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Abstract. Optical particle counters (OPCs) are widely used to measure the aerosol particle number size dis-
tribution over a large size range encompassing sub- and super-micron diameters. The measurement principle of
OPC:s is based on the dependence of light scattering on particle size. However, this dependence is not monotonic
at all sizes as light scattering also depends on the particle composition (i.e., the complex refractive index, m)
and morphology. Therefore, the conversion of the measured scattered intensity to the particle size depends on
the microphysical properties of the sampled aerosol population and might not be unique at all sizes. While these
complexities have been considered before, corrections are typically applied ad hoc and are not standardized.
This paper addresses this issue by providing a consistent and extended database of pre-computed correction fac-
tors for a wide range of complex refractive index values representing the composition variability in atmospheric
aerosols. These correction factors are calculated for five different commercial OPCs by assuming Mie theory for
homogeneous spherical particles and by varying the real part of the complex refractive index between 1.33 and
1.75 in steps of 0.01 and the imaginary part between 0.0 and 0.4 in steps of 0.001. The datasets are distributed
for data users and geophysicists using number size distribution measurements from OPC for their research on
atmospheric aerosols. Application and caveats of the correction factors are discussed, and key recommendations
are provided to ensure the robustness and consistency of size distribution datasets.

1 Introduction (Shiraiwa et al., 2017) and the conservation of cultural her-

itage (Bonazza et al., 2017).

Aerosol particles are amongst the more elusive and at the
same time climate-relevant components of the atmosphere
(Szopa et al., 2021). While airborne, they interact with at-
mospheric radiation at wavelengths from the ultra-violet to
the infrared and act as condensation nuclei for liquid and ice
clouds (Seinfeld and Pandis, 2006). Upon deposition, they
can change the productivity of marine and land ecosystems
(Kanakidou et al., 2018). They also affect the atmospheric
composition directly by their emission and indirectly as a
sink of some reactive gases (e.g., Seinfeld and Pandis, 2006;
Kanakidou et al., 2018). Through these processes aerosol
particles affect the Earth’s climate, but they can also impact
the environment in various and severe ways. Aerosol parti-
cles can degrade air quality to the detriment of human health

These varied effects of aerosols are largely made possible
by their extended size spectrum. Atmospheric aerosol parti-
cles are characterized by sizes ranging from a few nanome-
ters to tens of micrometers depending on the source and the
mechanism of emission, as well as the transformation that
they undergo whilst airborne (Seinfeld and Pandis, 2006).
The typical particle size distribution in the atmosphere is a
continuum of four lognormal modes (nucleation, compris-
ing particles with diameters up to 10 nm; Aitken, comprising
particles of diameters ranging from 10 to 100 nm; accumu-
lation, made up of particles from 100 nm to approximately
2.5 um in diameter; coarse, comprising particles of diameter
larger than 2.5 um), with different amplitude, mode diame-
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ter, relative proportions, chemical composition, and lifetimes
(Seinfeld and Pandis, 2006).

Whilst the particle size distribution is a critical parameter
to assess the effects of aerosols on radiation, clouds, chem-
istry, ocean and terrestrial productivity, and human health, its
measurement is challenging. There is no instrumental tech-
nique covering the entire particle size range but only por-
tions of it. Furthermore, these different instrumental tech-
niques measure particle size using various operating princi-
ples, ranging from light scattering to aerodynamic and elec-
tric mobility properties of aerosol (Baron and Willeke, 2001;
Hinds, 1999). As a result, the particle size measured experi-
mentally is an operational definition that depends on the par-
ticle density, real and complex refractive index (m, the prop-
erty of matter relating spectral optical properties to chemical
composition), and morphology (Baron and Willeke, 2001;
Hinds, 1999).

