measurement of absorption coefficient of atmospheric
aerosol samples collected with different time resolution

— Participation to the international collaborative project CARE (Carbonaceous Aerosol in
Rome and Environs), for the determination of absorption and scattering coefficients of
samples with high time resolution

— Paper (Costabile et al., Atmosphere - submitted)

« Tailoring of a model to reconstruct atmospheric light extinction (IMPROVE
algorithm) to obtain valuable and site-specific visibility estimates
— Poster presentation at Congresso del Dipartimento di Fisica
— Poster presentation at European Aerosol Conference (EAC) 2017
— Paper (Valentini et al., Atmospheric Environment - accepted)

» Feasibility study on an experimental approach to retrieve the aerosol
scattering coefficient of aerosol samples using the Polar Photometer
developed by the Environmental Physics Research Group (currently used to
obtain the aerosol absorption coefficient)
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Filter-based measurements of atmospheric
aerosol absorption: PP_UniMI

Sliding motor Multi-wavelength

measurements of
aerosol absorption
Removable mirrors ; ; hotodiode coefficient
TR S o (bgp - units: Mm™)
ABSORBANCE 47-mm filters Streaker samples
H H H H Sample LOD 0.02-0.07 0.03-0.07
uncertainty +0.01 (if ABS<0.1) - 10% (if ABS>0.1)

780 nm 532 nm 635 nm 405 nm

Laser sources for streaker sample analysis

Laser sources for 47-mm filters analysis

Polar Photometer developed by the Environmental
Physics group (PP_UniMl)
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Filter-based measurements of atmospheric

Sliding motor Multi-wavelength
' \ measurements of
aerosol absorption
Photodiode coefficient
=\

7 ~ (bgp - units: Mm1)

i H H H H Sample LOD 0.02-0.07 0.03-0.07
uncertainty +0.01 (if ABS<0.1) - 10% (if ABS>0.1)

ABSORBANCE 47-mm filters Streaker samples
780 nm 532 nm 635 nm 405 nm

Laser sources for streaker sample analysis

Removable mirrors

Laser sources for 47-mm filters analysis

Polar Photometer developed by the Environmental
Physics group (PP_UniMl)

» Based on the measurement of the angular
distribution of the radiation scattered by blank
filter (before sampling) and loaded filter (after
aerosol collection)
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aerosol absorption
Removable mirrors ; ; hotodiode coefficient
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ABSORBANCE 47-mm filters Streaker samples
H H H H Sample LOD 0.02-0.07 0.03-0.07
uncertainty +0.01 (if ABS<0.1) - 10% (if ABS>0.1)

Laser sources for 47-mm filters analysis

780 nm 532 nm 635 nm 405 nm

Laser sources for streaker sample analysis

Polar Photometer developed by the Environmental
Physics group (PP_UniMl)

» Based on the measurement of the angular
distribution of the radiation scattered by blank
filter (before sampling) and loaded filter (after
aerosol collection)

« Optimized for analyses of both low- and high-
time resoultion samples collected on
and by
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Filter-based measurements of atmospheric
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aerosol absorption
Removable mirrors ; ; hotodiode coefficient
TR s : (bap - units: Mm-T)
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distribution of the radiation scattered by blank
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aerosol collection)

« Optimized for analyses of both low- and high-
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and by
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PP_UniMI: Two-layer radiative transfer model

Petzold and Schonlinner, 2004
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PP_UniMI: Two-layer radiative transfer model

Petzold and Schonlinner, 2004
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PP_UniMI: Two-layer radiative transfer model

Petzold and Schonlinner, 2004

incident
radiation

back scattered

radiation r\

forward scattered

transmitted and
radiation

—

back hemisphere

diffuse and collimated radiation

aerosol-filter layer

e
o%e:

55

&

P
Q

(X
e

o

fibre filter matrix

(XX
X2
CESSES

9

forward hemisphere

diffuse radiation

o N A O O O

Photodiode signal (V)

90 135 180
Angle (°)

First-Year Workshop

Sara Valentini

Incident ( =1) TpPs N
/ Bp
FpPp*
o o BBt = —
Tobt
X Pp* ‘W
* X B,*
X ByPf*
*=p¥ '
Bpi < X BBPy X By B
X (B 2p %
X (Bp*)ZBf*Pf*
2.gc*Y —
Kgfocyes| 100
PEACVAC NS
X (B;*)3g, )2
L w X (B )(Br*)Pr*
MULFPLE | )

