
Harmonized Data Correction Procedure for 
Nephelometers and Filter-Based Absorption 

Photometers

Marco Pandolfi, IDAEA-CSIC
marco.pandolfi@idaea.csic.es



•The nephelometer measures light scattering by aerosols particles
•Ambient air passes through a chamber where particles are illuminated by a multi-wavelength light source (halogen lamp or
LEDs).
•Scattered light is detected by photomultiplier tubes at blue, green, and red wavelengths.
•Limitations include non-lambertian illumination and truncation errors.

NEPHELOMETER



truncationnon-lambertian illumination

Lambertian:
- Has uniform and symmetric
radiance in all directions
following a cosine law

Non-Lambertian illumination
- the light source does not
emit uniformly in all directions.
- particles in directions with
less light scatter less

Truncation:
- The forward and backword radiation is blocked
- truncation is inevitable because the direct signal from the light

source is thousands of times stronger than the particle scattering
in the same direction.

- Field of view: ~ 7-170°

NEPHELOMETER limitations

•Limitations include non-lambertian illumination and truncation errors.

incident light



TSI Integrating Nephelometer 3563
This model is discontinued.

Ecotech Integrating Nephelometer 
AURORA 3000

Measured angles: 7-170º Measured angles: 10-171º

NEPHELOMETER

•The nephelometer measures light scattering by aerosols particles
•Ambient air passes through a chamber where particles are illuminated by a multi-wavelength light source (halogen lamp or
LEDs).
•Scattered light is detected by photomultiplier tubes at blue, green, and red wavelengths.
•Limitations include non-lambertian illumination and truncation errors.
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NEPHELOMETER correction

Bond et al., 2009 (TSI 3563)
Müller et al., 2011 (Ecotech AURORA 3000)

Forward scattering correction
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(4)

(5)
no cut = bigger particles -> stronger forward scattering

Use one of the two coefficient (no cut or sub) depending on the 𝛼𝛼 calculated from raw data 
(𝛼𝛼>2 = sub)

NEPHELOMETER correction
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Forward scattering correction



NEPHELOMETER correction

Bond et al., 2009 (TSI 3563)
Müller et al., 2011 (Ecotech AURORA 3000)

Backward scattering correction

incident light



NEPHELOMETER correction



Ecotech Polar Nephelometer AURORA 
4000

10-170º , 2012

NEPHELOMETER correction

Müller et al., 2011 (Ecotech AURORA 3000)



The Aurora NE-300 (scattering 7 - 173°; backscatter 90 - 173°)

NEPHELOMETER

In the absence of an experimental characterization of these 
nephelometers, the corrections presented for the AURORA 
3000/4000 can be applied.

Acoem, owner of Ecotech



After all corrections have been applied, the particle light scattering and backscattering coefficients are converted to standard
temperature and pressure conditions to ensure comparability across measurements and monitoring sites.
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Pref = 1013.25 hPa

NEPHELOMETER data reporting (Level 2)

Hourly averages



After all corrections have been applied, the particle light scattering and backscattering coefficients are converted to standard
temperature and pressure conditions to ensure comparability across measurements and monitoring sites.

NEPHELOMETER maintenance



FILTER BASED ABSORPTION PHOTOMETERS
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.

𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎,𝑟𝑟𝑟𝑟𝑟𝑟 𝜆𝜆 =
𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴 𝜆𝜆

𝐶𝐶

𝑒𝑒𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟 𝜆𝜆 =
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MACn(λ) [m2/g] C = 1.39 (M8060)
18.47 (370 nm) C = 1.57 (M8050/M8020)
15.54 (470 nm)
13.14 (520 nm)
11.58 (590 nm)
10.35 (660 nm)
7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
7.19 (950 nm)



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.

MACn(λ) [m2/g] C = 1.39 (M8060)
18.47 (370 nm) C = 1.57 (M8050/M8020)
15.54 (470 nm)
13.14 (520 nm)
11.58 (590 nm)
10.35 (660 nm)
7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
7.19 (950 nm)
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ACTRIS Harmonization factor H*



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.

MACn(λ) [m2/g] C = 1.39 (M8060)
18.47 (370 nm) C = 1.57 (M8050/M8020)
15.54 (470 nm)
13.14 (520 nm)
11.58 (590 nm)
10.35 (660 nm)
7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
7.19 (950 nm)

𝐶𝐶 = �𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴 (𝜆𝜆
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𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝜆𝜆

= 𝟐𝟐.𝟒𝟒𝟒𝟒 (M8060)

𝐻𝐻∗ = 2.44
1.39

= 1.76 (M8060)

𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎,ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝜆𝜆 =
)𝑒𝑒𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟 𝜆𝜆 � 𝑀𝑀𝑀𝑀𝑀𝑀𝑛𝑛(𝜆𝜆

1.76

𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑎𝑎𝑎𝑎𝑎𝑎
𝜇𝜇𝜇𝜇
𝑚𝑚3 =

)𝐵𝐵𝐵𝐵6raw (880𝑛𝑛𝑛𝑛
1.76

𝐻𝐻∗ = 2.21 (M8020/M8050)

𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎,𝑟𝑟𝑟𝑟𝑟𝑟 𝜆𝜆 =
𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴 𝜆𝜆

𝐶𝐶

𝑒𝑒𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟 𝜆𝜆 =
�𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎,𝑟𝑟𝑟𝑟𝑟𝑟 (𝜆𝜆

)𝑀𝑀𝑀𝑀𝑀𝑀𝑛𝑛 (𝜆𝜆



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.

