
OUTLINE: 

• INSTRUMENTS AND DATA CORRECTION:

 Atehalometers AE31, AE33
 Working principle and equations

o AE31 correction
1. Weingartner
2. Virkkula
3. ………..
4. ACTRIS 

o AE33 correction
1. On-line factor loading
2. ACTRIS

 Multiangle Absorption Photometer – MAAP
o Absorption“reference” instrument for AE 

calibration
 Nephelometers TSI AND ECOTECH

 Working principle and equations
o Scattering and hemispheric backscattering 

correction
 PM mass concentration

 TEOM, GRIMM

• DATA INTERPRETATION:

 Extensive aerosol particle optical properties
 Scattering and hemispheric backscattering
 Absorption

 Intensive aerosol particle optical properties
 SAE, AAE, SSA, SSA-AE (optical)
 MAC and MSE (chemical and physical 

properties)
 Source apportionment

 Aethalometer model: fossil vs. non-fossil

• CALCULATIONS:

 XLS templates

• DATA VISUALIZATION:

 R space
 OPENAIR
 FIELDS
 ……….



QA/QC
• Plot raw high-time resolution data

• Check outliers:

• FLAG data (i.e. contamination, extreme values, known or unknown reasons, extreme negative values….)

• Check calibration periods:

• Remove (put in another file) and FLAG (i.e. missing due to zero/span,..)

• Check other variables:

• i.e. P, T, RH, flow,…..

• Convert to standard P (1013.25 hPa) and T (293,15 K)

• Correct data (i.e. truncation,….)

• Calculate hourly averages
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AETHALOMETER 31
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AETHALOMETER 31

ISSUES:

• Multiple scattering by the filter fibers
(the optical path increases);

• Scattering of aerosols embedded in the
filter (the optical path increases);

• Filter loading correction (the optical path
reduces).

ݏܾܣܾ =
ܰܶܣܾ

ܥ ∙ (ܰܶܣ)ܴ
 Weingartner et al. (2003)

Multiple light scattering
effects within the filter

Shadowing effect due to
filter loading

Virkkula et al. (2005)
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AETHALOMETER AE31:

1) Weingartner correction: Determination of Cref

Multiple scattering 
at the filter fibers

Any other effects that are caused
by deposited particles



AETHALOMETER AE31:

1) Weingartner correction: Determination of loading factor f at l-ref (measured Rw,n)
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AETHALOMETER AE31:

1) Weingartner correction: Determination of loading factor f at l-ref (Single Scattering Albedo)

0.85 < m < 0.87

߱0 =
ݐݐܽܿܵ

ݐݐܽܿܵ + ݂ܴ݁ݏܾܣ
 



AETHALOMETER AE31:

1) Weingartner correction: Determination of loading factor f(l)

ܰܶܣܾ ,݊ = ܾ10% ∙ ݓܴ ,݊  (convert all bATN values to b10%)

ܰܶܣܾ  () = ()%10=ܰܶܣܾ ∙ ቈ൬
1
f
− 1൰ ∙ ቆ
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ቆ ()ܰܶܣܾ − ()%10=ܰܶܣܾ
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ln(50) − ln	(10)

ቇ 



AETHALOMETER AE31:

2) Virkkula correction

k0, k1, s: empirically derived constants

A value for the compensation parameter can be calculated for each filter spot



AETHALOMETER AE31:

2) Virkkula correction

Montseny station (RB; NE Spain)
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AETHALOMETER AE31: 4) SEGURA-WEINGARTNER-SCHMID-ARNOTT (Segura et al., 2015)
• Application of Weingartner scheme to determine f and C637nm;

• C(l) was studied using the Schmid et al. (2006) parameterization:

• SEGURA used ms() from Arnott et al. (2005) and used the same l-dependence of C(l) from Arnott et al. (2005).

• Calculate C*
637nm and then C(l) using the same l-dependence of C(l) as in Schmid et al. (2006) with the following formula:

• Application of an iterative procedure:

- Use bATN-AE to calculate C(l) first guess; use it in 

- Calculate bABS-AE to calculate C(l) second guess; use it in the formula above;
- Continue up to convergence of bABS-AAE.

