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Abstract. The particle growth rate (GR) is a key parameter in aerosol dynamics and plays a crucial role in
understanding atmospheric new particle formation and its effects. A fast, robust and reproducible calculation of
GRs from aerosol number-size distribution data remains a challenge. In this study, we introduce a new method
that we call the maximum cross-correlation (MCC) method for calculating particle and ion GRs from number
size distributions. We employed this novel method to calculate GRs from simulated data and from ion and total
particle number-size distribution data from Hyytiälä, Finland. We compared our method against conventional
methods for calculating the GRs and found good agreement. The MCC method enables fast and repeatable GR
calculations from large aerosol datasets, which facilitates the systematic incorporation of GR analysis into new
particle formation studies.

1 Introduction

New particle formation (NPF) is the process by which gas-
phase molecules cluster and grow to form stable aerosol par-
ticles in the atmosphere (e.g., Kulmala et al., 2013). NPF
plays a critical role in the climate system, as it serves as a
major source of cloud condensation nuclei (CCN), which in-
fluence cloud properties and radiative forcing in the atmo-
sphere (Gordon et al., 2017; Merikanto et al., 2009; Yu and
Luo, 2009; Zhao et al., 2024).

Particle growth rate (GR), defined as the rate of change
of particle diameter, is a key quantity characterizing NPF
(Kulmala et al., 2012). GR is an important parameter when
determining the probability that the freshly formed particles
reach CCN sizes, especially when the particles are only a
few nanometers in diameter and easily scavenged by the pre-
existing aerosol (e.g., Cai et al., 2022; Kerminen et al., 2018;
Stolzenburg et al., 2018, 2023; Yli-Juuti et al., 2011).

In ambient observations, the GR is often determined from
particle or ion concentration measurements that are resolved
by both size and time. A spatial homogeneity assumption is

often made, which states that the determined GR is equal to
the average GR of the aerosol particle population. The meth-
ods to calculate GR can be roughly divided into collective
and dynamic methods (Stolzenburg et al., 2023).

In the dynamic approach, one predicts the evolution of
the aerosol size distribution using the general dynamic equa-
tion (GDE) and comparing the result to the observation (e.g.,
Pichelstorfer et al., 2018). The difference between the GDE
prediction and observation is attributed to condensational
growth as other processes causing apparent growth are in-
cluded in the GDE. The dynamic approach can in principle
be fully automated. However, the processes included in the
GDE can be difficult to quantify in the atmosphere, and the
solutions to GDE are highly sensitive to measurement uncer-
tainty, which poses issues especially in sub-5 nm sizes.

The collective methods can be further divided into rep-
resentative diameter and representative time-based methods.
Usually a line is fitted through the representative time–
diameter pairs in a selected size range, and the corresponding
GR is reported as the slope of the fit. In the collective meth-
ods, one determines a so-called collective or apparent GR,
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which represents the observed growth of the particle popula-
tion at the measurement coordinates over the duration of the
NPF event. The apparent GR does not separate out any pro-
cesses responsible for the observed particle growth (e.g., con-
densational growth, coagulation or size-dependent loss pro-
cesses).

In representative diameter-based methods, the GR is deter-
mined by analyzing the number size distribution across time
and finding representative diameters that are then used at cal-
culating the GR. In the so-called mode-fitting (MF) method
(Dal Maso et al., 2005; Kulmala et al., 2012), a log-normal
distribution is fitted to the growing particle mode at succes-
sive time steps, and the rate of change of the peak values
is used at calculating the GR. The representative diameter-
based methods work best when the growing particle mode is
fully visible in the data. In sub-5 nm sizes, this is often not
the case and the MF method will underestimate the GR. Paa-
sonen et al. (2018) developed an automatic method based on
mode fitting that identifies growing particle modes and cal-
culates their GRs. However, the method is less reliable for
determining GRs in the smallest particle sizes at the onset of
NPF events.