Amongst these experimental techniques, optical particle
counters (OPCs) provide fast (better than 1 Hz) measure-
ments over a large dynamic range, in both concentration and
size, including sub- and super-micron particles (Baron and
Willeke, 2001; Hinds, 1999; Wendisch and Brenguier, 2013).
The operating principle of the OPC is based on the fact that
the intensity of monochromatic or white light scattered by
an airborne particle (single or ensembles) in a given scatter-
ing direction depends on its size (Baron and Willeke, 2001;
Hinds, 1999; Wendisch and Brenguier, 2013); as a conse-
quence, the intensity of light scattering measured in a known
sensing volume and at known wavelength can be converted
into particle size. By adapting the geometry of the sensing
volume (angular range of collected scattering) and the wave-
length of the light source, the design of the OPC can be cus-
tomized to different applications (i.e., sampling mostly fine
or coarse particles, more or less absorbing aerosols, minimiz-
ing the effects of asphericity), therefore making them a ver-
satile tool for atmospheric aerosol research. Research-grade
OPCs are used worldwide in laboratory and field studies, in
particular as a core instrument on research aircraft during a
range of field campaigns (e.g., amongst others, Collins et al.,
2000; Haywood et al., 2003a, b; Reid et al., 2003; Osborne et
al., 2008; Ryder et al., 2013; Di Biagio et al., 2015; Denjean
et al., 2016; Petzold et al., 2009; Weinzierl et al., 2017; Perim
de Faria et al., 2017; Schafer et al., 2019; Brock et al., 2019;
Wu et al., 2020; Howell et al., 2021; Lewis et al., 2026).

The scattering cross-section Cg, measured by an OPC
within a certain angular range can be converted into an
optical-equivalent diameter (Dog) based on calibration with
non-absorbing spherical particle latex spheres (PSLs) or
equivalent scattering material of known m at the work-
ing wavelength of the instrument. However, atmospheric
aerosols have different composition than the calibration ma-
terial, and the intensity of scattered light also depends on par-
ticle morphology (Dubovik et al., 2006; Huang et al., 2021).
The differences in m and morphology between the calibra-
tion spheres and natural aerosols cause the OPC-determined
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size to be different from the real size of ambient aerosol par-
ticles. The error in the particle size can propagate to size-
relevant datasets, such as for example their mass absorption
and scattering cross-sections or single scattering albedo, ul-
timately generating biases in the estimates of aerosol im-
pacts on the weather, climate, and human health (Huang et
al., 2021). Henceforth, representing the number size distribu-
tion of atmospheric aerosol requires being able to convert the
value of DoE into an equivalent spherical particle geometri-
cal (i.e., volume equivalent) diameter (Dgeo) corresponding
to the m of the sampled aerosols at the operating wavelength
of the OPC. The Dy, is defined as the diameter of a sphere
with the same volume as the particle under consideration.
Converting DoEg to Dy, reduces the dependence of size dis-
tribution measurements on particle composition (m), thereby
enabling comparison between measurements obtained under
different aerosol conditions. In practice, the equivalence be-
tween DoE at the reference m of the calibration material and
Dge, at the m of the ambient aerosols is obtained by calculat-
ing, at each m value, the value of Dge, corresponding to the
same scattering cross-section Cyc, as that obtained when us-
ing Dog. However, the scattering cross-section may not de-
pend linearly or at least in a monotonic way on particle diam-
eter (Bohren and Huffmann, 1998). In the approximation of
spherical particles, this effect is due to the Mie resonance and
ripple oscillations in the light-scattering functions. As a con-
sequence, for a given m and Dog, the scattering cross-section
Cysca might correspond to a number of values of Dgeo, and
the solution might not be unique. This is a well-known and
documented problem in the expert community (e.g., Garvey
and Pinnick, 1983; Liu et al., 1992; Jaenicke and Hanusch,
1993; Pinnick et al., 2000; Collins et al., 2000; Reid et al.,
2003; Nagy et al., 2007, 2016; Osborne et al., 2008; Pet-
zold et al., 2009; Szymanski and Liu, 1986; Szymanski et
al., 2009; Rosenberg et al., 2012; Wendisch and Brenguier,
2013; Brock et al., 2016, 2019; Walser et al., 2017; Moore et
al., 2021; Lewis et al., 2026). This problem is dealt with by
scientists in two major ways, according to their expertise:

1. Instrument developers/engineers have proposed pro-
cessing methodologies taking into account the entire
chain of operations, in particular the calibration in both
size and intensity. Indeed, Rosenberg et al. (2012) de-
scribed a mathematical method that takes into account
the OPC size and pulse height calibration and a proba-
bility density function to calculate mean diameters and
widths for OPC bins based upon Mie-Lorenz theory for
measured aerosol particles whose scattering properties
are different to those of the calibration material (e.g.,
Walser et al., 2017)

2. Data users/geophysicists relying on external expertise
for calibration/instrument characterization have pro-
posed methods for adapting the measured size distri-
bution to the ambient refractive indices, which have at
times been evaluated by concurrent measurements of
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the aerosol composition (e.g., Di Biagio et al., 2015,
2017; Denjean et al., 2016).

