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Abstract. This data paper presents an overview of the cloud spectrometers deployed during the Pallas Cloud Ex-
periment (PaCE) in autumn 2022, a coordinated measurement campaign in the Finnish subarctic that took place
between 12 September and 15 December 2022. Four cloud spectrometers — the Cloud and Aerosol Spectrom-
eter (CAS); the Forward Scattering Spectrometer Probe (FSSP-100); the Cloud Droplet Analyzer (CDA); and
ICEMET - were operated as ground-based setups, providing high-resolution in-cloud measurements of droplet
size distributions and key microphysical properties, such as number concentration (N), liquid water content
(LWC), median volume diameter (MVD), and effective diameter (ED). The dataset is complemented by meteo-
rological observations of temperature, humidity, wind speed, and visibility at a 1 min resolution. The measure-
ments collected during PaCE 2022 offer valuable insights into aerosol—cloud interactions and cloud evolution in
subarctic cloud systems. This dataset is suitable for researchers in cloud microphysics, atmospheric science, and
climate modeling, as well as for instrument calibration and validation in future campaigns. The data can also be
integrated with complementary concurrent in situ aerosol, remote sensing, UAV, and balloon-borne observations
during PaCE 2022 to provide a more comprehensive understanding of cloud microphysics and atmospheric pro-
cesses in the subarctic environment. The dataset is publicly available at https://doi.org/10.5281/zenodo.15045294

(Doulgeris et al., 2025).

1 Introduction

Clouds play a key role in Earth’s climate system, influencing
radiative transfer, hydrological processes, and atmospheric
dynamics (Boucher et al., 2013; Sherwood et al., 2020). The
Arctic region exerts a significant influence on global climate
change, due to its rapid warming, which is occurring approxi-
mately 4 times faster than the global average, a phenomenon
known as the Arctic amplification effect (Post et al., 2019;
Rantanen et al., 2022). The impacts of Arctic amplification
are expected to extend far beyond the region itself, influenc-
ing global weather patterns and climate systems (Shupe et
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al., 2022). Low-level clouds play a crucial role in the Arctic
climate by contributing to the warming of near-surface air,
primarily through their interaction with longwave radiation
(Shupe and Intrieri, 2004; Zuidema et al., 2005; Maillard et
al., 2021). The unique meteorological conditions of the Arc-
tic region, characterized by low temperatures and frequent
mixed-phase cloud occurrences, present a distinct challenge
in understanding these clouds’ microphysical and radiative
properties (Wendisch et al., 2019). Despite their importance,
in situ measurements of these clouds remain sparse, leading
to significant gaps in understanding their behavior, dynamics,
and climatic impacts (Baumgardner et al., 2017). Aerosol—
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cloud interactions (ACls) play a key role in shaping cloud mi-
crophysics, governing such processes as droplet nucleation,
ice formation, and precipitation development, which are crit-
ical for accurate climate modeling (Morrison et al., 2020).
As polar regions are experiencing some of the fastest rates of
warming globally, understanding these cloud processes is vi-
tal for improving climate projections, particularly in the con-
text of Arctic amplification (Rantanen et al., 2022).

The Pallas Cloud Experiment (PaCE) 2022 was designed
to address these gaps through an integrated multidisciplinary
approach. Conducted in the Finnish subarctic, PaCE 2022
combined ground-based, airborne, and remote sensing ob-
servations to examine aerosol—cloud interactions under sub-
arctic conditions. Among the several instruments employed,
cloud spectrometers played a key role in characterizing
the microphysical properties of low-level clouds, providing
high-resolution measurements of cloud microphysical prop-
erties. In situ ground-based measurements using cloud spec-
trometers are fundamental, as they provide detailed access
to individual cloud droplets within a defined sampling vol-
ume, enabling precise characterization of cloud microphys-
ical properties (Wandinger et al., 2018; Doulgeris et al.,
2023). This study is focused on the deployment and data
collected from four cloud spectrometers during PaCE 2022:
the Forward Scattering Spectrometer Probe (FSSP-100); the
Cloud, Aerosol, and Precipitation Spectrometer (CAPS); the
Cloud Droplet Analyzer (CDA); and the ICEMET holo-
graphic sensor. By presenting and analyzing these datasets,
this work contributes to new insights into the microphysi-
cal characteristics of subarctic clouds and their implications
for regional and global climate systems. These measurements
offer a resource for improving parameterizations of aerosol—
cloud processes in climate models and addressing uncertain-
ties in cloud radiative effects.