In representative time-based methods, the GR is deter-
mined by analyzing the concentration time series across dif-
ferent size channels and finding representative times, which
are then used in the GR calculation. A conventional approach
is to fit a function to the increasing concentrations associated
with the growing particle mode and to use specific features
from the fitted curves as representative times. In the max-
imum concentration (MC) method, a Gaussian function is
used, and the peak positions determine the GR (Hirsikko et
al., 2005). In the appearance time (AT) method, a sigmoid
function is fitted to the leading edges of the rising concen-
trations, and the midpoint values are used to calculate the
GR (Lehtipalo et al., 2014). The AT method is suitable also
for cases when NPF is sustained over longer time periods,
e.g., during chamber experiments (Dada et al., 2020), and
therefore the Gaussian function is not suitable for locating
the maximum concentration.

A similar approach to the representative time-based meth-
ods is to estimate the representative time lag between the ris-
ing concentrations in two separate size channels (Riccobono
et al., 2012; Sihto et al., 2006). The GR is calculated by di-
viding the size difference with the time lag. The difference
between finding representative time lags and representative
times is subtle but relevant since in practice the methodology
can be different and one may be more amenable to automa-
tion than the other. The representative time (lag)-based meth-
ods are suitable for instruments with a limited number of size
channels and when the particle mode is not fully visible in the
data, which is usually the case when the growing particles are
sub-5 nm in size. Representative time (lag)-based methods do
not require the absolute concentrations to be correct and can
even work on raw signals.

In both representative diameter and representative time-
based methods, automating the fitting procedure for NPF
events is challenging. The range of data around the NPF
event used for the fitting is usually manually selected by
the researcher. This makes GR calculation labor intensive
and subjective. Fitting-based methods can be very sensitive
to the chosen data range and are influenced by, for exam-
ple, concentration spikes from local emissions, instrumental
noise and meteorological conditions. All this leads to vari-
ability in GR estimates and reduced reproducibility. In part
due to these limitations, despite the abundance of aerosol
number-size distribution data, comprehensive datasets that
report GRs in different size ranges are scarce, and the meth-
ods used can be poorly documented.

In this study, we introduce the maximum cross-correlation
(MCC) method, which is an automatic representative time-
lag-based method for GR calculation. Our objective is to val-
idate the new method using simulated data and by comparing
it against conventional methods.

2 Methods

2.1 Maximum cross-correlation method

When no other processes significantly influence the particle
size distribution, particle growth during or after an NPF event
leads to an increase in particle number concentration that is
observed earlier in the smaller size channels and later in the
larger size channels. The task is to find a way to calculate the
time lag between the concentration rise for the different size
channels and to use this in the calculation of the GR.

We assume that a good condition for finding the represen-
tative time lag is when the concentrations in two size chan-
nels are maximally correlated. Next, we will outline how this
idea is used to calculate particle GRs from number-size dis-
tribution data.

1. Let us choose particle diameters d1 and d2 (d1 < d2)
from the number size distribution.

2. From the number size distribution, we interpolate the
concentration time series N1(t) and N2(t) that corre-
spond to the size channels represented by the chosen
diameters.

a. It is possible to select an arbitrary time window for
the time t . The time window can be different for the
small and large diameters. Here we chose 1 d from
midnight to midnight local time since NPF tends to
follow a diurnal cycle in most environments.

b. Here we required that no more than 5 % of the con-
centration values along each size channel in the size
range of interest were missing, otherwise the day
was categorized as bad data. Days when the instru-
ment was not measuring were also categorized as
bad data.

Aerosol Res., 3, 637–647, 2025 https://doi.org/10.5194/ar-3-637-2025



J. Lampilahti et al.: A cross-correlation-based method for determining size-resolved particle growth rates 639

3. Calculate normalized cross-correlation for N1(t) and
N2(t):

RN1N2 (τ )=

1
M(τ )γ

∑
t

(N1(t − τ )−µ1) (N2(t)−µ2)
σ1σ2

. (1)

a. N1(t) andN2(t) are normalized by subtracting their
means µ1 and µ2 and dividing by their standard
deviations σ1 and σ2. This makes the method less
sensitive to baseline concentration levels or the dif-
ferences in concentration amplitude.