Hédnel, 1987

rartide) SCATTERING (riter

UNIVERSITA DEGLI STUDI DI MILANO
DIPARTIMENTO DI FISICA




PP_UniMI: Two-layer radiative transfer model

Petzold and Schonlinner, 2004
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PP_UniMI: Two-layer radiative transfer model

Petzold and Schonlinner, 2004
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Carbonaceous Aerosol in Rome and Environs
(CARE) project

Large collaborative project (13 national and international partners)

First-Year Workshop UNIVERSITA DEGLI STUDI DI MILANO

Sara Valentini % /W) | DIPARTIMENTO DI FISICA



Carbonaceous Aerosol in Rome and Environs
(CARE) project

Large collaborative project (13 national and international partners)

MAJOR OBJECTIVES

Black Carbon
Brown Carbon
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Carbonaceous Aerosol in Rome and Environs
(CARE) project

Large collaborative project (13 national and international partners)
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Carbonaceous Aerosol in Rome and Environs
(CARE) project

Large collaborative project (13 national and international partners)

MAJOR OBJECTIVES METHODS EXPECTEL
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Brown Carbon

Bulk aerosol

composition,
mass
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On-line and off-line analyses
Data analysis still in progress...

UNIVERSITA DEGLI STUDI DI MILANO
DIPARTIMENTO DI FISICA

First-Year Workshop

Sara Valentini
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CARE project: contributions and results

* Multi-wavelength measurements of aerosol absorption coefficient (b,,) on
daily and hourly PM, s samples (performed with PP_UniMI)
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CARE project: contributions and results

* Multi-wavelength measurements of aerosol absorption coefficient (b,,) on
daily and hourly PM, s samples (performed with PP_UniMI)

b,, (635 nm) PP_UniMI vs b,, (637 nm) MAAP
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CARE project: contributions and results

* Multi-wavelength measurements of aerosol absorption coefficient (b,,) on
daily and hourly PM, s samples (performed with PP_UniMI)

b,, (635 nm) PP_UniMI vs b,, (637 nm) MAAP

35 o y
g iy AL T
S . . I.} LT
E P
3,20 Daily samples:
% 15 4 .
£ | good agreement with a reference
g y instrument (MAAP - 1 A)

0 ; T T : : !

0 5 10 15 20 25 30 35

b,,(637 nm) MAAP (Mm-')

4-wavelength b,, measured on streaker samples (PP_UniMI) - time resolution: 1h

160 - —405 nm 532 nm —635 nm —780 nm
140 4
. . . 120 4
High-time resolution _,,
. E
aerosol absorption £ o]
o
. a 60
properties
40 A
f ﬁ M'!\/ ; A
20 vt\

M Ri\f* 4 :
S
=) S 1=} o o =) S S o o o =) S o o o =) =) o o o =) =) o o o =) =) =)
§ § 8§ 8 §8 §8 8 ¥ 8§ § ¥ 8§ 8 § § 8§ 8 38 8 8 8 8§ 8 8 8§ 8 8 8 3
S 13 < < < = 13 < <3 e e S < S =3 < 1 < <3 <3 e S < S =] ] 1 < =
z § 8 3 8 8 5 8 8 2@ £ 8 2@ ¥ & 2 £ 2 2 8 3 8§ % I % & KR ® 3

time (LT)

First-Year Workshop ) | UNIVERSITA DEGLI STUDI DI MILANO

Sara Valentini 2 DIPARTIMENTO DI FISICA



The IMPROVE algorithm

« U.S. IMPROVE algorithm: developed to reconstruct light extinction
at remote and rural sites (U.S. national parks) -> visibility
monitoring
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The IMPROVE algorithm

« U.S. IMPROVE algorithm: developed to reconstruct light extinction
at remote and rural sites (U.S. national parks) -> visibility
monitoring

« Light extinction coefficient (b,,,) reconstructed from PM, -
chemical composition, NO, concentration and meteorological data
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The IMPROVE algorithm

« U.S. IMPROVE algorithm: developed to reconstruct light extinction
at remote and rural sites (U.S. national parks) -> visibility
monitoring

« Light extinction coefficient (b,,,) reconstructed from PM, -
chemical composition, NO, concentration and meteorological data

Note: the model with its fixed
coefficients is applied also at sites
where PM has different properties
(e.g heavily polluted urban sites in China)
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The IMPROVE algorithm

« U.S. IMPROVE algorithm: developed to reconstruct light extinction
at remote and rural sites (U.S. national parks) -> visibility
monitoring

« Light extinction coefficient (b,,,) reconstructed from PM, -
chemical composition, NO, concentration and meteorological data

Note: the model with its fixed
coefficients is applied also at sites
where PM has different properties
(e.g heavily polluted urban sites in China)

¥

Need to tailor coefficients to make the
algorithm site-specific!