This paper specifically details the operation of these
cloud spectrometers and the calibration procedures em-
ployed. A comprehensive overview of the Pallas Cloud Ex-
periment 2022 (PaCE 2022) campaign is provided in Brus et
al. (2025). In presenting these data, the aim is to enhance the
understanding of aerosol—cloud interactions and cloud mi-
crophysics in the subarctic, contributing a valuable dataset to
support future research in atmospheric and climate sciences.

2 Methods

2.1 Measurement site

The measurement site is located at the Sammaltunturi station,
which is part of the Pallas Atmosphere—Ecosystem Supersite
in Finnish Lapland, operated by the Finnish Meteorological
Institute (FMI). The station is located approximately 170 km
north of the Arctic Circle (67.9733°N, 24.1157°E, 565 m
above sea level). The surrounding area is characterized by
low-lying vegetation, primarily consisting of lichen, moss,
and small vascular plants, while the forest below the station
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is dominated by pine, spruce, and birch trees. This remote lo-
cation, situated within the Pallas-Y1ldstunturi National Park,
experiences minimal anthropogenic influence, providing an
ideal setting for monitoring natural atmospheric conditions.
During autumn, the station is frequently immersed in clouds,
offering an optimal environment for studying cloud droplets,
ice crystals, and associated aerosol particles. A full descrip-
tion of the measurement site can be found in Lohila et
al. (2015) and Doulgeris et al. (2022).

2.2 Instrumentation

The PaCE 2022 campaign at the Sammaltunturi station uti-
lized an extensive array of meteorological and cloud spec-
trometry instruments to measure cloud microphysical prop-
erties and meteorological parameters. This section describes
the spectrometers and their roles in the campaign. Table 1
provides an overview of the cloud spectrometers employed in
the study, detailing the measurement range, measured param-
eters, derived parameters, and sampling frequency for each
instrument, while Fig. 1 illustrates their deployment config-
uration at the Sammaltunturi station.

The Cloud, Aerosol, and Precipitation Spectrometer
(CAPS), deployed during the PaCE 2022 campaign, is an
instrument designed to measure a wide range of cloud and
aerosol microphysical properties. CAPS consists of three
instruments, namely, the Cloud and Aerosol Spectrometer
(CAS), the Cloud Imaging Probe (CIP), and a hot-wire lig-
uid water content sensor. During PaCE 2022, only CAS
was operational. While CAPS has been widely used for air-
borne measurements (Baumgardner et al., 2001; Spanu et al.,
2020), its ground-based adaptation at the Sammaltunturi sta-
tion faced operational challenges, particularly with the hot-
wire LWC sensor, which was prone to ice accretion in super-
cooled liquid cloud conditions. Also, the CIP was not oper-
ational during PaCE 2022 because of technical issues. The
CAS utilizes Mie scattering theory to calculate particle size
based on light intensity. The CAPS spectrometer was fixed
in one direction, which was the main wind direction of the
station (220°), to ensure that, most of the time, it would face
the wind.

The Forward Scattering Spectrometer Probe (FSSP-100,
model SPP-100, DMT, Brenguier, 1989), originally designed
for airborne applications, was adapted for ground-based use
at the Sammaltunturi station, where it was installed on a
rotating platform to ensure that it continuously faced the
wind. Despite modifications and anti-icing systems, the in-
strument faced challenges with snow and ice accumulation,
and consequently required regular maintenance. Both the
CAPS and FSSP-100 were equipped with high-flow aspi-
ration systems to maintain constant flow through the inlets,
with air speed monitored and adjusted regularly. Both CAS
and FSSP-100 operate on the same principle. They function
by detecting forward-scattered light from individual droplets
as the droplets pass through a laser beam. The droplet sizes
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Table 1. Summary of instrumentation used for cloud measurements.
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Instrument  Measurement range (um)  Measured parameter Derived parameters ~ Sampling frequency (Hz) Inlet orientation
FSSP-100 247 Droplet size distribution ~ N¢, MVD, LWC 1 Horizontal
CAS 0.61-50 Droplet size distribution ~ N, MVD, LWC 1 Horizontal
CDA 0.4-94 Droplet size distribution ~ N¢, MVD, LWC 1 Vertical
ICEMET 5-200 Droplet size distribution ~ N¢, MVD, LWC 1 Horizontal

Figure 1. ICEMET, CAPS, CDA, and FSSP-100, installed on the roof at the Sammaltunturi site for PaCE 2022.

are derived using Mie scattering theory, with backscatter op-
tics also utilized to measure light intensity in the range of 168
to 176°; this helps to determine the refractive index of spher-
ical particles. For the calibration of the CAS and FSSP-100,
glass beads in the diameter size range 2—40 pm and standard
polystyrene latex spheres (PLSs) in the diameter size range
0.74-2 um were used. A detailed description of both instru-
ments and their ground setup can be found in detail in Doul-
geris et al. (2020).