Building on expert investigations, this work is addressed to
environmental scientists or data analysts who make use of
data from some of the most common research-grade OPCs
available through open-access datasets. Such datasets are be-
coming more and more popular through large-scale ground-
based and airborne environmental research infrastructures,
notably in Europe (e.g., Aerosol, Clouds and Trace Gases,
ACTRIS, https://www.actris.eu/, last access: 6 September
2026; In-service Aircraft for a Global Observing System,
TIAGOS, https://www.iagos.org/, last access: 6 September
2026; and EUropean Facility for Airborne Research, EU-
FAR, https://www.eufar.net/, last access: 6 September 2026),
and integrative science projects (e.g., the Global Aerosol
Synthesis and Science Project, GASSP; Reddington et al.,
2017). While using the data for their research and publica-
tions, these users are not necessarily data instrument opera-
tors, nor do they necessarily have the knowledge, expertise,
or time to perform and evaluate the m-adapted corrections.

This paper describes the provision of standardized cor-
rections of particle sizing in order to take into account the
dependence of angular scattering on particle composition,
represented by the particle complex refractive index m. The
dataset consists of look-up tables of pre-computed scattering
functions and size correction factors as downloadable ascii
files, covering a range of complex refractive index values
relevant to atmospheric aerosols. Calculations are performed
under the hypothesis of spherical particles, which is a good
approximation for a wide range of aerosol types, excluding
mineral dust, and environmental conditions, notably consid-
ering ambient relative humidity. We present the dataset and
provide recommendations for its use.

2 Methods

2.1 Instruments

The instruments considered in this paper are common
research-grade OPCs used on board aircraft and for surface
measurements, including laboratory studies. They are as fol-
lows.

1. The Passive Cavity Aerosol Spectrometer Probe
(PCASP, Model 100X, Droplet Measurement Technolo-
gies, Boulder, CO). This operates at 632.8 nm and mea-
sures light scattering between 35 and 145°, collecting
light from the direct and the reflected light beam (an-
gular range of 35-120° and 60-145°, respectively), so
that light scattered between 60 and 120° needs to be
counted twice. It derives the particle number size dis-
tribution over 31 channels between 0.1 and 3.0 um in
optical-equivalent diameter (e.g., Liu et al., 1992; Reid
et al., 1998; Rosenberg et al., 2012).
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2. The Ultra High Sensitivity Aerosol Spectrometer (UH-
SAS, Droplet Measurement Technologies, Boulder, CO).
This probe has a ground-based version, but it is mostly
used airborne (e.g., Cai et al., 2008; Petzold et al., 2013;
Brock et al., 2016; Kupc et al., 2018). It operates at
1054 nm and provides the number size distribution of
particles with Dog ranging from 0.04 to 1 um in 99
nominal size classes. The light-scattering sensing an-
gle range (22-158°) provided by Cai et al. (2008) has
been subsequently corrected by Petzold et al. (2013) and
Brock et al. (2016), who reported that the optically ac-
tive range is from 33 to 148°, with a blind region be-
tween 75.2 and 104.8°.

3. The Forward Scattering Spectrometer Probe (FSSP,
Model 300, Droplet Measurement Technologies, Boul-
der, CO). This widely used aircraft probe measures light
scattering at 632.8 nm in an optically active volume ex-
tending from 3 to 15° to retrieve the number size dis-
tribution in a nominal size range from 0.28 to 20.5 um
over 30 size classes (Baumgardner et al., 1992; Petzold
etal., 2013).