Milan -
different PM
concentrations

Credits to M. Lazzarini, ARPA Lombardia
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Tailored approach: site-specific reconstruction of
light extinction at urban sites
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Tailored approach: site-specific reconstruction of
light extinction at urban sites

Main aerosol

components:

 Ambient size
distributions
(measured)

Densities, complex
refractive indices
(from literature)
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Tailored approach: site-specific reconstruction of
light extinction at urban sites
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Tailored approach: site-specific reconstruction of
light extinction at urban sites
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Tailored approach: site-specific reconstruction of
light extinction at urban sites

Secondary inorganic ions:
average size distribution
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Tailored approach: site-specific reconstruction of
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Tailored approach: site-specific reconstruction of
light extinction at urban sites

Secondary inorganic ions:
average size distribution
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Tailored approach: site-specific reconstruction of
light extinction at urban sites

Secondary inorganic ions:

Main aerosol / Inorganic 1o
average size distribution

components: 24
) ) n Ammonium .
« Ambient size Sulfates Nitrates
distributions 6 —Sulphate |- 18

e Nijtrate

. SCATTERERS I

(measured)

dm/dlog(d,) (ug/m3)
N
)
dm/dlog(d,) (ug/m3)

- Densities, complex (sec.axis) || Organics

refractive indices 7 | 16 ABSORBER

(from literature)

Elemental carbon
0 — 0
Numerical code 0.01 0.1 (Lm) 10 100 Meteorological
(A%A) P parametersiT, P, RH)

Tailored DRY MASS CONCENTRATIONS of main aerosol RAYLEIGH SCATTERING RS
EXTINCTION EFFICIENCIES components and NO, Tailored WATER GROWTH

¢; of main aerosol PM LIGHT ABSORPTION COEFFICIENT FUNCTIONS f(RH);

components bap

First-Year Workshop NIVERSITA DEGLI STUDI DI MILANO

Sara Valentini IPARTIMENTO DI FISICA




Tailored approach: site-specific reconstruction of
light extinction at urban sites

Secondary inorganic ions:

Main aerosol / Inorganic 1o
average size distribution

components: 24
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e

Light extinction coefficient @ 550 nm
bext(RH) = ¢;f(RH); [AMSUL] + c,f(RH),[AMNIT] + c3f(RH)3[OM] + c,[FS] + 0.60[CM] + RS + by, + 0.33[NO,(ppb)]

AMSUL= ammonium sulphate; AMNIT: ammonium nitrate; OM: organic matter; FS: fine soil; CM: coarse mass [PM,,_; 5]
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Tailored approach: results and outlooks
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Tailored approach: results and outlooks

Tailored dry mass
extinction efficiencies

Component ¢; (m2/g)
AMSUL 4.44
AMNIT 5.16

oM 6.08
FS 3.21
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Tailored approach: results and outlooks

Tailored dry mass Tailored water growth functions
extinction efficiencies

8 1 - - - f(RH) tailored AMSUL
Component ¢; (m2/g) 6 | ——f(RH) tailored AMNIT :
AMSUL 4.44 — - f(RH) tailored OM /
AMNIT 5.16 T4
oM 6.08 =
FS 3.21 2 1
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Tailored approach: results and outlooks

Tailored dry mass Tailored water growth functions
extinction efficiencies

8 1 - - - f(RH) tailored AMSUL
Component ¢; (m2/g) 6 | ——f(RH) tailored AMNIT :
AMSUL 4.44 — - f(RH) tailored OM /
AMNIT 5.16 T4
oM 6.08 =
FS 3.21 2
Reconstructed b,,; 0 T
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Visual range VR = —1n 0.02 /b, RH (%)

(Koschmieder equation)
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Tailored approach: results and outlooks