The Cloud Droplet Analyzer (CDA, Palas GmbH) is a
high-resolution optical aerosol spectrometer, specifically de-
signed to measure the size distribution and number concen-
tration of aerosols and cloud droplets. This aerosol spec-
trometer can measure the size of dust particles and, in ap-
propriate conditions, cloud droplets, while also determin-
ing the water content of the air. The central element of the
device is an optical aerosol sensor that uses Mie-scattered
light analysis of single particles to determine their size. Each
particle passes through an optically differentiated measure-
ment volume, which is uniformly illuminated by a poly-
chromatic LED light source. As particles move through this
volume, they generate scattered light pulses, which are de-
tected at an angle between 85 and 95°. The number of scat-
tered light pulses is used to determine the particle count,
while the intensity of the scattered light pulse serves as a
measure of the particle diameter. The CDA has a compre-
hensive measurement range, spanning from 0.2 to 100 um.
However, it can only measure particle concentrations from 0
to 200 particlescm™3. To ensure efficient particle sampling,
a volume flow rate of 5.0Lmin~! should be maintained.

https://doi.org/10.5194/essd-17-6497-2025

The CDA operates with a power consumption of 200 W and
is resilient in ambient temperatures ranging from —20 to
+50°C. The device weighs 35kg and has dimensions of
883 mm x 640mm x 390mm. During the campaign it cov-
ered a size range from 0.4 to 94 um using 38 bins (in terms of
water equivalent diameters). The sampling system includes a
vertical inlet tube, measuring 15 cm in length, with an inner
diameter of 8 mm and an outer diameter of 10 mm. The sam-
pling head is a Sigma inlet. The calibration of the CDA was
carried out before and after the campaign using MonoDust
1500, a dust with a specified and known particle size.

The ICEMET sensor (Kaikkonen et al., 2020), deployed
during the PaCE 2022 campaign, was installed on a measure-
ment platform mounted on a &2 m-tall pole with a 60 mm di-
ameter at the Sammaltunturi station roof top. ICEMET uses
digital in-line holographic imaging to measure droplets and
ice crystal properties in cloud samples. The sensor is capable
of measuring particles ranging from 5 to 200 um in diameter,
with a maximum particle size of approximately 1 mm.

The particle sizing of the ICEMET sensor at Sammaltun-
turi station was calibrated on 18 February 2021 using NIST
traceable monodisperse glass beads (Whitehouse Scientific,
Ltd.), sized 9.18 and 25.60 um, and non-traceable 5 pm glass
beads. Holographic imaging systems typically overestimate
the smallest particle sizes close to the optical resolving power
limit of the system (Henneberger et al., 2013). To address
this overestimation of smallest particle sizes, a linear cor-
rection curve based on the calibration results for all particle
sizes under 13.07 um was implemented in the particle analy-
sis of ICEMET sensor data. Additionally, the sensor’s sam-
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pling and measurement performance in icing conditions was
recently studied in comparison with the ISO12494:2017 at-
mospheric icing standard (Molkoselki et al., 2023).

The maximum hologram recording frame rate of the
ICEMET sensor is 6 fps, corresponding to a sampling rate
of 1.5cm? s~!. Typically, for long term measurements, holo-
gram frame rates of either 0.5fps or 1fps are used, for
data management reasons. At the Sammaltunturi station, the
ICEMET sensor was set to an averaged sampling speed of
0.13cm?s~!, which corresponds to 7.5 cm® min~!. To pre-
vent ice formation on the sensor, it is equipped with an anti-
icing heating system, operating at 500 W. The sensor runs on
a 48 Vpc power supply.