4. The Cloud Droplet Probe (CDP, Model 300, Droplet
Measurement Technologies, Boulder;, CO). This mea-
sures light scattering at 658 nm in an optically active
volume extending from 4 to 12° to retrieve the number
size distribution in a nominal size range from 2 to 50 um
over 30 size classes (Baumgardner et al., 1992; Petzold
et al., 2013).

5. The ground-based GRIMM and airborne Sky-GRIMM
OPCs (Grimm Aerosol Technik, models 1.109 and
1.129, Ainring, Germany). These retrieve the particle
number distribution over 31 size classes distributed be-
tween 0.25 and 32 um nominal diameter. These particle
counters operate at 655 nm. These OPCs measure light
scattered by the reflected beam at 30—-150° and by the di-
rect beam at between 81 and 98° thanks to two face-to-
face parabolic mirrors (opening angles of 120 and 18°,
respectively) collecting light around a mean scattering
angle of 90° (Friedhelm Schneider, personal commu-
nication, 2022). As for the PCASP, the light scattered
between 81 and 98° has twice the weight relative to the
intensity within 30-81° and 98-150°.

Table 1 summarizes the nominal technical specification of
the different OPCs considered in this study.

Table 1 also reports the reference material used for the cal-
ibration for each of the OPCs. National Institute of Standards
and Technology (NIST)-certified polystyrene latex spheres
(PSL) are used for the UHSAS, PCASP-100, FSSP-300, and
GRIMM 1.109/Sky-GRIMM 1.129. The CDP is calibrated
with glass beads. The refractive index of PSL, also reported
in Table 1, has been measured by Velazco-Roa and Thennadil
(2007) and Nikolov and Ivanov (2000).
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For each size bin, the geometric diameter Dy,iq is defined
as

Dgeo = \/Dbin,lower ' Dbin,uppers (1)

where Dpin, lower and Dpin,upper are the lower and the upper
limits of the bin diameter, respectively.
The bin width dlogD is defined as

Dy
dlogD =log <M> , 2)
bin,lower

where log indicates base 10.

2.2 Optical calculations

Following Rosenberg et al. (2012), the scattering cross-
section Cgcy for all instruments except the UHSAS can be
calculated as

Corom T ™™ (151(6.2. Do) P
sca()—kzo ; | (, , p,m)l

+152(6, 1, Dy, m) |2) $in(0) wopices (0, 9)dodg. (3)

— A is the operating wavelength of the OPC (nm).
— D, is the particle diameter (nm).
— m is the particle complex refractive index (unitless).

— S1 is the light-scattering intensity polarized in the par-
allel plane and S2 in the perpendicular plane. Their
squared sum, integrated over the scattering angle range
characteristic of the OPCs, is the total light intensity
seen by the instrument.

— 0 is the angle between the incident laser beam and the
scattering direction.

— o is the direction of the scattered radiation around the
incident beam.

— Woptics (0, @) is a weighting function defined by the opti-
cal geometry of the OPC. As defined by Rosenberg et al.
(2012), woptics (6, @) takes into account the fact that, at
certain angles, the PCASP and GRIMM/Sky-GRIMM
measure scattered light both directly and after reflection
by a mirror. In the case of rotational symmetry around
the laser beam, woptics (0, @) is a function of the scatter-
ing angle 6 only.

For the UHSAS, using polarized light, the scattering cross-
section Cgy 18

_ T 27 (Omax . )
Coca(V) = 2 (I S1 (O,A,Dp,m)s1n<p|
0 min

+ 152 (6.3, D, m) cosgl? ) sin(®)Wopiies (¢, ¢)d0 g
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PCASP

—— PSL
103—— Marine
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Figure 1. Scattering cross-section Cscy as a function of particle
diameter calculated using Mie theory for the PCASP. The black
line represents the Csca for the calibration particles (PSL). The
light-blue line represents the Csca for marine aerosols (m = 1.38—
0.001i). The small vertical gray lines represent the bin edges for the
nominal calibration particles.