Tailored dry mass Tailored water growth functions
extinction efficiencies

8 1 - - - f(RH) tailored AMSUL
Component ¢; (m2/g) 6 | ——f(RH) tailored AMNIT :
AMSUL 4.44 — - f(RH) tailored OM /
AMNIT 5.16 T4
oM 6.08 =
FS 3.21 2
Reconstructed b,,; 0 T
0 10 20 30 40 50 60 70 80 90 10

Visual range VR = —1n 0.02 /b, RH (%)

(Koschmieder equation)

Outlooks:
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Tailored approach: results and outlooks

Tailored dry mass Tailored water growth functions
extinction efficiencies
81 ---#RH)tailored AMSUL
Component ¢; (m2/g) 6 | ——f(RH) tailored AMNIT :
AMSUL 4.44 — - f(RH) tailored OM /
AMNIT 5.16 T4
oM 6.08 =
FS 3.21 2 -
Reconstructed b,,; 0 T T T T T T T
0 10 20 30 40 50 60 70 80 90 10

Visual range VR = —1n 0.02 /b, RH (%)

(Koschmieder equation)

Outlooks:
* Model check and improvement by comparison with parallel direct
measurements of b,,; or visual range
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Tailored approach: results and outlooks

Tailored dry mass Tailored water growth functions
extinction efficiencies
81 ---#RH)tailored AMSUL
Component ¢; (m2/g) 6 | ——f(RH) tailored AMNIT :
AMSUL 4.44 — - f(RH) tailored OM /
AMNIT 5.16 T4
oM 6.08 =
FS 3.21 2 -
Reconstructed b,,; 0 T T T T T T T
0 10 20 30 40 50 60 70 80 90 10

Visual range VR = —1n 0.02 /b, RH (%)

(Koschmieder equation)

Outlooks:

* Model check and improvement by comparison with parallel direct
measurements of b,,; or visual range

* Implement the use of the algorithm in standard monitoring networks, in order

to obtain visual range as an additional parameter
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Future work
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Future work

 Planned activities:
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Future work

 Planned activities:

— Multi-wavelength determination of b, in samples collected in an area heavily

impacted by anthropogenic sources (Terni), to be coupled with a detailed
chemical characterization (collaboration with Universita la Sapienza - Rome):
outdoor and indoor (first time!) samples
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Future work

 Planned activities:

— Multi-wavelength determination of b, in samples collected in an area heavily
impacted by anthropogenic sources (Terni), to be coupled with a detailed
chemical characterization (collaboration with Universita la Sapienza - Rome):
outdoor and indoor (first time!) samples

— Optical analysis of aerosol samples collected in the frame of the Aerosol,
Clouds and TRace gases InfraStructure (ACTRIS)-2 - Mt. Cimone Field Campaign
(European intercomparison project)
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— Multi-wavelength determination of b, in samples collected in an area heavily

impacted by anthropogenic sources (Terni), to be coupled with a detailed
chemical characterization (collaboration with Universita la Sapienza - Rome):
outdoor and indoor (first time!) samples

— Optical analysis of aerosol samples collected in the frame of the Aerosol,
Clouds and TRace gases InfraStructure (ACTRIS)-2 - Mt. Cimone Field Campaign
(European intercomparison project)

e Qutlooks:
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Future work

 Planned activities:

— Multi-wavelength determination of b, in samples collected in an area heavily
impacted by anthropogenic sources (Terni), to be coupled with a detailed
chemical characterization (collaboration with Universita la Sapienza - Rome):
outdoor and indoor (first time!) samples

— Optical analysis of aerosol samples collected in the frame of the Aerosol,
Clouds and TRace gases InfraStructure (ACTRIS)-2 - Mt. Cimone Field Campaign
(European intercomparison project)

e Qutlooks:

— Possibility of a 6-month period at Vienna University:
* Improve knowledge of on-line instrumentation measuring aerosol optical properties
* Investigation of important aerosol optical parameters (e.g. asymmetry factor)

» Collaboration with Prof. Horvath to gain knowledge on a polar nephelometer to measure aerosol
light scattering
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Future work

 Planned activities:

— Multi-wavelength determination of b, in samples collected in an area heavily
impacted by anthropogenic sources (Terni), to be coupled with a detailed
chemical characterization (collaboration with Universita la Sapienza - Rome):
outdoor and indoor (first time!) samples

— Optical analysis of aerosol samples collected in the frame of the Aerosol,
Clouds and TRace gases InfraStructure (ACTRIS)-2 - Mt. Cimone Field Campaign
(European intercomparison project)

e Qutlooks:

— Possibility of a 6-month period at Vienna University:
Improve knowledge of on-line instrumentation measuring aerosol optical properties
Investigation of important aerosol optical parameters (e.g. asymmetry factor)

Collaboration with Prof. Horvath to gain knowledge on a polar nephelometer to measure aerosol
light scattering

— Development of a methodology to obtain aerosol scattering coefficients with
PP_UniMI for samples collected on suitable filter media
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Thank you for your attention!