b. τ is the time lag, and τlim is the maximum allowed
lag. We varied τ at increments of 1τ = 1 s.

c. M(τ ) is the number of overlapping data points be-
tween time series N1(t) and N2(t) for a given τ .
The summation is only over the overlapping data
points so a higher degree of overlap will lead to a
higher cross-correlation. In order to correct for this
effect, we divide the sum (raw cross-correlation) by
M(τ )γ (overlap correction). γ is an exponent that
determines how aggressive the overlap correction
is. An optimal value for γ can be determined from
the data (see Sect. 3.1).

i. γ > 1 overlap correction is amplified as τ in-
creases.

ii. γ = 1 overlap correction is directly propor-
tional to τ .

iii. 0< γ < 1 overlap correction is dampened as τ
increases.

iv. γ = 0 same as raw cross-correlation.

d. Depending on the data quality, the channel concen-
trations N1(t) and N2(t) may have to be smoothed,
for example, by using a rolling mean.

4. Find the representative time lag as the time lag at maxi-
mum correlation τmax = argmax(RN1N2 (τ )).

a. Return a missing value for results where τmax ≤ 0 s
and for the limiting case τmax = τlim.

5. Calculate the growth rate as GRd1−d2 =
d2−d1
τmax

.

Figure 1 illustrates how the MCC method is used to cal-
culate particle GR from the number size distribution. In this
case, we calculated the GR of negative ions from 2 to 3 nm.
The MC method was also applied to the case for comparison.

If the diameters d1 and d2 are too widely spaced, the cor-
relation between the size channels is influenced by unrelated
atmospheric processes. This is why the size range may have
to be divided into smaller size ranges or bins, and then the
MCC method can be applied separately to each smaller bin.
In order to calculate GR for the whole size range, one should

Figure 1. Example case from 15 March 2010 illustrating the calcu-
lation of GR for 2–3 nm negative ions using the MCC method. Panel
(a) shows negative ion number-size distribution, with peak diame-
ters fitted using the MC method and the GR found by fitting a line to
them. Panel (b) shows normalized particle concentrations in the two
size channels with and without a 3 h rolling mean applied. Panel (c)
shows normalized cross-correlation between size channels, with the
τmax and corresponding GR shown. For normalization, a gamma
value of 0.25 was used. The size range was not divided into smaller
bins.

add the representative time lags τmax,i for each bin numbered
by i:

τmax =
∑n

i=1
τmax,i (2)

and use the resulting τmax in the final GR calculation. Here
we used a condition that if for any of the bins τmax,i ≤ 0 or
τmax,i = τlim, then the GR for the whole size range would
also be a missing value.

The number of bins should not exceed the number of size
channels available in the data, and the concentrations at bin
edges can be found by linear interpolation. Each bin should
be of equal width on a log scale.

2.2 Hyytiälä dataset

The MCC method can be used on individual days when a
growing particle mode is present or to determine the distri-
bution of GRs across multiple days in an automated fashion,
as demonstrated in this study.

We tested the method on an ion and total particle number-
size distribution dataset from the SMEAR II station. The
SMEAR II station is located in Hyytiälä, Finland, in a rural
boreal forest environment (61.85° N, 24.30° E, 180 m; Hari
and Kulmala, 2005). The dataset is approximately 14 years
long (February 2010–December 2024). No NPF event clas-
sification was done on the days in the dataset prior to the
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GR analysis. The ion and particle number-size distributions
were measured by a neutral cluster and air ion spectrometer
(NAIS, Ariel Ltd.; Mirme and Mirme, 2013) and a differen-
tial mobility particle sizer (DMPS; Aalto et al., 2001).

The NAIS measured the number size distribution of air
ions and total particles in the mobility equivalent diameter
range of approximately 0.8–40 and 2.5–40 nm, respectively.
The DMPS system measured the number size distribution of
total particles in the mobility equivalent diameter range of
3–1000 nm. The number size distributions were averaged to
a 1 h time resolution.