“

All calculations use Mie theory for homogeneous spheri-
cal particles, calculated according to Bohren and Huffman
(1998). The particle diameter Dj in Egs. (3) and (4) is var-
ied between 0.02 and 200 pm in logarithmically equal steps
of 0.004 (1001 values). The real part n of the complex re-
fractive index is varied between 1.33 and 1.75 (in steps of
An =0.01) and the imaginary part k from 0.0 to 0.4 (steps
of Ak =0.001), encompassing the range of values expected
for atmospheric aerosols (e.g., Shettle and Fenn, 1979) at the
working wavelengths of the OPCs. Individual aerosol species
such as black carbon might have a higher imaginary part k
(~ 0.96) in the near-infrared (Moteki et al., 2023), but in am-
bient conditions they are generally found in less absorbing
mixtures.

2.3 Determination of the Dog-to-Dgeo correction

The procedure to determine the geometric diameter (Dgeo)
for the ambient refractive index is illustrated in Fig. 1, using
the PCASP as an example.

The initial step consists of identifying the Cgc, values cor-
responding to each nominal Dog bin size (Dpin jower and
Dhin,upper) for the calibration m value; geometry; and operat-
ing wavelength of the OPC, calculated as explained in Sect.
2.2. As an example, one specific pair of Csc,—Dog values
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is indicated by the black arrows in Fig. 1. The equivalents of
those Cyc, values are then searched on the curves correspond-
ing to the ambient complex refractive index m — in our exam-
ple that corresponding to marine aerosols — so to determine
the new diameter value. Numerically, this is achieved by min-
imizing the difference between the nominal Cgca bin, lower and
Csca,bin,upper With respect to the Csc, values corresponding to
the atmospheric m value. These will represent the new limits
of the bin diameter for the Dge, bin. The procedure is re-
peated for each bin of the OPC, and the upper and lower bin
limits are used to calculate the mid-point diameter and bin
width by applying Eqgs. (1)-(2).

3 Results and discussion

While we refer the reader to the extensive discussions in
Petzold et al. (2013), Moore et al. (2021), and Lewis et
al. (2026), amongst others, this section describes some ele-
ments of analysis to understand the size correction factors
presented in the datasets. To do so, we use four examples:
non-absorbing material used for calibration (polystyrene la-
tex spheres or equivalent light-scattering material; OPC-
dependent), mineral dust (m = 1.53-0.003i; e.g., Fig. 8 in
Di Biagio et al., 2019), urban aerosols (m = 1.56-0.087i;
e.g., Radney and Zangmeister, 2018), and marine aerosols
(m = 1.38-0.001i; e.g., Zieger et al., 2017).

3.1 Dependence of scattering cross-section on size and
complex refractive index

Figure 2 shows the behavior of the Cyc, functions with parti-
cle diameter for the example m values.

Figure 2 illustrates the general problem associated with
DoEg-t0-Dgeo correction well: due to non-monotonic behav-
ior and Mie oscillations, the Cy¢, calculated from the nominal
bin value can correspond to several particle diameters. As a
consequence, for a given value of m, there is an ambiguity
in sizing particles in certain diameter ranges, so it is not al-
ways possible to infer the particle size on the entire nominal
size range of each OPC. The oscillations tend to smooth for
absorbing aerosols, as shown for the urban aerosol type. The
Csca functions of wide-angle probes (PCASP, UHSAS, and
GRIMM/Sky-GRIMM) are less affected by Mie oscillations
than forward-scattering probes (FSSP-300 and CDP), and
their behavior tends to be monotonic with size. However, the
PCASP and the GRIMM/Sky-GRIMM curves become flatter
around 1 ym as the imaginary part of m increases. In practi-
cal terms, this precludes their possibility of sizing absorbing
particles in the range between 0.6 and 2 um. For FSSP-300
and CDP, the determination of particle size is problematic in
the range between 1 and 5 um. In contrast, the Cy, of UH-
SAS is monotonic with particle size on almost the entire size
range, regardless of particle m, as discussed in Moore et al.
(2021). These considerations are generalized in Fig. S1 in
the Supplement, which shows the size-dependent scattering

Aerosol Res., 4, 429-440, 2026
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Figure 2. Scattering cross-section Cgcy as a function of particle
diameter calculated using Mie theory for the OPCs considered in
this paper. The black lines represent Csca for the calibration par-
ticles (PSL or glass beads). The purple lines represent the Cgca
function for absorbing urban aerosols (m = 1.56-0.087i), while the
brown lines represent Cscq for moderately absorbing mineral dust
(m = 1.53-0.003i), and the light-blue lines represent Cscy for ma-
rine aerosols (m = 1.38-0.0017). The small vertical gray lines rep-
resent the bin edges for each OPC.

cross-sections for the whole range of complex refractive in-
dex values investigated in the database.