MACn(λ) [m2/g] C = 1.39 (M8060)
18.47 (370 nm) C = 1.57 (M8050/M8020)
15.54 (470 nm)
13.14 (520 nm)
11.58 (590 nm)
10.35 (660 nm)
7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
7.19 (950 nm)
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FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.

MACn(λ) [m2/g] C = 1.39 (M8060)
18.47 (370 nm) C = 1.57 (M8050/M8020)
15.54 (470 nm)
13.14 (520 nm)
11.58 (590 nm)
10.35 (660 nm)
7.77 (880 nm) 7.83 (Savadkoohi et al., 2024)
7.19 (950 nm)
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𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴 𝜆𝜆
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FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

 Aethalometers are stable instruments and do not require frequent maintenance

 The most frequent routine maintenances are the filter change, check the inlet flow or inspect the sample line tubing

 It does not require a specialized technician or researcher. A little training is sufficient

 It is important to check, for example weekly, the screen to see if error messages have appeared

 The graphical interface of the Aethalometers allows to know if any maintenance is needed and what type of maintenance

 Aethalometer manuals are provided by the manufacturer

 https://www.youtube.com/watch?v=ZoUzaqMi2EQ (Aethalometers operation and maintenance)

 A number of technical guidance documents and reports about Aethalometers (and other FAPs) are available from Global 
Atmosphere Watch (GAW; https://www.gaw-wdca.org/Publications/) and ACTRIS (https://www.actris-ecac.eu/particle-light-
absorption.html) that provide comprehensive recommendations and guidelines including operating procedures, aerosol inlets 
and conditioning, data management among other. The service tools from RI-URBANS project 
(https://riurbans.eu/project/#service-tools) to assess air quality in accordance with RI-URBANS’ advanced air quality 
monitoring recommendations and with the ACTRIS/GAW protocols for measuring advanced air quality parameters

MAINTENANCE

https://www.youtube.com/watch?v=ZoUzaqMi2EQ


FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE33, AE43, AE36, AE36s)

SETTINGS

o 60 s time resolution
o 5 LPM
o Flow Rep. Std.
o ATN max 370 nm (120)
o Weekly Auto Clean Air Test
o Z=0.01 (tangential leakage through the edges of the filter tape)
o C=1.39 (optical enhancement factor; M8060)



FILTER BASED ABSORPTION PHOTOMETERS: AETHALOMETERS (AE31)
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.



FILTER BASED ABSORPTION PHOTOMETERS: MAAP
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.

 The MAAP uses a different optical configuration than the aethalometer, with measurements of the filter
reflectivity at two different angles in addition to the filter transmission measurement,

 The two reflectivity measurements allow correction for multiple scattering processes involving the
deposited particles and the filter matrix.

 The MAAP nominally operates at a wavelength of 670 nm, but laboratory tests revealed that the actual
wavelength is 637 nm; as a consequence, particle light absorption coefficients and equivalent black
carbon mass concentrations from the MAAP should be multiplied by a factor of 1.05

𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎−𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑒𝑒𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟−𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 � 𝑀𝑀𝑀𝑀𝑀𝑀𝑛𝑛 � 1.05

𝑀𝑀𝑀𝑀𝑀𝑀𝑛𝑛 670 𝑛𝑛𝑛𝑛 = 6.6
𝑚𝑚2

𝑔𝑔

𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻 =
𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎−𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝐸𝐸𝐸𝐸 = 10
𝑚𝑚2

𝑔𝑔

𝑒𝑒𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
𝜎𝜎𝑎𝑎𝑎𝑎𝑎𝑎−𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

10

𝑒𝑒𝑒𝑒𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
𝑒𝑒𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟−𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 � 6.6 ∗ 1.05

10

670 𝑛𝑛𝑛𝑛 637 𝑛𝑛𝑛𝑛 → 1.05

Zanatta et al., 2016
Savadkoohi et al., 2024



FILTER BASED ABSORPTION PHOTOMETERS: PSAP
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.

 The PSAP (Particle Soot Absorption Photometer) measures aerosol light absorption by collecting
particles on a filter and monitoring the change in light transmission. However, the raw attenuation
signal must be corrected because filter-based methods introduce artifacts.

 The particle light absorption coefficient measured by the PSAP was described in Bond et al. (1999), who
derived a correction equation for calculating the absorption coefficient from the attenuation coefficient.