Publications and presentations

Bernardoni, V., Elser, M., Valli, G., Valentini, S., Bigi, A., Fermo, P., Piazzalunga, A., and Vecchi, R.; Size-segregated aerosol in a hot-spot
pollution urban area: Chemical composition and three-way source apportionment; Environmental Pollution 231 (2017), 601-611

Valentini S., Bernardoni V., Massabo D., Prati P., Valli G. and Vecchi R.; Tailored coefficients in the algorithm to assess reconstructed light
extinction at urban sites: A comparison with the IMPROVE revised approach; Atmospheric Environment (accepted)

Vecchi R., Bernardoni V., Fermo P., Piazzalunga A., Valentini S., and Valli G.; Assessment of light extinction at a European polluted urban area
during wintertime: Impact of PM1 composition and sources; Environmental Pollution (under second review)

Costabile F., et al.; First results of the "Carbonaceous aerosol in Rome and Environs (CARE)" experiment: beyond current standards for PM10;
Atmosphere (submitted)

Valentini S., Bernardoni V., Massabo D., Prati P., Valli G. and Vecchi R.; Tailoring coefficients in IMPROVE algorithm to assess site-specific
chemical light extinction; poster presentation at Congresso del Dipartimento di Fisica 2017

Forello A.C., Bernardoni V., Calzolai G., Chiari M., Lucarelli F., Massabo D., Nava S., Prati P., Valentini S., Valli G., Vecchi R.; High-time

resolved atmospheric aerosol characterization for source apportionment studies; poster presentation at Congresso del Dipartimento di Fisica
2017

Valentini S., Bernardoni V., Massabo D., Prati P., Valli G. and Vecchi R.; Light extinction estimates using the IMPROVE algorithm: The
relevance of site-specific coefficients; poster presentation at European Aerosol Conference EAC 2017

Bernardoni V., Forello A.C., Mariani F., Paroli B., Potenza M.A.C., Pullia A., Riccobono F., Sanvito T., Valentini S., Valli G., Vecchi R.;
Innovative instrumentation for the study of atmospheric aerosol optical properties; Proceedings in Physics - Congresso del Dipartimento di
Fisica, Springer (submitted)
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Radiative transfer model: 2-layer scheme

Petzold and Schonlinner, 2004
incident back hemisphere
radiation
diffuse and collimated radiation
back scattered
radiation \ /
s 2o B S aerosolilter layer

fibre filter matrix

forward hemisphere

diffuse radiation

forward scattered

transmitted and
radiation

Membrane filters Fiber filters

(e.g. PTFE, polycarbonate) (e.g. quartz-fiber filters)
» Layer 1: aerosol » Layer 1: aerosol+filter
* Layer 2: filter * Layer 2: filter
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Radiative transfer model: Adding method

incident back hemisphere
radiation
diffuse and collimated radiation
back scattered l

RADIATIVE
PROCESSES

radiation /
vp 3 at P XA
& 2 g%

aerosol-filter layer

fibre filter matrix

forward hemisphere

diffuse radiation

forward scattered

transmitted and
radiation

Sum of relevant contributions:
- Part of incoming radiation scattered backwards from the filter
towards the particles:
. _ DBr + BBy
S 1-BB;
- Part of incoming radiation scattered from the particles towards
the filter:
op = E, + Bpfr
- Strength of radiation passage of the loaded filter:
pr :Ppr‘l‘P;O';
- Strength of backward scattering of the loaded filter :
Byr = By + Py By

First-Year Workshop

Sara Valentini

Incident ( =1 T TpPt
B F \35\
FpPp*
" FoBS il
Bt
X Pp* AT\/‘&HO/’
X By*
X By
*
P9 xageery LLE i
X (B*)2p,*
p) X (Bp*)zBf*Pf*
7_ ! .1 >
X (Bg)(Br*)*Pp x @)
X (B,,* 3, B*)2
N X (B (B*)2Pr*
Pafiticles Filler