3.2 Equivalence in particle size

Figure 2 henceforth helps to understand the difficulties in
finding an equivalence between Dog at the reference m and
Dyge at the aerosol m. As described in Sect. 2.3, the first step
of the procedure consists of calculating, for each value of
Dog and for each value of refractive index, the Cgy, corre-
sponding to the geometry and the operating wavelength of
the OPC. The second step consists of finding which value of
diameter corresponds to each calculated value of Cgcy, de-
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pending on the refractive index. The curve for the CDP can
be analyzed to do so. The horizontal lines in Fig. 2 show
the example of three given values of Cgc, corresponding to
three bin boundaries (4, 24, and 50 um) in the calibration
curve. Due to non-monotonic behavior and Mie oscillations,
for the glass beads and marine and dust aerosols the Cgc,
values may correspond to several particle diameters. For the
urban aerosols, oscillations are smoothed out because of the
imaginary part of the refractive index. However, sizing the
bins results in a much larger Dgeo, due to the lower Cyc, (this
is the case for dust too). The third step consists henceforth
of selecting, for each refractive index, the best guess of cor-
rected particle diameter (Dgeo). Our choice is to select the
minimum value of calculated diameter, that is, the value of
Dyge, closest to the initial Dog value. In the current exam-
ple, the calculated Dge, would be 11 um for urban aerosols,
4.8 um for mineral dust, and 4.2 pm for marine aerosols.

The result of the procedure, that is, the scatterplot of
the geometric bin size boundary corresponding to the atmo-
spheric m of mineral dust and urban and marine aerosols,
with respect to the optical-equivalent bin size boundary ob-
tained for the calibration m is illustrated in Fig. 3.

Figure 3 illustrates the extent to which, as a result of dif-
ferences in the scattering cross-sections, the corrected diam-
eter may differ from the calibration one, in particular for
light-absorbing particles. For UHSAS, differences are mostly
evident in the upper part of the sizing range. The changes
in the corrected diameter with size are not linear but de-
pend on the size range. In general terms, the largest differ-
ences between the uncorrected and the corrected diameter
occur for particles larger than 1 um. A zone of non-linearity
appears around 1um for OPCs measuring side-scattering
(i.e., PCASP and GRIMM/Sky-GRIMM) and between 5 and
10 um for forward-scattering probes such as the FSSP and
the CDP. Instances when the corrected sizes oscillate are also
observed (for example, CDP for marine aerosols). There are
size ranges at which the OPC cannot properly size particles
as a result of the independence of Cy, on size shown in
Fig. 2. The blind region depends on the OPC. For the CDP, it
is comprised between 4 and 10 um, for the FSSP it is around
6 and 10 um, and for the GRIMM and the PCASP it is be-
tween 1 and 2 um. Evidently, these ranges of values change
with the complex refractive index, which in turn depends on
aerosol type. As already discussed by Lewis et al. (2026), the
width of the size classes (dlogD) becomes irregular and even
results in negative values for those classes when the corrected
size of the upper bin (at atmospheric m) is smaller than the
corrected size of the lower bin (not shown). These instances
can easily be identified by the values of dlog D that are nega-
tive, corresponding to the corrected size of the upper bin (at
atmospheric m), which is smaller than the corrected size of
the lower bin (Eq. 3).
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Figure 3. For each OPC: scatterplot of geometric-equivalent bin
size boundary (Dgeo) corresponding to the complex refractive index
of the example aerosol types (mineral dust, urban and marine) with
respect to the optical-equivalent bin size boundary (Dgg) obtained
if the calibration m is used. The color code is a light-blue line for
marine aerosol, a purple line for urban aerosol, and a brown line for
mineral dust aerosol.