For CAPS and FSSP-100, data acquisition software pro-
vided by Droplet Measurement Technologies (PADS 2.5.6)
was employed. For CDA, the same equations for the derived
parameters were adopted. The parameters obtained included
number concentration (N,), liquid water content (LWC), me-
dian volume diameter (MVD), and effective diameter (ED).
The equations are described in detail in, e.g., Doulgeris et
al. (2020). Uncertainties are estimated at approximately 20 %
for droplet sizing and 16 % for number concentration (Baum-
gardner, 1983; Dye and Baumgardner, 1984; Baumgardner et
al., 2017). Coincidence errors, dead-time losses, and veloc-
ity acceptance ratio (VAR) uncertainties were not considered
significant during the campaign, as the majority of droplet
number concentrations were below 300 cm™3. However, un-
certainties in LWC measurements remained high, with an es-
timated margin of error of 40 %, consistent with previous
studies (Droplet Measurement Technologies Manual, 2009,
2011).

Considering the ICEMET sensor, it was operated using a
hologram analysis software ICEMET server that performed
several critical functions (Molkoselka et al., 2021). The soft-
ware reconstructed holograms, segmented particles within
them, autofocused the identified particles, and generated bi-
nary images of the focused particles. All single-particle data
were stored in a comprehensive database. For the calculation
of liquid water content (LWC) and median volume diame-
ter, the software applied filtering criteria to the particle data,
based on preset settings. Specifically, particles were included
if they had an effective diameter between 5 and 200 um and
a Heywood roundness value of less than 1.2, where 1 repre-
sents a perfect sphere. To ensure reliable measurements, the
analysis volume was limited to a region 5 mm from the pro-
tective windows of the ICEMET instrument, minimizing po-
tential biases and ensuring more isokinetic sampling (Juttula
et al., 2022). These filtering steps enabled the compilation
of accurate time-series data for cloud microphysical parame-
ters.

To support cloud microphysics observations, the Sammal-
tunturi station was equipped with several meteorological in-
struments that continuously monitored environmental vari-
ables during the campaign. The meteorological setup in-
cluded an automatic weather station (Milos 500, Vaisala Inc.)
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that recorded key meteorological parameters. Horizontal vis-
ibility, essential for cloud and precipitation detection, was
measured using a visibility sensor (FD12P, Vaisala Inc.).
Relative humidity at the station’s elevation of 570 m was
monitored with a humidity sensor (HUMICAP, Vaisala Inc.),
while barometric pressure readings were provided by BARO-
CAP sensors (Vaisala Inc.). Ambient temperature was mea-
sured with high precision using PT100 sensors. To monitor
solar energy, the station included radiation instruments, with
a pyranometer measuring global radiation and a photoelec-
tric detector recording photosynthetically active radiation
(PAR). Wind conditions were documented using a heated
cup anemometer to capture wind speed and a heated wind
vane to record wind direction, both of which were designed
to function effectively under the challenging subarctic con-
ditions. Meteorological measurements were logged as 1 min
averages to ensure high temporal resolution. These data pro-
vided critical contextual information on the prevailing atmo-
spheric state, complementing the observations of cloud mi-
crophysics. All the weather sensors utilized in this study were
previously detailed, in Hatakka et al. (2003).

3 Quality control and dataset evaluation

The current dataset contains only in-cloud measurements,
taken when the station was immersed in a cloud. However,
we do not explicitly classify the cloud phase (liquid, ice, or
mixed phase) associated with these events. Data from each
cloud probe and the weather station were quality-controlled
and harmonized in a common format for release and further
analysis. The presence of a cloud at the station was identified
using three different factors. First, we checked the droplet
size distribution measured by each of the cloud spectrome-
ters. This was the primary parameter used to determine that
the station was inside a cloud. To confirm this, we cross-
checked the droplet counts with two meteorological vari-
ables: the relative humidity at the measurement site, which
was expected to be approximately 100 %, and the horizontal
visibility, which should have been less than 1 km when the
Sammaltunturi station was inside a cloud. In cases where the
visibility sensor was not functioning properly but the other
criteria (i.e., droplet size distribution and relative humidity)
indicated cloud presence, those measurements were still in-
cluded in the dataset. Additionally, in instances where the
other criteria confirmed cloud presence but the visibility was
slightly over 1 km, these data points were also retained in the
dataset. To ensure consistency, we required that these criteria
should be met continuously for 30 min. If one of these fac-
tors was not satisfied, a final inspection was conducted visu-
ally using pictures recorded by an automatic weather camera
installed on the station’s roof.