GRs were calculated in three size ranges: 2–3, 3–7 and
7–20 nm. Each size range was separately subdivided into
smaller bins on a log scale: two bins for 2–3 nm, three for
3–7 nm and four for 7–20 nm. In the NAIS data, there were
6, 12 and 15 size channels between 2–3, 3–7 and 7–20 nm.
In the DMPS data, there were 7 and 9 size channels between
3–7 and 7–20 nm. The concentrations at bin edges were in-
terpolated from the number size distribution (number con-
centrations normalized by logarithm of size channel width
dN/dlog10d) measured by the NAIS or the DMPS.

We compared our results against a pre-existing GR dataset
from Hyytiälä. In this dataset, GRs were calculated using
the MC method from NAIS ions (2003–2019) in the 1.5–3,
3–7 and 7–20 nm size ranges and from DMPS total parti-
cles (1996–2024) in the 3–7 and 7–25 nm size ranges. The
overlapping time range was January 2010–August 2019. In
addition, GR datasets mainly reporting descriptive statistics
have been published from Hyytiälä (Gonzalez Carracedo et
al., 2022; Hirsikko et al., 2005; Manninen et al., 2009, 2010;
Yli-Juuti et al., 2011), which serve as another point of com-
parison.

2.3 Synthetic dataset

The ARCA box model (Atmospherically Relevant Chemistry
and Aerosol model; Clusius et al., 2022) was applied to sim-
ulate an NPF event with a known condensational GR, which
served as a reference for evaluating different GR calculation
methods. The model configuration file can be found in the
Supplement.

3 Results and discussion

3.1 Sensitivity to input parameters

Dividing the raw cross-correlation by M(τ )γ may introduce
a bias towards larger or smaller GRs, depending on the value
of γ . In order to study this effect and to find an optimum
value for γ , we investigated if there was a systematic shift
in the median of the GR distribution for different values of
γ when the size range was divided into more bins (Fig. 2a).
For comparison, we also tested if the GRs calculated from
the simulated NPF event would shift under similar conditions
(Fig. 2b).

Figure 2. Panel (a) shows the median GRs (3–7 nm) from Hyytiälä
negative ion data for different values of γ as a function of the num-
ber of bins in the size range. Panel (b) shows the GRs (3–7 nm)
calculated from the simulated NPF event for different values of γ
as a function of the number of bins in the size range.

Figure 3. Panels (a), (b) and (c) show the effect of the number of
bins (n), the maximum allowed lag (τlim) and the smoothing win-
dow width (S) on the GR distributions of 3–7 nm negative ions, re-
spectively. The input parameters that were kept constant are shown
at the top of each panel.

Both the GR distribution medians and the simulated GRs
showed similar shifts for different γ values. In both cases,
the value that had minimal effect on the GR was γ = 0.25,
which is the value we used in the rest of the analysis.

Figure 3 shows the effect of the number of bins (n), maxi-
mum allowed lag (τlim) and smoothing window width (S) on
the resulting GR distributions.

Figure 3a shows that a higher number of bins increases the
signal-to-noise ratio but reduces the number of days in the
GR distribution. This is because if there are more smaller size
ranges, the probability of getting τmax,i = 0 s (or other invalid
value) is increased, and in this case a missing value is re-
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Figure 4. The NPF event simulated using the ARCA box model.
Panel (a) shows the time evolution of the number size distribution
and the representative time diameter pairs fitted using the MC, AT
and MF methods. Panel (b) shows the comparison of different GR
methods against the true (condensational) GR obtained from the
model.

turned for the whole GR. In order to maximize the signal-to-
noise ratio and minimize the number of discarded GR days,
we aimed for a bin width of approximately 0.1 on the log
scale. For 2–3, 3–7 and 7–20 nm, this corresponded to n= 2,
n= 3 and n= 4, respectively.

Figure 3b shows that if the range of allowed lags is too nar-
row, some low GR values are cut out. If the lag range is in-
creased enough to capture all the GRs, then further increases
in the maximum allowed lag have no effect on the shape
of the GR distribution. In the analysis, we used τlim = 22 h,
which should be enough to capture all particle growth during
the day.