3.3 Representation of the size distribution

Figure 4 provides an illustration of the possible consequences
of the representation of the particle number size distribu-
tion considering or not the composition-dependent size cor-
rection factors. To do so, a synthetic number size distribu-
tion consisting of a two-mode lognormal centered at 150 nm
(0 =1.6) and 1 ym (o = 1.8) is considered.

First of all, considering a composition-dependent correc-
tion factor redistributes particles in different classes and may
result in an artificially enlarged range of the measured size
distribution, notably for absorbing particles. Care should be
taken in normalizing the corrected particle size distribution
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Figure 4. Representation of a bimodal lognormal size distribution
by the OPCs considered in this paper, taking into account the cor-
rected bin diameter for the example aerosol types (mineral dust,
urban and marine).

to make sure that the total particle number is conserved. Sec-
ondly, as discussed in detail by Lewis et al. (2026) for the
GRIMM and the UHSAS, correcting for the refractive index
may induce spikes and discontinuities in correspondence to
irregularities in the width of the bin sizes. These discontinu-
ities appear as spurious narrow modes, which, depending on
their position in size, might have a large impact on the cal-
culation of the total mass or optical properties. While they
are most likely and most severe for OPCs with high size res-
olution, it is worth noticing that, for these reasons, almost
all OPCs have larger size bins at sizes where the Cyc, curves
flatten or are most affected by oscillations.

4 Summary and recommendations

With this paper, we describe a set of standardized corrections
of particle sizing by OPC instruments in order to account
for the dependence of angular scattering on particle compo-

Aerosol Res., 4, 429-440, 2026



436 P. Formenti and C. Di Biagio: Common research-grade optical particle counters

sition, as represented by the particle complex refractive index
m. This dataset of corrections is based on the simple assump-
tion of homogeneous spherical particles and the use of Mie
theory and considers nominal OPC characteristics in terms of
scattering angles of the sensing volume and wavelengths of
the light sources. The approach covers the range of refractive
indices expected for atmospheric aerosols.

In general terms, the analyses described confirm that
research-grade OPC probes perform very well for the size
ranges and for the particle types for which they were de-
signed, as a result of careful design by experts in the field
(see references in Table 1 and the overview of Wendisch and
Brenguier, 2013). The behavior of light-scattering intensity
with size indicates that the UHSAS performs very well for
submicron particles with diameters less than 800 nm, regard-
less of their refractive index, and represents a very significant
improvement compared to the PCASP instrument that oper-
ates on a similar, albeit more reduced size range. The FSSP,
CDP, and GRIMMY/Sky-OPC should be used to size particles
larger than approximately 1 ym. The GRIMM/Sky-GRIMM
can be problematic in the range of 1-2 um. The FSSP and
CDP can be problematic below 10 pm.

We recommend the users to consider very carefully in-
stances when light scattering is not monotonic with size and
to use care when selecting the method for eliminating them.
Discontinuities and artifacts may be corrected by eliminat-
ing or reducing the amplitude of ripples and oscillations
by smoothing or fitting the theoretical Cy¢, curves provided
in the OPC_intensity_real_imag.txt files prior to resampling
them at the desired size bins (e.g., Liu et al., 1974; Hand and
Kreidenweis, 2002; Covert et al., 1990; Johnson et al., 2008;
Lance et al., 2010). Other approaches consist of grouping or
widening the bins of the OPCs (e.g., Johnson and Osborne,
2011) or excluding specific size ranges (e.g., Denjean et al.,
2016), notably when the recalculated values of dlogD are
negative.

We recommend users to combine as much as possible the
retrieval of the particle size distribution from OPCs with con-
current, complementary measurements (e.g., particles sizers
based on electrical mobility or aerodynamics, lidar measures
of the backscattering vertical profile, gravimetric or compo-
sition measurements providing the mass concentration and
composition) for optical and/or mass closure in order to en-
sure the robustness and consistency of the dataset and im-
proved knowledge of the complex refractive index. Finally,
and in order to make the best use of the possibilities offered
by open data policies, we also recommend that users, when-
ever possible, make contact with instrument operators to ver-
ify the specifics of the OPCs, their calibration, and their per-
formance during field operations.