The measurements were further inspected to ensure the
dataset’s quality. First, the raw dataset was checked to elimi-
nate any cases where one of the cloud probes was partially or
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fully blocked. Blocked probes were identifiable from the raw
data. To detect blocked probes, the droplet number concen-
tration (V) was carefully examined across the entire dataset.
A sudden decrease in N, followed by a rapid increase, in-
dicated probe inlet freezing. This behavior was linked to the
probe inlet becoming obstructed by ice or snow, which could
alter the airflow pattern and increase losses caused by im-
pact and turbulence. Since no correction was applied in this
study, data segments affected by ice or snow were identi-
fied and excluded from the analysis. The necessary adjust-
ments, as outlined by Doulgeris et al. (2020), should be under
consideration regarding the data from the CAS and FSSP-
100 setups. Doulgeris et al. (2020) demonstrated that CAS,
which was fixed in one direction, showed significant sam-
pling losses when not facing the wind direction, as it was
not sampling iso-kinetically. All in-cloud data for CAS were
included in the dataset but users should crosscheck CAS
data against wind direction to ensure reliability. We recom-
mend using only CAS data collected while the spectrome-
ter was aligned with the wind direction, within the range of
190 to 250°. Missing data points were marked as —9999.9.
To ensure transparent data use and support reproducibility,
we have introduced a QA flag system in the dataset. For
the CAPS measurements, a flag parameter indicates whether
each data point lies within or outside the defined favorable
wind sector. For ICEMET, large hexagonal ice plates can ap-
pear nearly circular in images and thus bypass the round-
ness filter, causing occasional spikes in calculated LWC (e.g.,
22 October at 03:05 UTC, Bin 187). These situations were
also flagged to help users identify and, if necessary, exclude
these data points in further analyses. In this dataset, Flag =
0 indicates measurements within the good wind sector (high-
quality data), Flag = 1 indicates measurements outside the
good wind sector (potentially less reliable data), and Flag
= 2 marks ICEMET measurements potentially affected by
large ice crystals (>100 pm) that passed the roundness-based
liquid water filtering and might cause LWC outliers.

The sampling time for all instruments, including CAS,
FSSP-100, CDA, and ICEMET, was set to 1s (1 Hz); 1 min
averages were calculated for each cloud spectrometer. The
meteorological parameters were measured using PT100 sen-
sors, the Vaisala HUMICAP, BAROCAP sensors, a pyra-
nometer, a heated cup, and a wind vane, and data were saved
as 1 min averages. The FD12P Vaisala weather sensor had
a 15 s sampling time. This resulted in the cloud droplet size
distribution and various meteorological variables being avail-
able for each minute, as well as derived parameters, such as
N (em™3), LWC (gem™3), MVD (um), and ED (um). All
datasets were converted to both NetCDF and CSV formats.
Times are given in UTC.

The dataset includes separate NetCDF and CSV files
for each cloud spectrometer under the file names, as de-
scribed in Brus et al. (2025). In our case, each file
specifically provides data for every month when clouds
were present, with the date in the file name represent-
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ing the starting date of that month. Each cloud instrument
has a separate file (e.g., FMI.CAPS.b1.20221201.nc and
FMI.CAPS.b1.20221201.csv). Each file includes the cleaned
timeline of the following cloud properties and meteorologi-
cal variables: year (YYYY), month (MM), day (DD), hour
(HH), minute (MN), number concentration (cm™>), liquid
water content (g m~3), median volume diameter (um), ef-
fective diameter (um), calculated dN /dlog Dy (cm™3) val-
ues in each bin, temperature at 570m (°C), dew point
(°C), humidity at 570m (%), pressure (hPa), wind speed
(ms™!), horizontal wind direction (degrees), global so-
lar radiation (W m™2), photosynthetically active radiation
(umol m~2 s~ 1), and horizontal visibility (m).

Each instrument’s measurements were processed sepa-
rately and data quality was carefully ensured for all four
spectrometers: CAS, FSSP-100, CDA, and ICEMET. CAS
covers 30 size bins, ranging approximately from 0.61 to
50 um; FSSP-100 covers 30 size bins, from 3.0 to 47.0 um;
CDA includes 38 size bins, from 0.2 to 95.8 um; and
ICEMET provides 1 um-equivalent size bins, ranging from
5 to 200 um. Detailed information on the number and range
of size bins, serial numbers, calibration dates, installation
dates, and other instrument-specific parameters is now pro-
vided in the accompanying metadata files available in the
data repository. Each metadata file also contains the sampling
area (mm2) and probe air speed (m s~1) used to derive each
parameter.