Figure 3c shows that increased smoothing window width
shifts the GR distribution towards lower GR values. This is
a known effect in the AT method as well (Lehtipalo et al.,
2014). It may be that increased noise shifts the GR distri-
bution towards higher GR values. In the analysis, we used
S = 3 h, which should be enough to remove some of the
random concentration peaks and noise while preserving the
gradual concentration increase due to NPF.

3.2 Simulated NPF event

The simulated NPF event is shown in Fig. 4. Figure 4a shows
the evolution of the number size distribution along with rep-
resentative time diameter pairs fitted using the MC, AT and
MF methods. Figure 4b shows the mean (condensational) GR
in each size bin from the model and the GRs obtained using
the MCC, MC, AT and MF methods.

All methods underestimated the true GR. The MCC, MC
and AT methods showed less underestimation and were

Figure 5. The GR distributions from Hyytiälä, separated into back-
ground and signal parts at the cutoff (dashed line). The median GR
from the signal distribution is shown in the top-right corner. The
blue and orange lines show the GR distributions on days that have
low (<P80) and high (>P80) nanorank, respectively. For compa-
rability, all distributions were normalized to unity.

in good agreement with each other. As expected, the MF
method underestimated substantially more below 5 nm.

3.3 Hyytiälä GR distributions

The GR distributions obtained from the 14-year dataset in
Hyytiälä using the MCC method are shown in Fig. 5. The
GR2–3 and the GR3–7 distributions in both ions and total
particles appear to consist of two distinct parts that we call
the “background” and the “signal”. Background refers to the
smaller peak at lower GR values, and signal refers to the
larger peak at higher GR values.

We assumed that the signal peak contains days with true
particle growth and separated it from the background by
identifying a local minimum between them. There can be
several reasons for the background distribution at very low
GRs. For example, even with the optimized γ exponent,
there could remain some bias towards high time lags. In
the absence of NPF events, the concentrations in the small
and large size channels follow a diurnal cycle based on the
boundary layer (BL) height, with higher concentrations in the
early morning and late evening when the BL is low and lower
concentrations during midday when the BL is high. Cross-
correlation between the early morning and late evening can
therefore be dominating when there is no NPF leading to a
distribution of low GR values.

To illustrate this further, Fig. 5 shows the GR distribu-
tions on days with low (bottom 80 %) and high (top 20 %)
nanoranking values (Aliaga et al., 2023). On days with a high
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nanorank, it is more likely that intense NPF takes place. The
GR distributions on high nanorank days clearly have a re-
duced background component compared to the GR distribu-
tions on low nanorank days. Due to the concentration nor-
malization, the MCC method can return GRs also on so-
called quiet NPF event days (Kulmala et al., 2022), which
can have low nanorank values.

We also prepared Figs. S1–S4 (Supplement), which show
examples of negative ion number-size distributions on days
that are from the signal distribution and on days that are from
the background distribution for 2–3 and 3–7 nm size ranges.
The majority of the signal days, especially looking at the
larger size range, show features typical of NPF event days,
while the background days contain mostly days that would
be classified as nonevent or undefined days (Dal Maso et al.,
2005). This supports excluding them from the GR analysis.

The number of large outliers was relatively small (< 20) in
all GR distributions, which suggests that most local particle
plumes that might cause very high GRs are filtered away by
the requirement that τmax > 0 s. Averaging the data to a 1 h
time resolution probably also reduced the number of large
outliers in the GR distribution. We chose to ignore the large
outliers due to their small number.

The median GRs in Fig. 5 showed an increasing trend with
particle size, a pattern commonly observed across various en-
vironments (Kerminen et al., 2018; Stolzenburg et al., 2023).
In the same size range, the median GRs for the positive ions,
negative ions and total particles (from DMPS) were similar,
which is also supported by previous observations (Gonzalez
Carracedo et al., 2022; Hirsikko et al., 2005; Manninen et
al., 2009; Yli-Juuti et al., 2011). The GRs calculated from
the NAIS total particles were higher compared to the other
GRs in the same size range. This might be linked to the NAIS
measuring higher concentrations in total particle mode com-
pared to other instruments (Kangasluoma et al., 2020).