Finally, the significant sensitivity of the light-scattering in-
tensity Csc, to the particle complex refractive index drives the
recommendation that diameters corrected for the m should
be used rather than the calibration diameters even if parti-
cle m is not precisely known. Even with an approximate as-
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sumption of the particle origin (i.e., wind direction, time of
day, season of year, air mass trajectory), assuming an aerosol
type and/or m based on these other environmental conditions
and using the corresponding m-corrected diameter is likely
to be more accurate than using the calibration diameters. The
dataset presented in this paper can also be used without any
knowledge of the particle refractive index, or it can be used
to deduce the refractive index of the aerosol if other instru-
ments are available for closure or if more than one OPC is
used. This approach can also provide uncertainty or sensitiv-
ity of size distribution estimates.

The approach presented in this work could be extended
to other research-grade OPCs, such as the Palas® WELAS
operating with white light (Heim et al., 2008), as well as
to low-cost sensors (LCSs), provided that their geometrical
characteristics are known with sufficient precision (Hagan
and Kroll, 2020). As a matter of fact, to date, only a few
LCSs have a good degree of classification accuracy and size
resolution (OPC-N3, OPC-R2, SDS029), while the majority
of low-cost sensors have a poor size resolution (five bins) and
significant sizing errors caused by the position of particles in
the laser beam (PriboSek and Roéhrer, 2018; Ouimette et al.,
2024; Crilley et al., 2018). This aspect limits the applicabil-
ity, and possibly also the need, of complex refractive index
corrections, as the coarse size resolution should smooth out
the Mie oscillations and the ambiguity related to them. Fur-
ther work should also address the impact of morphology and
provide a shape-dependent formulation to optimize the cor-
rection to non-spherical particles such as mineral dust, soot,
salts, and crystals. The recent progress in developing numer-
ically efficient optical scattering theory allow this to be done
(Saito and Yang, 2021; Zhang et al., 2024; Chang et al., 2025)
and will be applied in the near-future to increase the univer-
sality of the corrections and the applicability of the OPC for
studying atmospheric aerosols.

Data availability. Optical calculations with Mie theory for ho-
mogeneous spherical particles have been performed with the IDL
mie_single.pro routine available at https://eodg.atm.ox.ac.uk/MIE/
mie_single.html (last access: 25 July 2026).

The datasets described in this paper are accessible via the
EasyData portal maintained by the French national data center
DATA TERRA at https://doi.org/10.57932/36balebc-604c-4d6c-
a3a8-7dc2de952241 (Formenti and Di Biagio, 2026). The dataset
consists of 10 files in zip format, corresponding to the five OPCs
considered in this study and to two types of ASCII files:

1. For each OPC, the values of scattering cross-section Cgca for
particle diameters between 0.02 and 200 um in logarithmically
equal steps of 0.004 and as a function of m (n = 1.33-1.75;
An =0.01, k=0.0-0.4; Ak =0.001) are provided in ascii
files, whose generic name is OPC_intensity_real_imag.txt,
where OPC is the abbreviation of the particle counter, real is
the value of the real part, and imag is the imaginary part of
the complex refractive index. Each file contains four columns,
namely
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the real part of m

the imaginary part of m
— the particle diameter used in Egs. (1) and (2) (um)
— the corresponding value of Cgcy (pmz),

2. The values of the corrected bin diameter as a func-
tion of m (n=1.33-1.75; An=0.01, k=0.0-04; Ak=
0.001) are provided in text files, whose generic name is
OPC_Diameter_real_imag.out, where OPC is the abbreviation
of the particle counter, real is the value of the real part of the
CRI, and imag is the imaginary part of the m. Each file contains
four columns, namely

— the nominal bin diameter (um) of the calibration m

— the bin diameter (um) calculated for the atmospheric m

— the bin midpoint diameter (Dpjq; um) calculated for the
atmospheric m

— the bin width (dlogD) calculated for the atmospheric m.

Supplement. The supplement related to this article is available
online at https://doi.org/10.5194/ar-4-429-2026-supplement.
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