The total scattering coefficient is measured by a collocated
nephelometer (or estimated from size distribution
measurements) at the measurement wavelength (Bond et al.,
1999)

Ogren, 2010
Virkkula et al., 2005
Müller et al., 2011



FILTER BASED ABSORPTION PHOTOMETERS: CLAP
Photo-detectors in the filter photometer
MEASURE the intensity of diffuse light
transmitted through the sample spots on the
filter (Is), and a second photo-diode measures
the intensity of light through an unsampled
area of the filter (Ir). The attenuation, ATN, is
calculated from the ratio of the two intensities:
The attenuation coefficient (𝜎𝜎𝐴𝐴𝐴𝐴𝐴𝐴(𝑡𝑡)) is then
defined as

where ΔATN is the change in filter attenuation
during the time interval Δt=t2-t1, in
seconds, Q [m3/s)] is the sample flow rate
through the filter, and A [m2] is the area of the
exposed spot on the filter.

 The CLAP (Ogren et al., 2017) was designed to be optically identical to the PSAP. The Bond et al. (1999)
scheme was further refined by Ogren (2010)

Long-term comparisons of CLAPs and PSAPs operated in parallel at 17 field stations revealed that
measurements of the attenuation coefficient with the CLAP and PSAP are equal within the 10% uncertainty
of the measurements (Ogren et al. 2017). As a consequence, the PSAP correction equations in the
preceding section are recommended for the CLAP as well. More information about the CLAP is provided in
Ogren et al. (2017) including uncertainty in the absorption measurement as a function of aerosol single
scattering albedo.



ACOEM/MetONE

FILTER BASED ABSORPTION PHOTOMETERS



FILTER BASED ABSORPTION PHOTOMETERS: FLAGS

https://ebas-submit.nilu.no/templates/Filter-Absorption-Photometer/lev0



FILTER BASED ABSORPTION PHOTOMETERS: FLAGS

https://ebas-submit.nilu.no/templates/Filter-Absorption-Photometer/lev2



MANY THANKS!

Marco Pandolfi, IDAEA-CSIC
marco.pandolfi@idaea.csic.es
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OPERATION AND MAINTENANCE: Aethalometers

https://www.actris-ecac.eu/particle-light-absorption.html

o Check the instrument status. Status messages other than normal operation (0 = no error and no warning) should be checked and data 
flagged accordingly 

o Sample pressure and temperature: AE33 does not measure ambient temperature and pressure without connecting to an external sensor.
o Sample relative humidity at inlet (sensors not built in to AE33) Sample relative humidity varies with ambient relative humidity and the 

temperature difference between ambient and lab. The sample should be dried so that the sample has RH < 40% already at the instrument 
inlet. If RH is higher, apply flag 640. Since the AE33 does not measure RH, it is valid to measure the humidity at the inlet of another device 
that is located at the same common aerosol inlet and under similar conditions. 

o Sample flow: Sample flow through the instrument inlet should be constant. The sample flow should typically be 5 l/min and shall not vary. 
Flow variations directly affect the signal to noise ratio. Spikes in the flow inevitably lead to outliers in equivalent black carbon 
concentrations. Periods showing problems with the flow must be flagged.

o Filter type : It is mandatory to report the filter tape and respective multiple scattering correction factors (C) in level 0 header data which 
have actually been used while collecting the data. Also make sure to verify the correct multiple scattering correction factor in the 
instrument settings. The recommended filter type is M8060 with a multi-scattering correction factor 1.39. For other filter types, please 
check the appendix. Add scattering correction factor and leakage factor to the Nasa-ames header. 
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OPERATION AND MAINTENANCE: Aethalometers

https://www.actris-ecac.eu/particle-light-absorption.html

o Check the instrument status. Status messages other than normal operation (0 = no error and no warning) should be checked and data 
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OPERATION AND MAINTENANCE: Aethalometers

https://www.actris-ecac.eu/aerosol-inlets-and-conditioning.html

o Drying technology: four possibilities drying the aerosol sample flow to a RH below 40%.

• Membrane dryers (Nafion): permeable membrane in which water vapor molecules are transported
• Diffusion dryers: water vapor is adsorbed by the silica gel
• Drying by dilution: This method requires the continuous provision of particle-free dry air
• Drying by heating: heating an aerosol sample leads to a reduction of RH in the sampling line

o PM10 or PM2.5 inlet
• Observational networks, such as WMO-GAW, recommend an upper cut point of 10 µm at ambient conditions (WMO-GAW report 153)
• If EC measurements are available in PM2.5, a PM2.5 inlet for AE33 can be used.
• To measure aerosol particles the air inlet must be generally between 1.5 m and 4 m above the ground (2008/50/EC). Sampling tubes should 

be made of a conductive, corrosion-resistant material with a low surface roughness (e.g., stainless steel).
• Aethalometers can be connected to a single dedicated inlet or to common inlet through an isokinetic splitter.



RI-URBANS SERVICE TOOLS: eBC

https://riurbans.eu/project/#service-tools
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