Further testing needs to be done by using data from envi-
ronments that have extremely slow (e.g., Arctic sites) or fast
(e.g., some coastal sites) particle growth to see if a similar
separation into background and growth distributions occurs.
In urban environments, the number of outliers may be higher
due to increased local particle emissions.

Figure 6 shows that there were many days when GR was
not calculated due to too many missing data (bad data) or due
to the method returning a missing value because of τmax ≤

0 s (negative or infinite GR) or τmax = τlim (limiting case).
The relatively large number of bad data is explained by our
rather strict criteria for usable data (< 5 % missing data in
the size range of interest). Days when the instrument was not
measuring were included in the bad data.

3.4 Comparison against previous results

Figure 7 shows a comparison between the MCC results and
the MC results from Hyytiälä. Each point corresponds to a
day when both methods successfully returned a GR in the

Figure 6. Number of days categorized as bad data, GR not calcu-
lated, background, and signal using the MCC method. Percentage
of total days is shown at the top of each bar.

given size range. GRs from both methods cluster around the
1-to-1 line and show a clear positive correlation.

In the smallest size range, the number of common data
points is reduced and some more outliers are present. This
is likely because reliably obtaining GRs is more difficult in
sub-3 nm sizes due to the increased measurement uncertainty.

In Fig. 8, we compared the percentages of days when only
the MC method, only the MCC method or both methods re-
turned a GR in the different size ranges for the time period
2010–2019. In each case, the MCC method found signifi-
cantly more GRs than the MC method. For the two larger
size ranges, the MCC method identified most of the GR days
detected by the MC method (73 %–87 %). For the 3–7 nm to-
tal particle case, the MCC method captured only about 56 %
of the GR days detected by the MC method.

In the smallest, sub-3 nm size range, the MCC method
found about half of the GR days found by the MC method.
This is likely because the MC method was only applied to
NPF events where the ion growth continued to larger sizes,
whereas the MCC method potentially also found cases of
highly localized ion growth where the growth to larger sizes
was not observed (e.g., Rose et al., 2018; Tuovinen et al.,
2024).

In Fig. 9, we investigated how the days when the MCC
method returned a valid GR or a missing value were dis-
tributed in terms of the1N2.5–5 metric used in the nanorank-
ing analysis (Aliaga et al., 2023) and in terms of the tra-
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Figure 7. Correlation between ion and total particle GRs obtained
from the MCC and MC methods. Each point represents a day when
both methods returned a valid GR in the given size range. The GRs
were calculated from Hyytiälä data between 2010 and 2019. The
Pearson correlation coefficients are shown in the lower-right corner
of each panel.

Figure 8. Percentage of days during 2010–2019 when only the MC
method, only the MCC method or both returned a GR in a given
size range. The bad data days were removed from the comparison.

ditional NPF event classification scheme (Dal Maso et al.,
2005).

Figure 9a shows that GR days had higher 1N2.5–5 metrics
compared to the days with missing GRs, indicating that there
was more intense NPF on the GR days. This is supported by
Fig. 9b, which shows that most GR days in the 3–7 and 7–
20 nm size ranges were also NPF event days, whereas days
with a missing GR value were more likely to be nonevents.

In the undefined category, the GR days and the missing GR
days were more evenly distributed.

Figure 9b shows a less clear trend in the 2–3 nm size range
across the NPF event classes. This can be because not all sub-
3 nm ion growth continues to larger sizes and therefore will
not be classified as an NPF event in the classification scheme.
The NPF event classification is done based on DMPS data
using total particles larger than 3 nm.

Finally, we compared our results with published GR data
from Hyytiälä. Yli-Juuti et al. (2011) investigated ion and
total particle GRs during NPF events in Hyytiälä (2003–
2009) using data from similar instruments as in this study.
GRs were derived with both the MC and MF methods, which
showed good agreement, and the reported median GRs repre-
sent averages across instruments and methods. Ion data were
used for the sub-3 nm sizes and both ion and total particle
data for larger sizes.