T+ F+ B+ A =1 energy conservation
T transmittance

F fraction of forward scattered radiation
B fraction of backward scattered radiation
A absorbance

P =T + F fraction of radiation passing into the forward
hemisphere

Pf_ T, + E

p
Budget
equations

Bpf * Tp + Fp Bp q

5O P1—B;;Bf+B_f
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Radiative transfer model: Adding method

3 10 - Incident ( =1) TpPs
© B
_ 0) |—Blank (0) :
5 PN Loaded j i L.
w - >
o ° Xpy et e
9 By X BpPf*
g Bpf < X BBP, xg‘;‘m* - 2 > Pot
.g ! L2y X (BB *Ps*
n- #\2rn *\2p * X \BB‘\QW&*“I
0 45 90 135 180 X (B5)'(B")"Py
w‘ X (B *)S(B':)pr*
Angle (°) L
ADDING METHOD: relates measurements of fractions of Crartices) Ftter
radiation in both hemispheres for blank and loaded filter to gcheme of radiative processes in a loaded filter
transmission/scattering properties of the two layers [Héinel, 1987]

(aerosol and filter) separately
T,,= transmittance of the particle layer

pf ! + ﬂ FE,= fraction of parallel incident light scattered in the forward hemisphere by
the particle layer

5 unknowns B,= fraction of parallel incident light scattered in the backward hemisphere
n - by the particle layer
l 1— EEF Py= fraction of light scattered by the filter and re-scattered by the particle
L layer towards the forward hemisphere
= fraction of light scattered by the filter and re-scattered by the particle
layer towards the backwards hemisphere
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Radiative transfer model:
Two-stream approximation

Fy wy, |(single scattering albedo)
B Two stream approximation models Tp ((optical depth)
B, [Coakley and Chylek, 1975]
* bsca
By Wy = - 7, = —InT,

al O (7,u) 1
= O (7 ) —— [ du'p @ (uu)I®(r,u’)  Radiative transfer equation for a plane-parallel

J7i
dr 2/ (1 = cos9) scattering and absorbing atmosphere
It can be decomposed in: 0 0
* = - = — -1
I*(t,0) = I(z,p) € I~ (t,1) = I(z,—) for O< p <1 rwg e ii )
The two-stream approximation states that: T > \‘/ T
I"(t,n) = 17(1) e I (z,u) = I (1) (introduction of (75
«effective» intensities, hemisphere-dependent) F*{T.14) (1)
™ T™
Boundary conditions for an external source Boundary conditions for an internal source
(parallel beam): (diffuse radiation):
IT(t=0)=1, [T (t=0)=0
[Tt=1)=0 [T(z=1t)=0
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Radiative transfer model:
Two-stream approximation

Fy wy, |(single scattering albedo)
B Two stream approximation models Tp ((optical depth)
B, [Coakley and Chylek, 1975]
B* _ bsca _
P W, = T, = —InT,
P " boxt p p
For diffuse radiation terms: For parallel incident radiation terms:
. b(1 - T2'E) c__ D1 _(C_ P1 )7af' ?h%;THf_
= _ p
Y \/—+a+(\/— a)TZ‘/E B, = 1+VB 1-VB 75
VB +a+ (VB — a)T;
[(x/_ a+Byb)T; V% + (VB + a— Byb)T"] 1 ”, )
_ —VB 2 VB
F,,__K b >Tp _<d+3pb+ >T,, ]+ T
a_z[l_wp(l_ﬁp)] prﬁp; = a* — b? \/— +\/§ 1—\/§ —B
¢ =wyPp, d=w,(1—p), 01 =c—ac—bd, p, =—ad —bc—d
4 11—2g] 7 ,
Where B, and B, are ratios of backscattered radiation bp = 2 1-g " 95 1= ) __(1 29)
to collimated and diffuse radiation, respectively, and . g 3429
are related to the asymmetry parameter g bp = 2 [1 a _(3 +t9 )]
(assumption: g = 0.75 for atmospheric particles). @tensﬂ:y scattered at angle 0

sin 0dO
Phase function

g —_ —

1f cos (F(0) }in 6d6 1f”
cos
2 fF(H)sdeH 2,
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Radiative transfer model: b,, calculation