4 Overview of dataset

The dataset includes in-cloud measurements obtained from
four cloud spectrometers alongside several meteorological
parameters. The Pallas Cloud Experiment (PaCE 2022) cam-
paign took place from 12 September to 15 December 2022,
during which time the station experienced cloud conditions
— defined as visibility below 1000m — for 49.5% of the
campaign duration. To measure cloud microphysical proper-
ties, the following spectrometers were deployed: the Cloud,
Aerosol, and Precipitation Spectrometer (CAPS), the For-
ward Scattering Spectrometer Probe (FSSP-100), ICEMET,
and the Cloud Droplet Analyzer (CDA). CAPS, FSSP-100,
and ICEMET were operational throughout the entire cam-
paign period, while CDA was active from 12 September to 30
November 2022, when it was relocated to the Sonnblick Ob-
servatory for the ACTRIS RI Cloud In Situ European Cen-
tre for Cloud Ambient Intercomparison (CIS ECCINT) Cam-
paign.

During their operational periods, the instruments achieved
different levels of data coverage. CAS achieved a coverage of
87.7 %, with data losses primarily caused by clogging of the
inlet during cloud conditions. FSSP-100 had 72.3 % cover-
age, with interruptions mainly due to technical issues. CDA
showed the highest coverage, at 99.5 %, reflecting nearly
continuous operation during its deployment period. In con-
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trast, ICEMET achieved 73.9 % coverage, with occasional
interruptions caused by minor technical difficulties. Despite
these challenges, the dataset remains robust, providing reli-
able measurements of N, size distributions, and LWC under
subarctic cloud conditions.

Figure 2 provides a visual summary of key meteorologi-
cal conditions during periods of reduced visibility (<1000 m)
with at least one cloud spectrometer operational, allowing
readers to quickly assess data coverage and operational con-
text. Panel (a) shows the temperature at 570 m above ground
level (°C), which decreased steadily from September to De-
cember. The average temperatures were —1.8 °C in Septem-
ber (ranging from —18.2 to 8.9 °C), 0.6 °C in October (—5.1
to 6.4°C), —4.2°C in November (—13.3 to 2.6°C), and
—8.2°C in December (—18.2 to —4.2°C), with the low-
est values observed in December. Panel (b) illustrates the
wind speed (ms~!), with averaged values of approximately
8 ms~! for each month. Panel (c) presents the FD12P visibil-
ity (m), which remains consistently below 1000 m through-
out the campaign when the station was inside a cloud, with
pronounced reductions in October and December compared
with September and November, respectively. The median
visibility for each month was below 400 m. The average vis-
ibility values were 278 (SD 202) m in September, 208 (SD
159) m in October, 328 (SD 200) m in November, and 335
(SD 236) m in December. These monthly trends indicate pro-
gression toward colder and windier conditions, increasing the
challenges for cloud and atmospheric measurements during
the late campaign period.

Figure 3 presents the time-series of the cloud droplet num-
ber concentration (N.) measured by the four cloud spectrom-
eters. Panel (a) shows measurements from the CAS probe,
which sampled in a fixed direction (220°). The variations ob-
served in N, can be partially attributed to the fixed sampling
orientation, which may result in lower values when cloud
conditions are not aligned with the instrument’s sampling di-
rection; for details, see Doulgeris et al. (2020). Panel (b) dis-
plays N, measured by FSSP-100, which follows the wind di-
rection. As a result, FSSP-100 exhibited relatively consistent
measurements, with minimal losses. Panel (c) shows N from
CDA, which employed vertical sampling (perpendicular to
the wind direction). This method is prone to larger measure-
ment losses, as reflected in the lower N, values and greater
fluctuations, compared with the other instruments. Panel (d)
presents the data from ICEMET, which, like FSSP-100, fol-
lowed the wind direction and showed consistent measure-
ments with fewer interruptions. The variability across instru-
ments highlights the influence of sampling orientation and
technique on the interpretation of cloud microphysical prop-
erties.

Figure 4 displays the monthly variation in MVD and LWC,
as measured by the ICEMET instrument during cloud con-
ditions (visibility <1000 m) from September to December.
Panel (a) shows that the minimum MVD was in December
and that the largest droplets were observed in November.
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Figure 2. Monthly variability of (a) temperature at 570 m above
ground level, (b) wind speed, and (c) FD12P visibility during the
September—-December campaign, considering only periods when
visibility was less than 1000 m and at least one cloud spectrome-
ter was operational. Boxplots show the median, interquartile range
(IQR), and outliers.