Hirsikko et al. (2005) and Manninen et al. (2009, 2010)
used similar methodology (only the MC method) to inves-
tigate GRs in Hyytiälä between 2003 and 2004, March and
June 2007 and March 2008 and May 2009.

Gonzalez Carracedo et al. (2022) used the AT method and
the MC method to calculate GRs in two different size ranges
from ions measured by NAIS and total particles measured by
DMA train. The authors found good agreement between the
two methods. The data were measured in Hyytiälä between
March and September 2020. For comparison purposes, we
chose only the ion GRs to calculate the median GR in the
smallest size range (1.8–3.2 nm) and both ion and total parti-
cle GRs to calculate the median GR in the larger size range
(3.2–8 nm).

From our results, we calculated the median 2–3 nm GR
from ions and the median 3–7 and 7–20 nm GRs using ion
and DMPS data. We used the 0 and 99 percentile values as
our min and max values. The results of the comparison are
shown in Fig. 10.

Overall, the median GRs in all the size ranges com-
pare well across all studies. Also, the min–max ranges and
the interquartile ranges of the GRs (if reported) compare
well across the studies. In the previously published studies,
the GRs were determined only on days with intense NPF,
whereas our method is in principle also capable of finding
GRs on days with less intense NPF. In Hyytiälä, the GR is
expected to be similar despite the intensity of NPF (Kulmala
et al., 2022).

4 Conclusions

We presented the MCC method for determining size-resolved
particle GRs from aerosol number-size distribution data.
The method was tested and validated on sub-20 nm ion and
total particle number-size distribution data measured from
a Finnish boreal forest. The proposed method uses cross-
correlation to determine the representative time lag used for
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Figure 9. Panel (a) shows the box plots of 1N2.5–5 metrics from the nanoranking analysis in different categories. Panel (b) shows how the
days in the same categories were distributed in terms of the NPF event classes. The bad data days were removed from the comparison.

Figure 10. Comparison of GRs obtained in this study against published data from Hyytiälä. The bar height is the median GR in each size
range, and the error bars show different ranges of GR values reported in the studies.
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the GR calculation. We applied the method to a simulated
NPF event with a known condensational GR and to ap-
proximately 14 years of ion and total particle data from the
SMEAR II station in Hyytiälä, Finland. We calculated GRs
in three different size ranges: 2–3, 3–7 and 7–20 nm.

The GRs obtained using the MCC method compared well
against the GRs obtained using the conventional methods in
both the simulated data and in the measured data. Most days
when the MCC method returned a GR were NPF event days
in Hyytiälä.

One should keep in mind that the MCC method gives
the apparent GR, which is roughly equal to the condensa-
tional GR in non-polluted environments with roughly ho-
mogenous sources of condensable vapors in surrounding ar-
eas. In polluted environments, the effect of coagulation on
the GR should be taken into account (Cai et al., 2021). Also,
heterogeneities in condensable vapor concentrations upwind
of the observation site can have strong effects on the appar-
ent GR, which can influence the interpretation of the results
(Hakala et al., 2023; Kivekäs et al., 2016).

In the future, it is important to test the MCC method using
aerosol data from other types of environments. For example,
in places with local emission sources there may be multiple
particle growth events during a single day. In this case, run-
ning the MCC method using different time windows may be
necessary in order to separate out the different growth pro-
cesses. On the other hand, the suitability for detecting very
low or very high GRs, as well as weak NPF, should be further
investigated.

The MCC method allows one to efficiently and systemat-
ically calculate GRs from ion and total particle number-size
distributions. The MCC method is readily applied to large
collections of data, which facilitates the GR analysis from
new and existing aerosol datasets. When combined with sta-
tistical NPF classification methods, such as the nanoparticle
ranking method (Aliaga et al., 2023), it could replace the con-
ventional labor-intensive NPF analysis, especially when NPF
is the dominant source of particles in the size range.
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