Given the assumption on g (thus 8, and g, known), only 2 unknown quantities remain in the expression
obtained by the adding method: w, and the transmittance of particle layer T,

Por|_|Tolt B
1— B}B;

Budget equations —

15 _ 2p.VBETIE
b1 —T® c——D —(c——pl )T“’— AT
p=—( ol ) = p —_ 1+VB 1-vB/L2 1-BLP
17T2VB -
Vf+a+w§—a.n ’ VB +a+ (VB — T}

* __ _ 1.3 —/B PR Vi 1 \ -
Pp_—zv_[(ﬁ a+Bb)Ty\F + (VB +a-Bpb|if| o _ dibsP2 oV _(4vppeP2 Y|, P F

B P B p 1+ VB /L2 p 1_\/§)p 1—BLP
a=2[1wy1-Bp)], b =2w,5,, B=a?—b?

c=wf,, d=w,(l— ,P1 =c—ac—bd, =—ad —bc—d
zﬁp p( .Bp) b1 |

Solution of budget equations with an iterative method é ABS = (1—wp) T,

ABSORBANCE
Remember: 7, = —InT,

Taking into account the deposit area A and the é bap = ABSA
%4

ABSORPTION COEFFICIENT
sampled volume V
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Modelling approaches for the evaluation of b,,;

MODES (ri,k' Ji,k)

t
Secon ry]n rganic ions:
average size distribution

Complex
refractive index

Sulfates . Nitrates
. SCATTERERS .

Organics

ABSORBER

. === Ammonium —
‘-gn 6 Sulphate |1 18 "u%n
£ £
:a Nitrate -
o 4 (sec.axis) [T 12 '% N
g kS i-th component, k-th mode
2 2] 6 3
£ E
o o
0 0

0.01 0.1 10 100

dp (:nm)

Elemental carbon

Discrete Dipole Approximation — ADDA code
General method to compute absorption and scattering of

composition
— particle ideally divided into small cubical subvolumes

(«dipoles») of dielectric material
— solution of a linear system for dipoles polarizations

with the incident field

electromagnetic waves by particles of known geometry and

considering the interactions of dipoles among each other and

Single-particle
3 extinction efficiency
Qext,i,k

Extinction coefficient
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Modelling approaches for the evaluation of b,,,:
visibility estimates

Example:
Application of the tailored approach to reconstruct light extinction for 1-week period (Milan, 2015)

20 - Comparison of estimated visual
—~ 18 - 11 range (VR) with visibility measured
£ 16 at Linate airport
£ 14- ..
g 12 o
= 10 1 e Good agreement, BUT slope < 1!
> 8 1 . ae (non-idealities in measurements
= 6- o e y = 0.65x performed at airports)
= 44 . L R?=0.72
> 2 ¢

0 T T T T

O 2 4 6 8 10 12 14 16 18 20 « Possible reduction of the

VR tailored approach (km) Koschmieder constant
(—In0.02 = 3.912) (already
Reconstructed b,,; observed...)
) * Need to compare the model
Visualrange VR = —1n0.02 /by, results with directly measured
(Koschmieder equation) bext Or VR
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Modelling approaches for the evaluation of b,,,:

visibility estimates

Example:

Application of the tailored approach to reconstruct light extinction at an urban site

b, (in Mm™) Total Amm. Sulphate Amm. Nitrate oM

mean 287.2 24.1 108.9 77.1

std. dev. 158.1 20.0 88.1 44,9

min 45.0 1.6 1.4 12.4

max 919.9 111.5 510.9 214.4

average percentage 8.5% 34.1% 27.0%

Light extinction apportioned by sources

H Sulphate B Traffic H Pb-rich B Wood burning

H Nitrate ¥ Fine dust ¥ Industry
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b,, Fine Soil  Coarse Mass Rayleigh Scattering  NO, Visual Range (km)
28.2 0.8 211 12.0 14.9 18.8
15.2 0.5 11.6 0.2 4.4 2
5.5 0.3 19 11.5 4.9 4.3
75.1 4.8 64.8 12.5 26.1 86.9
10.5% 0.4% 7.3% 5.7% 6.4%

Range of VR during this period:
4.3-86.9 km

Similar to values reported by
literature studies:

10 km: polluted atmosphere
80-100 km: clear air

Possibility of tackling visibility
impairment acting directly on
PM source emissions
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