Panel (b) shows the LWC, which exhibited slight decreases
over time, suggesting a potential reduction in LWC as the
temperature decreased and atmospheric conditions evolved
toward winter. Only data from ICEMET are presented here
because its wide particle size range (5-200 pm) minimizes
possible cloud droplet losses and ensures a more comprehen-
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Figure 3. Time-series of daily averaged cloud droplet number concentration (N¢) measured by (a) CAS, (b) FSSP, (¢) CDA, (d) ICEMET.
Error bars represent the standard deviation (SD) of daily averages. CAS, with its fixed orientation, exhibited greater variability, while FSSP-
100 and ICEMET, which align with the wind direction, showed more stable N values. CDA’s vertical sampling resulted in greater losses, as

seen in the lower measured N, values.

sive measurement of cloud microphysical properties, making
it well-suited for capturing seasonal variations.

5 Code and data availability

The datasets are archived with individual DOIs at the Zenodo
Open Science data archive as NetCDF and CSV archives:
https://doi.org/10.5281/zenodo.15045295 (Doulgeris et al.,
2025). A dedicated community for the Pallas Cloud Ex-
periment 2022 has been established at https://zenodo.org/
communities/pace2022/ (last access: 9 September 2025),
where the data files and additional metadata related to the
datasets are hosted. Software developed to process and dis-
play data from the cloud ground-based spectrometers is not
publicly available and leverages licensed data analysis soft-
ware (MATLAB). This software contains intellectual prop-
erty that is not meant for public dissemination.

6 Summary

This dataset provides in-cloud measurements collected from
four cloud spectrometers: the Cloud Aerosol Spectrometer

https://doi.org/10.5194/essd-17-6497-2025

(CAS), the Forward Scattering Spectrometer Probe (FSSP-
100), the Cloud Droplet Analyzer (CDA), and ICEMET. The
data include droplet size distributions, N., LWC, MVD, and
ED, along with key meteorological parameters, such as tem-
perature, humidity, wind speed, and horizontal visibility. All
data are provided as 1 min averages. The dataset spans multi-
ple cloud events, with measurements processed and quality-
controlled to ensure reliability.

The dataset is particularly valuable for researchers in cloud
microphysics, atmospheric science, and meteorology, offer-
ing high-resolution insights into cloud properties and pro-
cesses under subarctic conditions. Potential end users include
atmospheric scientists, modelers, and meteorologists seeking
to understand cloud droplet formation mechanisms, aerosol—
cloud interactions, and their implications for cloud evolution
and climate modeling. Furthermore, the dataset serves as a
valuable reference for instrument calibration and validation,
particularly in future cloud measurement campaigns.

It is important to note that the sampling characteristics
of each instrument play a crucial role in data interpretation.
For example, CAS, with its fixed orientation, may introduce
variability in measurements, owing to directional sampling.
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Figure 4. Monthly variations in (a) median volume diameter (MVD, um) and (b) liquid water content (LWC, gm73), measured by ICEMET,
during periods of reduced visibility (<1000 m) from September to December. Boxplots show the median, IQR, and outliers, illustrating a

seasonal decline in MVD and LWC.

FSSP-100 and ICEMET, which follow the wind direction,
provide more consistent data. CDA, while achieving near-
continuous data coverage, is more sensitive to vertical sam-
pling losses, which may influence the derived droplet size
distributions. Despite these challenges, key size parameters
(MVD and ED) can still be accurately derived. Special at-
tention must also be given to LWC estimates, as they are
particularly sensitive to instrument performance and environ-
mental conditions (Tiitta et al., 2022). Researchers are en-
couraged to analyze these parameters within the context of
each instrument’s sampling limitations to ensure robust con-
clusions. Also, future studies could benefit from a detailed
back-trajectory analysis and organization of the dataset based
on air mass origins. By integrating these data sources, re-
searchers can achieve a more holistic perspective of cloud
processes and their role in regional and global atmospheric
systems. This dataset not only supports fundamental research
into cloud physical properties but also has applications in
improving climate models, validating remote sensing tech-
niques, and understanding cloud responses to environmental
changes. The dataset holds potential as a supplementary tool
for improving numerical models, particularly for refining the
representation of cloud microphysics in simulations, such as
large eddy models.
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