()ܥ = ()∗ܥ ()ݏ݉+ ∙
߱0()

1 −߱0() 

() = ()∗ܥ + ()ݏ݉ ∙ ൦
߱0

637 ∙ ቀ 
637ቁ

ܧܣܵ−

߱0
637 ∙ ቀ 

637ቁ
ܧܣܵ−

+ (1 − ߱0
637 ) ∙ ቀ 

637ቁ
 ൪ܧܣܣ−

ݏܾܾܽ () =
()ܰܶܣܾ

()ܥ ∙ (ܰܶܣ,݂)ܴ
 

ms (Arnott et al., 2005) is the fracion of 
aerosol scattering coefficient erroneously
interpreted as absorption

C



AETHALOMETER AE33:

 The K loading correction factor is generated dynamically by the
AE33 from 2 spot data.

 One K value for each channel (K1,……,K7)

ܥܤ =
ܥܰܥܤ

ܥ ∙ (1− ܭ ∙ (ܰܶܣ
 

1ܤܭߪ−݁ = (1 ܭ− ∙ ܶܣ 1ܰ) 

2ܤܭߪ−݁ = (1− ܭ ∙ ܶܣ 2ܰ) 

Same aerosol collected with different rates:
different loadings but same K value

ݕ =
݈݊(1 − ܭ ∙ ܶܣ 2ܰ)
݈݊(1 ܭ− ∙ ܶܣ 1ܰ)

 



AETHALOMETER AE31 and AE33: credits to Thomas Müller, Leibniz Institute for Tropospheric Research, Leipzig

3) ACTRIS correction

The attenuation coefficient is calculated from eBC concentration by

AE31 AE33
TFE-coated glass
fiber filter

Quartz fiber filter



AETHALOMETER AE31: credits to Thomas Müller, Leibniz Institute for Tropospheric Research, Leipzig

3) ACTRIS correction

C1 = 0.0147,  S0 = 0,1060, S1 = 0.1309, S2 = 0.0649, S3 = -0.1524, S4 = 0.0072

0ܥ = ܰܶܣܾ  − ܽܿݏܾ  ∙ 0ݏ)ൣ  − 1ݏ ∙ ݃) ∙ 3ݏ−2ݏ)−)݁ (ܰܶܣ∙(݃∙ + 4൧ݏ − ݏܾܾܽ ݂݁ݎ, ∙ 1ܿ ∙ ܰܶܣ
ݏܾܾܽ ݂݁ݎ,

 

ܾ୅ୠୱ =  ஺்ܾே

଴ܥ + ଵܥ ∙  ܰܶܣ
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credits to Thomas Müller,
TROPOS, Leipzig



credits to Thomas Müller,
TROPOS, Leipzig



credits to Thomas Müller,
TROPOS, Leipzig



AE33: K and aerosol aging

The filter-loading effect depends on the optical properties of
particles present in the filter matrix, especially on the black carbon
particle coating



AETHALOMETER MODEL (wb vs. ff) Sandradewi et al., 2008
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PSAP
Particle Soot Absorption Photometer (Bond et al., 1999; Ogren, 2010)

A = area of the sample spot (0.1783 cm2)
V = volume of air (cm3)
I0 = I(t)
I = I(t+t)

Value actually reported by the PSAP

= filter transmission (=1 for unloaded filter)

Account for magnification of absorption by filter medium and filter loading

݆݀ܽߪ = ܲܣܵܲߪ ∙ ܨ݂ ݓ݋݈ ∙ ݐ݋݌ݏܨ  Deviation from true flow (spot) and PSAP flow (spot)

ܲܣܵܲܳ
݁ݑݎݐܳ

 
݁ݑݎݐܣ
݂݁ݎܣ

 

5.1 mm diameter; spot area of the manufacturer’s reference PSAP measured by B1999

The parameters of the B1999 PSAP correction
scheme are based on this equation

݌ܽߪ =
ܣ
ܸ
݈݊ ൬

0ܫ
ܫ
൰ ‘

ܲܣܵܲߪ =
݌ܽߪ

1.0796 ∙ ߬ + 0.71
 

‘



PSAP
Particle Soot Absorption Photometer (Bond et al., 1999; Ogren, 2010)

A more intuitive definition of the adjusted absorption is:

∗݆݀ܽߪ = ൬
ܲܣܵܲܳ
݁ݑݎݐܳ

൰ ∙ ൬
݁ݑݎݐܣ
ܲܣܵܲܣ

൰ ∙ ܲܣܵܲߪ  Involving only the true values and the values used internally in the instrument

݆݀ܽߪ = ቆ
ܲܣܵܲܣ
݂݁ݎܣ

ቇ ∙ ∗݆݀ܽߪ =  ൬
17.83
20.43൰ ∙ ݆݀ܽߪ

∗ = 0.873 ∙ ∗݆݀ܽߪ  

Filter spot area used internally by the PSAP

Measured spot area of the reference PSAP (=3.14*(5.1/2)^2)

݆݀ܽߪ = 0.873 ∙ ∗݆݀ܽߪ = 1ܭ ∙ ݌ݏߪ + 2ܭ ∙ ݌ܽߪ  The instrumental response is a linear function of both
the absorption coefficient and the scattering coefficient.
Ideal absorption measurement: K1 = 0; K2 = 1

K1 and K2 can be determined with a simple multiple linear regression
or (better) with a weighted-least-squares method (to take into account errors and variability associated with ssp and sap).

The parameters of the B1999 PSAP
correction scheme (B1999, Equations (1)
and (12)) are based on this equation.



PSAP
Particle Soot Absorption Photometer

݌ܽߪ = 0.873 ∙ ൬
ܲܣܵܲܳ
݁ݑݎݐܳ

൰ ∙ ൬
݁ݑݎݐܣ
ܲܣܵܲܣ

൰ ∙
ܲܣܵܲߪ
2ܭ

−
1ܭ

2ܭ
∙ ݌ݏߪ  

Based on alternative definition
for the spot size adjustment

݌ܽߪ = ൬
ܲܣܵܲܳ
݁ݑݎݐܳ

൰ ∙ ቆ
݁ݑݎݐܣ
݂݁ݎܣ

ቇ ∙
ܲܣܵܲߪ
2ܭ

−
1ܭ

2ܭ
∙ ݌ݏߪ  From Bond et al. (1999)

Modern PSAP’s allow adjustment of the filter area
APSAP in the instrument setup screen (use eq. 1)

(1)

(2)

Equations (1) and (2) yield the same result and are equally
valid, the only difference being whether the spot area of the
PSAP firmware (APSAP = 17.83 mm2) or the manufacturer’s
reference PSAP (Aref = 20.43 mm2) is used in the calculation.
.

݁݌݋݈ݏ∋ [1−݉ܯ] =  0.06 ∙ ݌ܽߪ ݏܽ݁݉,  

݁ݏ݅݋݊∋ [1−݉ܯ] =  0.18 ∙ ට
߬0

߬
 

݌ܽߪ =
݆݀ܽߪ − 1ܭ ∙ ݌ݏߪ + ݁݌݋݈ݏ߳ + ݁ݏ݅݋݊߳

2ܭ
 



PSAP
Particle Soot Absorption Photometer

Wavelength adjustment is needed !

݌ܽߪ = 0.873 ∙ ൬
ܲܣܵܲܳ
݁ݑݎݐܳ

൰ ∙ ൬
݁ݑݎݐܣ
ܲܣܵܲܣ

൰ ∙
ܲܣܵܲߪ
2ܭ

−
1ܭ

2ܭ
∙ ݌ݏߪ  (1)

550 nm (TSI, 3-l) or 525 nm (Ecotech; 3-l);
or 550 nm (OEC; 1-l)

574 nm

Solutions:

A) Calculate the scattering at 574 nm using calculated SAE from 3-l nephelometer;
B) Calculate sap at 550 nm using the adidtional following multiplicative factor:

ܲܣܵܲߪ [574]

ܲܣܵܲߪ [550]
= ൬

574
550

൰
ܧܣܣ−

 AAE = 1; 0.957
AAE = 0.5; 0.979



NEPHELOMETERS

 Angular sensitivity of nephelometers:  non-Lambertian (non ideal) illumination and angular truncation

 Angular truncation

from Müller et al., AMT, 2011



NEPHELOMETERS

 Angular sensitivity of nephelometers:  non-Lambertian (non ideal) illumination and angular truncation

from Müller et al., AMT, 2011 and Anderson and Ogren, AST, 1998

 Scattering correction:

 Backscattering correction:

ݎݎ݋ܿݐݐܽܿܵ (, (ݐ = ,)ܥ (ݐ ∙ ݎݎ݋ܿ݊ݑݐݐܽܿܵ (, ;(ݐ ()ܥ         =  ܽ + ܾ ∙  ()∗ߙ

ݎݎ݋ܿ݇ܿܽܤ (, (ݐ = ()ܥ ∙ ݎݎ݋ܿ݊ݑ݇ܿܽܤ (,  (ݐ



Calculation of Angstrom Exponents (AE) and calculation of optical measurements at other-than-measured wavelengths

The SAE and AAE describe how scattering and absorption, respectively, vary as a function of 
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Calculation of Angstrom Exponents (AE) and calculation of optical measurements at other-than-measured wavelengths

The AE describes how an extensive aerosol particle optical property varies as a function of 
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Calculation of Angstrom Exponents (AE) and calculation of optical measurements at other-than-measured wavelengths

The AE describes how an extensive aerosol particle optical property varies as a function of 

Linear fit
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INTENSIVE AEROSOL PARTICLES OPTICAL PROPERTIES:

() ܣܵܵ =  
݌ݏߪ  ()

݌ݏߪ  () + ݌ܽߪ  () 

single scattering albedo

() ܧܣܵ =  −
log	 ቆ

݌ݏߪ
1

݌ݏߪ
2ቇ

log	 ቀ1
2
ቁ

 

ScatteringÅngström exponent

Absorption Ångström exponent

() ܧܣܣ =  −
log	 ቆ

݌ܽߪ
1

݌ܽߪ
2ቇ

log	 ቀ1
2
ቁ

 

single scattering albedo Ångström exponent

() ܧܣܣܵܵ =  −
log	 ቀܵܵܣ

1

2ܣܵܵ
ቁ

log	 ቀ1
2
ቁ

 

() ܥܣܯ =  
݌ܽߪ

ܥܧ
 

Mass absorption cross section

Mass scattering efficiency

() ܧܵܯ =  
݌ݏߪ

ܯܲ
 



SAE European phenomenology Pandolfi et al., ACP, 2018

Total scattering SAE



Calculation of SSA-AE: near real-time detection of dust

SSA-AE () = (1-w0())(SAE()-AAE()) (Moosmüller et al., ACP, 2011)

(Ealo et al., ACP, 2011)

(Russel et al., ACP, 2010)



Angstrom Matrix: SAE vs AAE

(Ealo et al., ACP, 2016) (Cazorla et al., ACP, 2013)



Calculation of Backscatter Fraction (BF) and Asymmetry Parameter (g)
Angular distribution of scattered light

The BF is the ratio between hemispheric backscatter and total scattering

 The BF can be calculated from continuous measurements of Back and Scatt:

 The g is defined as the intensity-weighted average cosine of the scattering angle:

g is a fundamental parameter for radiative transfer models which commonly 
utilize a parameterization of the angular distribution of scattered light 
(computationally more efficient).

() ܨܤ =
 ()݇ܿܽܤ
 ()ݐݐܽܿܵ

݃ =
1 
2
න cos(ߴ)ܲ(ߴ)ߠ݀ߠ݊݅ݏ
ߨ

0
 

Andrews et al., 2006

݃ = −7.143889 ∙ ܨܤ + 7.464439 ∙ 2ܨܤ − 3.96356 ∙  0.9893+3ܨܤ



EC vs. Abs by levels of NAMdivEC 
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Mass Absorption Cross Section (MAC)

Zanatta et al., AE, 2016 MAC



TEOM (Tapered Element Oscillating Microbalance)

 Underestimation of TEOM PM compared to Reference (gravimetry) PM due to lost of semi-volatile compunds under normal  
operation conditions (50 °C)

o This underestimation also depends on the season of the year and on the study region which affect the temperature
difference between ambient air and the instrument and the relative importance of non-volatile compounds in PM;
oThe correction is also function of the aerosol precursor (α-pinene, β-pinene, limonene,…..)

 Samples at lower temperature (30ºC) by using diffusion dryer to remove water




